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Introduction

The International Society for Prosthetics and Orthotics (ISPO) sets standards and provides edu-

cational resources for the care of persons with physical disabilities. To date it has not held a Consensus
Conference nor conducted a Short Course on the topic of the orthotic treatment of spinal pathologies.
The treatment of these conditions requires a qualified clinical team consisting of well-trained orthotists,
physicians, therapists, nurses, social workers and educators. Until recently such teams were not available
in many underserved regions of the world nor even in those countries where qualified P&O schools exist.
There is evidence that this circumstance is changing and that the time has come for expanding the skills of
orthotists in the field of spinal orthotics.

At a recent symposium at the American Academy of Orthotists and Prosthetists experts in the field
of Spinal Orthotics addressed the question of what the content of a curriculum on spinal orthotics should
contain. One of the conclusions of this discussion was that there does not exist in one place a collection of
materials addressing comprehensive spinal orthotic care. This group also recognized that students seeking
to expand their skills into this sub-specialty field would need a resource that provides fundamental princi-
ples of spinal orthotic management. The editors of this text have attempted to bring together chapters that
address that need. An ISPO Consensus Conference is not required, as a consensus has already been met for
most of this material.

Contributions have been solicited from recognized experts in the field that have of cared for people
with spinal conditions requiring orthoses. All of the chapters have been peer reviewed by the editors for
content and accuracy. By no means is this an exhaustive collection of all of the materials in the field, rather
it is intended that it will to serve as a resource to those seeking to the expand their knowledge.

Approaches to patient care in the field of spinal orthotics is not without controversy. The editors
have attempted to bring together authoritative material that reflects agreed upon and previously published
information. Where proprietary devices and varying protocols exist, this text has attempted to present that
material in a generic manner. Accepted standardized terminology has been used throughout.

Exceed Worldwide is one of the foremost organizations involved in O&P education in the developing
world. They have agreed to sponsor this work by providing a site for its publication. In addition our thanks
go to Rudolf Becker, Ill, President of Becker Orthopedic for a generous donation in remembrance of his par-
ents. This contribution has helped to defray some of the costs of formatting this online resource.

We have chosen to publish in the public domain as we want this information available to the widest
audience. We expect that individual chapters will be reproduced for use in the classroom. We do not how-
ever expect or approve the reproduction of the whole text for commercial gain. We welcome suggestions
for updating and corrections.

It is our hope that this resource will be of value to the reader and challenge or increase their ability

to provide appropriate care to their patients and families they serve.

The Editors



Section 1:
Perspective

1. Spinal Orthotic Education in Less Resourced Settings

2. Team Care

3. A Short History of Spinal Orthoses

10



Spinal Orthotic Education in Less Resourced Settings
Helen Cochrane

INTRODUCTION

The World Health Organization (WHO) reports that 100 million people are currently in need of
prosthetic/orthotic services, however, global estimates suggest that only 1 in 10 of those in need, currently
have access.! WHO further reports that the problem of accessing orthotic (and prosthetic) services is more
acute in low and middle-income countries where non-government organizations (NGOs) without certified
providers deliver services that often results in poor quality and fit.!

The field of orthotics is a speciality within the field of health care technology of which spinal or-
thotics is a subset for providing specific devices for the spine.? This area of services provision represents a
highly specialized field of knowledge and skills within professional orthotic service providers. This chapter
describes the history, education, experience, barriers and opportunities to optimize service delivery in less

resourced settings for managing those needing spinal orthoses.

HISTORY OF EDUCATION

The first known use of spinal orthoses was by Ambrose Pare (1510-1590), when a metal corset was
fabricated by an armorer.® Early orthotic service providers were artisan blacksmiths, armorers, and patients
themselves who created devices out of metal, leather and wood. Since that time in well-resourced set-
tings, orthotics has developed into a health profession followed closely by prosthetics and physical therapy.
All three disciplines are considered to have experienced major professional advances associated with World
War | & Il as well as the outbreak of polio in the 1950’s.*

The evolution of the profession is reviewed in The Advance in Orthotics by George Murdoch (ed).
in 1976.°> In a section on training requirements for orthotists, he noted that polio provided the impetus
for people to specialize in making braces, which lead to the evolution of the profession. Initially there was
little change in the educational process above an apprentice model.® In an effort to address this deficiency,
in July 1968 an International Regional Seminar on Standards for Training of Prosthetists and Orthotists was
held in Denmark, by that government and the United Nations. In 1970 a similar meeting was held in the
United States involving the American Board for Certification of Prosthetists and Orthotists and the Univer-
sity Committee for Orthotic and Prosthetic Education (a part of the National Academy of Sciences). While
these meetings improved availability of qualified faculty, other challenges persisted, namely;

o Educational institutions were reluctant to expand the scope of programs with small numbers

of students and limiting resources,
o There was a higher cost of tuition for these specialized programs and limited government
resources.®
o Orthotic training was reported to be variable in type, quantity and quality resulting in a di

11



versity of skills.”

Paul and Kennedi® identified the orthotist as a member of the clinical team, requiring mutual profes-
sional respect and effective communication. They added to the recommendations of the Denny Report® for
a formal 4-year education program for Prosthetists, and suggested that programs add to their syllabuses to
meet the needs for training of orthotists.

Wille,® in his discussion of the needs in low-income countries, reported that with rapidly emerging
rehabilitation services, governments were keen to have good orthotic services as quickly as possible. He
noted that often, as the immediate need for services became apparent, basic training programs were fre-
guently combined with service provision.

In an effort to meet the need for prosthetic and orthotic services, training programs were broken
down into several different modules focusing on specific areas. Future orthotic technicians were given con-
centrated training in one section only.*

Wille further indicated that although some individuals had opportunities to reach the level of a
qualified orthotist, through upgrading their professional knowledge; the profession often began with or-
thotic technicians forming the basic structure from which the profession grew. These informal pathways
and apprenticeship routes, not traditionally used for training health experts, lead to problems of profes-
sional recognition and consequently poor employment conditions. This discouraged individuals with good
educational backgrounds from being attracted to the field.*®

While it was recognized that a 3-4 year university training program would be desirable, a specialized
training system presented a practical alternative route for entry into the field and the resultant establish-
ment of services.

Murdoch® concluded in his discussions of education by summarising the immediacy of the problem.
He identified the great need in terms of the number of individuals requiring treatment, and the expense
associated with providing that education. He suggested that many governments already had large invest-
ments in providing inadequate services, and suggested that an emphasis on education could be made cost
effective.

In most well resourced settings the profession has continued to develop since 1976. In less re-
sourced settings, while some education and service delivery has developed, in many instances these out-
comes have not been realized. It is common for the challenges identified in 1976 to persist in less re-
sourced settings. Lack of resources, variability in the capacities, poor recruitment and retention continue to
impact the profession and its beneficiaries.

CURRENT STATE OF EDUCATION

In the current circumstance, orthotic educational programs are typically delivered in conjunction
with prosthetic training in post secondary educational settings. Programs are established using a range of
models including traditional education and blended learning curricula. In well-resourced settings it is typical
for comprehensive clinical programs to include; prosthetic/orthotic theory and practice, as well as academ-

ic requirements for advance decision-making. They typically culminate in a minimum university degree or

12



higher (4-6 years).

In less-resourced settings (where comprehensive clinical programs do exist) they are usually of
shorter duration (2-3 years) and focus on routine clinical service delivery. In these settings, modular cours-
es (1.5-2 years) that provide focused training in a specified area of practice may also be available.

A relatively small number of training programs are known to exist for the initial training of techni-
cians. The term technician is often used to describe a range of services providers in prosthetics/orthotics
occupations. In international standards and occupational classification, the term technician refers specifi-
cally to providers of technical implementation only. Individuals who are trained as technicians should not
be involved in clinical applications. Although this level of training is critical for the optimization of resourc-
es, technicians are still often trained in apprenticeship models in many underserved areas.

Job titles are known to be highly variable across regions with more than twenty different titles iden-
tified in a recent international assessment in less resourced countries.’ In establishing specialist teams to
deliver spinal management the education and competencies of team members should include individuals
with appropriate clinical and technical knowledge as well as skills regardless of nomenclature.

Because educational programs have been seen to be highly variable, in an effort to improve the
consistency of the education and service delivery, WHO and the International Society for Prosthetics and
Orthotics (ISPO) established International Standards for Education in 1991. These standards have been
adopted by 38 schools in 26 countries'? and enjoy a growing interest with educational programs around
the world. ISPO provides a list of internationally recognized programs that is updated regularly.’®* Programs
that have met these international standards present a good starting place for building collaboration, finding
qualified graduates, mapping access to service and ensuring that service provider competencies are aligned
with global expectations.

The WHO/ISPO standards include three categories of training;**

] Category | — Professional Prosthetists/Orthotists who have typically been trained in higher
education settings and have a broad range of relevant competencies, including the breadth
and scope of clinical and technical services, evidence-based practice and leadership,

] Category Il — Associate Prosthetist/Orthotists who have been trained in tertiary education
settings to deliver clinical and technical services. This may include programs that train
providers within a limited scope of practice such as modular programs, where training is pro
vided in either lower limb prosthetics or orthotics, or a combined upper limb and spinal de
vices module,

] Category Ill — Prosthetic/Orthotic Technicians who have been trained in the fabrication of de
vices, but who do not provide clinical treatment.

Programs that have met the international standard for education of prosthetic/orthotic occupations
document that their graduates have achieved appropriate academic and professional competencies. While
these standards include training in spinal orthoses, typically these skills represent only a small percentage
of the overall curriculum. Programs focus instead on curricula related to the lower limb, as this area is most

prevalent in a typical orthotic caseload. In many cases, students will have at most one or two opportunities
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for practical exposure to spinal management by the time they graduate.

EXPERIENCE

After graduation, orthotists likely will have had limited exposure to spinal management. In a na-
tional practice analysis of orthotists in the United States and Canada, practitioners reported that they
spent respectively 16% and 10% of their time providing care for spinal cases.’>® This suggests that even in
well-established settings a relatively small number of spinal cases may be seen or that cases are seen by a
small number of specialized orthotists.

In less resourced settings, despite relatively limited exposure during their education, graduates are
required to manage these cases. In studies of clinical graduates from recognized programs in twelve less
resourced countries, most graduates reported that spinal orthotics were a part of their caseload and that
these cases represented a comparatively small proportion of their overall caseload. Only a small number
of graduates reported that spinal management was an area where they felt confident. Some cited it as
an area they felt could have been better covered during their education. Many graduates further indicat-
ed that continued education in this area would be of benefit to them. The investigators indicated spinal
management was an area for development in each setting surveyed.’?* These findings suggest that the
demand for competencies in the orthotic management of spinal conditions exists, and that there is agree-
ment that further learning opportunities are needed to ensure optimal outcomes. This finding also sug-
gests that graduates of recognized programs understand the complexity of these cases and acknowledge
the importance of formal education and experience in ensuring the best outcome for patients.

Mentoring of qualified graduates is an important element of developing clinical skills. This is espe-
cially true when managing spinal cases. Few structured mentoring programs exist in less resourced regions
and they are considered an important step to improve the quality of services. The ISPO recommends that
standardised programs for mentoring should be developed and promoted.'!

Ideally, mentors would be available on site to participate and advise in clinical decision-making. At
a minimum an experienced orthotist could support the development of clinical skills through technolo-
gy-based solutions (e.g. online interactions). Intra or inter-professional collaboration to peer review cases
may help improve clinical outcomes.

BARRIERS

Barriers that exist for orthotic services in less resourced settings as a whole are more problematic
for the management of spinal conditions. Spinal orthoses require an experienced multidisciplinary team
to assess individuals; plan, deliver, and monitor appropriate treatment, as well as technical resources to
implement treatment plans. A multidisciplinary team (including doctor, orthotist, physical and occupation-
al therapist along with the patient and their support network) is considered an appropriate model for such
teams.* [See chapter 2]

In many settings a full team may not be available. They are often incomplete, poorly co-ordinated
and/or burdened by high demand for limited resources. It is important to ensure that at a minimum key
members are involved. In particular, orthotists working with doctors are critical in prescribing, fitting and
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monitoring orthotic management.?” Even if well-formed teams do exist, an awareness of and access to ser-
vices may be limited. Diagnosis is often delayed, school screening programs are almost non-existent, and
restricted resources may impact the range of possible treatment plans.

It is common in regions with scarce resources for individuals with clinical presentations
beyond the scope of appropriate orthotic treatment to be referred for orthotic care. This is often &EA
the result of a limitation in surgical capability; including (but not limited to) lack of surgical equip-

ment, instrumentation, shortage of qualified surgeons and financial barriers. The 10 year-old boy Fegl
in Figure 1 presented with short rigid curves and was referred for bracing as surgical facilities were
lacking. Unfortunately in this case orthotic management will not help, is potentially harmful and

a waste of resources. The boy in Figure 2 was refereed for the repair of his device that had been

supplied by an untrained provider. Both the nature and magnitude of the curve indicate that Fig2

orthotic intervention was not appropriate, in spite of that the boy had been wearing the metal and
leather orthoses for sometime.

Inappropriate referrals increase demand on already strained resources and places the individual at
risk, since no benefit could be expected from inappropriate orthoses. Teams should use evidence-based
criteria for implementing treatment plans and refer to appropriate services only when criteria for orthotic
intervention are met.

In a review of service provision for individuals with scoliosis referred to the Sri Lanka School for
Prosthetics and Orthotics, the multidisciplinary team found that after an evidence-based screening process
of 130 referrals, 30% of individuals had a curve greater than 50 degrees and 60% had a Risser sign of 3 or
higher.?® The team also noted that only one physician was known to provide surgical services for scoliosis
cases in Sri Lanka. One important barrier to surgery identified was that some associated costs were direct
costs to the patient, which were considered prohibitive for the majority.?® Their findings suggest that a
large proportion of these referrals would not benefit from orthotic intervention, and that referral may only
have been made because of constraints in other more appropriate services.

Even when referrals are appropriate, the difficulty of assessing the outcome of spinal orthotic man-
agement can be challenging even for the most qualified and experienced professionals. Monitoring the ef-
fectiveness of treatment, assessing complications, providing psychosocial support and education of patients
requires the collaboration and communication of a well-trained team.?* It is common in less resourced
settings for technicians with little or no education in orthotics, to provide clinical and technical services.
Providers without training often work in isolation and have limited resources. They may especially lack the
knowledge and skills to appropriately fit and assess the outcomes of spinal devices.

Corrective devices that aim to prevent future deformity can be uncomfortable. In less resourced
regions poorly trained providers or those with limited experience may rely on the self-reported comfort
rather than using the more appropriate objective measures such as comparison of radiographs of the un-
braced and brace condition. Outcome measures are rarely used in these settings, and few measure clinical
outcomes. Therefore the importance cannot be over stated of having an objective clinical team assess the
outcome of spinal bracing and which is key to a successful treatment plan.
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Technical limitations may also be a barrier in less resourced settings. Access to materials and equip-
ment, including commercially prefabricated or modular spinal orthotic systems, and quality radiographs
may be lacking.

Prefabricated spinal orthoses are a common method of optimizing resources in the delivery of
services in many well-resourced settings. In the practice analysis of American Orthotists, custom-fit pre-
fabricated spinal orthoses were reported to be used in 40% of spinal cases.’® These systems are effective in
expediting service delivery when they are available; however in less resources regions they may be either
unavailable or cost prohibitive. In recent impact assessments of orthotic graduates in four Asian and two
West African countries, financial resources and access to materials where found to be a barrier to overall
delivery of services in spite of access to trained Orthotists.’®*?° Appropriate orthoses must be custom made
in these regions, which represents a significant commitment in time and materials and further highlights
the need to ensure resources are allocated to appropriate cases.

OPPORTUNITIES

As each device must be custom made, knowledge and skills are key to appropriate outcomes. Grad-
uates of recognized programs should possess competencies that allow for foundational sciences to be com-
bined with orthotic theory and practice, then translated into relevant competencies to manage appropriate
cases.

While materials are often constrained, opportunities exist if services are planned and ap- o
high-temperature thermoplastics were used in all clinical settings where these graduates of recog- g3

propriately allocated. In the assessment of graduates in these regions, researchers identified that M

nized programs practice.’®? This suggests that custom-made high-quality orthoses are possible.
Figure 3 shows workshops in different countries that exemplify technical resources available in many areas
where graduates of ISPO/WHO recognized programs work. Figure 4 shows a graduate of a rec-
&8 ognized program adjusting a custom made orthosis. Figure 5 includes some examples of custom

made thermoplastic orthoses provided in one less resourced settings. These images show, both

Fig 4

the technical potential and the need to carefully screen patients before an orthoses is -

R 1
prescribed. Appropriate knowledge and skills are required in prescription, design and fitting of il‘““i
custom-made spinal orthoses and should be coupled with the clinical skills of an experienced or-

Fig 5
thotist, and/or in collaboration with an appropriate mentor.

In all regions that were included in recent surveys of graduates, participants reported that they had
access to experienced professionals to seek advice for complex cases. While the specific experience of
mentors was not reported, a range of professionals appears to be included in these relationships. They can
help graduates of recognized programs enhance their skills and improve decision making.

Professionals from whom graduates sought support included more experienced practitioners within
the discipline, therapists and doctors.'”*' This suggests that inexperienced graduates from recognised
programs can, and do seek advice from appropriate resources, and that relationships can be cultivated to
enhance their clinical outcomes.

Information technology also provides a range of opportunities for professional development, clin-
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ical collaboration and mentoring. Access to the Internet is steadily increasing.” In less resourced settings
most graduates of recognized programs report that they have at least some access to the Internet and use
it for keeping up to date with professional information.”**2! This represents an important opportunity for
continuing education, resource sharing, communication and collaboration.

Key stakeholders have developed materials to help plan, develop and advocate for prosthetic/or-
thotics services.'? These resources can be effective in helping to identify local, regional and international
experts and agencies which in turn support the development of multidisciplinary teams, enhancing existing
teams and advocating for services. In establishing teams for this specialized area of care it is of importance
to review existing resources, work with professionals who possess the highest level of training and experi-
ence and seek to access resources to help develop or improve services.

SUMMARY

There exists a high demand and large unmet need for appropriate spinal management services.
Where education and training have been unable to evolve beyond the artisan approach, using rudimen-
tary materials and processes in the hands of inadequately trained individuals, the outcome for patients is
expected to be poor. Fortunately in many less resourced regions education is advancing and provides good
opportunities for the development of well-formed clinical teams.

It is necessary for providers of spinal orthoses to accurately assess patients and diagnostic imagin-
ing, and to translate findings into the design, fit and monitoring of the orthosis. In the case of spinal or-
thotics, superficial review of the device is not sufficient for determining effectiveness. Providers of spinal
orthoses should possess knowledge of the evidence-base, clinical sciences and materials to ensure that the
design and implementation are appropriate.

Ideally, orthotists with a post secondary school orthotic education should provide orthotic manage-
ment of the spine. In light of a relatively limited spinal orthoses curriculum content, experience should be
considered an important element in developing competencies necessary to manage these often-complex
cases. It is advisable that less experienced orthotists work with an experienced orthotists in a mentor-men-
tee relationship, before transitioning to independent service delivery.

Inappropriate referrals absorb precious resources (clinical time, materials etc.) and typically result
in poor outcomes for patients. Referring physicians should aware of the most appropriate clinical pathway.
Multidisciplinary teams involved in spinal management should objectively screen each referral to ensure
that suitable individuals receive the most appropriate services, and optimize the correct use of resources.

Skills and competencies of the service provider of spinal orthoses must be established at a level that
reflects the complexity of the pathological spine. Referring doctors should carefully consider the education
and experience of the team and/or service provider to mitigate the potential for detrimental effects associ-
ated with inappropriate, poor quality or poorly fit devices.

A wealth of opportunities exists for well-planned services that manage resources and provide pa-
tients with optimal outcomes. Accessing these opportunities require strategic planning, communication,
collaboration and begin with appropriate referral to educated experienced teams.
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Team Care

Sandra Sexton and Elaine Figgins

INTRODUCTION

This chapter discusses teamwork in healthcare and then explores the published scientific literature
on team care of spinal conditions to understand what aspects of the team approach are important to deliv-
ering effective orthotic management of the patient with a spine problem.

The concept of team working is widely considered to be the most appropriate way of delivering
health care. A useful definition of teamwork in the health care context is “a dynamic process involving two
or more health professionals with complementary backgrounds and skills, sharing common health goals
and exercising concerted physical and mental effort in assessing, planning, or evaluating patient care. This
is accomplished through interdependent collaboration, open communication and shared decision-making.
This in turn generates value—added patient, organizational and staff outcomes”.!

Team working offers benefits to the patient, health professional and healthcare organisation: pa-
tient benefits include improved care, outcomes and satisfaction; reduced clinical repetition; health profes-
sional benefits include job satisfaction, recognition, motivation and improved mental health; and health-
care organization benefits include having a committed cross-cultural workforce, cost control and improved
staff retention. This is shown in Table 1, which summarises the findings of a concept analysis of teamwork
undertaken by a team of researchers who derived the earlier definition. It can be surmised, therefore, that

a team of professionals is better placed to deliver health services than lone practitioners.

Table 1: Antecedents, attributes and consequences of teamwork.

Both clinical and non-clinical personnel are integral to effective health provision with a team ap-
proach. Reception, administration, clinical, technical and support staff have an influence on patient expe-
riences and the overall quality of service. Indeed, non-clinical personnel are usually the people who have
the first interactions with the patient at the very outset of their journey on the care pathway even before
the first appointment. These communications and experiences are known to influence patient expectations
and outcomes. The terms multidisciplinary and more recently interdisciplinary have been used to describe
health service teams with a combined clinical and non-clinical workforce.?

Different terms are used to describe how clinical personnel work together. These include uni-pro-

fessional, multi-professional, inter-professional and trans-professional teams. Each team is defined unique-

ly:

Uni-Professional Teams

Uni-professional teams refer to groupings all within one occupation. They have a clearly defined
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scope of practice according to their profession. In a hospital setting a uni-professional team may be coor-
dinated to work with other disciplines; for example, physiotherapists or orthotists who comprise a hospital
department or service unit. Such uni-professional teams are required to be fluid so that their individual
team members are able to work with other disciplines depending on the needs of the patient. Thus mem-
bers of uni-professional teams should contribute to different generic or specialist inter-professional teams
to deliver specific care pathways. In less resourced or less coordinated settings, the possibilities for individ-
uals to contribute to different patient care pathways can be severely restricted, thus leading to silo working,
professional isolation and less effective care.

Multi-Professional Teams

Multi-professional teams refer to groups of professionals with different occupations who work in a
somewhat autonomous way with separate tasks and roles. Team members meet together to plan care and
discuss case studies. Members then individually assess and treat a patient for a distinct treatment inter-
vention before referring that patient onto another team member of a different profession for a different

treatment.

Inter-Professional Teams

Inter-professional teams are comprised of professionals of different occupations who work close-
ly on a shared goal through shared assessment and have a clearer identity as a team. Inter-professional
teams have the capacity to offer solutions to complex problems by combining intervention strategies that
are multifaceted. Inter-professional interventions in chronic care have been shown through systematic
review to include: implementation of shared tools (systems); reorganization of the composition of the team
with new team positions being established; reorganization and alignment of team meetings based on the
International Classification of Functioning criteria (rather than medical condition organisation); team train-
ing and workshops; and team performance feedback.?

Trans-Professional Teams

Trans-professional teams practice task sharing and have competencies that enable them to easily
interchange tasks.

Ten characteristics of a good interdisciplinary team were illustrated by a study of teams working in
community rehabilitation and intermediate care.? Their findings, as shown in Table 2 provide useful infor-
mation for services interested in developing and strengthening their interdisciplinary teams.

Table 2: Characteristics of a good interdisciplinary team.

The ten characteristics shown in Table 2 underpin effective interdisciplinary teamwork and

can be readily adopted for use by personnel working with different kinds of patients, including
those presenting with spinal problems.
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SPINE CARE TEAMS

Of all the modes of delivery, the model of interdisciplinary team-work aligns most closely with the
needs of the patient with a spinal condition. This is because of the complex structure of the spine and the
associated rehabilitation challenges that a loss or change in structure can impact on the life of the patient.
Therefore, more interconnected solutions are needed.

Considering the earlier definition of a team, where professional membership should consist of at
least two persons, spine teams should also adopt this model. It is preferable for these teams to have more
professionals from different nursing, allied health and medical professions to ensure that the appropriate
mix of competencies in assessment and treatment are present. The ideal spinal care team should at least
contain a physician, a therapist (physical or occupational) and an orthotist, with additional team composi-
tion varying depending on the needs of the patient, their age, the nature of their specific condition and the
level of functional loss.

The following examples of the team care of patients with different spinal conditions have been
selected from published peer reviewed scientific journals because they give interesting insights about spine
care team composition, roles, and responsibilities. These are by no means exhaustive, but they clearly illus-
trate that the right kinds of interdisciplinary team interventions can influence quality improvement in spinal
services.

Back Pain

Patients are often motivated to seek medical advice for spinal conditions because of manifestations
of pain that impact their quality of life and limit participation in everyday activities. This puts tremendous
pressure on health systems due to the sheer volume of referrals from primary and secondary health and
care services to tertiary health services with expectations for treatment by specialist spinal care teams.
This often then leads to bottlenecks in the health system with waiting lists for patients accessing spinal
specialists. Without service redesign, this pressure is likely to increase as the number of people experienc-
ing low back pain rises in proportion to the growth of our aging populations along with the rise of obesity
rates, both are significant risk factors for low back pain.

Spinal teams have a role to play in leading service redesign and improving care pathways to help
manage this situation. Having faced just this problem, a recent Canadian study* conducted a practice
analysis using purposive sampling and interviews with 17 representatives of colleges and regulatory bod-
ies. They proposed that allied health professions have a greater role to play in reducing waiting times by
being involved in an inter-professional triage team forming a “centralized intake” model. Team personnel
involved in this study included family physicians, nurses, chiropractors, occupational therapists, physiother-
apists, athletic therapists and others.

In a further publication,® a spinal team from the University of lowa gave a description of their inter-
disciplinary spinal service for people reporting with back or spine pain. They discuss that effective triage
was important, not only for patients requiring surgery, but was essential in identifying patients who do not
need surgery to manage their expectations and to initiate any conservative treatment plans. The essential
elements of their practice were described; that their team had a common mission; whether a surgical or
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non-surgical treatment plan was prescribed; they appreciated the close proximity of their team members;
and they valued communication in regular meetings, usually weekly. It was clear that their team was led by
a physical medicine and rehabilitation physician with team composition including three orthopaedic spine
surgeons, three physical medicine and rehabilitation physicians, five physical therapists, a vocational coun-
sellor, a medical social worker, a health psychologist as well as multiple program and secretarial staff.

A randomised controlled study of 20 patients with chronic back pain by a team from a Physical
Medicine and Rehabilitation unit in Italy® compared two interventions one of which was a team approach: a
multidisciplinary program of motor training and cognitive behavioural therapy with physical therapy exer-
cises alone. They described their multidisciplinary team as comprising two physicians, a psychologist, an
occupational therapist and two physiotherapists. Despite the small sample size, their findings were prom-
ising. Questionnaires and walking tests were completed before treatment and follow up was done at 8
weeks and 3 months after the treatment ended. They showed that the multidisciplinary motor training and
cognitive behavioural therapy was more effective in addressing disability, pain, quality of life, gait parame-
ters and global perceived effect. They also showed improvements in the 6-minute walk test and spatiotem-
poral parameters of gait.

When considering team composition for treatment of low back pain it should be noted that the
balance of evidence in the literature indicates that orthotic management is not routinely recommended
for treatment of this condition. [See chapter 23] Despite this, orthotists may receive referrals to treat low
back pain when working in a uni-professional way in an orthotic outpatient service. This referral pattern
has been reported to occur in both high income and low-income countries. This may mean patients do not
benefit from the referral to an orthotic service, their expectations may not be met and there is an ultimate
waste of resources (administrative and clinician time). In poorer quality services that do not practice evi-
dence-based prescriptions, patients may be offered costly but ineffective spinal orthotic provision. Actions
taken by the orthotist to remedy this situation should be accomplished by taking a complete patient histo-
ry, practicing evidence based physical assessment, provision of self-management advice and referral onto
a low back pain service team. In addition, the orthotist should inform the referrer of their decision not to
treat with a spinal orthosis justifying their decision to help improve future referral pathways thus ensuring
more appropriate and timely triage and/or potential treatment.

Orthotic Management Of Scoliosis

Established international guidance on the treatment of scoliosis is available from the Scientific
Society of Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT). They have published SOSORT
guidelines on the ‘Orthopaedic and Rehabilitation treatment of idiopathic scoliosis during growth.” The
guidelines were derived from a systematic review of the literature and Delphi process involving spine
experts. They provide recommendations for treatment interventions and clear detail about the team role
that involves inter-professional working with a medical doctor, orthotist and physiotherapist as core team
members. The recommendations are grouped in six domains, namely: experience/competence, be-
haviours, prescription, construction, brace check and follow up. The two domains experience/competence
and behaviours give the most information about the inter-professional team. The SOSORT experience/
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competence requirements for the medical doctor and prosthetist/orthotist are summarised in Table 3. The
authors of the guideline described this as an ideal situation, but they did not publish any results of this

approach.

Table 3: Team experience-competence requirements in scoliosis bracing. Table 3

The behaviours expected of this inter-professional team of the medical doctor (MD), prosthetist/
orthotist (CPO) and physiotherapist (PT) are observed across 3 SOSORT recommendations and align with
some of the ten characteristics of a good interdisciplinary team shown earlier in Table 2.

RECOMMENDED BEHAVIORS

e To ensure optimum results, the MD, CPO and PT must work together as an inter-professional team. This
can be accomplished, even if they are not currently located in the same workplace, through continuous
exchange of information, team meetings, and verification of braces in front of single patients.

e Commitment, time and counseling to increase compliance: MDs, CPOs and PTs have to give thorough
advice and counseling to each single patient and family each time it is needed (at each contact for MDs
and CPOs) provided they give as a team the same messages previously agreed upon.

e All the phases of brace construction have to be followed for each single brace;
1. Prescription by a well trained and experienced MD
2. Construction by a well trained and experienced CPO
3. Checked by the MD in cooperation with the CPO, and possibly the PT
4. Correction by the CPO according to MD indications
5. Follow-up by the CPO, MD and PT.”

Since the original publication of the SOSORT guidelines a number of subsequent research studies
have been published that give additional information about the role and influence of the inter-professional
team in achieving positive outcomes for patients with scoliosis.

A strongly aggregated team approach was shown to improve patient outcomes in a study from
2011 involving 38 patients with scoliosis or kyphosis treated by a specific team involving a physician, ortho-
tist and physiotherapist.® In one group the physiotherapist was placed as a team coordinator with clear
treatment protocols guidance: in another group, only a weaker, loose team structure was in place. Two
outcome measures were used at a minimum of 6 months after treatment began: the Scoliosis Research
Society 22 Questionnaire (SR-22); and a newly designed twenty-five item 25 questionnaire on adherence
to treatment. Pain, quality of life and compliance with treatment was shown to be better in the strongly
aggregated team and it is proposed that allied health professionals have a greater coordinating role to play
in improving the quality of service provision. One must consider however that this was a small sample size.

One significant factor influenced by spine team dynamics is compliance. If we consider that scoli-
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osis treatment is most commonly for an adolescent patient population we can surmise that this particular
age group could be influenced positively or negatively to engage with a treatment program and can be
affected by both interactions with and advice from the spine team professionals.

A number of researchers have explored compliance with treatment and outcomes. Compliance was
found to be a significant variable in 2014 when 522 patients with idiopathic scoliosis from a Department
of Orthopaedics and Traumatology in Italy which investigated bracing and compliance.® The outcome of
their study was that increased compliance in wearing a spinal brace prescribed from 18 to 22 hours per
day reduced the likelihood of scoliotic curve progression, but the influence of the team beyond clinical and
technical interventions was not clear.

A Norwegian study of the treatment of 495 people with idiopathic scoliosis with custom bracing and
supply of information about brace wear 23 hours a day published in 2012, involved a spine surgeon, expe-
rienced orthotists and a nurse.'® This showed that brace wear of more than 20 hours a day reduced the
likelihood of curve progression. Contributing factors to compliance included: the enthusiasm of the spine
surgeon and orthotist; when bracing began; types of brace; and patient and parental motivations. Profes-
sional attitudes and relationships appear highly important in achieving compliance and positive outcomes.

Compliance monitoring was specifically considered as part of a comprehensive review of the lit-
erature in 2013 about idiopathic scoliosis and described three phases of intervention (diagnosis, custom
brace fitting and a two year follow up).?* The review considered not only the team as being physicians and
orthotists, but also patient “buy in”. They discuss the efficacy of bracing and made an interesting point that
compliance monitoring in itself can influence compliance.

More recently in 2016, a study of 222 participants with idiopathic scoliosis from the United States
of America investigated interventions of bracing, compliance counselling and counselling about monitoring
within an inter-professional team of a physician and orthotist .*?> The study found that increased compli-
ance reduced the likelihood of curve progression. Significantly, they also found that compliance counsel-
ling plus counselling based on monitoring improved the compliance time of brace wearing (p=0.002). This
emphasized the need for good communication and clear messages between professionals and patients.
Inter-professional team working is not only about the treatment itself, but also about professional involve-
ment of each member in the treatment plan and follow up.

Spinal Cord Injury

Team working in spinal cord injury gives us insights into longer term lifestyle issues and associated
solutions that could inform team working for other spinal conditions, especially as spinal cord injury teams
tend to bring in professionals working across both health and social care.

Obesity poses a risk to people with spinal cord injury because of the mechanisms that lead to
pressure sores. Weight reduction is therefore important to reduce deep tissue injury, improve function and
enablement. A team of professionals comprising physicians, nurses, psychologists, social workers, physi-
cal therapists, occupational therapists and dieticians considered a weight management program involving
weight management discussions and the provision of written materials.®* They found that facilitators to
weight loss included leadership support, resource allocation and provider involvement. Barriers to weight
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management included staff and resource shortages and structural environmental challenges.

Another study on spinal cord injury focussed on vocational rehabilitation. The inter-professional
team consisted of a vocational rehabilitation specialist, doctor and medical team with outcomes measured
in terms of whether employment was obtained or not. The team was able to address barriers to employ-
ment such as transportation and physical access to the workplace.'

CONCLUSION

From the point of view of a person seeking help for a spinal condition, their main objective is to find
a solution to address their problem of pain or mobility issues. How this solution is offered from one person
or a team of people is not their priority, their focus is on a positive outcome. However, an interdisciplinary
model of care is an appropriate model for spine teams because this offers the patient with a spine condi-
tion the best opportunity of their needs being matched to appropriate treatment interventions in a timely
manner.

The ten characteristics of a good interdisciplinary team? can be used as guidance to create and
improve spine care teams. These characteristics along with lessons learned about spine team care from
published evidence about the treatment of one spine condition are often transferable lessons which reso-
nate across treatment for different spine conditions. When considering the patient journey and the steps
needed for orthotic management of the spine, the same four steps of service provision are present regard-
less of condition:

Step 1: Referral and appointment

Step 2: Assessment and prescription

Step 3: Product preparation, fitting and user training

Step 4: Follow up and maintenance

An inter-professional spine team has the possibility of positively influencing treatment and patient
experiences at each step of the patient journey along the service care pathway.

Step 1: Referral and appointment

Patients referred for spinal treatment may face waiting times for appointments with spinal spe-
cialists. The spine care team has a role to play in educating and informing referrers in their locale about
appropriate procedures as well as inclusion and exclusion criteria, so that the correct kinds of patients are
referred for treatment.

The spine care interdisciplinary team can help control waiting lists by agreeing and implementing a
referral triage system to prioritise a patient’s appointments depending on their referred condition and the
associated risks of deterioration with time.

Administration personnel should ensure that the date of receipt of a referral and time to first ap-
pointment is noted in a service database and that this information is used as part of regular quality im-
provement reviews. The patient should be registered with a spine care service and if a medical record is
not already created in the appropriate database, it should be done at this point. A clear communication
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about the appointment should be made to the patient with the information that they are to be assessed by

a spine care team, noting team members and their roles.

Step 2: Assessment and prescription

An interdisciplinary team has a very strong role in ensuring that each patient’s needs and prefer-
ences are understood at the first assessment. Leadership and governance of the spine care team in assess-
ment and prescription is paramount to effective care. For complex spinal cases this is particularly import-
ant because these cases rely on the team approach for problem solving and generating an evidence-based
treatment protocol. An appropriate combined skill mix, experience and competence among physician,
orthotist and therapist is needed, especially for more complex cases. Each team member contributes his or
her assessment and analysis to the medical record for each patient. Close liaison and familiarity with other
teams for assessment tests and investigations, such as the radiography team, also helps to ensure that the
right assessment procedures are followed. Treatment goals should be agreed between the spine care team
and the patient. A baseline assessment should be carried out against these goals.

In the context of less resourced settings, the proportion of complex cases actually rises. People with
spinal conditions in developing countries tend to have more complex presentations at first assessment.
This is due to the neglect of their condition related to poverty, poor health systems, low awareness about
the services available and the limited or reduced opportunities to seek treatment. Significant barriers to
care often exist. Despite patients’ more complex situation, service provision is limited and the workforce
employed in these services may not have the advanced competencies needed to design and deliver the
care required. There usually is a lack of orthotists and their associates. For this reason, the right care
needs to be provided to the right patient at the right time to prevent a waste of resources.

Given the scarce availability of medical doctors and prosthetists/orthotists in many countries and
the competing demands of patients with a range of spinal conditions, the possibility of achieving teams
with the right expertise is often hard to implement. Despite these challenges it is possible to build evi-
dence based practice at the assessment stage, utilising proven clinical assessment techniques. Evidenced
base prescription of appropriate orthoses is also needed for more effective and efficient care. Easy access
to information about effective practices is tremendously important and this Atlas of Spinal Orthotics will
greatly contribute to increasing knowledge.

Step 3: Product preparation, fitting and user training

The orthotist and the orthotic technician are closely involved in fulfilling the prescription for a spi-
nal orthosis. An exact specification instruction is needed by the orthotist and this can include analysis of
radiographic images, shape capture for model making and other anthropometric measurements. Further
specification is agreed in liaison with an orthotic technician who then sources and/or forms, assembles and
finishes the prescribed orthosis ready for fitting stage. These processes are best controlled within a quality
management system.

Fitting is required to be carried out by the orthotist in collaboration with the patient. The orthotist
then works in partnership with the orthotic technician to customise and complete the definitive device.
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For patients attending the service for re-provision or care and maintenance for protracted periods of time,
(for example over a two-year period for idiopathic scoliosis patients) their individual device preferences
and needs become more familiar to the team. This familiarity should lead to more satisfied patients as care
is more often personalised. Patients should be allocated the same key orthotist/orthotic team personnel
throughout their treatment and if possible, the patient should be able to select their key orthotist.

User training can be done with different team members and with assistant personnel, so long as the
key messages are the same for all. Most often user training is done by the orthotist and/or therapist. We
have already found that compliance in the use of spinal orthosis is a strong determinant of success in scoli-
osis bracing, and this premise of following a correct treatment plan supported by appropriate information
sharing and compliance counselling can be applied to any spinal orthosis.

Step 4: Follow up and maintenance

Follow-up is not only important to reinforce messages of compliance, but is absolutely essential if
the spine care team is to learn and develop from their past case experiences. Counselling patients about
the follow-up plan and intention to monitor their care is a motivator for the patient to comply with treat-
ment and attend follow-up appointments. Monitoring of the effectiveness of treatment should be done
against the previously agreed treatment goals. These outcomes should be carefully and systematically
recorded in the medical record in a format agreed with the spine team. Follow-up and maintenance of
treatment and orthoses can be supported by an orthotic technician and appropriately trained associate or
assistant orthotic personnel.

Finally, clinical audits should be used to measure the effectiveness of spine team care on a regular
planned basis. Data collected when monitoring outcomes for individual patients should be combined with
data from similar patients, analysed and reported. Involving members of the interdisciplinary team and
patient representatives in planning this analysis will help to make this more meaningful. Ethically, only data
that will be analysed should be collected. A report of the findings should be shared and discussed among
the entire interdisciplinary spine care team and patient representatives. Such clinical audit reports can be
used as part of a quality improvement cycle for a service and to refine the organisation and structure of the
interdisciplinary spine team itself.

In summary, we can consider team care generally; improving attitudes and “team climate” have
been found to improve patient safety. Team climate can be defined as “shared perceptions of the team’s
work procedures and practices”.®> Therefore, a multidisciplinary team approach to patient spinal orthotic
care which involves the right mix of expertise and services is, required to ensure that patients are provided
with the most appropriate, safe treatment in the most appropriate setting when they need it.
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A Short History of Spinal Orthoses

Robert L Rhodes

HISTORICAL VIGNETTE
In 2012, a body discovered buried under a parking lot in Leicester, UK, was identified as that of King

Richard Ill, the last English monarch to die in battle. Forensic studies showed that earlier history had in fact
been correct - King Richard Ill was a “hunchback”. These studies confirmed the true nature of his spinal
deformity was the result of adolescent onset idiopathic scoliosis with a curve magnitude of 70 degrees.*
Initially, it was thought that this might limit his prowess in battle, but appears now that his status as warrior
will remain intact.? An evaluation of the scoliosis, published in The Lancet, concluded: “A curve of 70-90°
would not have caused impaired exercise tolerance from reduced lung capacity.”®* The question remained,
however, how would he function while wearing a 30 kg suit of plate armor? To answer this question, a
study was undertaken in which a man of similar stature and curve magnitude (scoliosis) was taught to ride
and subsequently fit with a replica suit of armor. The armor was fabricated with “waisting,” the

typical armorer’s technique of tightening the armor around the anatomical waist to transfer some

of the superincumbent load to the hips (Fig 1). Rather than limit the rider, this technique was

found to increase support and strengthen the upper body.”* Likely unknown to the armorer at the Figl
time was the application this principle would have in later years for orthopaedic surgeons and orthotists
managing spinal deformities with orthoses. This bit of forensics and historic re-creation gives an idea of
the interplay that has existed between armor and orthoses throughout history and is a good reminder that

solutions for today’s orthotic challenges may very well be found in the past.

A PRIMITIVE ORTHOSIS?
The logical starting point for the history of spinal orthotics is the Orthopaedic Appliances Atlas pub-
lished in 1952. This work -although dated - is considered the first comprehensive textbook in the modern

era of orthotics and an important entry point and window into the past. Through this lens it is
. apparent that circumferential management, regardless of material type, formed the basis for early
|

Fig2 armor and spinal orthotic designs. In the Atlas, a drawing is presented of an “orthopaedic corset
of tree bark...” (Fig. 2) dated around 900 CE.> This item was first mentioned as a corset in a Journal
of the American Medical Association (JAMA) article, in 1918.% It was described as “... an interesting appli-
ance of bark made to fit the torso and provided with eyelets as though to lace it together in front. It closely
resembles the modern orthopedic corsets used in the treatments of lesions of the spine, and may have
been used by the cliff dwellers for this purpose or for fractures of the ribs.” This early orthopaedic corset
made of tree bark is an example of a circumferential design and man’s ability to address an orthopedic

need with the natural resources that are regionally available.
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Another example of the use of bark is displayed and part of The History Colorado collec-
tion and in this particular case is described as “Armor”(Fig 3). A later evaluation by Carlson and

Armelagos (1965) identified this same artifact as a “cradleboard hood.”” More recently, it has been
established that the item was originally described as a “bark vessel,” and was only later classified
as “primitive armor.” In the end, whether or not these items were used for medical treatment or protec-
tion, the benefits of circumferential designs appear to have stood the test of time. Today’s ballistic/flak vest
(for protection) and polymer TLSOs are examples of circumferential designs that really can be considered as
mere adaptions of bark.

THE RENAISSANCE
The use of plate armor was considerable during the Medieval, Middle Ages and into the Renais-
sance Age as a practical solution for protection during battle. As weaponry advanced so did the style,

» weight and type of armor worn by infantry and horseman alike. Particularly important and in addi-
tion to the practical side of armor was the aesthetic value placed on each design. This was evident
*“ by the influence the armorers had on the intricate engravings used for the frontispiece of the 1952

atlas® (Fig 4) compared with the suit of armor shown above. The parallel design and aesthetic
advancements to armor were not exclusive to the battlefield, but were occurring in the orthopaedic com-
munity as well, but under a different name. The corset, one of the earliest descriptions of an orthosis, was
used by Paré to manage what he referred to as a twisted body.

In the 16th century, Ambrose Paré described the practices of a surgeon: “...he repairs those things
which are defective, either from infancy, or afterwards by accident, as much as Art and Nature will suffer...
who fits a doublet bum basted [i.e. padded] or made with iron plates to make the body straight....”perfo-
rated so as not to be too heavy, and padded so that they will not cause excoriation ...and should be often
changed.”® In this effort to describe the function of a surgeon Paré was also able to demonstrate not only
the purpose and function of the orthosis, but the importance of increasing comfort, patient follow-up and
adjustment of the orthosis for the growing patient. Paré made a “corset for the correction of a twisted
body” and advised that it should be changed both in shape and size as the patient grows or improves, “for
otherwise instead of doing good one would cause harm.”®

Thomas, credits Lorenz Heister, (1683-1758), a German anatomist and surgeon, as having created
the first true spinal orthosis.®> “This crude device, known as ‘The Iron Cross,” consisted of a flat, straight
metal upright extending from the pelvis to the occiput, with a shorter crosspiece just below the shoulders.
A metal upright was attached to the top of the upright for a head support. The device was fastened to the
trunk by thongs about the waist and under each axilla.” ®

THE INDUSTRIAL REVOLUTION

Some sixty years after the death of Heister, western civilization had advanced into the industrial age
and with it came variations of Heister’s orthosis and a myriad of newer designs. While the actual number
of designs around the world at that time, were unknown, there were enough to compel Samuel Cooper
to write a commentary on spinal orthoses. In, “A Dictionary of Practical Surgery,” (1818) he writes”...the
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iron-cross proposed by Heister, the corselet described by Brasdor... and the leather strap recommended

by Brunnighaussen, are only modifications of the figure of 8 bandage, and are not at all better.”® With the
increased number of orthotic designs came the growing and often times grey area between support and
correction. While the actual function of the orthosis was in debate, the desired outcome of treatment was
not. There appeared to be more agreement in what to do and what was desired rather then how the or-
thosis was able to accomplish this feat. Prior to the industrial revolution, Nicolas André, in “Orthopaedia,”
(1743) described management of “The Bunch-Back [sic], the Hollow-Back, and Crooked-Back.”

“...the Bunch, as well of the Sternum, as of the Back, may be corrected in Children, by pressing it
gently with the Hands; for this gentle Compression, when it is frequently repeated, gradually disposes the
Bones, whether of the spine or Sternum, to recover their natural situation... The use of Whalebone Bod-
ice gently to compress the part that bunches out is of great service here.”** He later adds, “If the Spine be
crooked in the form of an “S”, the best method you can take to mend it, is to have recourse to whalebone
bodice, stuffed in such a manner that the stuffed parts shall exactly answer to those Protuberances which
ought to be repressed, and these Bodice must be renewed every three Months at least.”*!

Whenever a new design of orthosis was published, there seemed to be a challenge to practitioners
to change or modify the existing orthoses. This back and forth debate continued and was further described
in a paper by Chelius. After describing Heister’s Iron Cross and its modifications, Chelius, in A System of
Surgery, (1847)," adds:

“Here also belongs Le Wacher’s machine” which consist of stays laced in front and having a plate
attached to its hind part. An iron rod passes into a groove upon this plate, which ascends straight up the
middle of the neck and thence curves over the head to the forehead. In the notch at the upper end of rod
is hung an apparatus, which is fastened around the head and beneath the chin of the patient. Pelug hasim-
proved this machine by attaching Instead of the head apparatus at the end of the iron rod that reaches only
to the upper part of the neckband, by which the chin and occiput can be held up.

Sheldrake altered Levecher’s machine; he took away the stays and fastened the iron rod on a plate
that descended from the middle of the back and is fitted closely to the rump bone. Delacroix also altered
this machine making its point of support on the pelvis. Guerin has proposed an apparatus for the simulta-

neous extension (extension sigmoid) of the vertebral column in contrary directions of the curvature.”*?

STRAP AND BUCKLE DOCTORS
The century from 1850 to 1950 was the age of “Strap and Buckle Doctors” with numer-
ous designs for orthotic systems. Lovett, in the American Journal of Orthopedic Surgery (1913),

observed, “The theorist and the apparatus maker went mad and every form of device appeared.
Braces and corsets, infinitely complicated, worse than useless, appeared by the dozen.”*®* Others
seem unnecessarily cruel, though well intended such as the Spitzy-Vischer* (Fig 5).

The marriage of medicine and mechanics that gave rise to the professions of orthotics and prosthet-
ics was happening, albeit slowly. Charles Fayett Taylor, credited with the TLSO design that bears his name,
realized early on that the instrument maker (orthotist) required skills and knowledge beyond simply making
the device. Anything less and the orthosis would likely be ineffective. This is captured in his writing from

33


http://exceedresearch.net/atlas/3/5.htm
http://exceedresearch.net/atlas/3/5.htm

1863, “...the physician contenting himself by sending the patient to an instrument maker, for one of the
many apparatuses found in the shops, and too often leaving the whole matter of kind, form and fit to the
selection of the mechanic.

Now this transferring of responsibility from one’s own shoulders to the blacksmith might be well
enough, if this person were a pathologist and anatomist as well as a mechanic, but as unfortunately this is
never the case, the only alternative would seem to be for the doctor to control the mechanical part of the
of the treatment himself... Simply to apply an instrument, even a good one, is not enough; it should have a
definite object and be mechanically, anatomically, and physiologically adapted to each particular case; if it
fail in any of these it will be ineffectual.”*® Taylor’s ability to diagnose, assess the geometric deformity and
determine the best design application was further recognized by Newton M. Schaeffer, a student of Tay-
lor’s. In his writings Schaeffer described his mentor in the following manner:

“Taylor’s method of diagnosis, his alert adaptation of mechanical means to pathological ends, his
great originality in devising apparatus for all kinds of deforming diseases and conditions; his quick appre-
ciation and interpretation of symptoms, all this was a revelation.”*® Taylor’s attention to detail
insured that the design provided the appropriate biomechanical force application based on the
diagnosis, but it was designed with careful consideration for the comfort of the patient. This atten-

tion to detail was captured in his writings that allowed the contemporaries of his day to replicate
this design for similar patient populations (Fig 6).

As described by Taylor, “There is no painful pressure downward on the abdomen and hips; but a
broad band passes around the trunk low down -- so low in front that it almost touches the thigh in sitting.
It passes above the pubis and entirely below the abdomen; so that the abdomen is sustained upward in-
stead of being, as in most instruments, pressed downward. There are two pieces or levers passing up the
back: not over the spine but each side of it, so that it is firmly held from lateral deviations. At the topis a
cross piece in the form of two T’s with the small ends united... At the point of the instrument opposite the
point of disease-- the point where we make our fulcrum--the pads are placed... Every particle of pressure
on the hips and shoulder straps is just so much force tending to straighten the spinal column... The instru-
ment is provided with several hinges--stop hinges in front, but free to move backward.... The action of the
instrument is simple, effectual and easy for the patient.”?’

Due to the detailed description of the design and the positive clinical outcomes, the design and
variations of the design continue to be used in today’s clinic landscape. Hyper-kyphosis secondary to
osteoporosis, tuberculosis, and post-operative management of Pectus Excavatum represent several clinical
presentations where the Taylor design (TLSO Sagittal Control) continues to be used today. As if to say, the
design was not an end unto itself, Taylor’s writing frequently bring the focus back to where it should be and
that is with the patient. The danger with any spinal orthosis is that the practice can turn to being device
driven. Taylor recognized early on that it is the patient’s clinical presentation that should drive the device
rather than the other way around. Taylor elucidates this philosophy of patient management in this regard,
“My practice is to allow the patient the most unrestricted liberty, and when thus protected from shocks and
pressure by the instrument, | have never known the least harm to flow from this entire freedom of action;
on the contrary, the greatest good.”"’

34


http://exceedresearch.net/atlas/3/6.htm
http://exceedresearch.net/atlas/3/6.htm

Despite Taylor’s attention to detail, little is mentioned about the para-spinal bars, a key component
of his spinal design. The para-spinal bars that we associate with the “Taylor” orthosis, the ones that curve
sagittally in the superior thoracic area, do not appear in the writings of either Charles Fayette Taylor nor
those of his son, Henry Ling Taylor. They do, however, appear in an illustration in Dr. Lewis Sayer’s
Spine Disease and Spinal Curvature, in 1877 (Fig7). Sayer states that the brace was “...obtained
in Cincinnati (does not remember the name of the maker), but patients had difficulty wearing the »
orthosis on account of the pain and difficulty of breathing.”*® Dr. Sayer was a proponent of sus-
pending the patient and applying a plaster-of-paris body jacket and allowing it to harden with the patient
in the suspended position. He quotes a John R. Myrick, Capt. 3rd Artillery, USA, “In my opinion, the advan-
tages of the “jacket” over the “Taylor” or any other “brace” consist in the uniform support of the jacket to
the whole of the upper portion of the body, its inflexibility and the freedom allowed to the shoulders. The
straps of the ‘brace’ depress the shoulders, giving an unnatural appearance to that part of the body, and
appear to me calculated to effect a permanent injury.”*® Sayer’s treatment method was a viable alternative
to the Taylor orthosis and offered a lower profile design. However, the total contact nature of the plas-
ter-of-paris design brought with it the problem of heat retention and increased incidence of skin macera-
tion. The use of plaster-of-paris and suspension, conceptually, are still used today with the Risser frame.
Whether serial casting for Infantile Scoliosis or the TLSO Wilmington Method, both can attribute their roots
to the concepts described by Sayers.

Continued discussion about the Taylor design ensued in 1909 when Dr. H.L. Taylor (not to be con-
fused with the original designer of the Taylor, Charles Fayette Taylor) threw his hat into the discussion
forum. While critical of the device, H.L. Taylor seemed to offer a more balanced assessment of the spinal
orthosis. Here he states, “The simplest and most directly acting spinal splint is probably C.F. Taylor’s, which
has been much modified in various hands, but scarcely improved. This apparatus is a spinal lever, consisting
of two uprights, one and a quarter inches apart, riveted to a pelvic band...”*® -

Historical evidence seems to confirm that the Taylor design and subsequent variations
were not limited to North America, but occurred in Europe as well. Both domestically and abroad, N/fn;
the fundamental components of this orthosis included a pelvic band and para-spinal bars. This Fig 8

- was confirmed by an engraving from a B. Dreher, Rottweil, Germany, 1906 catalogue (Fig
8) that shows the parallel bars as does a picture from the Henry Saur, Surgical Bandage Manufac-

turer, a catalogue (Fig 9) of the same era. The Saur picture does show a slight flare to the horizon-

Fig9

tal cross bar and this bar is placed more superiorly than in more modern designs. The para-spinal

bars shown in Dr. Sayer’s book, eventually became the norm but, one can only assume, that as they were
full length, they came to be attributed to Taylor.

A contemporary of Taylor and equally important in the modern history of spinal orthotics was James
A. Knight. In 1863 Dr. Knight opened a hospital in his home. It was the first orthopedic hospital in the
United States and was known as the Hospital for the Ruptured and Crippled. He converted his conservatory
to a “Brace Shop.”?° This became the first hospital to have an in-house orthotics facility. Knight and Taylor
disagreed in their basic philosophies. His contemporaries saw Knight as ultra-conservative. He was of the
opinion that there were so few cases that actually needed surgery, as they could be managed by “bandag-
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ing and bracing,” that there was no operating theatre in the hospital. This led to Taylor being instrumental
in the founding of The New York Orthopedic Dispensary in 1866.°

o
Specific to the spinal orthosis design that bears his name, Knight expanded the design to e
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better address the coronal plane. Knight describes an orthosis that has lateral bars in addition iy
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to posterior bars like Taylor’s (Fig 10). These are positioned to encircle two-thirds of the body M
and are thus placed more anteriorly than the current practice of placing them at the mid-axillary
trochanteric line.”* Here begins the first terminology standards, to use the term loosely: Orthoses with long
posterior bars were called “Taylor” and those with lateral bars were called “Knight” Inevitably, these two
designs were combined to produce what is still referred to as a “Knight Taylor Brace” in orthotic jargon.

In England, James Gillingham, of Chard, Somerset, who referred to himself as a “Surgical Mechani-
cian”, dominated prosthetic design.?? Alhough his primary focus centered on prosthetics, his design capa-
bilities extended to include orthoses as well. An advertisement appearing in 1870 mentions “Gillingham’s
instrument for single or lateral curvature of the spine,” He states that he uses Sayre’s method of suspension
and describes the orthosis: “A pelvic band is secured just above the hips, and further supported by joint
lacings over the crest of the ilium. To the belt is secured two lateral crutches to come well up in front, a

back piece with padded shoulder plates, supported by [a] strap, in addition to which is the ab-

S

Fig 11

domen stay secured to the lateral uprights. The tendency of this support is to rest the spine and
reduce the curve.”?®* This description sounds much like the Knight-Taylor design, but the engraving
shows that it is quite different (Fig 11). The thoracic band does not reach as far as the mid-axillary
trochanteric lines and there is no attachment of the paraspinal bar (or bars) other than to the pelvic band.
The axillary crutches are asymmetrical, with the largest dimension anterior and possibly functioning like
infra-clavicular pads.®

Gillingham’s other illustration (Fig 12) also includes axillary crutches but has a unique posterior. The
A

\ £
S

para-spinal bar bifurcates superiorly beginning at about the waist forming a “Y” shape. Inferiorly
this is attached to a rack and key so that it will “give pressure and rest on the transverse process of

the spine, at the same time leaving the distressed and sensitive angle free from pressure.”” The Fig 12
orthosis is also shown with a “jury-mast” attached (Fig 13).2®> The jury mast was so named be-
cause “jury” as an adjective, means “temporary,” and this component, at least in Gillingham’s de-

sign, appears to have been removable. James Newcomb, in his, The Epitome of Medicine, (1893), |
states: “...the active traction afforded by the jury-mast and halter is more comfort and effective Figl3
than the simple fixation of the metal head supports. A disadvantage of the jury mast is, that it is

[a] very noticeable and rather offensive support.” He goes on to add that,” An inoffensive chin rest may be
used where the jury mast would not be tolerated.”**

Another prolific English orthopedist was Hugh Owen Thomas, known today as “The Father of Ortho-
pedics.” His seminal work, Fractures, Dislocations, Deformities and Diseases of the Lower Extremities, does
not specifically address spinal orthoses but discusses them only when they serve as an extension of lower
limb systems.? His sole contribution to spinal orthotics was the Thomas collar.

On the contiguous European continent, German innovators dominated orthotic design. Foremost
among them was Frederich von Hessing. He was trained as a joiner and organ maker but soon turned to
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“Mechanical surgery.”?® Von Hessing was one of the last self-taught orthopedists, yet he became a master

] ‘:,

of his craft and was known as “a miracle doctor” to his patients. It is said, “The art of brace making

i

von Hessing and his contemporaries.”* He utilized molded leather orthoses reinforced with a metal g 14

attained its fullest development during the latter part of the 19th century under the leadership of

superstructure. Other than this technique, his most lasting contribution was what came to be
known as the “Hessing Ring,” (Fig 14). This proved to be the most effective means of stabilizing an orthosis
on the pelvis before the introduction of modern polymers.

THE TWENTIETH CENTURY

Systematic research in orthotics began in 1927 with the establishment of The Pope Foundation, by
Henry Pope.?” This was still the era of polio and the focus of research was on lower limb orthoses. The early
20th century saw little innovation in new spinal designs, but numerous variations on existing designs. The
first comprehensive study of spinal orthoses was by Paul L. Norton and Thornton Brown in 1957.% Several
orthoses were evaluated with intervertebral motion measured using Kirschner wires. “None of the braces
tested did more than limit interspace flexion.”?® They found that a new design was necessary. This did not
have para-spinal bars but had trochanteric extensions to gain more control of the lumbo-sacral area by ex-
tending the lateral lever arms. The idea was to keep forces located over boney prominences so the patient
would experience “somewhat uncomfortable pressure” when “forward bending or slumping.”?® Respond-
ing to this article, Dr. Paul Williams observed, “They have contributed a great deal if they can rid us of the
many ineffective braces that | am inclined to speak of as ‘nuisance’ braces. Such braces push the patient in
one place and push him out in another, but their only effectiveness lies in the fact that the patient eventu-
ally gives up and decides to hold still.”?®

A 1962 article, while discussing the “Taylor brace” adds parenthetically, “modifications include the
Arnold, Magnuson, Bennett, and Steinler braces.”” These eponymic “braces” created problems for pre-
scribing physicians and orthotists alike, for there was no standard as to what constituted a “Bennett Brace,”
for example, or a “Magnuson Brace.” The Bennett was presented in an article in 1936.3° Bennett describes
it as modification of the Knight spinal brace and utilizes Hessing rings for stabilization on the pelvis. In the
Atlanta area in the 1970’s a “Bennett brace” was a standard “Knight” design with a modified corset front.
The two inferior corset straps were joined to form a “Y” and attached to the corset front by a single buckle
on each side. This was somewhat like the Hessing rings on the original but obviously did not have the same
stabilization effect.

A “Magnuson Brace” in the Washington, DC area referred to what was known in the Atlanta area
as a “Walter Reed Brace.” This had the infra clavicular pads of the Magnuson design but was stabilized on
the pelvis by Hessing rings. The story at the time was that Robert Kelly, Chairman of Orthopaedics at Emory
University, had developed it. Supposedly, Kelly was so impressed by Walter Reed selflessly using himself for
experiments in determining the vector for yellow fever that he, Kelly, decided that if he ever designed or
discovered anything himself, he would name it after Reed.

The proliferation of names and designs continued to increase. A 1962 nation wide study by Natress
and Litt found that as many as 13 names were used to describe a single orthosis.?” Several other spinal

37


http://exceedresearch.net/atlas/3/14.htm
http://exceedresearch.net/atlas/3/14.htm

orthoses were developed in the first half of the 20th century, most notably the ones we now know as the
Williams Flexion Brace, the Jewett Hyper-extension Brace, and the Milwaukee Brace. The “Williams” was
developed by Paul C. Williams in 1937 and was originally termed “The Lordosis Brace” ** and provided a dy-
namic stimulus to induce lumbar flexion. This was accomplished by having the lateral bars articulate with a
thoracic band, which, in turn, articulated with an oblique bar that was rigidly attached to a pelvic band. A
flexible anterior corset and/or pad allowed the necessary movement of the body. This orthosis was found
to be particularly effective in the management of spondylolysthesis and symptomatic spina bifida oculta.
The Williams Flexion Brace became very popular. Some of its adherents thought that it could be improved
by fitting it “upside down.”3? Physicians writing orders for this orthosis would specify on the prescription,
“Fit right-side up,” or “Fit upside down.” Hauser had applied this principle of inducing lumbar flexion to
casting techniques in 19452 and later by Frank M. Rainey, to what came to be known as the “Rainey Flexion
Jacket.”**

The orthosis known as the “Jewett Hyperextension Brace” was developed by R. Arnold Griswold of
Louisville, KY, and is similar to one developed by A.E. Hoadley in 1895.3> Presented in a 1936 issue of JBJS,
Griswold states, “The brace was developed in an attempt to apply mechanically effective counter pressure
to the spine at both ends of the trunk against a posterior fulcrum at the peak of the kyphos[sic].” It “was
designed for the convalescent support of compression fractures of the lumbar and upper dorsal spine” and
was pre-fabricated and adjustable. “... “bars are adjustable in length, so that the joint may be raised or low-
ered ... in order that the brace may be adjustable enough to fit patients within a reasonable range of size.”%¢

Eugene Jewett utilized this principle for what he described as “A Light Hyperextension Back Brace.”
37 This orthosis was constructed over a plaster of Paris model. Jewett’s opinion was, “Of course, Griswold’s
brace can be used without having any plaster of Paris cast made, and in that respect it is much more adapt-
able. However, it is the writer’s opinion that in most cases it is better to make a brace from a plaster jacket,
[i.e. mold], in order to be sure that all parts fit absolutely correctly.”®” It is ironic that the orthosis that we
now identify as “a Jewett” is designed and utilized using Griswold’s principles.

The Milwaukee Orthosis, commonly known as “The Milwaukee Brace,” was developed in 1945 “...
to provide more efficient and comfortable passive correction and fixation following surgery.”*® This was its
routine use until 1954. There had been previous orthoses that were used for non-operative management
of scoliosis, but they were mostly ineffective in providing correction and simply provided support to the
torso, hopefully preventing progression of the curve. Orthotic designs that did attempt correction often had
cranks, gears, levers, or weights or they had similar components providing passive corrective forces. The
regimen for use of both of these types of orthoses required the orthosis to be removed at night, “...[the
time] when they were most needed.”3®

The orthosis most often cited, as being a precursor to the Milwaukee was that attributed to Spitzy.
(Fig 5) This design had conical projections under the occiput and chin that provided what has been termed
“a stimulus to withdraw.” In other words, it caused pain. Consequently, the patient would be actively avoid-
ing these components and this act of “stretching” would provide distraction to the spine. The genius of the
Milwaukee design was that it was able to obtain the same function but without the pain. It achieves this by
providing a biomechanical environment in which the patient affects his or her own correction.
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The Milwaukee Brace, despite its effectiveness, did have its drawbacks: It is difficult to
fabricate, uncomfortable to wear, and has an undesirable appearance. These problems have been
addressed in different ways. The Kuehnegger Orthosis®® (Fig 15) was developed in the Netherlands
in the 1970’s. It utilized the same principles as the Milwaukee, but was modular and easily fabricat-
ed. It was popular in Europe, but never caught on in the US.

The orthotic design that ultimately supplanted the Milwaukee for most applications, was the Boston
System. The system began “...with the Milwaukee Brace concept but the necessity to take a cast, pour, and
rectify a positive model [was] eliminated in an estimated 95 percent of the cases by use of prefabricated
plastic pelvic girdles.”*® The insight that the focus of corrective scoliosis management was not to make the
orthosis fit the patient, but was rather the other way around, i.e. making the patient fit the orthosis. Bill
Miller, C.O. of The Children’s Hospital of Boston applied this concept to the pelvic girdle of the Milwaukee,
with an expanded trim line and the elimination of the metal superstructure to become what we now know
as The Boston Brace.*

The Boston Brace or one of its derivatives has become the standard non-operative treatment for
scoliosis. Despite the improved aesthetics, the cosmetic appearance still remained problematic for many
patients. Ralph Hooper developed another orthosis, the Charleston Bending Brace, in 1978. It utilized the
principles of over correction*? and nighttime (part-time) wear. Since it was only worn at night, the cosmetic
problem was moot. “Originally, the new orthosis was used to treat patients in which other types of orthotic

management had failed; patients who continued to show progressive curvatures, but whose skele- %;%

tal maturity obviated full-time brace wear, and patients who had refused other treatment options. :Ql
In these cases, time-modified brace wear seemed preferable to complete non-compliance, for Fig 16
obvious reasons.”*?

Attempts to manage scoliosis with minimal componentry had been tried previously (Fig 16) and
reappeared in 1998 as the SpineCor orthosis. Developed in Montreal by Charles Rivard and Cristine Coil-
lard, the SpineCor is described as “a dynamic non-rigid bracing system for the treatment of scoliosis.” Its
regimen calls for orthotic management to begin when a 15 degrees curve is present. Initial results showed
a curve progression of 5degrees or less in 93% of patients, but some physicians have been hesitant to use
this orthosis, not wanting to begin orthotic management with such a small curve.*

Another minimalist orthosis, the TriaC was developed in The Netherlands by A.G. Veldhuizen, and
is recommended for lumbar curves only.* Its name derives from 3 “C’s”, Comfort, Control, and Cosmesis.*®

And though not specified, improved compliance is implied as it has been for the SpineCor system.

A BRIEF RETROSPECTIVE

The three major innovations of the late 20th century that affected orthotic management of the
spine had little to do with spinal orthoses per se. First was the new orthotics terminology and technical
analysis form presented in Artificial Limbs in 1970.#’ This was the culmination of work of a subcommittee
of the American Academy of Orthopaedic Surgeons seeking to remove eponymic terminology as the pri-
mary descriptor for an orthosis. Instead, the orthosis would be described by its location and biomechanical
function.
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“The prime objective was to develop terminologies based on logical systems which could also
accept new devices with which a physician can communicate to the orthotist the functions desired for a de-
vice. Secondary objectives derived from this communication would be that such a system would provide a
logical system for the teaching of physicians, therapists, orthotists and prosthetists, for the development of
fee-paying schedules, and would provide an authority list for information retrieval systems.”*® This termi-
nology had the secondary result of changing the focus of the profession away from an item delivery system
into an evaluation and process system that resulted in item delivery.

Second was the development of new materials. The only ways to fabricate a custom molded body
jacket, at the turn of the twentieth century, was by molding leather or a resin impregnated felt over a cast-
ing of the patient. This was an arduous and time-consuming process. In addition, molding the felt required
using acetone, a highly flammable solvent. This became unnecessary when OrthoplastTM #° was used for
the pelvic girdle of the Milwaukee Orthosis in 1966.%° OrthoplastTM is a type of balata and is moldable with
heat, typically in hot water. Other thermal forming and thermal setting polymers followed along with rein-
forcing materials such as Kevlar® and carbon fiber.

Third was the application of computer technology to orthotics. In spinal orthotics, computers have
streamlined central fabrication and in many instances obviated the need for a mold to be taken for a cus-
tom orthosis.

THE REST OF THE TWENTY-FIRST CENTURY

Material and computer technologies will continue to advance allowing greater ease of custom fab-
rication and allowing greater focus and time to be spent on patient evaluation and management. The field
as a whole will continue to be impacted by advances in surgery and bioscience. For instance, Axial Biotech
developed ScoliScore, a genetic test that indicates the potential for progression of a scoliotic curve. ** This
may eliminate orthotic management as an option for some patients with mild to moderate curves. And
new applications for orthotic principles will surely arise; as for example did techniques for management of
fractures, of plagiocephaly, and of the diabetic foot in the last half of the twentieth century.

* The various archaic terms for “orthosis,” i.e., machine, instrument, brace, etc. have been left as they are
for historical accuracy.
** At this time a lower-limb prosthesis was often called a ”jury-leg.”
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Growth and Maturity in Musculoskeletal Care
James Sanders

Normal growth is highly coordinated from the single celled zygote to a full sized adult individual
following predictable patterns of growth in height, weight, development of reproductive and secondary
sexual characteristics, changes in mass and distribution of muscle and fat, and changes in bony structure.
Height growth is very rapid during the initial year of life, and then gradually slows until reaching a steady
velocity of about 5cm/year from age four to five until adolescence excepting a small mid-childhood growth
spurt around age eight. With puberty, there is a very rapid growth acceleration followed by a decrease un-
til maturity. The adolescent growth spurt typically begins around age 10 for girls, age 12 for boys
and spans about four years, beginning about two years before and extending three years beyond EL\,J\#
the growth peak (Fig 1). In children with similar environments, normal pubertal timing can vary as ﬂg_l
much as four years.! Throughout postnatal growth, the physis is the primary generator of muscu-
loskeletal growth. Muscles, ligaments, nerves, and blood vessels all have their own mechanisms of longi-
tudinal growth, but each grows in response to the skeletal stimulus resulting in well-coordinated growth of
the limbs, chest, and spine. Skeletal growth can be inhibited by abnormalities like muscle contractures or

nerve palsies placing, forces on the physis or from intrinsic physeal problems such as in skeletal dysplasias.

HORMONAL MECHANISMS OF GROWTH

Babies must be sufficiently small to pass through the maternal pelvis and birth canal, and dimen-
sions needed for healthy delivery likely determine normal birth size, but this is also influenced by mater-
nal health, nutrition, and placental health. Early infantile growth is quite rapid and is primarily driven by
nutrition.? Malnourished children will have diminished stature which can usually be regained via “catch up
growth” when the problem resolves. Childhood growth, from roughly 3 years until puberty is mostly hor-
monally driven from growth hormone (GH), insulin like growth factor-1 (IGF-1), and thyroid hormone.>**
The pubertal phase marks a discontinuity from the childhood growth.

Humans have two basic pubertal stages, adrenarche and gonadarche, which are regulated by
separate but related systems, the hypothalamic-pituitary-gonadal axis (HPG), and the hypothalamic-pitu-
itary-adrenal axis (HPA),®> with the former most important for musculoskeletal growth. Both growth hor-
mone (GH) and the sex steroids, particularly estrogen, are necessary for the normal adolescent growth
spurt in both boys and girls. GnRH (gonadotropin releasing hormone, identical to luteinizing hormone
releasing hormone, LHRH) release is suppressed between infancy and puberty. The mechanism of GnRH
suppression and its subsequent release are only partially understood but include environmental and CNS
mediated mechanisms. Environmental factors include various diseases or high levels of exercise affecting
the amount of body fat and subsequent leptin levels, and possibly some environmental chemical causing
either premature or delayed puberty.®** With GnRH resuming its pulsatile release at the beginning of the
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adolescent growth spurt,® estrogen secretion is stimulated from the ovaries in girls and from the testicu-
lar testosterone’s peripheral aromatization in boys. Estrogen is the critical stimulus of the physis causing
the linear growth spurt.>*%*21> The estrogen increase causes initial breast development in girls and rapid
foot growth in boys and girls, the first physical signs of the adolescent growth spurt. The initial estrogen
increase stimulates further growth hormone (GH) release;!%! although, there is some experimental
evidence from rhesus monkeys, one of the few animals having an adolescent growth spurt like humans,
that the GH increase can start without sex steroid initiation.’® GH acts both directly and indirectly through
production of Insulin-like Growth Factor-1 (IGF-1) to stimulate physeal growth. The growth rate then peaks
about two years later and then slows to cessation after another two years. The two standard deviation
range for North American girls’ growth peak is 9.7 to 13.3 years.’® Estrogen also appears to be the primary
factor causing physeal closure at the end of skeletal growth in both males and females via estrogen recep-
tor a (ER-a).? Lower doses of estrogen during early puberty stimulate growth, whereas higher doses in
later puberty lead to growth cessation. Androgens appear to have a direct stimulating effect on the growth
plate without any effect upon the GH-IGF-I axis.

THE GROWTH SPURT AND PEAK HEIGHT VELOCITY

The maximum height growth rate is called the growth spurt and the Peak Height Velocity (PHV).
Chronological timing of the PHV has been called both the age at peak height velocity and the peak growth
age (PGA). For simplicity, we will use the term PHV to indicate the timing of the peak height velocity rather
than the velocity itself. Maturity may be measured in time intervals from the PHV such that PHV + 0.5 year
represents 6 months after the PHV, and PHV -1.0 year as 1 year before the PHV. The PHV and its timing are
under tight genetic and lesser environmental control.”® Most studies show peak velocities in girls of about
8cm/yr. with a standard deviation of 1cm/yr., and in boys of about 9cm/yr. with a slightly larger standard
deviation,'®* and standard reference curves have been developed.'®?*?* Because the PHV is the major
marker of growth, we will spend some time noting other events and their relationship to it.

Muscle, Fat, And Skeletal Mass Development

The development of normal muscle mass and strength, bone density and strength, and fat mass
a distribution is under hormonal and genetic influence.?>*® Muscle, fat and skeletal mass accretion differ
between boys and girls, and are strongly related to physical activity with increasing exercise increasing
bone and muscle mass and decreasing fat mass.?’*> Higher impact sports also create higher bone mineral
densities in the areas undergoing the impact®**” and also create higher bone mineral density in general. In
general, these tissues have similar accretion velocity curves to height for both boys and girls*® decelerating
rapidly from birth through age 5 with a small spurt at age 6 to 7, a larger growth spurt near the time of PHV
and then a decrease until maturity.

Maturity Determination

Maturity is multidimensional, but the dimension most important for musculoskeletal care is lon-

gitudinal growth upon which other important dimensions including muscle strength, weight and skeletal
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strength and dimensions depend. Height maturity is reflected best in the timing of the PHV. The most
definitive way to determine PHV is by measuring the height velocity at sequential office visits, but this is
difficult at best with diurnal variation of up to 1.4 cm.* Short-term growth is non-linear and has periods of
both rapid and of little activity*® creating strange velocity calculations, and a single misreported height can
make PHV assessment difficult.** Patients needing evaluation and treatment rarely have prior serial accu-
rate height measurements available, and other maturity indicators become important.

Secondary Sexual Characteristics

Secondary sexual characteristics are tightly connected with their growth spurt particularly in girls
since estrogen is the common cause of both the growth spurt and secondary sexual characteristics. The
correlation is not as tight in boys as in girls because of the importance of estrogen.

Tanner divided secondary sexual characteristic development into clinically useful stages for breasts
and pubic hair development in girl and the scrotum and pubic hair in boys.** The pubertal or Tanner stages
are highly, though not exactly, correlated with the growth spurt and the PHV.?* Girls’ rapid breast develop-
ment tends to coincide with the acceleration of growth.?®* Girls typically reach their PHV between stages 2
and 3 for breast development and stages 2 to 3 for pubic hair development while boys reach theirs be-
tween stages 3 and 5 for testicular and pubic hair growth. Unfortunately, patient self-assessment is unlikely
to provide accurate information,**** and most orthopedists are uncomfortable doing this assessment in
conjunction with a musculoskeletal evaluation making secondary sexual characteristic determination prob-
lematic in practice. Other secondary characteristics not included in Tanner’s staging but helpful in identify-
ing advancing maturity in their presence and lesser maturity in their absence includes sweat gland matura-
tion, menarche, voice change, axillary hair, and course facial hair.

Menarche is a readily identifiable maturity indicator associated with the beginning of the cyclic es-
trogen-progesterone production in females. While menarche is usually a reliable sign that growth velocity
is past the PHV and decreasing,??* the early menstrual periods are often irregular, and menarche’s timing
relative to the PHV is much too variable for accurate assessments.

Skeletal Maturity

Skeletal radiographic appearance is the prime maturity measurement for most specialists. Skele-
tal maturity determination is based on bones growing and physes maturing in orderly sequences. “Skele-
tal age” is a misnomer and the concept of skeletal maturity as a developmental stage or maturity level is
preferable to a non-existent a linear “age”. The radiographic appearance of the skeleton is dependent upon
both the overall hormonal maturation state and the inherent genetic control of each local physis. Any skel-
etal region with consistent physeal markers is amenable to determining a skeletal age. Several longitudinal
studies of children’s growth were initiated in the early twentieth century by obtaining serial radiographs
and anthropomorphic measurements throughout growth. The most important of these for orthopaedists
is the Bolton-Brush collection started by T. Wingate Todd of Western Reserve University in Cleveland, Ohio.
In addition to growth data, the study collected longitudinal radiographs on upper middle class children,
many children of university faculty, from the Cleveland area in the 1930’s and 40’s. Skeletal ages were
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determined by correlating the children’s hand radiographs with their ages and taking the middle (mode)
radiograph as represented in the Greulich and Pyle atlas.** The study itself and the original atlas by Todd
had only the yearly radiographs during adolescence while the later Greulich and Pyle atlas picked some
intermediate stages for the “six month” intervals during adolescence. There are other methods of assess-
ing the hand and wrist such as the Tanner-Whitehouse 111*® and the Fels*” methods also based on longitu-
dinal studies. Other skeletal regions described for estimating maturity including the foot, knee***! cervical
spine,**% and the calcaneal apophysis.®* Spinal deformity surgeons commonly use the Risser sign®® of iliac
apophyseal ossification.

The Greulich and Pyle atlas is an example of the “atlas method” of determining skeletal maturity.
“The individual bone method”, which includes the Oxford score® of the hip and pelvis, the Tanner-White-
house method using the hand and wrist, and the Sauvegrain method®*®” using the elbow develops scores
from individual ossification center appearances which are totaled for a maturity score. These can then be
correlated via a table or graph with the maturity.

Important Skeletal Maturity Nuances For Orthopaedic Surgeons

Skeletal age determinations are based upon normal children. Therefore, for clinicians facing a child
with other medical or developmental issues or a skeletal dysplasia may find the skeletal age inaccurate.®®%
The most common error in skeletal age determination is mal-positioning. In the hand, slight flexion of any
digits makes interpretation difficult, and rotation can cause the same problem in the elbow. A number
of investigators have questioned the validity of using skeletal age atlases in children of varying cultures,
diseases, and epochs without substantial revisions for each particular group.”®® However, if the concept of
skeletal maturity is used rather than skeletal age, most of these differences disappear.

The Hand:
n ”S Knowing the various stages of hand’s changes is not difficult and is important for accurate

'maturity determination regardless of which system is used. The various stages of the digits during
Fig2 adolescence are shown in (Fig 2) going from uncovered, to covered, to capped, to fusing,
to fused. The ulnar side of the hand (the fourth and fifth digits) is the last to have fully
covered epiphyses, the proximal epiphyses cap their respective metaphyses slightly before the Fig3
distal epiphyses, the distal phalanges close before the proximal and middle phalanges, the digits
close before the metacarpals, and the distal radius closes last of all. We have developed a reliable classifi-

cation system based upon these patterns corresponding closely to the PHV (Fig 3).

Risser sign:
: The Risser sign is a commonly used as a maturity indicator in scoliosis based on the radiographic

excursion of iliac apophyseal ossification (Fig 4).6%%%* The Risser sign’s advantages are its ready
“Figa appearance on standard AP views of the spine and that it typically proceeds in orderly fashion.
However, because of concerns of breast irradiation, most scoliosis films are now PA rather than

AP. Unfortunately, because of radiographic parallax, it is much less visible on PA radiographs. If the patient
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also has a lateral radiograph, then the ossification can sometimes be more clearly seen on the lateral. The
Risser sign appears after the PHV,°* does not correlate well with skeletal age and correlates differently in
boys than in girls. Girls typically have little remaining growth at Risser 4 while boys may still have significant
growth and may continue to have significant curve progression between Risser 4 and 5. The utility of the
Risser sign can be improved by including the pelvis, which has a large number of physeal and apophyseal
ossification centers, on the radiographs. However, this utility must be balanced with the increased gonadal
irradiation. The triradiate cartilage is currently the most useful of these as it typically fuses before initial
iliac apophyseal ossification begins and also correlates closely with the PHV.%%%

Elbow:
The Elbow has a number of ossification centers visible during the adolescent growth spurt

making it useful during puberty.®®¢”%* DiMeglio and colleagues have looked at the Sauvegrain SrmrmiTas
method®” during puberty and found it reliable with potential advantages to the Greulich and Pyle Fig5
with more potential stages during adolescence. Charles, et al.,*® have developed a system based

on just the olecranon which has reliable stages during adolescence (Fig 5). We®® compared Sauvegrain
scores in both boys and girls and found it highly related to their PHV.

Other Skeletal Markers
Obviously, there are other potentially useful skeletal sites besides the hand, elbow, and Bt

pelvis including the spine with a number of markers particularly ossification of the rib heads and Eabar.
the ring apophysis,’*’*°’ the cervical spine’s appearance,**® the knee**“¢the foot,*°* and the sib

shoulder which are rarely used for accurate maturity determination. We have recently described
the appearance of the calcaneal apophysis that is also useful around the adolescent growth spurt,®* (Fig 6)
and along with the Oxford scores from the pelvis sign, correspond to their timing around the PHV.

RELATIONSHIP SKELETAL MATURITY TO THE PHV

The PHV was unrecognized as such an important maturity marker when the Greulich and Pyle atlas
was completed. A number of investigations®80.7093.9.102-108 fond a tight collection between skeletal matu-
rity and PHV. In terms of appearance, hand phalangeal capping'® and closure of the lateral condyle of the
elbow™? are both closely related to the PHV. We have found that using more than one skeletal maturity
region can help identify proximity to the PHV better than any region separately.®* While evidence is limited,
it appears there is less coupling of the pre-growth spurt skeletal maturity than skeletal maturity once the
growth spurt has stopped. This has been interpreted in the adolescent growth spurt being able to start at
any level of skeletal maturity, but once the growth spurt starts, skeletal maturity quickly becomes tied to
peripheral hormonal levels.’%>!! Qverall, particularly for orthopaedists, skeletal maturity appears the best
reliable and readily available method of maturity determination compared to hormonal and skeletal met-
abolic markers and secondary sexual characteristics. Recently developed systems for the elbow and hand
provide reliability formerly lacking.
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Individual Segment Growth

Most studies looking at the various segments date from early in the 20th century, though a few are
later. Despite a strong relationship between the various body segments, the individual body areas have
their own specific growth patterns. The overall pattern is of rapid spine and extremity growth from birth
to age five, more rapid extremity growth between five and adolescence. The spine gains about 10 cm in
length between birth and age 5,**? which probably accounts for the often rapid progression of congenital
and infantile curves during this time, but then only gains about 5cm in length between ages five and ad-
olescence. During the adolescent growth spurt, the spine is the primary location of accelerated growth?*®
gaining about 10 cm during this period and accounting for 80% of the growth during that phase.'** The
lower extremities have a more constant rate of growth and less conspicuous growth spurt. But, it is a mis-
take to assume the limbs do not have a growth acceleration and deceleration phase. The growth spurt of
the limbs is slightly prior to the spine’s growth spurt'*'** and the percentage of segment growth from each
physis changes over time. Once extremity growth ceases, the spine still has significant growth remaining.
As the longitudinal growth of the spine slows, there is an increase in iliac crest width, inter-acromial dis-
tance, and lastly chest depth and diameter.®

Our primary sources of spinal growth are from cross sectional data using very small samples of
normal children.'>17-124 DiMeglio’s publications are the most utilized currently to compare spinal defor-
mity patients with those having normal spine growth.!10112113.125127 The data from his thesis unfortunately
are not accessible to review, and it is unclear whether the studies were longitudinal or cross sectional and
provide no information on ranges and distributions. The other existing studies addressing spinal length by
direct radiographic spinal measurement are cross sectional.!?”124128130 The problem with relying on cross
sectional studies is that it limits our understanding of individual spinal growth at specific time points and
hides differences between individual children. This is particularly true for times when different children
have substantially differing growth. The adolescent growth spurt in particular constitutes a major disrup-
tion from prior growth and occurs at different ages in different adolescents. When studied with cross sec-
tional data, the growth spurt is only seen as wider data scatter with only slight changes in averages because
cross sectional data blunts the growth spurt by averaging across all the subjects. In spinal deformity, the
adolescent growth spurt is typically the time of marked change in spinal curvature, making it very import-
ant in any growth modulation strategy. Fusion surgery prior to the growth spurt often results in continued
deformity with poor appearance of the trunk and the need for further surgery. The crucial issue in evaluat-
ing growth during adolescence is where the child is within their growth spurt. A child at mid-growth spurt
will have remaining growth behavior very similar to other children at mid-growth spurt who may be two
years older or younger, but they will have very different growth from a child of the same age who is much
early or later in their growth spurt.

DiMeglio indicates that from age five to puberty, two-thirds of the height growth is from the lower
extremities (sub-ischial) with one-third from the spine, but that this ratio is reversed during the adolescent
growth spurt.’®'3 Thoracic length and circumference do not grow simultaneously, especially during puber-
ty. At age 10 years, the thoracic circumference is at 74% of its final size, whereas the sitting height is almost
at 80% of its final length. Globally, the volume of the thorax triples from the age of 4 years until the end

52



of puberty in girls and until 16 years in boys with a doubling between ages of 10 years and skeletal maturi-
ty. 132132 The development of the male thorax continues after the age of 16 years. This results in a relative
elongation of the rib cage until the end of growth in young men. In our own findings from longitudinal
data, children from mid-childhood to the beginning of the growth spurt grow from T1-S1 at 1.5cm/year.
This increases to 2.5 cm/year during the growth spurt and then markedly slows. These rapid changes can
make brace fitting difficult and are also indicative of the marked changes, which can occur with the spine

during the growth spurt.

SUMMARY

While this chapter can only touch on the many aspects of human growth and development related
to spinal orthotics, these issues remain central to properly assessing and treating pediatric orthopaedic
conditions. Future work in skeletal maturity assessment and growth modification will likely make these
issues more important to hold and correct spinal problems in growing children.
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Biomechanics Of The Spine And Of Spinal Orthoses

Thomas M Gavin, Avinash G Patwardhan, Robert Lin

The primary biomechanical functions of the spinal column are to support the loads induced during
activities of daily living while allowing physiologic mobility. In normal individuals, the spine performs these
functions without causing injuries to bony, soft tissue, or neurological structures. This chapter presents a
framework for understanding these biomechanical functions of the spine by first discussing the stability of
the osteo-ligamentous spinal column and the role played by the muscles, then progressing to the stability
of a healthy spinal segment, followed by a discussion of the effects of injuries, degeneration, and surgical
procedures on the load sharing between the components of a spinal segment. Finally, the chapter presents
a brief discussion of the biomechanics of spinal fusion implants as well as orthoses used for stabilizing an
unstable spine. A more detailed description of the role of spinal orthoses and their mechanisms of action

for individual spine pathologies are presented elsewhere in this Atlas.

PHYSIOLOGIC LOADS
Mechanical loading of the spine is an important factor in the etiology of spinal disorders and in the
outcome of orthotic treatments for spinal disorders. The loads on the human spine are produced

by (i) gravitational forces due to the mass of body segments, (ii) external forces and moments

induced by physical activity, and (iii) muscle tension.* These loads are shared by the osteo-liga-

Fig1

mentous tissues and muscles of the spine. Tensile forces in the paraspinal muscles, which exert a
compressive load on the spine, balance the moments created by gravitational and external loads (Fig. 1).
Since these muscles have a small moment arm from the spinal segment, they amplify the compressive load
on the osteo-ligamentous spine.

The human spine is subjected to large compressive preloads during activities of daily living.? The
internal compressive forces on the ligamentous spine have been estimated for different physical tasks using
kinematic and electro-myographic (EMG) data in conjunction with three-dimensional biomechanical mod-
eling. The compressive force on the human lumbar spine is estimated to range from 200-300 newtons (N)
during supine and recumbent postures and to 1400 N during relaxed standing with the trunk flexed 30 de-
grees.> The compressive force may be substantially larger when holding a weight in the hands in the static
standing posture, and even more so during dynamic lifting.* The human cervical spine also withstands
substantial compressive preloads. The cervical preload approaches three times the weight of the head due
to muscle co-activation forces in balancing the head in the neutral posture. The compressive preload on
the cervical spine increases during flexion, extension and other activities of daily living, and is estimated to
reach 1200 N in activities involving maximal isometric muscle efforts.>® Normally the spine sustains these

loads without causing injuries to bony, soft tissue, or neurological structures.
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STABILITY OF THE SPINAL COLUMN
Load Bearing Ability of the Osteo-ligamentous Spine

In the absence of muscle forces, the osteo-ligamentous spine cannot support vertical compressive
loads of in vivo magnitude. Experiments in which a vertical load was applied at the cephalic end of the
cervical, thoracolumbar, or lumbar spine specimens caused buckling of the spines at load levels well below
those seen in vivo. The stability of the spine, characterized by a critical load (maximum load carrying capac-
ity, or Euler buckling load of spinal column), was determined by these experiments. When the load exceed-
ed the critical value, the spine, constrained to move only in the frontal plane in these experiments, became
unstable and buckled. The cervical spine buckled at a vertical load of approximately 10 N, the thoraco-
lumbar spine at 20 N, and the lumbar spine at 88 N, all well below the compressive loads expected in vivo
during activities of daily living. When a compressive load is applied in a vertical direction to a multi-seg-
ment spine specimen, segmental bending moments and shear forces are induced due to the inherent cur-
vature of the spine. This load application causes large changes in the specimen’s posture at relatively small
loads. Further loading can cause damage to the soft tissue or bony structures.

Role of Muscles

Some investigators have modeled the muscles as springs in order to explain their role in preventing
a buckling instability of the spinal column. Simulation of active muscle forces in experiments on the liga-
mentous spine is difficult due to the large number of muscles and the uncertainty in load sharing among
the various muscles during different activities. The simulated muscle actions must provide stability to the
ligamentous spine to carry compressive loads while simultaneously permitting mobility needed to perform
the activities of daily living.’

Recent analysis using muscle models of the trunk support the argument that the individual spinal
segments, often referred to as functional spinal units (FSU’s), are subjected to nearly pure compressive
loads in vivo.? Attempts to determine joint loads based on the assumption of a vertical load on the spine
have resulted in serious over-prediction of shear forces on the FSU. The calculations of spine modeling,
taking into consideration the activity of paraspinal and abdominal muscles, demonstrate that in weight
holding tasks the compressive force on the lumbosacral disc increased with increasing trunk inclination and
the amount of weight lifted, while the maximum anterior-posterior shear force remained small (about 20-
25% of the compressive force). The obliquity of the para spinal musclesallows them to share anterior shear
forces resulting from a lifting load. When these muscles are activated to contribute a balancing extensor
moment, they help to offset the anterior shear force on the lumbar FSU.°

Stability of the Spinal Column under a Follower Load

It could be reasoned that co-activation of trunk muscles could alter the direction of the in-
ternal compressive force vector such that its path followed the lordotic and kyphotic curves of the
spine, passing through the instantaneous center of rotation of each segment (Fig. 2). This would mil
minimize the segmental bending moments and shear forces induced by the compressive load,

thereby allowing the ligamentous spine to support loads that would otherwise cause buckling and provid-
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ing a greater margin of safety against both instability and tissue injury. The load vector described above is
called a “follower load.”

Experiments on human cadaveric specimens of lumbar (L1-L5), thoracolumbar (T2-sacrum), and
cervical spines (C2-C7) as well as mathematical models have demonstrated that (i) the ligamentous spine
with multiple motion segments can withstand physiologic compressive loads without tissue injury or insta-
bility if the compressive load vector is applied along a follower load path approximating the curve of the
ligamentous spine, (ii) the ligamentous spine subjected to compressive preloads of in vivo magnitude along
the follower load path permits physiologic mobility under flexion-extension moments, and (iii) the follower
preload simulates the resultant vector of muscles that allow the spine to support physiologic compressive
loads. Intradiscal pressures in human cadaveric lumbar spines under a follower preload are comparable to
those measured in vivo, and the spinal stability is increased without compromising its mobility in flexion-ex-
tension and lateral bending. A superimposed follower preload renders the in vitro loading of the ligamen-
tous spine with pure moments more physiologic.

The follower load concept suggests a new hypothesis for the role of muscle co-activation in pro-
viding in vivo spine stability. Co-activation of trunk muscles (e.g., the lumbar multifidus, longissimus pars
lumborum, iliocostalis pars lumborum) could alter the direction of the internal force resultant such that its
path follows the curve of the spine (follower load path), thereby allowing the ligamentous spine to support
compressive loads that would otherwise cause buckling of the column. Muscle dysfunction can induce
abnormal shear forces at the lumbar FSU, leading to segmental instability in the presence of disc degener-
ation. On the other hand, a compressive follower preload produced by coordinated muscle action could
stabilize shear instability in a degenerative FSU.'° This suggests a role for muscle conditioning and therapy
in treating degenerative spine conditions.

STABILITY OF THE FUNCTIONAL SPINAL UNIT
Three-Joint Complex

A spinal motion segment is the smallest functional unit of the osteo-ligamentous spine and exhibits
the generic characteristics of the spine. The FSU consists of two vertebral bodies connected by an interver-
tebral disc, facet joints, and ligaments (except at the C1-C2 segment where there is no intervertebral disc).
The FSU could be viewed as a three-joint complex consisting of the disc (a cartilaginous joint) and two fac-
ets joints (synovial joints).? A dynamic relationship exists between the intervertebral disc and facet joints
in sharing physiologic loads.

The intervertebral disc carries substantial loads due to gravitational and muscle forces. It is the
major anterior load-bearing element in axial compression and flexion. In the young healthy spine, load
transmission from vertebrae to vertebrae occurs primarily through the disc’s nucleus pulposus. As a load
is applied to the healthy disc, forces are distributed equally in all directions from within the nucleus, plac-
ing the annulus fibers in tension.'* The collagen fibers of the annulus fibrosis (annulus) are well suited to
resisting tension along the fiber direction. The pressure in the nucleus pulposus stretches the fibers in the
annulus, and the resistance of the fibers to tensile loading allows the annulus to contribute to load sharing.
The annulus fibrosis is well suited to resisting torsion due to the characteristic orientation of fibers in the
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each layer. The intervertebral disc provides most of the motion segment’s stiffness in compression, where-
as ligaments and facets contribute significantly in resisting bending moments and axial torsion.

Facet joints provide a posterior load path and have an important role in determining the limits of
motion in the FSU. Biomechanical studies demonstrated that facets in the lumbar spine carry 10% to 20%
of the compressive load when a person is in standing upright position.*?> The proportion of the total load
shared by the disc increases with flexion. Load transmission through the articular facet surfaces as well as
through the tips of the inferior facets in extension relieves some of the load on the intervertebral disc. The
maintenance of cervical and lumbar lordosis helps to reduce the load on the disc, whereas flexion increases
disc loading. The contribution of the facet joints to the stability of an FSU is also dependent on the capsular
ligament and the level within the spine. For example, thoracic facets have a limited capsular reinforcement,
which facilitates axial rotation, in contrast to the lumbar spine where the facet capsule is well developed to
stabilize the spine against rotation and lateral bending.

Segmental Instability

Injuries, degeneration, and surgical procedures can significantly alter the normal load sharing
between the components of an FSU, and can cause abnormal motion response under physiologic loads.
Instability is quantified as a loss of stiffness or an increase in flexibility of an FSU. Stiffness of an FSU is a
measure of how much load is required to produce a given motion. Flexibility is the inverse of stiffness; it is
a measure of the motion produced by a given load. The FSU is unstable if the stiffness is too small or flexi-
bility is too large. It is helpful to think about FSU instability in terms of macro- and micro-instabilities.

Macro-Instability

Macro-instability implies gross disruption of the spinal column such as that caused by a fracture
leading to disruption in load transmission from one vertebra to another. Macro-instability can lead to a
progression of the deformity at the injury site and a resultant neurologic deficit. Examples of macro-insta-
bility include instability caused by injuries of the thoracolumbar spine such as compression fracture, frac-
ture-dislocation, traumatic spondylolisthesis, burst fracture, as well as tumors, infections, and iatrogenic
causes. Thinking about the spine as a structure made of three load-bearing columns is helpful in appreciat-
ing the severity of clinical and biomechanical macro-instability.** The anterior column is formed by the an-
terior longitudinal ligament, anterior annulus fibrosis, and anterior part of the vertebral body. The middle
column is formed by the posterior longitudinal ligament, posterior annulus fibrosis and posterior wall of the
vertebral body. The posterior column is formed by the posterior arch, supraspinous and interspinous liga-
ments, facet joints, and ligamentum flavum. A compression fracture involves failure of the anterior column
with the middle column being totally intact. The burst fracture involves failure of both the anterior and
middle columns. The seat-belt-type injuries represent failure of the middle and posterior columns. Finally,
the fracture dislocation injury represents failure of all three load-bearing columns.

The loss of load-carrying capacity of the spine is influenced by the number of columns disrupted.
Disruption of a single column such as the anterior column due to a compression fracture results in a min-

imal loss of load carrying capacity. The instability associated with a two-column disruption such as that
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caused by a burst fracture or a flexion-distraction seat-belt injury is more severe. Burst fractures cause
significant instability (loss of stiffness relative to intact segment) in flexion, lateral bending, and axial ro-
tation. That is, the injured segments undergo excessively large motion as compared to the intact or unin-
jured segment for the same amount of load. If in addition to the two-column burst fracture, the facets are
disrupted, a significantly larger loss of stiffness may be seen in axial rotation. A fracture-dislocation is an
example of a three-column disruption, and is at the high end of the macro-instability spectrum.

Micro-Instability

The instability associated with degenerative disorders of the lumbar spine can be viewed as mi-
cro-instability. Failure or degeneration of any one element of the three-joint complex can alter the normal
load sharing between these elements, leading to symptoms of back and leg pain.** It may also set into
motion a chain reaction (degenerative cascade) leading to degeneration and pain at other elements of the
FSU.

Disc degeneration is thought to precede all other changes within the aging FSU. Degenerative
changes in a disc are associated with a loss of proteoglycans in the nucleus that, in turn, leads to a decrease
in the ability of the nucleus to generate fluid pressure. With disc dehydration and narrowing of the disc
space, the annular fibers of the disc are no longer subjected to the same tensile stresses, as they would
be in a healthy disc with the hydrated nucleus.® Instead the annulus in a degenerated disc is more likely
to bear the axial load under direct compression from the vertebra above. Early degenerative changes in
the disc render the FSU more flexible.’* Facet degeneration is most commonly a result of the segmental
instability. As narrowing of the disc space occurs due to degeneration, the facets begin to undergo sublux-
ation until the tips of the inferior facets impinge on the lamina below, causing the facets to increase their
share of load transmission. Typically, the patient suffering from facet degeneration will have symptoms
aggravated by an extension maneuver since facet loading increases in extension. Increased peak pressures
within the facet joint may give rise to degeneration of the joint cartilage; a thinning of the cartilage may
cause capsular ligament laxity and allow abnormal motion or hypermobility of the facets joints.?” Cartilage
degeneration seems to further increase the segmental movements that already were increased with disc
degeneration. The final stage of the degenerative cascade is associated with joint stiffness. The abnormal
pressure and focal degeneration give rise to formation of bony hypertrophy and osteophytes leading to a
decrease in segmental mobility. Occasionally, an uneven collapse of the disc space may cause acute angu-
lar deformities within the three-joint complex; and the patient may present with both neurogenic as well as
low back pain complaints.

During the process of three-joint complex degeneration, surgical intervention may be necessary to
alleviate disabling symptoms. The combination of the surgical procedure (such as discectomy, facetectomy,
foraminotomy, and laminectomy) and the phase of degeneration will affect the biomechanical stability of
the FSU and the clinical outcome. Biomechanical studies on human cadaveric spines showed that disrup-
tion of the ligamentum flavum and postero-lateral annular integrity and removal of the nucleus content,
simulating partial discectomy for disc herniations, significantly increase primary motions in flexion, axial
rotation, and lateral bending.*® Significant changes to the FSU motion occur with the removal of the nucle-
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us pulposus as opposed to the removal of the annulus. Hemi-laminotomy and partial discectomy increases
angular motion over that seen in the intact FSU. Unilateral hemi-facetectomy has little effecton .
the angular motion in flexion-extension and lateral bending, but may cause a small increase in axi-| —/

al rotation. Subsequent discectomy significantly increases the angular motion in flexion-extension Fig 3
without a preload (Fig. 3); however, a physiologic compressive preload of 400 N tends to reduce

the instability produced after discectomy. Discectomy also significantly increases angular motion in axial
rotation in the absence of a compressive preload. Hemi-laminotomy with partial discectomy is the gold
standard for the surgical treatment of symptomatic radiculopathy caused by a herniated disc. Although
discectomy is quite effective in relieving radicular symptoms, persistent mechanical low back pain is not un-
common. The back pain may relate to disc degeneration and the ensuing altered kinematics at the involved
segment, which may be exacerbated by surgical treatment. However, the true source of back pain remains
unknown in many cases. The non-physiologic motions may lead to altered stresses across the motion seg-
ment stabilizers including the facet joints as well as the supporting musculo-ligamentous structures, which
could potentially contribute to post-discectomy mechanical back pain.

Procedures performed for pathologies in the late degenerative phase, such as decompressing
laminectomy or facetectomy for degenerative spondylolisthesis may also lead to instability. Significant
instability may result from bilateral hemi-facetectomy. Unilateral or bilateral total facetectomy was shown
to produce an increase in the segmental motion of 65% in flexion, 78% in extension, 15% in lateral bending
and 126% in rotation. These procedures may require post-decompression stabilization.

MECHANISMS OF ACTION OF SPINAL ORTHOSES

Orthoses for the management of deformities of the spine date to antiquity. Galen, the physician to
the gladiators, wrote on a method of bracing and exercise of the deformed spine as a method to manage
these deformities. What changed in the last 2000 years is the materials and fabrication methods of these
orthoses. Today, many utilize computer-aided design and manufacturing to produce these devices, usually
from an optical scan of the patient and measurements, and others still utilize plaster impressions. Most
orthoses are fabricated from polymers or composites and are then custom fitted. The future may change
these methods once more as three-dimensional printing expands its usage in society.

What has not changed over these millennia is the mechanism of action of how these orthoses are
designed and work. First and foremost, the idea was to “straighten” the spine with whatever device is
used. Secondarily, it was to maintain this straightening until maturity. A better understanding through
current evidence has allowed us to improve on some of our methods, but the core mechanisms of action
remain the same. One fundamental ‘mechanism of action’ of an orthoses for spinal deformity is the con-
cept of endpoint control. End-point control is the mechanical constraints the orthosis places on the spine.
The function of the pelvic portion of a spinal orthosis is to fix the orthosis to the base of the spine and
represents the inferior constraint. The superior portion of the Milwaukee CTLSO is the neck ring and rep-
resents the superior constraint and functions to limit the lateral sway of the spine. The outcome of these
constraints is that the critical load of the spine is increased. The critical load is the maximum load-carrying
capacity of the spine before it undergoes deformational change and becomes unstable. The critical load
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is best-understood using Euler’s buckling theory (Box 1). Using the constraints of orthosis can in-
crease the stability of the spine and is particularly useful for deformities such as idiopathic scolio- H ﬂ ﬂ

is.
SIS Box 1

Some authors have advocated using King'’s classification when considering how to ap-
proach different curve patterns orthotically.”® King meant for his classification to be applied to surgically
treated Adolescent Idiopathic Scoliosis for selecting instrumentation constructs. In orthotic treatment the
editors feel instead that a simpler approach is indicated. The curve patterns suitable for orthotic manage-

double thoracic plus lumbar and double thoracic plus thoraco-lumbar). |

ment are a single curve (Thoracic, thoraco-lumbar and lumbar) or a double curve (double thoracic,

~

For orthoses, the desired effect is maximal curve reduction of the primary and any com- Figa
pensatory curves without increasing other deformities or creating an overall decompensation of
the spine. For different curve types, the orthoses must have different configurations to maximize

A

|
¥
|

1g

*

the desired outcome, that is minimal post-brace curve progression and minimal residual curves.

-
Ul

Single Right Thoracic

A right thoracic curve without a lumbar component (Fig 4) is already well balanced, this is because
the L4 tilt is minimal. This is frequently the one that requires the least sophistication to obtain the |
best results. Constraints will be at the axilla, lumbar and pelvis and the thoracic pad is tightened '
|

and will synergistically increase the amount of the resistive loads (Fig 5).
F

E;

Double Right Thoracic and Lumbar Curves

This is a right primary thoracic with or without a left lumbar compensatory curve (Fig 6). ¥
This curve may have a tendency to left decompensation due to tilt sometimes present at L4. Since éﬁ 1
balance is a primary concern as is curve magnitude, this curve type needs an extra sequence inits  Fig7
correction phase. For the first month, the attempt must be made to shift the T1-L4 segment of
the spine from left to right to restore balance by leveling L4, after which point right thoracic forces
may be applied to correct the primary curve. Once balance is restored, curve corrections will have

less resistance and more symmetry (Fig 7).

Fig 8

Single Lumbar Curve \
For a primary lumbar curve with or without a compensatory thoracic curve (Fig 8), the °%j
configuration is quite simple. One three-point pressure system with a shifting force at the apex Fio o

of the primary lumbar curve, resisted by the opposite side pelvis and a force at the apex of what

would become a thoracic compensatory curve (usually T8-T9). Since the pre-braced spine is relatively well
balanced, a force that shifts the convex side primary lumbar curve into a constraining force will usually be
sufficient to maximally reduce the deformities while maintaining balance (Fig 9).

Single Thoracolumbar Curve

The thoracolumbar primary curve (Fig 10), can be either to the left or right and is easily
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managed with a little difficulty (Fig 11). The lumbar pad and thoracic sling must approximate one e
=
another to shift this long curve into its constraining counterforces. B ™

Double Thoracic Curve

A curve pattern with a primary right thoracic curve, a left lumbar curve, and a high left

\ cervico-thoracic curve (Fig 12). Much like the right thoracic-left lumbar curve pattern, it

t‘ ~ usually presents with a significant counterclockwise tilt at L4. The mechanism of action

d to treat it is similar except the convex side shoulder of the cervico-thoracic curve must be  Fig12
Fig13 depressed and the axilla must be shifted beyond the midline (Fig 13). The orthosis fre-

quently looks like that depicted in figure 14. g e

SUMMARY Fig 14
Understanding the effects of biomechanic and pathomechanic loading of the spine is an
important precursor to realistic and effective orthotic treatment of the spine. With this, and the knowledge
of the underlying diagnosis, the medical team is more apt to select orthotic treatment that is appropriate,
cost-effective and addresses the intended outcome. To improve the likelihood that these outcomes are
achieved the proper design selection of an orthosis and effective application of the ‘mechanism of actions’
must be taken under careful consideration. When thoughtful attention is given to all of these factors the
chance for success is that much greater for the medical team, family and most importantly the patient.
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Scoliosis Terminology and Classification
Tyler J Jenkins, Erik CB King, John J Grayhack

INTRODUCTION

Spinal deformity includes a wide variety of pathologies with a subsequently variable natural histo-
ry and treatment course. The deformity can be classified in several fashions, including description of the
deformity itself, underlying etiology, and associated conditions. Correct classification of the curve relies on
obtaining a thorough history, physical exam, and radiographic evaluation. The classification of spinal defor-
mity is essential to the appropriate understanding and communication with both patients and professionals

in order to develop an optimal management program.

TERMINOLOGY
Correct classification of a scoliotic curve implies an understanding of the basic terminology used in

scoliosis management. Understanding these key terms is crucial for communication with patients = ==

and between professionals. A glossary of basic terms used in scoliosis management can be found -

in Table 1. Table 1

Scoliotic deformities are normally defined in the AP (coronal) or lateral (sagittal) plane.

The normal spine is straight in the coronal plane and has balanced curvatures in the sagittal plane in the
form of kyphosis (20 to 45 degrees in a normal pediatric population) and lordosis (35 to 60 degrees).! De-
viations from the normal spinal curvature are referred to as scoliotic or kyphotic/lordotic deformities. The
deformity of the spine is rarely in a true single plane, but is in actuality, multi-planar and, particularly in
idiopathic scoliosis, rotational in nature. The rotation can be identified clinically and radiographically.

The clinical evidence of rotation is seen in the typical chest wall asymmetry, as demonstrated on the
Adam'’s forward bend test by the angle of trunk inclination (ATI).2* Although an exact correlation between
ATl and curve magnitude does not exist, in idiopathic scoliosis curves of greater than 20 degrees are associ-
ated with an ATI of greater than 5 to 7 degrees.?

Radiographically, the rotational component of scoliotic curves causes a PA radiograph to act as
an oblique view. The deformity rotates maximally at the apical vertebrae, which can be identified by the
asymmetry of pedicles and other landmarks on the neutral PA radiographs. In order to truly assess the
magnitude of deformity on a radiographic view, a film may instead be taken perpendicular to the rib prom-
inence.®® Individual vertebrae are assessed for anomalies including hemivertebae, block vertebrae, and
wedging. Newer imaging modalities such as the EOS imaging system are emerging with benefits of 3-D
reformatting and lower dose radiation exposure compared to traditional radiographs.**

The extent or degree of deformity is defined by the angle created in a given plane, such as the Cobb
angle. The Cobb angle corresponds to those vertebrae that define the maximal extent of the deviation.

The cephalad (cranial) and caudal vertebrae that are the most tilted are defined as “end vertebrae” and
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are measured from their endplates to determine the angle or magnitude of deformity.® Inter-observer
and intra-observer errors in Cobb angle measurement have been demonstrated to be 3 to 5 degrees.” In
the sagittal plane, these angles are defined by the end plates of the vertebrae with the greatest deviation
from the neutral alignment. The description of a deformity includes the level of the apical deformity and
the number of levels involved. In congenital deformities of the spine, the acute apical deformities may be
measured and followed over time separately from the overall curvature and balance.

Measurement of rotational deformity, utilizing the AP radiograph, has been undertaken by two
methods. The methodology of Nash and Moe evaluates the position of the pedicles relative to the center
of the vertebrae,*” while that of Perdriolle uses a template to assess the percentage deviation from one
edge.® Both methods have significant errors of interpretation, but are helpful in elucidating this important
component.

Overall balance of the coronal and sagittal planes has been given more importance in recent stud-
ies. In the sagittal plane, anterior or posterior deviations of the spine are measured in reference to a
vertical plumb line from the C7 vertebrae to the posterior-superior corner of the sacrum. In the coronal
or frontal plane, the overall balance is measured by a plumb line from the posterior spinal process of the
seventh cervical vertebrae to the midline of the sacrum. This balance is determined by the compensation
of the curvatures, often by minor (flexible or nonstructural) curves to the major (structural curves). The
flexibility of the curves is assessed by side bending supine radiographs or a with a traction radiograph.
Skeletal maturity can also be assessed by clinical and radiographic evaluation and is an important compo-
nent of curve classification. An immature patient is at much higher risk for curve progression than a skele-
tally mature patient. Although no absolute method exists for grading skeletal maturity, the most commonly
accepted methods include the Risser sign, triradiate cartilage status, and the apophyseal osssifications of
other extremities, such as an AP hand radiograph for skeletal/bone age.

CLASSIFICATION

Accurate classification is crucial for patient care as management and outcomes are dependent on it.
The most common etiology and the primary focus of this chapter is idiopathic scoliosis. Idiopathic scoliosis
is defined as a structural curvature with a Cobb angle greater than 10 degrees, has identifiable rotation, no
vertebral anomalies and no congenital or known etiology. Idiopathic curves are commonly subdivided by
the age of onset. Other less common etiologies of scoliosis include congenital, neuromuscular (paralytic),

or curves associated with a syndrome.

IDIOPATHIC SCOLIOSIS
Idiopathic scoliosis is the most prevalent etiology of pediatric patients having a scoliosis deformity,

with a prevalence rate of 0.47-5.2% in the general population.®'° Despite extensive research, the =

exact etiology remains elusive. The Scoliosis Research Society recommends that idiopathic scolio- = :

sis should be further classified based on the age of the patient when diagnosed.® When diagnosed Table 2

before age 3 years, it is termed infantile idiopathic scoliosis, juvenile idiopathic scoliosis from age
3-10 years, and adolescent idiopathic scoliosis when diagnosed between 10 years and skeletal maturity
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(Table 2).¢ Eighty-nine percent of idiopathic scoliosis cases can be categorized as adolescent, with the
remaining 10.5% and 0.5% categorized as juvenile and infantile idiopathic scoliosis, respectively.'* A para-
digm shift has occurred with idiopathic scoliosis classification with many authors arguing for a distinction
between early-onset scoliosis (diagnosed before 10 years of age) and late-onset scoliosis (diagnosed after
age 10 years) classification.'>** The rationale for this shift is that early-onset scoliosis has a higher potential
of progression to severe thoracic deformity.'>*3

Adolescent Idiopathic Scoliosis (AIS)

AlS is the most common form of spinal deformity for which orthotics are utilized. As previously
noted, this refers to the onset of scoliosis of unknown etiology after the age of 10. This has been widely
studied and, both the underlying pathology and natural history are relatively well defined. AlS is identified
as a three-dimensional rotational deformity of the spine associated with normal vertebral development.
The underlying cause of this remains poorly understood. It does not appear to be associated with activity
or trauma. A myriad of different factors have been associated with AlS, including body habitus, maturity,
onset of puberty, rate of growth, etc. Family history has been associated with the presence of idiopathic
scoliosis, but not necessarily with its risk of progression. The genetic causes associated with idiopathic
scoliosis have been carefully studied and while several patterns have been identified, no definitive genetic
cause is widely accepted.

The scoliotic deformity in AlS is most progressive during the rapid growth phase (peak height ve-
locity) just prior to puberty. As previously stated approximately 2-5% of adolescents have a scoliosis of 10
degrees or greater but relatively few experience progression of the curve to greater than 30 degrees where
treatment might be a consideration.>!® The risk of progression of the curvature has been most widely
associated with the magnitude of the curvature and growth remaining. Curves less than 30 degrees occur
equally in both sexes but the ratio increases to 8:1 in girls to boys for curves of greater degree. Therefore,
it is much more common for a female with AIS to require treatment than a male.** Right thoracic curves
dominate and are present in an 8:1 ratio.** Other factors such as level of curvature (thoracic vs. lumbar,
etc.) and imbalance (sagittal or coronal) have been associated with the risk of progression, but not well
defined in this regard.

Remaining skeletal growth is related to the risk of curve progression. Peak height velocity has been
associated with the greatest progression of curve magnitude, but is difficult to determine in real-time.*®
Factors to consider in order to estimate remaining growth include age (preferably, bone age) and men-
archal status in females. Bone age is most often apreciated in these patients through the presence of an
open triradiate cartilage at the center of the acetabulum and the graduated calcification of the lliac crest
caritlagenous apophysis (Risser sign). The Risser sign is graded from 0 ( absent) to 5 (fully closed). For a
patient with an initial 25-35 degree curvature, Risser stage 0 or 1 is associated with a 60 to 70 percent risk
of curve progression, whereas a Risser stage 3 has a risk of less than 10 percent.’® Although important, the
Risser sign and menarchal status are imperfect predictors of curve progression because initial ossification
the lliac apoophysis and onset of menarche occur after the period of peak height velocity.'® Closure of the
acetabular triradiate cartilage and olecranon apophysis have been shown to more closely approximate the
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actual occurrence of peak height velocity.!” More recently, the closure of the growth plates on a hand and
wrist “bone age” radiograph has been most reproducibly predictive of the risk of continued progresson of
the curvature near the end of spinal growth.'® This is essential as brace treatment is effective only during
adolescent spinal growth, not after.

In patients diagnosed with idioapthic scoliosis between ages 13-15 years and with curve magnitudes
of 30-39 degrees, approximately thirty percent tend to stabilize in adulthood. However the remaining
seventy percent of patients experience curve progression.® Thoracic curves between 50 to 75 degrees
at skeletal maturity tend to increase at a rate of 1 degree per year there after, while thoracic curves less
than 30 degrees tend not to progress. Lumbar curves greater than 30 degrees at skeletal maturity tend to
progress over time.* Historical studies had shown that untreated scoliosis had a mortality rate twice that
of the general population, bearing in mind that these studies included patients diagnosed with congenital,
neuromuscular, and idiopathic scoliosis.?® In contrast, recent studies of populations with adolescent idio-
pathic scoliosis exclusively have not demonstrated an increased mortality.?*

Health consequences are associated with larger curves. Pulmonary function is impaired once Id-
iopathiic thoracic scoliosis progresses beyond 70 degrees. Furthermore, increased rate of mortality from
cardiopulmonary complications is associated with thoracic curves greater than 90 degrees.?? Studies have
shown that patients with idiopathic scoliosis (with Cobb angles ranging from 15-156 degrees) are at an
increased risk of chronic back pain as adults.’*'° A 50 year longitudinal study showed that 65 percent of
idiopathic scoliosis patients had chronic back pain compared to 35 percent of controls.’®* Cosmetic concerns

and lower marriage rates also have been reported.?>*

Juvenile Idiopathic Scoliosis (JIS)

Idiopathic scoliosis that presents between the ages of 4 to 10 years is defined as juvenile and rep-
resents 8-16% of idiopathic scoliosis cases.?* JIS differs from the adolescent version in several ways. JIS is
more likely to present in males and with a right thoracic curve. When compared to AlS curves, JIS curves
are more likely to progress, and they have a higher probability of causing cardiopulmonary compromise and
severe trunk deformity.?*?¢ Juvenile curvatures are most often observed up to 30 degrees. Curves greater
than 30 degrees are almost always progressive and are first treated with bracing.?#*® A high proportion of
patients diagnosed with JIS will progress to surgical intervention.

Both Infantile and Juvenile idiopathic scoliosis are often examined further with MRI and/or CT scan
in order to better determine any anatomical anomalies associated with the curve. Evaluation for genetic,
cardiac, pulmonary or renal issues may be appropriate. Treatment of progressive curves not responding to
conservative means may include surgical interventions. In children with significant growth remaining, these
surgeries are often designed to allow for or promote further growth of the spine while maintaining align-
ment. The instrumentation in such growing constructs includes those that allow the vertebra to “slide”
through the instrumentation, require direct surgical lengthening at given intervals or can be lengthened by
external stimulus. These compensate for the growth remaining in the children who require early surgery
and may be affected adversely by fusion and limitation of growth.
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Infantile Idiopathic Scoliosis (IIS)

Infantile idiopathic scoliosis is defined as scoliotic curves that present prior to 3 years of age with no
congenital anomalies. Approximately 90 percent of IIS curves resolve without treatment and are self-lim-
ited.?” Most curves are therefore initially observed. However, progression of infantile curves presents a
challenge both because bracing is difficult in the young child and because it is preferred to delay surgery as
long as possible to prevent the problems of crankshaft deformities and short trunk syndrome.?”?® The most
reliable way to distinguish between infantile curves that are likely to resolve spontaneously and those that

will progress is by measuring the rib-vertebra angle difference (RVAD). RVAD is the angular differ-
N ence between the concave and convex side ribs in relation to the apical thoracic vertebra. Mehta,
Figl in 1972, found that infantile curves with a RVAD less than 20 degrees resolved in 83 percent of
cases, whereas 84 percent progressed with a RVAD greater than 20 degrees (Fig 1).° Curves that
tend to be progressive may be treated initially with serial casting and/or bracing. The goal of these inter-
ventions can vary between resolving the curvature and slowing the progression to allow for later, more

aggressive treatment.

OTHER CLASSIFICATION SYSTEMS
The classification of idiopathic scoliosis assists in formulating a treatment plan for orthot-
ic management and/or surgery. In addition, classification systems are useful in basic and clinical

research. Scoliosis and kyphosis can be classified using many criteria. Classification by etiology is
a common method for classifying scoliotic and kyphotic curves (List 1).>*> The classification systems
commonly used today evolved from Ponseti and Friedman'’s five idiopathic scoliotic patterns.°
The patterns include:

1. Single major lumbar curve,

2. Single major thoracolumbar curve,

3. Double major curve (combined thoracic and lumbar curve),

4. Single major thoracic curve, and

5. Double major thoracic curve.*

Single thoracic and double curve patterns are more likely to progress than single lumbar or =:
thora-  columbar curve patterns.?* The King-Moe and Lenke classification systems for surgically — =
= = treated AIS are the most widely used classification systems in the literature today. The ﬂg_z

King-Moe classification is a 5 part classification describing thoracic curve patterns, but is
Fig3  not comprehensive (Fig 2).3* The Lenke classification is a more comprehensive and reproducible

classification based on PA, lateral, and supine bending films and is used to guide surgical manage-

ment (Fig 3).333*

Congenital Scoliosis

Congenital spinal deformity is most commonly identified by the presence of vertebral anomalies, or
vertebrae that are not fully formed or symmetrically segmented. As such, these deformities are normally
identified by “failure of segmentation” or “failure of formation.” Failure of segmentation consists of verte-

77


http://exceedresearch.net/atlas/6/1.htm
http://exceedresearch.net/atlas/6/1.htm
http://exceedresearch.net/atlas/6/l1.pdf
http://exceedresearch.net/atlas/6/l1.pdf
http://exceedresearch.net/atlas/6/2.pdf
http://exceedresearch.net/atlas/6/2.pdf
http://exceedresearch.net/atlas/6/3.pdf
http://exceedresearch.net/atlas/6/3.pdf

brae that are united or connected anywhere in the vertebral ring. Failure of formation most commonly is
identified as vertebrae of abnormal shape, such as a wedge or hemi-vertebrae. These are further divided
by the growth potential and impact of such deformities. Hemi-vertebrae that have open disc spaces are
referred to as “segmented”, or” semi-segmented”. Hemi-vertebrae lying within the spine not causing any
curvature are termed “incarcerated”. The potential for progressive deformity is related to the underlying
pathology of the vertebral anomaly.

Congenital deformities can be further defined by their plane of deformation (scoliosis vs. kyphosis
vs. kypho-scoliosis) and their location or level of deformity (thoracic, lumbar, thoraco-lumbar, etc.). While
congenital scoliotic deformities can be relatively significant, congenital kyphotic deformities are most con-
cerning because of their risk of neurologic impairment. The progression of the deformity, if associated with
congenital anomalies, will not be impacted by the use of bracing or casting. Compensatory curves without
congenital vertebral anomalies themselves may be impacted and therefore treated with casting or bracing.
Different anomalies are most commonly associated with a different risk of progression with growth. Still,
the definitive observation for progression is most often the only way to delineate this.

Congenital kyphotic deformities are separated in to 2 types. Type | is from failure of formation
(hemi/wedge vertebrae) and type Il a failure of segmentation. While both may demonstrate progression,
the type | deformity carries with it a greater risk for progression. Congenital deformities, if progressive,
may be treated with surgical intervention. These surgeries range from fusion in situ (in place), to hemi-ar-
throdesis (arresting growth unilaterally with the aim of correction through growth on the contra-lateral
side), resection with correction of deformity, growing rod/constructs without fusion, and definitive fusion
with instrumentation.

Neuromuscular scoliosis

Neuromuscular scoliosis (often referred to as paralytic scoliosis) occurs when the spinal deformity
is associated with neuromuscular disorders such as cerebral palsy and muscular dystrophy. In addition to
growth, these spinal deformities may be affected by muscular imbalance, or tone. The risk of progression
is most commonly related to the severity of the muscular involvement or imbalance, or level of tone, along
with the child’s growth. The natural history of neuromuscular spinal deformity is closely intertwined to that
of the underlying neuromuscular disorder. The impact on quality of life is defined not just by the spinal
deformity, but instead by multiple other factors. In neuromuscular deformities, it is important to distin-
guish between fixed and flexible deformities. Almost all flexible or postural deformities may be impacted
or realigned with bracing or adjustments to wheelchairs, whereas the fixed curves will not respond to these
interventions. The longer term risk of progression of either of these curves has not been proven to be
influenced by therapy, bracing or wheel chair modifications. Neuromuscular scoliosis is commonly a long
single curve and other deformities including pelvic obliquity, infra-pelvic deformities (i.e. hip contractures),
increased lordosis or kyphosis, and other muscular imbalance deformities.

CONCLUSION
Spinal deformity includes a wide range of pathologies with variable natural history and treatment
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options. An implicit understanding of the evaluation and terminology of these deformities is essential to

curve classification and management. Patients with scoliotic curves are evaluated with a detailed history,

physical exam, and imaging to determine the curve etiology. The most common curve etiology is idiopathic

scoliosis and can be further classified by age of onset. Other etiologies include congenital and neuromuscu-

lar scoliosis, but these are less common. Proper terminology and classification of scoliosis is imperative for

communication with families, patients, and health professionals.
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Physical Examination of Patients with Scoliosis
Walter Truong, Trenton Cooper

INTRODUCTION

Physical manifestations of spinal deformities can present in many different ways. Depending on the
habitus of the patient and underlying comorbidities, the findings can be very different. Clinicians must be
able to recognize which physical findings are within normal variance between individuals and which can be
attributable to a spine deformity. In addition the treating clinicians must either diagnose or rule out any
related causes for the deformity. This chapter will provide a systematic approach to the physical examina-
tion of ambulatory and non-ambulatory patients with scoliosis. Pertinent positive findings and appropriate

diagnostic work up will be discussed.

EXAMINATION

The physical examination generally begins with inspection. The gait exam is very important to
assess global balance and subtle neurologic abnormalities. Asking a patient to toe walk and heel walk,
further stresses their ability to balance. Wide based and ataxic gait patterns raise concern for cerebellar
dysfunction and a brain MRI may be warranted.

In adults, balance in stance is one of the most important factors with respect to quality-of-life and
function. Sagittal balance in particular has been shown to correlate with health-related patient reported
measures.! One study in children showed decreased patient reported outcome scores after spi-
nal fusion when the patients had a positive sagittal balance.? C7 plumb line can be assessed on

clinical exam by first palpating the most prominent (C7) spinous process of the cervical vertebrae.

Extrapolating a point posterior in the center of the neck helps to estimate the C7 vertebral body.
By dropping a plumb line vertically, while assessing the patient from the back, the clinician is able to see if
the head is well positioned over the pelvis in the coronal plane. The neck should be over the sacrum and
the S1 body specifically (Fig 1). Sagittal alignment in the form of cervical lordosis, thoracic kyphosis, and
lumbar lordosis should also be noted at this point. Idiopathic scoliosis is frequently lordoscoliosis

causing a decrease in the normal thoracic kyphosis.> Corresponding decreases in the normal cer-

vical and lumbar lordosis is often noted as well. An increased in a kyphotic deformity in a patient

Fig 2

with idiopathic scoliosis is highly unusual and would warrant further workup with a brain and spine

MRI. In the coronal plane and viewed anteriorly, the head should be centered over the pubic symphysis.
While the patient is facing away from the clinician, shoulder and scapular balance and symmetry

is noted, as well as the trapezius neckline (Fig 2). Any pelvic obliquity is assessed at the iliac crest 4 : .

with the index fingers over each iliac wing (Fig 3). The posterior superior iliac spines are regionally & _*i

close to the iliac crest and thus make it convenient to confirm pelvic obliquity and determine if a Fig 3

leg length discrepancy is present. Rotation is one of the most consistent physical manifestations
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of scoliosis, however, a leg length discrepancy can create the illusion of lumbar rotation when doing the
forward bend test (Adam Forward Bend Test) and therefore requires careful attention during the physical
examination. If the patient has a known leg length discrepancy, the forward bend test should be performed
with the child sitting or by placing a block under the shorter leg to balance the pelvis.

Rotation of the vertebrae within the curve span and noted posteriorly on the forward bend test
(Fig 4) is best visualized with the concomitant rotation of the ribs and lumbar musculature. True scolio-
sis is associated with rotation, although significant trunk rotation can be seen in individuals with
straight spines due to rib asymmetry or leg length discrepancies* and must therefore be ruled

out. The most visible prominence, when viewed posteriorly, corresponds with the apical verte-

Fig4

bra on the convex side of curve span. Up to 90% of adolescent idiopathic scoliosis (AIS) involves
a right thoracic curve that would be noted on forward bend test as a rib and muscular prominence on the
right (convex side). Rib prominence seen on the left should raise concern for neurologic abnormalities and
further imaging (MRI) should be considered.> Abnormalities include, but are not limited to Arnold-Chiari
malformations, syrinx, spinal cord tumors, and neuromuscular disorders. Visual detection of rotation can
be quantified during the physical examination by using a scoliometer (inclinometer). The measur-
H ing device can be placed on the patient’s back during the forward bend test and rotation deter-
Figs mined once the scoliometer is placed over the greatest prominence. Rotation is generally greater
than 5 degrees (+/- 1.9 degrees in thoracic spine and +/-2.3 degrees in the lumbar spine) on the
scoliometer (Fig 5) for curves greater than 20 degrees on radiographic evaluation. Rotation over 10 degrees
correlates highly with significant curves.®

There is debate on whether routine screening should be done as some have brought the accuracy
and reliability of the scoliometer and forward bend test into question.” Concern with screening for public
health implications and increased radiation exposure to growing children have been raised. The US Preven-
tive Services Task Force and the American Academy of Family Physicians do not recommend routine sco-
liosis screening for asymptomatic adolescents.® This recommendation is being revisited due to the recent
BRAIST study results showing the significant impact of bracing on scoliosis progression.’ The Scoliosis
Research Society, American Academy of Orthopaedic Surgeons, American Academy of Pediatrics, and the
Pediatric Orthopaedic Society of North America collectively recommend screening due to the effectiveness
of bracing in preventing progression and avoiding surgery.> Negative self-image by patients, as assessed by
Scoliosis Research Society Outcomes Instrument (SRS-24), did not occur until rotation was over 20 degrees
or Cobb angle over 40 degrees in the thoracic spine.?? Several authors suggest that clinicians should consid-
er a radiograph if rotation is noted to be over 7 degrees,'*! but routine screening of asymptomatic patients
should be up to the discretion of the provider.

With the dramatic rise in obesity in children, there has been concern about a relationship between
body mass index (BMI) and delay in diagnosis of scoliosis as well as the effectiveness of bracing. Gilbert et
al., found that children overweight and obese had larger curves at the time of diagnosis but did not have a
higher rate of curves that required surgery.’®* However, Goodbody et al. found that all curves that were in
the surgical range at initial presentation were in children that were either overweight or obese.* Another
study also found children that were overweight had greater curve progression with brace treatment, com-
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pared to individuals with normal weight, and more children that were overweight progressed to beyond 45
degrees despite brace treatment; 45% versus 28% in normal weight children.?®

As part of the continued physical examination of the patient, skin assessment and inspection should
be given careful attention. The presence of café au lait spots, axillary freckling, varicose veins, and any easy
bruising should be noted. The base of the spine should be examined for hairy patches that may be associ-
ated with dorsal closure defects and for midline skin dimples that could be associated with a tethered cord.
Although, this association in healthy individuals with a simple dimple and tethered cord is questionable,*®
children with urogenital abnormalities have a very high rate of spinal dysraphism.?” Connective tissue dis-
orders and genetic syndromes associated with scoliosis such as neurofibromatosis, Marfan syndrome, and
Ehlers Danlos syndrome should always be considered. Arm span greater than 1.1 times the patient’s height
raises concern for Marfan syndrome. The chest wall should be examined for any chest wall abnormalities
such as pectus excavatum or carinatum. Hong et al., found a prevalence of scoliosis in 22.58% of patients
with pectus excavatum. This prevalence increases to 38.46% in females.’® Often scoliosis is the first man-
ifestation noted by a patient or family followed by the physician’s evaluation and eventual decision about
the underlying diagnosis. Referral to a genetics clinic is recommended if these diagnoses are suspected.
The evaluation of all patients having a spinal deformity must include a thorough neurological exam that in-
cludes the assessment of gait and balance as well. The exam should include an evaluation of cranial nerves,
motor strength, deep tendon reflexes and sensation. The primitive reflexes, i.e. Babinski and abdominal
reflexes should be included as they have been associated with spinal cord abnormalities.

PATIENTS WITH UNDERLYING NEUROLOGICAL CONDITIONS
Scoliosis is seen in up 77% of children having cerebral palsy. 30% of children that have quadriplegia
will have a curve of greater than 40 degrees by the end of growth.'®* Gross Motor Function Classification
System (GMFCS) level may point to the risk of progression and goals for intervention in patients
with neuromuscular conditions. Children that are non-ambulatory (GMFCS IV and V) have the

highest risk of curve progression.?%122
Examination of the patient that is non-ambulatory is very different than for those with id-
iopathic curves. Sitting balance is the most important aspect of the evaluation.” This is heavily influenced
by their trunk control and ability to hold their head up in space. Children with neuromuscular scoliosis and
poor trunk control generally have a kyphosing scoliosis that is often described as a long C-shaped curve
pattern (Fig 6) that is very different from the idiopathic pattern.?* Children with congenital myopathies,
however, may have severely lordotic spines.
Pelvic obliquity and asymmetric ischial pressures can lead to skin issues* and pain.* This points
to the importance of examining for impending ulcers. The skin on the concave side of the trunk may be
I ’ creased and harbor fungal or bacterial infections. Unbalanced patients may try to compensate by
ﬂ'/" leveling their shoulders, which may accentuate the curve and cause the ribs to come into contact
F_g_7 " with the iliac crest. This rib on pelvis impingement may be an additional source of pain (Fig 7).
Neuromuscular curves associated with cerebral palsy are often lumbar curves. The trunk ro-

tation causes severe prominence on the convexity of the curve. Seating systems are often customized to
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relieve this prominence. Repetition of neurologic exams is important at each visit to insure no worsening of
their neurological condition.

SUMMARY

A proper physical examination of patients suspected of a spinal deformity will offer the provider
immediate insight into the deformity and possible diagnosis. The importance of a thorough neurological
assessment of each new patient to rule out an underlying condition associated with a spinal deformity
cannot be over emphasized. Repeat neurological assessments at each follow up visit are equally important
when there is an associated neurological condition.
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Radiologic Evaluation of Spinal Deformity
Thomas J Gilbert

INTRODUCTION

Plain radiography is the initial modality used to evaluate and the primary modality used to follow
spinal deformities. Dynamic radiography, computed tomography (CT), magnetic resonance imaging (MRI),
bone scintigraphy and dual energy X-ray absorptiometry (DXA) are useful adjuncts. In the following sec-
tions, the utility of each modality including its strengths and limitations will be discussed. Sections discuss-
ing imaging strategies for scoliosis, kyphosis, Scheuermann disease, spondylolysis and spondylolisthesis,

and trauma follow this material.

PLAIN RADIOGRAPHY
Plain radiography is indicated to assess and to follow spinal deformities. It is readily accessible and
relatively low cost, and allows the patient to be evaluated in the standing, sitting, recumbent or bending

positions. Plain radiographs allow the treating physician to assess for:

o Coronal and sagittal plane spinal deformities with the patient upright

o Overall balance with the patient upright including truncal shifts in the sagittal and coronal
planes

] Pelvic incidence

o Pelvic tilt and limb length discrepancies

o Rigidity of coronal curves on right and left bending views

o Rigidity of sagittal plane deformities on flexion and extension radiographs

o Instability on lateral flexion and extension views

o Congenital deformities

J Fracture or avulsion

o Neoplasm and infection

The sensitivity and accuracy of plain radiographs is limited because it is a two-dimensional tech-
nique. Spinal anatomy is complex and vertebral structures are superimposed on each other limiting the
ability to detect and assess small or subtle bony lesions, fractures or complex vertebral deformities. Ana-
tomic areas of interest are often oriented obliquely relative to the x-ray beam limiting the ability to detect
disc space narrowing or vertebra fractures.

Plain radiographs use ionizing radiation. Young patients are at increased risk of radiation induced
malignancy and every effort should be made to limit exposure of patients to radiation particularly if they

are to receive multiple follow-up examinations.! Modern equipment using rare earth screens should be

89



used, and the technique should be adjusted to minimize the amount of radiation delivered to the patient.
Scoliosis radiographs are obtained in the PA rather than AP direction to limit radiation exposure to breast
tissue. Gonadal shields should be used when possible.?

MAGNETIC RESONANCE IMAGING (MRI)

MRI is a primary modality for the evaluation of the spine. It allows direct visualization of neurolog-
ic structures and allows one to directly visualize the effect of pathologic entities on neurologic structures.
MRI has high soft tissue contrast and is useful in the evaluation of disc and facet pathology. It is sensitive
in the detection of disc herniations and provides an accurate assessment of the severity of spinal stenosis.
MRI is able to detect and characterize intradural and epidural lesions, paraspinous soft tissue masses and
lymphadenopathy.

MRI has a high sensitivity for bony processes such as fracture, neoplasm and infection. It is useful
to detect and assess the chronicity of vertebral fractures, and to evaluate for underlying neoplasm. MRI is
sensitive for septic arthritis, osteomyelitis, spondylo-discitis, and is useful to detect and characterize associ-
ated paraspinous and epidural abscesses. MRI is also sensitive for bony neoplasm. It is useful to character-
ize certain neoplasms, to grade primary neoplasm and to detect associated extra osseous disease.

The limitations of MRI are many. MRI is expensive and access may be limited. Standard clinical MRI
systems are not able to directly visualize bony detail and are unable to assess bone mineralization. Image
quality is susceptible to motion and metal artifact. Sedation may be required for patients with claustropho-
bia. Finally, many patients with metallic foreign bodies, metallic implants, implantable pumps or electrical
stimulation devices may not be able to undergo MRI.

Technique
Basic MRI of the spine requires adequate signal to noise, high in-plane resolution and thin sections

- 3mm for the cervical spine and 4mm for the thoracic and lumbar spine with a < 1mm gap. Sagittal images
should include the entire cervical, thoracic or lumbar spine and stacked axial images should be obtained
through specific areas of interest.?

For the cervical and thoracic spine, basic MRI protocols should include the following:

J Sagittal T1-weighted sequence
. Sagittal T2 fast spine echo (FSE) and/or gradient recalled echo (GRE) sequences
. Axial T2 FSE and/or GRE sequences

For the lumbar spine, basic MRI protocols should include the following:

J Sagittal T1-weighted sequence
. Sagittal T2 FSE sequence

. Axial T1-weighted sequence

o Axial T2 FSE sequence

Sagittal Short Tau Inversion Recovery (STIR) or T2 fat saturation sequences are useful in the cer-
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vical, thoracic and lumbar spine to detect marrow signal abnormalities as associated with inflammation,
reactive changes, edema, hemorrhage, neoplasm and infection. They are indicated in adolescent patients
with activity related low back pain to evaluate for spondylolysis, and are useful to detect fracture, primary
neoplasm, metastatic disease, spondylo-arthropathy and early infection.

MRI imaging with intravenous contrast is useful in limited circumstances: to differentiate abscess
from phlegmon in cases of infection, and to detect and characterize abnormalities within the dural sac.

Indications
MRI is indicated for the detection and characterization of:

o Abnormalities within the neural axis

J Symptomatic disc and facet disease

J Spondylolysis and spondylolisthesis

o Stenosis

J Fragility and insufficiency fractures

J Evaluation of trauma patients with neurologic symptoms and signs or with suspected liga

mentous injury

J Infection and neoplasm.

COMPUTED TOMOGRAPHY (CT)

CTis a useful adjunct in the evaluation of spinal deformities. CT is able to directly visualize bony
detail and characterize complex bony deformities. It is useful to detect and to characterize vertebral frac-
tures. It is more accurate than plain radiographs and MRI for the detection of chronic spondylolysis and is
useful to characterize early or sub-acute spondylolysis. CT is indicated to evaluate for healing of fractures
and spondylolysis, and is more accurate than plain radiography in the assessment of spinal fusions. CT is
useful to characterize benign, indolent or low-grade bony lesions, and to assess the degree of bony destruc-
tion present with more aggressive neoplasms and infection. Quantitative CT can be used to assess bony
density.

CT has several disadvantages and limitations. First, CT utilizes ionizing radiation. Second, CT has
poor soft tissue contrast. Neurologic structures are difficult to visualize without intrathecal contrast. The
sensitivity for disc herniations is decreased and delineation of the dural sac margins can be difficult in a
patient with stenosis. Soft tissue detail is often degraded in areas of beam hardening artifact such as the
cervicothoracic junction, with decrease contrast to noise in bariatric patients and secondary to metal arti-
fact with instrumentation in the spine or braces in the oral cavity.

While MRI has been shown to be more sensitive and accurate than CT for the evaluation of several
spine abnormalities, CT actually complements MRI. It is more sensitive for calcification and ossification and
is less sensitive to motion. It can be useful to characterize abnormalities detected on MRI and is indicated
in the evaluation of patients with incongruent clinical and MRI findings and in patients with multiple ab-
normalities ipsilateral to their symptoms. This sensitivity of CT to calcifications underlies its utility in the
characterization of borderline bone lesions (more sensitive to endosteal scalloping), lesions that character-
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istically contain calcified matrix such as enchondroma or chondrosarcoma, and lesions that characteristical-
ly contain osseous matrix such as osteoid osteoma, osteoblastoma and osteosarcoma.

Technique
Given that CT utilizes ionizing radiation, it is important to limit the examination to specific areas of interest.

This is particularly important in children, as ionizing radiation will have a disproportionate effect on the
lifetime risk of cancer in these patients.

Computed AP and lateral radiographs are obtained and can be useful in a global assessment of
alignment and to select targeted areas for scanning. Axial 2.5 mm sections should be obtained and used
for viewing soft tissue detail. One-millimeter reconstructions are obtained and used for viewing bone de-
tail. Images are reformatted in the sagittal and coronal planes using the 1 mm reconstructions. With larger
curves, it can be useful to obtain curved coronal, sagittal oblique or axial oblique reformations.

CT is indicated for the detection and characterization of:

] Complex congenital abnormalities associated with scoliosis or kyphosis

J Symptomatic disc and facet disease

J Chronic complete spondylolysis and spondylolisthesis

o Stenosis

o Fracture detection, characterization and healing

] Characterization of abnormalities noted on bone scans

o Characterization of questionable findings on MRI

o Abnormalities in patients with incongruent clinical and MRI findings

J Characterization and follow-up of indolent or borderline bone neoplasms
J Assessment of bone destruction in patients with aggressive neoplasms or infection
. Fusion evaluation

J Bone density evaluation

CT is a useful imaging modality in patients who have contraindications to MRI or who are otherwise
unable to undergo MRI. If abnormalities of the cord or intrathecal nerve roots are clinically suspected and
the patient cannot undergo MRI, CT with intrathecal contrast may be necessary.

BONE SCINTIGRAPHY

Bone scintigraphy has several applications in the evaluation of patients with deformity. Bone scin-
tigraphy with SPECT is useful to detect or excluded early or subacute spondylolysis in adolescents or chil-
dren with activity-related low back pain. Focal increased uptake in the posterior elements of a patient 18
years of age or younger has a high likelihood of being spondylolysis or a pedicle stress fracture. On occa-
sion, focal increased uptake can also be seen in the posterior elements with facet joint derangement or spi-
nous process injury. Its use is limited to the detection or exclusion of spondylolysis however as it is not able
to detect or exclude other causes of back pain in adolescents such as disc degeneration, disc herniation or
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Scheuermann disease. Given these limitations and concerns about the use of ionizing radiation in children
and adolescents, MRI has largely replaced bone scintigraphy in the initial evaluation of activity-related low
back pain.

Bone scan can be useful to detect or confirm the presence of bone lesion in patients with painful
scoliosis. Osteoid osteoma can be difficult to detect on plain radiographs and MRI, and bone scan can
detect or exclude this diagnosis in adolescent scoliosis patients with the classic history of nighttime pain
relieved with nonsteroidal anti-inflammatory drugs. Osteoid osteoma shows a classic bulls-eye pattern
of uptake. Marked focal increased uptake is seen in the central aspect of the lesion or nidus, and mild or
moderate increase uptake with the more peripheral lesion. Increased uptake can also be seen with other
lesions such as osteoblastoma.

Whole body bone scan is useful in patients with a solitary bone lesion to exclude the presence of
multifocal disease such as metastatic neoplasm or multifocal osteomyelitis. The presence of absence of
uptake and the pattern of uptake can also contribute to the characterization of the primary lesion.

Bone scan can be useful to exclude an occult osseous neoplasm or infection in patients with deformity and
poorly localized pain and normal radiographs. If the pain can be localized, MRI or CT might be more useful
as cross-sectional imaging can both detect and characterize a lesion.

The utility of bone scintigraphy is limited as areas of increased uptake are poorly characterized.
Limited CT is frequently required to further localize and characterize areas of increased uptake. In addition,
bone scintigraphy cannot detect or characterize congenital abnormalities or the spine, soft tissue pathology
or abnormalities of the neural axis.

DUAL ENERGY X-RAY ABSORPTIOMETRY (DXA)

Dual-energy X-ray absorptiometry is indicated to assess bone density in patients at risk for osteopo-
rosis. Two x-ray beams of different energy are passed through the lumbar spine, hip and/or distal radius.
After the soft tissue absorption is subtracted out, the bone density is calculated from the amount of x-ray
absorbed through a designated area.

Scoring of the DXA scan is performed by comparing the measured bone density to normative values.
Comparison to a set of age-matched controls results in a Z score. Comparison to normative values for a
population of 30-year-old females yields a T-score. In adults, severe osteoporosis is defined as a T-score of
<-2.5, and osteopenia as between -1.0 and -2.5. Scoring of bone density for children and young adults is
done using the Z score.

In adults, DXA scanning is indicated to diagnosis osteoporosis and to measure the response of the
bone mineral density to treatment. In pediatric patients, DXA scanning can be used to assess mineraliza-
tion in patients with metabolic bone disease, nutritional rickets, lupus and Turner Syndrome.

IMAGING STRATEGIES FOR THE EVALUATION OF SPINAL DEFORMITIES
Plain radiographs

Standing full spine PA and lateral radiographs are indicated in the initial assessment of scoliosis and
to monitor patients for progression. Plain radiographs are assessed for the size, direction and location of
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coronal and sagittal plane deformities, for sagittal and coronal balance, and for the presence or absence of
congenital deformities, bone dysplasias or bone lesions.

Scoliosis radiographs should be obtained with the patient standing 72 inches (183cm) from the
tube. The patient is positioned with the feet a shoulder width apart. For the PA view the arms are placed
at the side. For the lateral view, the elbows are flexed and the hands placed over the clavicle or holding
onto an IV pole in front of the patient.* The arms should not be straight as this might allow the patient
to lean backwards affecting sagittal balance. The arms should not be placed over the head as this might
increase the degree of lumbar lordosis. The same technique should be used on follow-up views.

The PA view should include the cervical spine cranially and the pelvis caudally. The gonads
are not shielded on initial radiographs, however are shielded on follow-up exams. The PA

view is used to assess the magnitude of the curves in the coronal plane, coronal balance,
pelvic tilting and skeletal maturity (Risser sign) (Fig 1). The lateral view should include the cervical

spine superiorly and the femoral heads inferiorly. Lateral views are used to assess the magnitude
of thoracic kyphosis and lumbar lordosis, pelvic incidence and sagittal balance (Fig 2). Depending on the
available equipment and the size of the patient, the spine may not fit on a single radiograph and one or
more views may need to be stitched together.

Major and minor curves are identified and characterized with reference to the apical vertebrae,
magnitude of the curves, neutral vertebra and stable vertebra. The apical vertebra is the vertebra with the
greatest deviation or rotation away from the midline.*> The end vertebrae are defined as those vertebrae
showing the maximal tilt into the curve.>®’ The neutral vertebrae are those vertebrae that show no rota-
tion on the PA radiograph. Stable vertebrae are the most cephalad vertebrae below the end vertebrae of
the distal-most curve that are bisected by the central sacral line — a line perpendicular to and bisecting the
superior S1 endplate.® Pelvic tilt is measured using a horizontal line parallel to the more cephalad iliac crest
and is reported as the distance between the horizontal line the more caudal iliac crest. If the patient wears
a shoe insert or heel lift for a known leg length discrepancy, PA and lateral scoliosis radiographs can be ob-
tained with the patient wearing their insert or lift.

The magnitude of coronal and sagittal plane deformities is most commonly assessed using the Cobb
method.* The magnitude of a curve is assessed by measuring the angle between the cranial and caudal end
vertebral endplates. When using the Cobb angle in the assessment and follow-up of sagittal plane deformi-
ties, it should be kept in mind that measurements can vary with patient positioning. Rotation of the patient
can result in significant variations in curve measurements, and it can be difficult to position the patient to
reliably obtain a true frontal view.>® The same position should be replicated on follow-up radiographs.
Measurement error and inter-observer variation can result in substantial variation in Cobb angle measure-
ments. Measurement error is minimized when the end vertebrae are specified and the same end verte-
brae used on follow-up examinations.®®° A total error of between 2°-7° has been reported to result of
variations in radiographic technique and measurement error.® Inter-observer error can also be substantial
and has been reported to be as high as 10°.°** Inter-observer error can be controlled by simultaneously
measuring the Cobb angle on both the current and comparison views using the same landmarks and tech-
nique.13 Carmen et al. has shown that a measured difference of 10° has a 95% chance of representing true
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progression of a scoliotic curve.'® This value is 11° for kyphotic curves. On a practical level, curve progres-
sion is measured in 5° increments. " 14 1>

The differentiation of structural and nonstructural curves is made on bending or traction films. The
rigidity of coronal spine deformities can be assessed using right and left side-bending views. These radio-
graphs are obtained using an AP view with the patient supine and bending maximally to the right and left.
Some authors promote traction methods or bending over a fulcrum to assess the rigidity of curves.'®!’.18
The rigidity of sagittal plane deformities can be assessed on lateral films taken with the patient lying supine
over a bolster.

Coronal plane alignment is assessed by measuring cervical, thoracic and lumbar curves, elevation
of the shoulder, coronal balance and pelvic tilt.* Coronal balance is determined by measuring the distance
between a vertical line parallel to the edge of the radiograph through the center of the C7 vertebra (the C7
plumb line) and the center sacral vertical line (CSVL).® Pelvic tilt is assessed by measuring the offset of the
two iliac crests and/or femoral heads in the horizontal axis. This is done by drawing a horizontal line tan-
gential to the more cephalad of the two iliac crests, then measuring the amount of inferior displacement of
the contralateral iliac crest. If the pelvic tilt is excessive (greater than 1.5cm) or if the patient wears a shoe
lift for a known leg length discrepancy, then consideration might be given to performing scoliosis radio-
graphs with the shoe lift on.

Sagittal plane alignment is assessed by measuring thoracic kyphosis, lumbar lordosis, pelvic inci-
dence and sagittal balance.* Thoracic kyphosis and lumbar lordosis are measured using the Cobb technique
by measuring the angle between those vertebrae showing the maximal tilt into the curve. Pelvic incidence
is assessed on lateral views and is defined as the angle between a line perpendicular to the S1 endplate and
a line connecting the S1 vertebral endplate at its midpoint to the axis of the femoral heads.**° The axis of
the femoral heads is the midpoint of a line connecting the center points of the two femoral heads. Sagittal
balance is determined by measuring the distance between the C7 plumb line and the posterior superior
margin of the S1 vertebrae.

The probability of curve progression is determined primarily by the magnitude of the primary curve
and the spinal growth velocity.** Spinal growth velocity is correlated with the degree of skeletal maturity
that is most commonly assessed radiographically using the Risser index. The Risser index grades the degree
of ossification of the iliac crest as follows: Grade 0 — no ossification of the iliac crest apophysis, Grade 1- os-
sification of the lateral 25% of the iliac crest apophysis, Grade 2 — ossification of the lateral 50% of the iliac
crest apophysis, Grade 3 — ossification of the lateral 75% of the iliac crest apophysis, Grade 4 — complete
ossification of the iliac crest apophysis, and Grade 5 — osseous integration of the ossified iliac crest apophy-

sis.2°

MRI Imaging
MRI is used to evaluate for abnormalities of the neural axis in patients with scoliosis. Indications

for MRl in scoliosis patients include infantile or juvenile onset, rapid progression, male gender, atypical
(left-sided) curves, thoracic kyphosis 230 degrees, headaches, pain and neurologic symptoms or signs (in-

cluding abnormal superficial abdominal reflexes)."> 2%
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A screening MRI scoliosis protocol utilizes T1 and T2 FSE sagittal sequences through the
cervical, thoracic and lumbar spine. T2 FSE coronal images should be obtained through the ma-
jor curve and T2 FSE axial sections through the conus medullaris and proximal filum. Axial T2 FSE
images should also be obtained through any congenital deformities to assist in the detection of
neural axis abnormalities, stenosis and neural impingement.

The most common abnormalities in patients with scoliosis are Chiari malformation, tonsil-

lar ectopia and syrinx.?*3° (Figs 3 & 4) Diastamatomyelia, tethered cord and cord neoplasm have
also been reported. If an intrinsic cord or neurogenic lesion is detected on the screening exam,
then a dedicated MRI of the spine with IV contrast is indicated.

Congenital scoliosis

With congenital scoliosis, supine radiographs are obtained in children too young or unable to stand
or sit, and are often obtained in the initial evaluation of older children. Supine radiographs use a shorter
focal length, which results in greater bone detail and better detection and characterization of errors in seg-
mentation and formation. Upright radiographs are indicated to assess and follow coronal and sagittal plane
deformities.!

The whole spine should be included on the initial radiographs as multiple deformities are often
present. Both PA and lateral views should be obtained in order to appreciate deformities in three dimen-
sions. Lateral views are essential to detect kyphotic deformities that can pose a greater risk of paraplegia
with progression or during surgery.3!

CT is useful to characterize complex abnormalities in patients with congenital scoliosis.?*3* Axial 1
mm thin sections should be obtained through the major curve or through areas of deformity, and reforma-
tions should be obtained in the sagittal and coronal planes. Three-dimensional reformations can be useful
to identify and characterize associated deformities of the posterior elements.** CT can also be useful to
characterize and to detect bony septae in patients with Diastamatomyelia.

MRl is indicated to assess for abnormalities of the neural axis, which occur with greater frequency
in patients with congenital scoliosis. MRI should be considered a component of surgical planning in these
patients.>2930

Secondary scoliosis

Osseous neoplasm and infection can also present as painful scoliosis. Osteoid osteoma and osteo-
blastoma are the most common bone tumors presenting as pain-induced scoliosis.>**3¢ Aneurysmal bone
cyst and eosinophilic granuloma have also been described.*®> MRI is sensitive and specific for osseous neo-
plasm, osteomyelitis and spondylo-discitis.

The most common MRI finding in patients with osteoid osteoma and osteoblastoma is mar-
row edema (Fig 5). The primary lesion can be subtle and difficult to identify on MRI and x-ray. A
Fig5 bone scan will show a characteristic target pattern of uptake with marked increased uptake corre-
sponding to the primary lesion and a peripheral zone of mild to moderate uptake corresponding to
areas of marrow edema, reactive bone or periostitis. CT is indicated to confirm and characterize the pri-
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mary lesion. Osteoid osteoma will typically show a central calcified nidus, an intermediate radiolucent zone
and adjacent medullary sclerosis. The primary lesion with an osteoblastoma is larger than that with osteoid
osteoma and the zonal architecture less consistent.

Eosinophilic granuloma, osteomyelitis and spondylo-discitis can also be seen with secondary scoli-
osis. With osteomyelitis, an osteolytic lesion is seen with adjacent marrow edema. A bone scan will show
a cold nidus and peripheral zone of increased uptake. With spondylo-discitis, marrow edema is centered
on the disc and involves each of the adjacent vertebrae. Eosinophilic granuloma typically presents as an
osteolytic lesion in the vertebral body or vertebra plana. Aneurysmal bone cyst presents as an osteolytic
expansile lesion in the posterior elements with fluid-fluid levels.

IMAGING STRATEGIES FOR THE EVALUATION OF SCHEUERMANN DISEASE

AP and lateral radiographs of the spine are indicated for the diagnosis and characterization
of Scheuermann disease and Scheuermann kyphosis. The diagnostic criteria for classic Scheuer-
mann kyphosis are a fixed kyphosis with three or more consecutive >5° anterior wedge-shaped
vertebrae.?” (Fig 6)

Patients with atypical Scheuermann disease show endplate irregularities, Schmorl node
deformities, limbus-type deformities and disc space narrowing localizing more to the lower thorac-

ic and upper lumbar spine.?®%* (Fig 7) Scheuermann-like changes are associated with an increased
incidence of thoracic disc degeneration and back pain.** % Patients with Scheuermann-like chang-
es may also be predisposed to early or juvenile onset disc degeneration in the lumbar spine.*! (Fig
8) Liu et al. showed the patients with Scheuermann-like changes were associated with a “heavy
workload”, reported more severe back pain and more marked progression of back pain.*

MRI is reserved for the evaluation of with Scheuermann patients with acute and/or chron-
ic back pain. Both thoracic and lumbar disc herniations can occur in patients with Scheuermann
disease and are associated with back pain.**** MRI is useful to detect and grade the severity of

disc degeneration and to detect the presence of disc herniations and neural impingement (Fig 9). Fi /

ig9

IMAGING STRATEGIES FOR THE EVALUATION OF SPONDYLOLYSIS AND SPONDYLOLISTHESIS
Spondylolysis is a common diagnosis in children and adolescent patients with activity-related back
pain. Early detection is important to maximize the potential for healing with bracing.
AP and lateral radiographs are often obtained in children and adolescents with back pain. Plain ra-
diographs can detect disc space narrowing, chronic pars defects and spondylolisthesis. They are insensitive,
however, for early and subacute spondylolysis without spondylolisthesis.** Posterior oblique views hav not

been shown to increase the sensitivity for spondylolysis and are not recommended. Lateral flex-

ion and extension views useful to detect segmental hypermobility in patients who are planning to s

undergo surgery.
MRI is indicated for the evaluation of spondylolysis in children or adolescents with activity

related low back pain. MRI with STIR or T2 fat saturation imaging is sensitive for marrow edema which is

the primary finding in patients with stress reactions, stress fractures and early spondylolysis (Fig 10).%>%®
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With spondylolysis, marrow edema localizes primarily to the ipsilateral pedicle, par interarticularis and
inferior articular process. With incomplete or complete spondylolysis, marrow edema is associated with a
defect in the inferior pars cortex. In patients 18 years of age or younger, the presence of isolated marrow
edema in the pedicle and pars interarticularis is relatively specific for an early pars stress fracture.

Marrow edema may extend into the adjacent vertebral body if a stress fracture develops in the
pedicle, and may extend into the lamina and spinous process if a pars fracture propagates medially. Mar-
row edema and reactive soft tissue changes also occur with facet joint derangement and with avulsions of
the spinous process apophysis, each of which can be seen with chronic repetitive flexion/extension based
injuries.

CT is sensitive and specific for the detection of chronic complete pars defects and is useful to eval-
uate for healing in patients with early or subacute spondylolysis.*® CT is less sensitive than MRI for the
detection of an early pars stress reaction or stress fracture. On CT, these lesions show linear radiolucency
in the inferior pars cortex and rarefaction of adjacent bone. These finding are subtle, however, and CT is
unable to detect marrow edema. In addition, CT exposes these young patients to ionizing radiation. When
CTis used to characterize lesion detected on MRI or SPECT, imaging should be limited to the level of inter-
est.

The utility of SPECT bone scanning is limited in patients with early or subacute spondylolysis. While
SPECT imaging is sensitive for early or subacute spondylolysis, areas of increased uptake are nonspecific
and limited CT may be needed to characterize areas of increased uptake.*® In addition, bone scans are
unable to detect other common abnormalities in adolescent patients with activity related back pain. MRI
on the other hand, is sensitive for spondylolysis and can also detect other spine abnormalities such as disc
degeneration, disc herniations, chronic spondylolysis, spondylolisthesis and Scheuermann Disease. The
utility of SPECT is limited to the detection or exclusion of acute or subacute spondylolysis.

IMAGING STRATEGIES FOR THE EVALUATION OF TRAUMA

Plain radiographs are typically the initial study obtained in patients with suspected vertebral frac-
ture following significant trauma. Plain radiographs are often obtained in patients back or buttock pain
following chronic repetitive injury even though they are relatively insensitive for fatigue or stress fractures.
They are indicated to evaluate for pathologic fractures following minor trauma in patients with known oste-
oporosis, elderly patients or patients at risk for osteoporosis (e.g. with malnutrition, chronic steroid medi-
cations and following oophorectomy).

In the lumbar and thoracic spine, AP and lateral radiographs are indicated and are often taken with
the patient recumbent, as this will afford greater bone detail. In the cervical spine, AP, lateral and open
mouth odontoid views are indicated and can be supplemented with lateral swimmer’s views, posterior
oblique views and lateral flexion-extension views as indicated.

Computed tomography (CT) is more sensitive than plain radiography in the detection of a vertebral
fracture and is the procedure of choice to detect fractures in patients with major trauma such as a high
speed motor vehicle accident.*”*® Axial 2.5mm sections should be obtained through the entire cervical,
thoracic or lumbar spine with 1mm reconstructions and both sagittal and coronal reformations. The axial
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2.5 mm images can be viewed with soft tissue windows to evaluate for post-traumatic herniations, hema-

toma and ligamentous injury. Axial 1.0 mm reconstructions should be viewed with bone windows #

for fracture detection and characterization. Sagittal and coronal reformats are useful for the eval-
uation for traumatic spondylolisthesis or lateral listhesis and assist in the detection of transverse
fractures. MRI can be useful in trauma patients with neurologic deficits or to assess for posterior
ligamentous involvement.*®

MRI is indicated for the detection of fatigue fractures, which occur most commonly in the sacrum
and at L5. Fatigue fractures show linear areas of low signal intensity with adjacent marrow edema seen
best on STIR or T2 fat saturation images (Fig 11).

MRI is indicated for the detection of fragility or insufficiency fractures in elderly patients, patients
with known osteoporosis or patients at risk for osteoporosis. MRI is sensitive for marrow edema, which is
the primary finding in patients with acute or subacute compression fractures (Fig 12). MRl is also
useful to assess the chronicity of a wedge-shaped vertebral deformity noted on plain radiography,
and is useful to exclude underlying malignancy.*®4%>° Limited CT may be needed to assess the

integrity of the posterior vertebral cortex and extent of vertebral collapse in anticipation of verte-
broplasty. Limited CT is also useful to evaluate for underlying malignancy in patients with indeterminate
findings on MRI. On CT, a benign compression fracture shows increased trabecular density adjacent to the
fractured endplate while a pathologic fracture will show decreased trabecular density or osteolysis.

CONCLUSION

The many available radiographic modalities are important to understand when evaluating a patient
with a spinal symptom whether it is pain or deformity. Specific studies are indicated for each suspected
diagnosis. Care needs to be taken to avoid excessive radiation exposure and expense. A clinician referring a
patient for a radiographic study will often benefit from consulting the radiologist to determine which stud-
ies may be indicated.

REFERENCES

1. Hoffman DA, Lonstein JE, Morin MM, et al. Breast cancer in women with scoliosis exposed to multiple
diagnostic x-rays. J Natl Cancer Inst. 1989 Sep 6;81(17):1307-12.

2. Drummond D, Ranallo F, Lonstein J, et al. Radiation hazards in scoliosis management. Spine (Phila Pa
1976). 1983;8(7):741-8.

3.  ACR-ASNR-SCBT-MR practice parameter for the performance of magnetic resonance imaging (MRI) of
the adult spine. http://www.acr.org/~/media/ACR/Documents/PGTS/guidelines/MRI_Adult_Spine.
pdf

4.  O’Brien MF, Kuklo TR, Blanke KM, Lenke LG. Spinal deformity study group: Radiographic measure-
ment manual. http://www.oref.org/docs/default-source/default-document-library/sdsg-radiograph-
ic-measuremnt-manual.pdf?sfvrsn=2

99


http://exceedresearch.net/atlas/8/11.htm
http://exceedresearch.net/atlas/8/11.htm
http://exceedresearch.net/atlas/8/12.htm
http://exceedresearch.net/atlas/8/12.htm

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

Kim H, Kim HS, Moon ES, et al. Scoliosis imaging: What radiologists should know. Radiographics
2010;30(7):1823-42.

Malfair D, Flemming AK, Dvorak MF, et al. Radiographic evaluation of scoliosis: Review. AJR 2010;S8-
S22.
Arlet V, Odent Th, Aebi M. Congenital scoliosis. Eur Spine J 2003;12:456-463.

Gogen S, Havitgioglu H. Effect of rotation on frontal plane deformity in idiopathic scoliosis. Orthope-
dics 2001;24(3):265-268.

Morrissy RT, Goldsmith GS, Hall EC, et al. Measurement of the Cobb angle on radiographs of patients
who have scoliosis: Evaluation of intrinsic error. J Bone Joint Surg Am 1990;72(3):320-327.

Carman DL, Browne RH, Birch JG. Measurement of scoliosis and kyphosis radiographs: intraobserver
and interobserver variation. J Bone Joint Surg Am 1990;72(3):328-333.

Pruijs JE, Hageman MA, Keesen W, et al. Variation in Cobb angle measurements in scoliosis. Sketelal
Radiol 1994;23(7):517-520.

Goldberg MS, Poitras B, Mayo NE, et al. Observer variation in assessing spinal curvature and skeletal
development in adolescent idiopathic scoliosis. Spine 1988;13:1371-1377.

Facanha-Filho FA1, Winter RB, Lonstein JE, et al. Measurement accuracy in congenital scoliosis. J
Bone Joint Surg Am. 2001;83-A(1):42-5.

Lonstein JE, Carlson JM. The prediction of curve progression in untreated idiopathic scoliosis during
growth. J Bone Joint Surg 1984;66-A:1061-1071.

Cassar-Pullicino VN, Eisenstein SM. Imaging in scoliosis: what, why and how? Clin Radiol
2002;57(7):543-562.

Watanabe K, Kawakami N, Nishiwaki Y, et al. Traction versus supine side-bending radiographs in de-
termining flexibility: What factors influence these techniques? Spine 2007;32:2504-2609.

Luk KD, Don AS, Chong CS, et al. Selection of fusion levels in adolescent idiopathic scoliosis using
fulcrum-bending prediction: A prospective study. Spine 2008;33:2192-2198.

Klepps SJ, Lenke LG, Bridwell KH, et al. Prospective comparison of flexibility radiographs in adoles-
cent idiopathic scoliosis. Spine 2001;26:E74-E79.

Legaye J, Deval-Beaupeére G, Hecquet J, Mary C. Pelvic Incidence: A fundamental pelvic parameter
for three-dimensional regulation of spinal sagittal curves. Eur Spine J 1998;7:99-103.

Lonstein JE. Adolescent idiopathic scoliosis. Lancet. 1994 Nov 19;344(8934):1407-12.

Barnes PD, Brody JD, Jaramillo D, et al. Atypical idiopathic scoliosis: MR imaging evaluation. Radiolo-
gy 1993;186:247-53.

Evans SC, Edgar MA, Hall-Craggs MA, et al. MRI of “idiopathic” juvenile scoliosis. A prospective study.
J Bone Joint Surg Br 1996;78:314-17.

Pahys J, Samdani AF, Betz RR. Intraspinal anomalies in infantile idiopathic scoliosis: Prevalence and
role of magnetic resonance imaging. Spine 2009;34(12):E434-E438.

Inoue M, Minami S, Nakata Y, et al. Preoperative MRI analysis of patients with idiopathic scoliosis.
Spine 2004;30(1):108-114

Nakahara D, Yonezawa lkuho, Kobanawa K, et al. Magnetic Resonance Imaging Evaluation of patients

100



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

with idiopathic scoliosis. Spine 2011;36(7):E482-485

Schwend RM, Hennrikus W, Hall J, et al. Childhood scoliosis: clinical indications for magnetic reso-
nance imaging. J Bone Joint Surg Am 1995;77:46-53.

Whitaker C, Shoenecker PL, Lenke LG. Hyperkyphosis as an indicator of syringomyelia in idiopathic
scoliosis: A case report. Spine 2003;28(1):E16-E20.

Wu L, Qiu Y, Wang B, et al. The left thoracic curve: A strong predictor for neural axis abnormalities in
patients with idiopathic scoliosis. Spine 2010;35(2):182-185.

Prahinski JR. Polly Jr DW, McHale KA, Ellenbogen RG. Occult Intraspinal Anomalies in Congenital Sco-
liosis. J of Pediatr Ortho 2000; 20(1):59-63.

Bradford DS, Heithoff KB, Cohen M. Intraspinal abnormalities and congenital spine deformities: a
radiographic and MRI study. J Pediatr Orthop. 1991;11(1):36-41.

Lonstein JE. Congenital spine deformities: scoliosis, kyphosis, and lordosis. Orthop Clin North Am.
1999 Jul;30(3):387-405.

Nakajima A, Kawakami N, Imagama S, et al. Three-Dimensional analysis of formation failure in con-
genital scoliosis. Spine 2007;32:562-7.

Newton PO, Hahn GW, Fricka KB, Wenger DR. Utility of three dimensional and multiplanar refor-
matted computed tomography for the evaluation of pediatric congenital spine abnormalities. Spine
2002;27:844-50.

Imagama S, Kawakami N, Ishiguro N. Three-Dimensional CT analysis of congenital scoliosis and ky-
phosis: A new classification. www.intechopen.com/download/pdf/20937

Keim HA, Reina EG. Osteoid osteoma as a cause of scoliosis. J Bone Joint Surg 1975;52A:159-163.
Mehta MH, Murray RO. Scoliosis provoked by painful vertebral lesions. Skeletal Radiol 1977;1:223-
230.

Sorensen KH. Scheuermann’s Juvenile Kyphosis: Clinical appearances, radiography, aetiology and
prognosis. Copenhagen, Denmark: Ejnar Muksgaard Rorlag; 1964.

Blumenthal SL, Roach J, Herring JA. Lumbar Scheuermann’s: A clinical series and classification.
Spine 1987;12:929-32.

Palazzo C. Sailhan F, Revel M. Scheuermann’s disease: an update. Joint Bone Spine 2014;81:209-
214.

Paajanen H, Alanen A, Erkintalo M, et al. Disc degeneration in Scheuermann disease. Skeletal radiol
1989;18:523-6

Heithoff KM, Gundry CR, Burton CV, et al. Juvenile discogenic disease. Spine 1994;19:335-40.

Liu N, Guo X, Chen Z, et al. Radiologic signs of Scheuermann Disease and low back pain: Retrospec-
tive categorization of 188 hospital staff members with 6-year follow-up. Spine 2014;39(20):1666-
1675.

Lesoin F, Leys D, Rousseaux M, et al. Thoracic disk herniation and Scheuermann’s disease. Eur Neu-
rol 1987;26(3):145-52.

Liu N, Chen Z, Qi Q, Shi Z. The relationship of symptomatic thoracolumbar disc herniation and
Scheuermann’s disease. Eur Spine J 2014;23:1059-1066

101



Radiologic Evaluation of Spinal Deformity

45.

46.

47.

48.

49.

50.

Kobayashi A1, Kobayashi T, Kato K, et al. Diagnosis of Radiographically Occult Lumbar Spondylolysis
in Young Athletes by Magnetic Resonance Imaging. Am J Sports Med. 2013;41:169-76.

Leone A, Cianfoni A, Cerase A, et al. Lumbar spondylolysis: a review. Skeletal Radiol. 2011;40(6):683-
700.

Munera F, Rivas LA, Nunez Jr DB, Quencer RM. Imaging evaluation of adult spinal injuries: Emphasis
on multi-detector CT in cervical spine trauma. Radiology 2012;3:645-660.

Parizel PM, van der Zijden T, Gaudino S, et al. Trauma of the spine and spinal cord: Imaging strate-
gies. Eur Spine J 2010;19(Suppl 1):S8-S17.

Baker LL, Goodman SB, Perkash I, et al.,Benign versus pathologic compression fractures of vertebral
bodies: assessment with conventional spin-echo, chemical-shift, and STIR MR imaging. Radiology
1990;174(2): 495-502.

Uetani M, Hashmi R, Hayashi K. Malignant and benign compression fractures differentiation and
diagnostic pitfalls on MRI. Clinical Radiology 2004;59(2): 124-31.

102



Patient Evaluation: What the Orthotist Needs to Know
Carol J Hentges

A physical evaluation is important when determining an orthotic design for the treatment of idio-
pathic scoliosis. In our zeal to evaluate the radiograph we often overlook the importance of performing
a thorough physical exam. We would never provide a lower limb orthosis without doing an evaluation of
range of motion, manual muscle testing, gait, etc. The same is true when determining the orthotic treat-
ment of the spine. Specific things to look for will be discussed along with how they may affect your brace
design.

After taking a history and determining the patient’s expectations, conduct a thorough examination.
The patient needs to be disrobed wearing only an examining gown that will permit viewing their shoulders,

trunk and pelvis. The order of proceeding with the examination is not as important as its completeness.

SHOULDER ASYMMETRY

An elevated shoulder may be secondary to vertebral rotation. The elevation signifies a structural
curve. This is most helpful in determining if a curve is structural versus compensatory. The indication that
a high upper left thoracic curve is structural would be an elevated left shoulder. This would require a CTLSO
versus a TLSO. An indication that a right thoracic curve, in a double curve pattern, single thoracic with a
lumbar or thoracolumbar curve,! is structural would be an elevated right shoulder. The shoulder balance
should later be evaluated when in the orthosis. The thoracic pad should not cause the opposite shoulder
to be elevated.

PELVIC ASYMMETRY

The pelvis may be asymmetrical due to a leg length discrepancy or due to a structural pelvic oblig-
uity. Leg lengths should always be measured. A leg length discrepancy is not uncommon even for those
without scoliosis and will affect pelvic alighnment. It may not be necessary to correct this with a shoe lift but
must be considered in the design of the orthosis. If this is not done, your orthosis will not sit symmetrically

on your patient.

ROTATIONAL PROMINENCE

During the patient evaluation all rotational prominences should be noted. This should be done
viewing from both posteriorly and anteriorly. A patient with a right thoracic curve may frequently have a
protruding left lower rib line in front due to the rotation of the spine. All structural curves will present with

a rotational prominence.
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FORWARD BEND TEST
This is particularly important when evaluating a patient (Fig 1). Upon forward bend all ! !

compensatory curves may be determined, as those prominences will be less or disappear com- Fig1
pletely. This evaluation is crucial in determining the curve pattern. Orthotic design, pad place-

ment and aggressiveness of correction will be dependent on the curve pattern. If the lumbar prominence
resolves and the thoracic prominence remains, this indicates a structural thoracic with a compensatory
lumbar curve.® In this case, a thoraco-lumbo-sacral orthosis (TLSO) is indicated with an aggressive correc-
tion of the thoracic curve and minimal or no corrective force applied to the lumbar curve. If the lumbar
curve is compensatory, it will naturally correct itself as the thoracic curve is corrected resulting in two bal-
anced curves. Over correcting a compensatory curve is a common mistake when treating patients with this
curve pattern. When performing a forward bend test, if the thoracic prominence resolves while the lumbar
prominence remains this will indicate that your structural curve is lumbar with the thoracic being compen-
satory. The orthosis design can be low profile with an aggressive correction of the lumbar pad and minimal
or no corrective force applied to the thoracic spine. Understanding which curves are structural and which
are compensatory will be the determining factor in fitting a cervico-thoraco-lumbo-sacral orthosis (CTLSO)
versus a TLSO or a low profile TLSO. The amount of corrective forces applied to each curve is also mandat-
ed by whether the curve is structural or compensatory.

DECOMPENSATION

Decompensation can be measured by using a simple plumb bob. This is placed at the spinal process
of C7 and is observed where it falls compared to the intergluteal cleft. In most cases, the patient will be
decompensated to the side of the most structural curve. Any true leg length discrepancy must be taken
into account as this may cause the decompensation. This also will be important in determining whether
you need a trochanteric extension on the orthosis. The trochanteric extension will always be on the side
to which a patient is decompensated. The trochanteric extension will aid in keeping the orthosis sitting
straight on your patient.

TRUNK SHIFT

It is important to understand the difference between trunk shift and decompensation. There may
be a significant trunk shift even when the patient’s C7 balances over S1. This trunk shift needs to be ad-
dressed with the orthotic design. The goal of the orthosis is to center the trunk over the pelvis. When
treating single thoracolumbar curves, a low thoracic or lumbar sling may need to be added in congruence
with a lumbar pad to aid in correcting this trunk shift.

FLEXIBILITY

Simply by providing a force at the apex of any and all curves that you have determined are structur-
al their flexibility can be assessed. This will help to determine how aggressive to be with your modifications
and pad pressures. How they react to this force should also be noted. Do they shift over as expected or do
they compensate by elevating the opposite shoulder or rotating their hips? These should all be noted and
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taken into account when designing the orthosis. Side bending evaluation can also be performed.

SAGITTAL PROFILE

The patient’s thoracic and lumbar spine should also be evaluated. Lumbar hyper-lordosis and
thoracic hypo-kyphosis (loss of the normal kyphosis) are very common. Patients with a thoracic curve will
generally have a decrease or even a reversal of the customary kyphosis in the thoracic spine. This de-
creased kyphosis will make the rotational prominence seem more significant. This curve pattern is usually
not flexible and will affect the orthosis design as pad placement will need to be more laterally placed, with
a relief posteriorly, and the posterior trim line should be suprascapular as to not have any posterior to an-
terior force on the thoracic spine. A posteriorly directed force at the anterior lower rib line can be obtained
by using an anterior gusset. This can be helpful in maintaining correct alignment. Orthotic treatment for
patients with true thoracic lordosis is contraindicated. Significant thoracic hyper-kyphosis is unusual and is
an indication for an MRI to rule out other etiologies.

Many patients with single lumbar or thoracolumbar curves have an increased lordosis. It is import-
ant to evaluate its flexibility and the ability for this lordosis to be decreased in the orthosis. This reduction
of lordosis will allow for your lumbar pad to work more efficiently. A low anterior gusset may also be indi-
cated to bring the spine back into the lumbar pad.

BODY TYPE

Obese patients and underweight patients will be treated differently when fabricating an orthosis. It
will take much more pad pressure to provide the same correction on someone who has more adipose tis-
sue. There will need to be more build up on bony prominences on those patients who have decreased sub-
cutaneous tissue. Migration of the orthosis is commonly more of a problem on those who are overweight.
Skin tolerance should be noted and taken into consideration while modifying and determining the pad
pressures. Patients who have fair skin or skin that is easily irritated may need more of a gradual increase in
pad pressure.

RADIOGRAPHIC EVALUATION

After completing a physical exam evaluation of a patient, the radiographs need to be evaluated.
There is obvious and subtle information that can be found from this process. Once again identifying which
curves are structural and which are compensatory is crucial in determining a treatment protocol and ortho-

sis design.

Cobb Angle
An orthotist must be proficient in determining the Cobb angle of all of the curves in a presenting

patient in order to that there is agreement with the referring physician for the selection of the type of
orthotic management. The Cobb angle of each curve is documented and the apical vertebra or vertebrae
are determined. The apical vertebra will be the most horizontal and the most rotated. The end vertebra
will be the most tilted. Shorter curves tend to be less flexible and are more difficult to obtain an in-brace
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correction. Longer curves tend to be more flexible. When treating more than one curve, it is important
that the corrective forces on either side of the trunk be placed so as to not oppose each other.

Vertebral Rotation

The rotational deformity can be evaluated by examining the position of the pedicles as seen on
radiographs. Those curves that have more pedicle rotation will be more structural.

Shoulder and Pelvic Asymmetry

When care is taken in positioning a patient while taking radiographs, shoulder and pelvic tilt can be
determined and true leg length can be measured.

Risser Sign
The Risser sign will help to determine the remaining growth potential. This should be documented

at each follow up visit. Skeletal maturity will be a factor in the length of the treatment plan and for deter-
mining the risk of progression.

Side Bending X-rays

Supine side bending x-rays are taken to evaluate curve flexibility. These radiographs will be used to
determine which curves are structural and which are compensatory. [See chapter 11] Compensatory curves
will correct completely and in some cases overcorrect with side bending. Structural curves will not. The

degree of correction on side bending of a structural curve will help to foretell its response in an orthosis.

Decompensation

Radiographs are also used to document presence or absence decompensation. This trunk

shift can be measured by determining the distance between the outer rib line and the lateral bor-
der of the pelvis (Fig 2).

Sagittal Curves
At the time of initial evaluation each patient should have a lateral radiograph. This baseline study

will determine the presence of any decrease in thoracic kyphosis. An orthosis may complicate this structur-
al problem. Patients with a decreased kyphosis are at risk for it progressing and should be monitored for it
at each visit.

CONCLUSION

A broad understanding of the above issues and patient evaluation procedures is an imperative for
determining the best orthosis design, fabrication methods and fitting. They will also help to determine the
prognosis for the success of orthotic management of the deformity.
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Importance of Physician and Orthotist Interaction
Carol Hentges, John Lonstein

Implementing a treatment plan for a patient with idiopathic scoliosis relies heavily on the care team
working together. The quality of communication between two of its members, the physician and the ortho-
tist, is particularly important. Very often the orthotist is not part of a clinic visit. The evaluations that occur
will be very important for determining the treatment plan. This chapter will highlight times and reasons for
this interaction.

The critical times for communication are at the time the brace is recommended, when the prescrip-
tion for the orthosis is written, at the time of brace fitting and at the time of follow-up visits when there
might be brace adjustments. A good working relationship between the physician and orthotist is essen-
tial, and the orthotist needs to be knowledgeable about the physician’s philosophy and bracing criteria. A
successful bracing experience for the child is based on the support of the physician, the office staff, the
orthotist and the parents. Consistent communication of information to the patient and their family from
the physician, staff and orthotist is essential in achieving the desired outcome. The orthotist may be in
the same hospital/clinic as the physician, or may be in a separate office location, and may be at all visits or
available on an on call basis. Whatever the situation a communication method must be established (face to
face, phone call, e-mail, text) to ensure optimal physician /orthotist interaction and patient care.

When a othosis is recommended and prescribed by the physician and the prescription order is writ-
ten, two considerations are important in the process; those related to the patient, and those related to the

brace.

PATIENT FACTORS

Family History — The evidence of a strong family history of idiopathic scoliosis will often determine
the onset of treatment. Orthotic treatment may be recommended earlier for patients with a strong fami-
ly history for spinal deformity. This family experience may influence understanding and compliance with
treatment.

Personality/Family Dynamics — People naturally react in different ways to the news of needing treat-

ment for idiopathic scoliosis. Some want detailed information and guidance while others don’t want to be
bothered and just want to proceed as efficiently as possible. How one proceeds is determined by various
factors. Very often patients and their families have done their homework and may have already anticipated
that orthotic treatment will be recommended. Others are caught off guard and for whom the recommen-
dation of treatment is a complete shock. They may need time to process the information and discuss their
options. There are times when the parents have a harder time than the patient accepting a treatment plan.

Maturity/Growth Status — An appreciation of the patient’s growth and maturity markers is essential

in the physician and orthotist discussion with the patient/family regarding length of time in the orthosis,
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follow-up visits, need for brace replacement and overall expectations of the results of wearing the brace.
Good communication is essential so that the patient and family get the same “message” from both parties.

Compliance — The physician will discuss a wearing schedule and the importance of adhering to that
schedule throughout the treatment process. This discussion will often include patient’s specific concerns
and/or fears. These will be helpful for the orthotist to know prior to beginning treatment. Family dynamics
and relationships, patient’s interests and activities, other social interactions, all factor into a patient’s com-
pliance with treatment. Discussing these concerns or issues with the referring physician prior to the ortho-
tist’s first encounter with the patient will be helpful in maintaining trust and cohesiveness and increasing
the likelihood of compliance.

Clinical Evaluation — It is critically important to remember that a person is being treated and not a

radiograph and that both the physician and the orthotist perform a full physical evaluation along with an
evaluation of the radiographs. The physician’s physical findings may warrant further screening such as mag-
netic resonance imagining (MRI). Asymmetrical reflexes, hyper-reflexia, abnormal range of motion (ROM),
large curve at a young age, rapid progression in the curve, are all signs of possible spinal cord concerns and
would warrant a screening MRI to rule out or confirm an underlying neurological issue such as syringomye-
lia. This may not change the orthotic treatment but would change the diagnosis and prognosis.

The clinical evaluation will indicate to the physician, which criteria need to be included in the or-
thotic design. Rotational prominence, flexibility, sagittal alignment, pelvic alignment, decompensation,
shoulder asymmetry, are all evaluated and taken into consideration when writing the prescription. The
physician may have specific concerns about one or more of these clinical findings and impact what he/she
feels should be included in the prescription criteria. Discussing all concerns with the orthotist allows both
of them to not only understand what needs to be the focus of management but to also relay consistent and
accurate information to the patient, information which might impact outcomes and expectations. There
are many patients who may present with a curve and characteristics that maybe similar to idiopathic scoli-
osis but may in fact be secondary to syndromic disorders such as Marfan syndrome, Ehlers Danlos disease,
dwarfism, Neurofibromatosis, Noonan syndrome and many others. It is essential that the orthotist know
this specific diagnosis prior to treatment.

Radiographic Evaluation — Full spinal PA and lateral radiographs with flexibility films combined with

the clinical features will determine the curve pattern and the curves that require treatment, as well as iden-
tifying other factors that effect the brace prescription and design (decompensation, pelvic obliquity, tho-
racic hypo-kyphosis). All double curve patterns (such as right thoracic and left lumbar) are not the same. If
the thoracic curve is larger with a clinical prominence and radiographic rotation and the lumbar curve has
no rotational prominence clinically and no radiographic rotation, only the thoracic curve needs to be treat-
ed. To aid in this type of situation, a copy of the films needs to be available to the orthotist to aid in the
curve assessment, brace fabrication and pad placement.

ORTHOTIC FACTORS
Orthotic Design — Of most importance in selecting a brace design is determining the curve pattern.

The physician uses both the radiographic and clinical evaluation in determining which curves are structural
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and which are compensatory as discussed previously. The orthotist needs to know what curve pattern has
been diagnosed in order to design the most effective orthosis. The curve pattern determines not only the
type of brace, (CTLSO, TLSO, LSO) but also the pad placement, the amount of pad pressure along with and
opposite build-ups and reliefs. Communication between physician and orthotist is crucial at this juncture.
There may be one element of the brace design that the physician may feel is the most important, i.e.: the

sagittal alignment may be of more concern than the coronal, as when hypo-kyphosis is present.

Brace prescription - Ideally, the orthotist and physician should see the patient together when deter-
mining the brace design. Realistically, this cannot always happen and therefore a detailed prescription and
corresponding physician notes are imperative. The prescription specifies the orthotic type, pads to be add-
ed as well as any special considerations (trochanteric extension for decompensation, reduced thoracic pres-
sure and lower rib gusset for hypo-kyphosis). Once the patient is evaluated by the orthotist, there should
be a discussion with the physician of any concerns of curve pattern and how it relates to brace design prior
to the fabrication.

ORTHOTIC FITTING

The timing of fitting and physician follow up varies with each clinical situation and physician. In
some situations, the orthosis is fitted and adjusted by the orthotist and seen by the physician at the same
visit or on the same day, in other situations the orthotist fits the orthosis and the physician sees the patient
at a separate visit 1-3 months later. At that time the brace will be checked for fit and a radiograph may be
taken. The orthotist and the physician both assess the brace for its length, trim lines (posterior opening,
anterior window, and sitting clearance), pad placement, strap tension, comfort and any redness under the
orthosis. Any problem areas are communicated between the practitioners.

Most important is that the patient and family understand the treatment process and protocol. Itis
crucial that the physician and orthotist are instructing the patient similarly as to wear schedule, follow up,
and expectation of outcomes. Each physician may have a different protocol for follow-up visits and wheth-
er the radiographs at those visits are in or out of the brace. The orthotist needs to be aware of what these
protocols are so that the physician and orthotist are consistent with what they tell the patient.

ADJUSTMENTS AND FOLLOW UP

The orthotist establishes a follow up with the patient no later than 4-6 weeks following the initial
fitting. This will allow the patient time to gradually wean into wearing the orthosis the prescribed amount
of time and to be able to resolve any issues that may arise during this initial wearing period. Minor adjust-
ments at this initial return visit are very commonly necessary.

Despite our best efforts there may be adjustments necessary once the initial in brace radiograph is
taken. Both the physician and the orthotist should agree upon problem solving to arrive at what to change
and how much to change. Very often it is a matter of moving a pad but may also include, increasing the
room to shift, increasing trochanteric pressure, adding or removing a gusset. When the amount of kyphosis
is of concern, an early in brace lateral radiograph should be taken. If there is concern regarding significant
brace design changes or significant compliance issues, these should be communicated to the physician.
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The patient should be instructed to follow up with the orthotist if there are ever any concerns with fit or
function of the orthosis.

PHYSICIAN VISITS

Each physician has his or her own criteria for follow-up. Whether they wish to have in brace or out
of brace radiographs is essential for the orthotist and patient to know in order for proper arrangements to
be made for a timely evaluation. Every effort should be made for the patient to follow up with the orthotist
at the same time/day as their physician visit. This allows for any adjustments or modifications that need
to be made along with insuring that the brace continues to fit correctly. There should be an open line of
communication between the physician and the orthotist during these visits in order to maintain quality and
continuity of care.

At the time of follow-up the physician will include a physical exam, brace check, and radiograph
generally at 4-6 month intervals. Patients will be monitored for growth, Risser sign, menarche, curve
magnitude change, spinal balance, and rotational changes and to assess the fit of the orthosis. Sharing this
information with the orthotist allows them to accurately assess and document any changes they may need
to make to the orthosis. This is helpful for assuring the patient that all treating professionals are working
with the same information.

CONCLUSION

In the treatment of Idiopathic Scoliosis effective physician and orthotist interaction is uniquely tied
together. At the heart of this relationship is the ability to communicate effectively with one another and
translate that communication into a seamless continuity of care. We have attempted to illustrate the im-
portance and timing of effective communication between the physician and the orthotist.
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The Effectiveness of Physical Therapy Interventions and

Techniques in Adolescent Idiopathic Scoliosis
Amanda Guevara, Claudia Senesac
INTRODUCTION

Adolescent idiopathic scoliosis (AlS) is an abnormal lateral curvature of the spine that usually ap-

pears in late childhood or adolescence. The curve can be stable or it can be considered progressive, becom-
ing more severe over time.! This chapter will examine the various physical therapy interventions that could
be considered when treating a child with AlS.

Idiopathic scoliosis can be broken down into three different categories classified by the age of onset:
infantile (birth to two years), juvenile (three to nine years), and adolescent (10 years and older). AlS is the
most common type of lateral curvature of the spine accounting for 65% of adolescent patients with struc-
tural scoliosis and is present in 2-4 percent of children 10 to 16 years of age.??

Orthotic management of scoliosis is regarded as effective when the curve progression has been
arrested and surgery has been avoided. Observation, orthotic management and surgery are important
approaches, all options including non-invasive should be presented to the patient when deciding the most
appropriate and effective treatment to address the spinal deformity.*>¢

There is no clear consensus on the effectiveness of physical therapy when it comes to treating sco-
liosis. In Europe, the most common interventions for scoliosis include physical therapy as an outpatient or
through in-patient rehabilitation, corrective bracing, and/or surgery. These interventions consist of scolio-
sis-specific exercises (SSE) as a stand-alone therapy or as an add-on to bracing therapy. In North America
the standard of care for scoliosis includes observation of patients who are still growing and in those pa-
tients with non-progressive curves between 10 and 25 degrees. For patients with progressive curves be-
tween 25 and 45 degrees during the growth phase, bracing may be recommended, and with curves greater
than 45 degrees spinal fusion is may be the best altervative.*”® Most experts agree that exercise alone will
not affect the progression of a structural scoliosis, however a selective program of exercises in combination
with bracing treatment may be beneficial.>*°

A variety of impairments can be commonly associated with a diagnosis of scoliosis including impair-
ments of strength, balance, range of motion (ROM), respiration efficiency, and limitations of functional mo-
bility and wellness.''? Physical therapists (PT’s) are health care professionals who are trained and licensed
to diagnose and manage the impairments that can be associated with scoliosis.'* There is little evidence
however in support of physical therapy interventions in regard to slowing or decreasing the progression of
the Cobb angle associated with scoliosis. However, there are a variety of therapeutic approaches that claim
to be effective in addressing the secondary effects of AIS.* 7.9 14.1517,15,20 Raesearch studies have focused
on targeting the secondary effects of scoliosis such as muscle weakness or imbalance, decreased range of

motion, impaired balance, and decreased respiratory function. The physical therapy techniques claiming
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to decrease the Cobb angle progression and secondary impairments will be addressed individually in the
chapter.

THE SCIENTIFIC EXERCISE APPROACH TO SCOLIOSIS METHOD (SEAS)

The SEAS method, which began in the 1960’s, is based on scientific principles that are continually
changing based on updated literature.’® The SEAS method is an individualized exercise program, which can
be used in all stages of scoliosis management to assist in stabilizing the curve and helping to reduce dis-
ability.”> The SEAS method focuses on improving the patient’s awareness of their deformity, self-directed
correction by the patient, the use of exercises to stimulate balance reactions, as well as the performance of
in-orthosis scoliosis specific exercises using the orthosis as a training tool.'* Since the etiology of the scoli-
osis curvature may be unknown, the SEAS method is focused on minimizing the effects of the symptoms of
the condition. This method takes into account the stage of the condition the patient is in.'* SEAS is based
on two main treatment objectives; the first is active self-correction and the second focuses on improve-
ment of spinal stability through strengthening.'* The purpose of these exercises is to train the patient to
find a strategy that allows a self-corrected position as they move throughout their daily activities. The scoli-
osis specific exercises (SSE) are based on 3 principles. Principle 1: “SSE exercises use an element of distrac-
tion for training the maintenance of self-correction.” Self-correction and exercise are used together to help
maintain the corrected position of the spine. Once the patient can perform this self-correction, an exercise
component is added to generalize the alignment to a variety of situations of postural stress.'* Principle 2:
“The purpose of the SSE exercise is to improve the primary “target function” or the stability of the spine”.
The primary aim of exercises in this approach is to stimulate muscles that have the greatest potential to
provide spinal stabilization. Principle 3: “The aim of the exercises is to improve the deficits found during
the initial assessment, which can include strength deficits, muscular retractions, or impairments in motor
coordination”.**

In the SEAS method the patient undergoes an assessment of Cobb angle, plumb line, sagittal pos-
ture, and aesthetic parameters. In addition, an assessment of strength, flexibility, proprioception, hand
eye coordination, and balance are performed. Once the assessment is complete the findings are used to
develop the specific exercises to improve the baseline outcomes of the initial evaluation. The patient is
instructed in exercises that are specific to stabilizing the spine.* The patient takes an active role in their
therapy by asking the following questions: “1. Is my spine supported? 2. Is my body now more symmetri-
cal than before? 3. Am | able to maintain the correction during exercise? 4. Am | able to see that my body
returns back to the original position it was in before performing the self-correction?“** The self-correction
is done in all planes (coronal, sagittal, horizontal) as well as various positions i.e. standing, sitting, all fours.
The therapist adjusts the SEAS method every 3 months according to each individual’s progress. The home
exercises are based on each individual patient and increase in difficulty in parallel with the patient’s abil-
ities.* The purpose of the exercises is to train an automatic response to stimulate the maintenance of a
three-dimensionally corrected posture during activities of daily living.™> The SEAS method has no copyright
and teachers are being trained around the world to make it a more available technique to treat scoliosis.

Expertise on scoliosis, exercises, as well as patient and family management is required to be successful in
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this method.'**®

Multiple prospective, retrospective and case studies have investigated the SEAS approach. There is
some evidence that the efficacy of specific scoliosis exercises in curves less than 25 degrees is effective in
decreasing the progression of the Cobb angle.*

In a case study by Ishihara and Shiraishi the active self-correction of SEAS was purported to be
effective in reducing the Cobb angle of a patient after skeletal maturity. A 14-year-old girl with a 28 degree
thoracic and 28 degree lumbar curvature was followed. She was braced immediately at diagnosis and com-
pleted bracing at age 18 years with a Cobb angle of 31 degrees. Six months post bracing her thoracic curve
increased from 31 degrees to 37 degrees. Once the patient turned 21 years old the SEAS approach was
implemented for 3 months with an ending Cobb angle of 30 degrees.'® Caution should be exercised when
interpreting the results of this single case study. The change in Cobb angel was only 7 degrees and no long-
term follow up was provided to determine lasting benefits.

The SEAS approach focuses on exercises that strengthen and improve stabilization of the spine. The
best reported outcomes for this approach focused on the deviation of the vertebrae while utilizing exercis-
es that strengthen and stabilize the muscles around the spine therefore assisting in counteracting the curve
progression.

THE BARCELONA SCOLIOSIS PHYSICAL THERAPY APPROACH (BSPTS)

The BSPTS was founded by Elena Salva circa 1968, and has been used in the Elena Salva Institut in
Barcelona, Spain. The BSPTS is based on the original principles of Schroth, with modifications based on
years of clinical experience and research. The method is described as “a therapy plan of cognitive, senso-
ry-motor and kinesthetic training teaching the patient to improve his/her scoliosis posture and soft tissue
imbalance, utilizing the assumption that scoliosis posture and soft tissue imbalance promote curve progres-
sion”.'* This approach emphasizes the importance of utilizing a multidisciplinary team including a medical
doctor, physiotherapist, orthotist, and psychologist.

BSPTS is based upon the following three principles; Principle 1: “In idiopathic scoliosis muscle im-
balance is a secondary effect to the deformity and its progression. Muscle imbalance can only be corrected
by reaching the best possible three-dimensional self correction before isometric muscle tension is used
to stabilize this position”. Principle 2: “Repetition of the best corrected posture, with the help of proprio-
ceptive and exteroceptive stimulation as well as visual control (mirror), is a useful mechanism to achieve
a corrective body schema to substitute for the scoliosis body schema. Principle 3: “After the best possible
3-D correction is achieved, specific breathing mechanics can be introduced to increase the corrective effect,
whilst at the same time re-shaping the deformed trunk”.**

The BSPTS method emphasizes looking at each patient, as an individual, in order to find the “abnor-
mal geometry” of the spine by using a principle of correction called detorsion. Detorsion is defined as the
ability to attain the best correction until halted by the structural component. After attaining the best cor-
rection of the non-structural component, some degree of 3D deformity related to the structural component
will still be noted. This deviation may be minor or major depending on the severity of the treated scolio-
sis. At this point, the therapist can ask the patient to gently intensify the corrective forces. However, the
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patient must always use the combination of forces in the three planes rather than correcting in an isolated
plane, as would be the case when using bending exercises in any single plane, or by de-rotating one section
of the body against an adjacent one.** According to the authors, the principles of this correction method
are as follows:

1. Self-elongation from a stable corrected pelvis.

2. Combination of self-elongation with corrective tension in any part of the ventral or dorsal trunk.
This asymmetrical sagittal straightening means that one hemi-body will be corrected in opposition with the
other.

3. This principle focuses on improvement of the curve from the frontal plane concentrating on gen-
tle movements and tensions performed in the frontal plane.

4. Breathing techniques are added to help increase the de-torsional effects by creating an internal
pair of forces for de-rotation called Schroth rotational breathing.'* This principle is very difficult to perform
and therefore requires assistance from a physical therapist.

5. The last principle states that stabilization is achieved by muscle activation that helps to maintain
the best possible correction in expiration. The BSPTS approach is very intricate and in depth with a rel-
atively steep learning curve in order to implement this technique. Most therapists who practice this ap-
proach have successfully completed a theoretical-practical course.’* The technique involves a great deal of
guidance from the therapist with tactile stimulation provided to allow the patient to understand when to
combine breathing to help create muscle activation in the correct curve.**

Using a Schroth program based on a BSPTS exercises Schreiber et al. in a randomized controlled trial
in 2015 aimed to determine their effect.” The authors combined this program with the standard of care on
quality of life outcomes and back muscle endurance compared to standard of care alone in patients with
adolescent idiopathic scoliosis. This study randomized 50 patients with adolescent idiopathic scoliosis aged
10-18 years old with curves between 10-45 degrees into two groups; 1.Standard of care, 2. Schroth exercis-
es plus standard of care. The interventions were done over a 6-month period of time. To assist in maximiz-
ing compliance, equipment was provided at home or they were given access to health clubs. The standard
of care group consisted of observation or bracing, if they had met the standard bracing criteria. The con-
trols attended a study assessment but no therapy sessions.” Outcome measures were taken at baseline, 3
months, and 6 months looking specifically at Biering-Sorensen back muscle endurance.”? Statistical anal-
ysis was performed for baseline demographics and radiographs, for the entire sample. This study found
that supervised Schroth exercises provided benefit to the standard of care group by improving SRS-22r
pain, self-image scores and BME, however the outcomes selected did not document the progression of a
scoliosis curve (the Cobb angle). Further, this study was carried out over a relatively short period of time
(6 months) and the participants had not reached bone maturity at its conclusion. Therefore, the study has
limited application related to the reported outcomes.

Some studies have shown that Schroth exercises may demonstrate improvement in breathing func-
tion, pain, back asymmetry, posture, muscle imbalance, and decrease the Cobb angle in the short term.?*?
There is little evidence that specific exercises following Schroth principles, or any other physical therapy
based principle can prevent curve progression in rapidly progressing scoliosis during the growth periods
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of adolescence through maturation. Therefore, little evidence exists that exercises halt curve progression.
Caution must be exercised in drawing conclusions from these studies since they have only been document-
ed in the European literature.”

LYON APPROACH

The Lyon approach, developed in 1947, emphasizes physical therapy in combination with the use
of a plaster cast and the Lyon Brace. This approach consists of five different stages. The first stage em-
phasizes the importance of the patient’s age, postural imbalance, and the Cobb angle. When a child is
younger than 10 years of age with a diagnosis of juvenile idiopathic scoliosis physical therapy can be used
for coordination and balance impairments. When assessing postural imbalance it is important to consider
that a scolioic curve may be due to a bony deficit, or may be due to compensation. When the Cobb angle
is greater than 25 degrees it increases the asymmetry and pressure placed on the spine. Stage two focuses
on awareness of the trunk deformity. This approach makes the child aware of the corrective possibilities
for their back emphasizing that scoliosis is an adaptation of the spine. The children are given visual feed-
back by using a mirror or other device. Stage three looks at exercises that are symmetrical in the supine
position since the radiological scoliotic angle is larger when standing. The progression of the exercises
they modified to reflect changes in pace, intensity, and duration. Stage four emphasizes the exercises and
postures that should be avoided. These include extreme flexion and extension as they increase pressure
on the spine and avoiding shortness of breath since deep breathing favors the rotation of the vertebra. The
patients are taught to avoid strengthening of the superficial body building muscles. This approach focuses
on endurance in the deep paraspinal muscles.'*® Stage five suggests patients participate in sport activities.
The best results were found in patients who participated in sports more than 5 hours a week with sports
requiring balance and coordination.

Once the scoliosis begins to progress the Lyon method combines physical therapy as well as the
Lyon brace, a device consisting of radio-transparent duralumin, steel, and thermo malleable plastic. There
are three types of this orthosis that can be prescribed depending on the patient’s specific curvature.?
While the cast is on PT is intensified with at least two sessions per week supervised by the PT including
breathing control, mobilization of the ilio-lumbar angle, therapeutic patient education, and sitting posture
check. With children who have a curve less than 30 degrees the orthosis is only worn at night. Once the
curve exceeds 30 degrees the orthosis is worn part of the day and the exercises are performed with or
without the orthosis on, typically performed in groups.*

The Lyon method focuses on exercises that are proven to be reproducible at home. The continua-
tion of sporting activities is encouraged as long as they are not contraindicated. However some movements
may need to be adapted to avoid positions such as deep, quick inspiration, and forward trunk flexion.*

A retrospective study in 2011 by Mauroy et al. followed 1338 subjects who were diagnosed with scoliosis
and treated in France and Italy according to the Lyon Brace method. The mean age of the subjects stud-
ied was 13 years and 10 months. Patients were classified into groups according to the type of Lyon brace
prescribed and the results were expressed in the Cobb angle measurements. In addition subjects were

grouped into aesthetic results of the rib hump level. The study found that if treatment was started when
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the patient had a curve less than 40 degrees, only 2% of the patients required surgery whereas if the Cobb
angle was greater than 40 degrees at the start of treatment, the percentage rose to 20% requiring surgery.?
Although this study was of a retrospective design it implies that the Lyon brace in combination with phys-
ical therapy exercises have positive results in decreasing the progression of the Cobb angle in those with
AlS.?2 Of import; the study had no control group where patients received the brace without an exercise
program, therefore the benefits of exercise remain largely unknown.

Limited numbers of publications are available depicting examples of specific exercises prescribed
for the Lyon method. A reference manual for the Lyon scoliosis brace is available describing various brace
types and principles of the bracing, however, it would be difficult to complete this method without exten-
sive therapy training.

FUNCTIONAL INDIVIDUAL THERAPY FOR SCOLIOSIS

Bialek and M’hango, to help improve postural problems associated with scoliosis, developed the
Functional Individual Therapy for Scoliosis (FITS) approach in 2003. This method was adapted from various
approaches in order to have a therapy practice that could be used with patients during the progression of
their deformity. The FITS method is indicated for use with any child regardless of the Cobb angle, in sup-
port of orthotic management, in preparation for surgery, or during recovery after surgery. This therapy is
done in an outpatient clinic or as an inpatient for 1 or 2 weeks. Typically, the therapy is done by a physical
therapist in combination with an orthopaedic surgeon and a psychologist.’* There are multiple objectives
included in this method which focus on awareness of the existing deformity of the spine and trunk while
teaching correction, release of myofascial structures allowing for more movement. It focuses on stabiliza-
tion while facilitating a correct breathing pattern, balance exercises, improvement of neuro-muscular coor-
dination and correcting the scoliosis by teaching correct pelvic weight bearing in a sedentary position.

The FITS method is performed in three stages with the first stage including a full examination of the
patient observing postures, lower extremity alignment, length of muscles in the lower extremities, and an
assessment in sitting and standing of the possible curve correction. The second stage prepares the pa-
tient for 3D correction with detection and elimination of the muscular and fascial restrictions by utilizing
contract-relax, myofascial release, trigger point therapy, and joint mobilization. The third stage includes
building a repertoire of stabilization in new corrective posture patterns and functional positions. Stabiliza-
tion exercises and facilitation of the three-plane corrective breathing is done after diaphragm release and
restoration of the best joint mobility in the thoracic spine and thorax.'* The exercises are chosen based on
the Cobb angle, size and direction of the trunk rotation, position of the spine, and location of functional
compensation. Ideally it is best to correct the structural curve in all three planes, however this may be diffi-
cult to accomplish.

Claimed strengths of this method include teaching the patients to be aware of their deformity, re-
moval of muscular and fascial limitations, which restrict the correct movement, and teaching daily function-
al activities. The FITS method is a complex method requiring utmost accuracy, strict cooperation of thera-
pist and parent participation as well as requiring a long duration of therapy. This method usually continues
until the completion of skeletal maturity.
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Negrini, et al. in 2008, examined the effectiveness of this approach in a retrospective review. The
study looked at 41 children who had early onset of AIS with Cobb angle measurement between 11 and 30
degrees. Children received an extensive clinical assessment according to the FITS method principles.?* The
minimum follow up was 2 years with the maximum being 16 years after initiation of the FITS treatment.
Out of 41 children, 27 improved, 13 were stable, and 1 progressed with decreased trunk imbalance.? This
method may be beneficial in the treatment of scoliosis but appears to require specific training to be carried
out appropriately and has little clinical evidence of effectiveness. No studies have been done using SRS
criteria for proven curve progression. In addition, the majority are small curves being treated without, any
scientifically demonstrated effect on the child.

THE DOBOMED APPROACH

The Dobosiewicz’s Method (DoboMed) is a non-operative management approach for idiopathic
scoliosis, which was developed in 1979 by professor Dobosiewicz and has been used routinely in Poland
since 1982. This method claims to address both the trunk deformity as well as the respiratory functional
impairment. The first principle is consideration for preventing curve progression. The second principle is
to improve respiratory function. The effectiveness of this method depends on the curve flexibility and the
patient’s compliance. Active participation is the hallmark of the DoboMed and thus is not recommended
for small children.* Like the other methods discussed in this chapter, the Dobo Method claims to focus on
self-correction based on the pathomechanics of idiopathic scoliosis. At the beginning phases, non-specific
exercises can be used, mainly as a warm up for the spine-specific exercises that are introduced later. The
initial exercises are done in low positions against gravity (quadruped and high kneeling) consisting of closed
kinetic chains in order to enhance their effectiveness. By starting the exercises in a low position the back
muscles are allowed to relax. Exercises are progressed to active 3-D auto-correction exercises performed
in upright positions with the spine positioned vertically allowing gravity to fully affect the back muscles.
During these exercises it is essential to arrange the exercises around the ability to fixate the pelvis and the
shoulder girdle with the upper and lower limbs during all phases of the respiratory cycle.**

There are nine principle features that are associated with the DoboMed approach: “1) Symmetrical
positioning for exercising, 2) Asymmetrical active movements to accomplish 3D scoliosis correction, 3) Tho-
racic spine mobilization to increase thoracic flexion, 4) Transverse plane de-rotation, 5) Specific treatment
emphasis is focused on the area of curve apex, 6) Concave rib mobilization to expand and de-rotate the
ribs, 7) External facilitation, 8) Respiration-directed movements of the thorax and spine to improve respira-
tory function, and 9) 3D displacement of vertebrae to obtain 3D scoliosis correction”.

One study reporting on the results of the DoboMed approach demonstrated it to have an inhibitory
effect on the progression of the curve in idiopathic scoliosis.!* The radiological evidence taken from x-rays
has been assessed from retrospective and prospective studies with the best effects observed in those with
single curves.’* Another benefit was improvement of respiratory function noted by spirometry values. For
best results DoboMed requires a parents’ direct supervision of their child to ensure compliance.'

CONCLUSIONS
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Cassella and Hall reflected on treatment approaches in their 1991 articles stating that children with
a 25-30 degree Cobb angle require some sort of treatment intervention. However controversy remains in
regard to the effectiveness of non-operative management as a stand-alone intervention to slow the pro-
gression of the curve. Today, most experts will agree that exercise alone will not affect the progression,
however a specific exercise program in conjunction with bracing treatment may be beneficial.'* Before
an exercise program should begin in an adolescent with idiopathic scoliosis a comprehensive assessment
should be done to include the following measures: posture, leg length, range of motion, muscle strength,
breathing pattern, and functional activity levels.

A therapist assessing the posture of someone with scoliosis should take into the account the pa-
tients natural relaxed posture observing all views (anterior, posterior, and lateral) documenting any asym-
metries of bony landmarks. Leg lengths should be measured on both sides from the anterior superior iliac
spine to the medial malleolus as well as from the umbilicus to the medial malleolus. A leg length discrep-
ancy may affect the child’s standing postural alignment. Range of motion is an important assessment to
obtain as progression in the Cobb angle can place various muscle groups at higher stress levels placing
them at risk for shortening, especially the hip flexors, hamstrings, tensor fasciae latae, low back muscles,
trunk, and shoulder girdle musculature. Muscle strength measured through manual muscle testing should
be done with emphasis on abdominal and back muscle groups. When looking at breathing patterns it is
important to note asymmetries in chest wall expansion and shoulder rise as well as to obtain information if
the patient has any history of asthma or other respiratory conditions. Finally, documenting a patient’s func-
tional activity level at baseline provides information about their participation. These assessments will assist
a therapist in returning the patient to his or her prior level of function or improving their functional status.*

The purpose of an exercise program is to develop postural awareness with the ability to maintain
corrected alignment with or without an orthosis. Maintaining or improving proper respiration, chest wall
mobility, muscle strength, joint range of motion, and spinal flexibility will assist in resuming prior levels of
functional mobility. Therapists should teach the patient how to move, walk, run, and perform activities of
daily living while wearing an orthosis.**

A 2008 paper by Negrini, et al. investigated the effectiveness and usefulness of exercises for AlS
through a systematic review of the literature aimed at verifying the effectiveness of exercises in the treat-
ment of AIS.>* A variety of databases were used finding 11 papers, none of which were randomized, seven
were controlled, two compared their results to historical controls, and one had a prospective design. The
quality of the methodology used in the reviewed studies was found to be very poor and inconsistent. How-
ever, the published studies claimed the efficacy of exercises in reducing both the rate of progression and
magnitude of the Cobb angle at the end of treatment. In the same paper Negrini et al. looked as whether
exercises for AIS have changed over the years. The review looked exclusively at patients treated with exer-
cises and the outcomes of their Cobb angles. Nineteen studies were found with 1 randomized control trial
(RCT), 8 controlled studies, and 12 prospective studies. The most significant study in this systematic review
was the RCT, which compared two groups of 40 patients demonstrated improvement of the curvature in
all treated patients after 6 months, which is much too short to assess the effectiveness of any treatment
modality. During this most recent search, three papers on Schroth exercises and four on the Lyon and SEAS
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methods suggested efficacy of exercises in reducing the progression rate, usually seen in early puberty
and implied a reduced need for orthotic management. Taking into consideration that these recent papers
primarily investigated scoliosis during puberty (a time of rapid growth) for a relatively short period of time,
one should interpret the results with measured skepticism.*

This chapter has described the various treatment approaches in managing scoliosis utilizing physical
therapy interventions with recent research supporting the use of exercise to help manage the secondary
affects of AIS. The treatment approaches vary in difficulty and should only be used by a trained therapist.
[Editors note: The reader needs to apply the standards of Evidenced Base Medicine to a particular method
of physical therapy as few if any will meet those standards.]

1.  Adolescent Idiopathic Scoliosis. U. S. National Library of Medicine. May 25th, 2016. Available at:
https://ghr.nlm.nih.gov/condition/adolescent-idiopathic-scoliosis#diagnosis. Accessed May 29th,
2016.

2. Horne, JP MD; Flannery, R MD; Usman, S MD. Adolescent Idiopathic Scoliosis: Diagnosis and Manage-
ment. American Family Physician 2014; 89(3): 193-198.

3. Reamy, B; Slakey, J. Adolescent Idiopathic Scoliosis: Review and Current Concepts. American Family
Physician 2001; 64(1): 111- 116.

4.  Weiss HR, Goodall, D. The Treatment of Adolescent idiopathic scoliosis (AlS) According to present
evidence: A systematic review. Eur J Phys Rehabil Med. 2008 Jun; 44(2):177-93.

5. Kim, H S. Evidence-Based of non-operative treatment in adolescent idiopathic scoliosis. Asian Spine J
2014; 8(5): 695-702. Published online 2014 Oct 18. Doi: 10.4184/asj.2014.8.5.695.

6. Plaszewaki, M; Bettany-Saltikov, J. Non-surgical interventions for adolescents with idiopathic scolio-
sis: an overview of systematic reviews. PLoS One. 2014 Oct 29;9(10):e110254. doi: 10.1371/journal.
pone.0110254. eCollection 2014.

7. Schreiber, S; Parent, E; Khodayari, M. et al. The Effect of Schroth exercises added to the standard of
care on the quality of life and muscle endurance in adolescents with idiopathic scoliosis-an assessor
and statistician blinded randomized controlled trial: “SOSORT 2015 Award Winner”. Scoliosis. 2015
Sep 18;10:24. doi: 10.1186/s13013-015-0048-5. eCollection 2015.

8. Negrini, S; Donzelli, S; Lusini, M; et al. The effectiveness of combined bracing and exercise in adoles-

cent idiopathic scoliosis based on SRS and SOSORT criteria: a prospective study. BMC Musculoskelet
Disord. 2014 Aug 6;15:263. doi: 10.1186/1471-2474-15-263.

9. M. C. Cassella and J. E. Hall. Current Treatment Approaches in the Non-operative and Operative Man-
agement of Adolescent Idiopathic Scoliosis. Physical Therapy, vol. 71, no. 12, 1991.

10. Falk, B; Rigby, A; Akseer, N. Adolescent idiopathic scoliosis: the possible harm of bracing and the
likely benefit of exercise. Spine J. 2015 Jun 1;15(6):1169-71. doi: 10.1016/j.spinee.2014.05.006. Epub
2014 May 16.

11. Yang, J; Lee, J; Lee, D. Effects of consecutive application of stretching, Schroth, and strengthening
exercises on Cobb’s angle and the rib hump in an adult with idiopathic scoliosis. J. Phys. Ther. Sci.

121


https://ghr.nlm.nih.gov/condition/adolescent-idiopathic-scoliosis#diagnosis

27:2667-2669, 2015.

12. Moramarco, M; Fadzan, M; Moramarco, K; Heller, A; Righter, S. The influence of short-term scoli-
osis-specific exercise rehabilitation on pulmonary function in patients with AIS. Current Pediatric
Reviews, 2016, 12, 17-23.

13.  Role of a Physical Therapist (http://www.apta.org/Default.aspx)April 15th, 2016. Available at: http://
www.apta.org/PTCareers/RoleofaPT/. Accessed May 4th, 2016.

14. Josette Bettany-Saltikov, Tim Cook, Manuel Rigo, et al. (2012). Physical Therapy for Adolescents with

Idiopathic Scoliosis, Physical Therapy Perspectives in the 21st Century- Challenges and Possibilities,
Dr. Josette Bettany-Saltikov (Ed.), ISBN:978-953-51-0459-9, InTech, Available from: http://intechopen.
com/books/physical-therapy-perspective-in-the-21st-century-challenges-and-possibilities/physi-

cal-therapy-for-adolescents-with-idiopathic-scoliosis.

15. Romano, M; Negrini, A; Parzini, S; et al. SEAS (Scientific Exercise Approach to Scoliosis): a modern
and effective evidence based approach to physiotherapic specific scoliosis exercises. Scoliosis 2015;
10:3. DOI: 10.1186/s13013-014-0027-2.

16. Ishihara, C; Shiraishi, Y. The seas approach reduced Cobb angle, and the thera-band exercise im-
proved scapula winging in a double major curve type of adolescent idiopathic scoliosis (AlS)-a case
report. Scoliosis 2014, 9(suppl 1): P3. http://www.scoliosisjournal.com/content/pdf/1748-7161-9-

S1-P3.pdf
17. Negrini, A; Negrini, M; Donzelli, S; et al. Scoliosis-Specific Exercises can reduce the progression

of severe curves in adult idiopathic scoliosis: a long-term cohort study. Scoliosis (2015) 10:20. DOI:
10.1186/s13013-015-0044-9.

18. Raad, Jason. February 16th, 2016. Available at: http://www.rehabmeasures.org/Lists/Rehab-
Measures/DispForm.aspx?ID=1269. Accessed May 17th, 2016.

19. Bettany-Saltikov; Parent, E; Romano, M; Villagrasa, M; Negrini, S. Evidence Based approach by

PRM specialists to adolescents with idiopathic scoliosis. European Journal of Physical and Rehabilita-
tion Medicine (2014). February; 50(1):111-21.

20. Porte, M; Patte, K; Dupeyron, A; Cottalorda, J. Exercise therapy in the treatment of id-

iopathic adolescent scoliosis: is it useful? Arch Pediatr. 2016 Jun;23(6):624-8. doi: 10.1016/].
arcped.2016.03.004. Epub 2016 Apr 23.

21.  Turner-Bare. Physical Therapy considerations for the pediatric spine. http://www.apta.org/AP-
TAMedia/Handouts/PT2011/TurnerBarel 061511.pdf. June 10, 2011. Accessed May 3rd, 2016.

22.  Mauroy, J; Lecante, C; Barral, F. Brace Technology Thematic Series- The Lyon approach to the

conservative treatment of scoliosis. Journal of Negative Results in Biomedicine 2001; 6:4.
23.  Gupta, S. Intention to treat concept: a review. Perspect Clin Res. 2011 Jul-Sep; 2(3): 109-112.
24.  Negrini, S; Atanasio, S; Zaina, F; Romano, M. Rehabilitation of Adolescent idiopathic scoliosis:
results of exercises and bracing from a series of clinical studies. Eur J Phys Rehabil Med. 2008 Jun;
44(2): 169-76.
25. The Schroth Method: A Specialized treatment. https://www.hss.edu/conditions_schroth-meth-
od-treatment-for-scoliosis.asp. Accessed May 15th, 2016.

122


http://www.apta.org/Default.aspx
http://www.apta.org/PTCareers/RoleofaPT/
http://www.apta.org/PTCareers/RoleofaPT/
http://intechopen.com/books/physical-therapy-perspective-in-the-21st-century-challenges-and-possibilities/physical-therapy-for-adolescents-with-idiopathic-scoliosis
http://intechopen.com/books/physical-therapy-perspective-in-the-21st-century-challenges-and-possibilities/physical-therapy-for-adolescents-with-idiopathic-scoliosis
http://intechopen.com/books/physical-therapy-perspective-in-the-21st-century-challenges-and-possibilities/physical-therapy-for-adolescents-with-idiopathic-scoliosis
http://www.scoliosisjournal.com/content/pdf/1748-7161-9-S1-P3.pdf
http://www.scoliosisjournal.com/content/pdf/1748-7161-9-S1-P3.pdf
http://www.rehabmeasures.org/Lists/RehabMeasures/DispForm.aspx?ID=1269
http://www.rehabmeasures.org/Lists/RehabMeasures/DispForm.aspx?ID=1269
http://www.apta.org/APTAMedia/Handouts/PT2011/TurnerBare1_061511.pdf
http://www.apta.org/APTAMedia/Handouts/PT2011/TurnerBare1_061511.pdf
https://www.hss.edu/conditions_schroth-method-treatment-for-scoliosis.asp
https://www.hss.edu/conditions_schroth-method-treatment-for-scoliosis.asp

Section 4:
Orthotic Management of Spinal
Deformities

12. Basics of Spinal Deformity Orthoses

13. Measurement, Fabrication and Fitting Principles

14. Orthotic Management Infantile Idiopathic Scoliosis

15. Orthotic Management of Adolescent Idiopathic Scoliosis

16. Effectiveness of Orthotic Management in Adolescent
Idiopathic Scoliosis

17. Orthotic Management of the Paralytic Spine

18. Orthotic Management of Scheuermann’s Kyphosis

123



The Atlas of Spinal Orthotics

124



12

Basics of Spinal Deformity Orthoses
James H Wynne, M Timothy Hresko

INTRODUCTION

Scoliosis is a broad term used to describe various conditions that result in changes to the spine,
thorax and trunk. This term is further refined to describe specific types of scoliosis that can occur. Idio-
pathic Scoliosis means there are no related causes for these changes and will be the focus of this chapter.
The Scoliosis Research Society (SRS) defines scoliosis as a lateral curvature of the spine, a coronal curve, as
measured by the Cobb method of at least 10 degrees with axial rotation.* The Society on Scoliosis Ortho-
pedic Rehabilitation and Treatment (SOSORT) further defines Idiopathic Scoliosis as a “three dimensional
torsional deformity of the spine and trunk: it causes a lateral curvature in the frontal plane, an axial rotation
in the horizontal plane, and a disturbance of the sagittal plane normal curvatures, kyphosis and lordosis,
frequently, reducing them in direction of a flat back.”* This chapter is an attempt to bridge the knowledge
gap and to add to the evidence base of orthotic management of idiopathic scoliosis.

The non-operative treatment of idiopathic scoliosis involves a spectrum of options that are depen-
dent on the risk of curve progression. That risk is dependent on the initial curve magnitude and remaining
growth. Atissue is accurately predicting which curves will progress and which will remain stable. In an ide-
al situation the clinical team should only treat those curves that require intervention and thereby not under
or over treat a patient.? There is general agreement among the SRS and SOSORT that orthotic treatment is
recommended for patients presenting with curves between 25 and 45 degrees with growth remaining. [The

reader is referred to Chapter 16 for an expanded discussion of evidenced based treatment guidelines]

HISTORICAL PERSPECTIVE

An earlier chapter covers the various orthotic methods utilized over the centuries [See chapter 3].
This chapter will highlight the most common systems and is not meant to be comprehensive or to be inter-
preted as showing one system being more effective than another. Many orthoses have limited evidence for
their effectiveness and therefore this chapter will only provide descriptions of those devices. e

Hippocrates may be credited with one of the earliest documented treatments. His method e
consisted of elongating the spine under tension (traction) while manually applying pressure over :E,”g_—f
the focal point of the curve all while the patient was lying on the Hippocratic Board (Fig 1).2

In 1936 Barr and Buschenfeldt describe a turnbuckle style orthosis.* They noted that many devices
used at that time made an effort to correct the deformity. Barr notes a few authors and designs: Schanz
described a variety of orthoses and corsets; The Chambers brace along with various forms of the Abbot
jacket. Barr states that for a device to be useful it must be comfortable, not restrict respiration, be easily
donned and be easily adjusted by the patient or assistant and not require too many repairs or need to be

replaced too often for growth. These same device attributes are as true today as they were when he wrote
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in 1936.

Barr presents anecdotal evidence when describing their results. He stated that patients like the
simplicity of the device, find it comfortable and that there were no instances where the brace was not able
to obtain the same correction as witnessed in the physical exam.*

MILWAUKEE BRACE

Originally designed as a post-operative orthosis, the Milwaukee Brace was introduced by Walter
Blount and Albert Schmitt in 1946 at The American Academy of Orthopaedic Surgeon’s meeting and was
first reported in a paper published in 1958.>¢ It was one of the first described orthoses to have objective
"' evidence showing effectiveness and a repeatable fabrication process. Figure 2 shows an early
: version of the Milwaukee brace.” In 1970, John Moe and David Kettleson reported their findings
= on one hundred and sixty nine patients with Idiopathic scoliosis that were fit with the Milwaukee

Brace.® The authors stated that to be successful there needs to be cooperation of the patient and
parents, (be responsible for wearing the orthosis) a well-constructed orthosis and a knowledgeable ortho-
pedic surgeon who oversees the treatment plan. In this paper we see the emergence of a clinical program,
the need to better engage the patient and the importance of competence of all members of the clinical
team.

The Milwaukee orthosis is typically fabricated from a plaster impression while the patient is stand-
ing with knees slightly flexed in order to have the pelvis in a more neutral position and a reduced lumbar
lordosis. It consists of a pelvic girdle and a super structure. The super structure has a single anterior metal
strut with two posterior struts all of which are connected by a neck ring (Fig 2). Thoracic and axillary slings
are attached to the metal uprights to provide passive curve correction. The Pelvic girdle, originally fabricat-
ed from leather stretched over the positive model of the patient is now made from thermal plastic.® Over
the years as lower profile orthoses have been developed, the wide use of the Milwaukee has lessened. It is
still in use for Scheuermann kyphosis, some juvenile curves and for high thoracic curves.

In Europe other systems where developing such as the Lyon Brace in 1945, presented by Stagnara
and the Cheneau Toulouse Munster (CMT) Brace in 1970 presented by Jacques Chéneau. The design and
material utilized for these European systems has evolved over the years, but the basic biomechanical prin-
ciples have remained the same. Specific information regarding their current design philosophy as well as
more recently introduced systems can be found at www.scoliosisjournal.com — the thematic series.?

The pages that follow provide brief descriptions of the various systems (common names) of orthoses that
are currently utilized in practice today throughout the world. Some of the thoraco-lumbo-sacral orthosis
(TLSO) designs may be unfamiliar in name due to their regional acceptance. Some may consider them vari-
ations of the more commonly known Boston or Cheneau braces. They have been included in this chapter
to highlight the variation in orthotic design.

There are multiple ways in which the orthoses described below are fabricated. The term custom
fabricated is used to describe an orthosis that is fabricated for a specific patient. This distinguishes it from
a custom fitted device in which the basic component(s) are fabricated without a specific patient in mind
and can be modified to fit a range of patients determined by curve type, body dimensions or both. Custom
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fabricated devices are fabricated from measurement/cast impression and/or scan.

Measurements

A series of circumferential, medial/lateral; anterior/posterior measurements are taken as specific
anatomical landmarks (greater trochanter, anterior superior iliac spine (ASIS), anatomical waist, lower rib,
xyphoid, chest and axilla). A custom fitted device would then be selected that best matches those mea-
surements. In the case of a custom made from measurement device, either an existing patient model is
modified to match those specific measurements or a computer aided design (CAD) model is modified in the
computer software to reflect those measurements. In both cases a model, specific for that patient is creat-
ed.

Cast Impression

When taking a negative model of the patient applying Plaster of Paris, either splints or rolls, onto
the patient’s torso, creates an impression. Fiberglass material, in roll form, is also used for this purpose.
Corrective forces are often applied to the patient after the plaster/fiberglass is applied. If the patient is
standing, the plaster/fiberglass is circumferentially applied over a cutting strip and allowed to set prior to
trimming off the patient. If the patient is supine, splints (straight sections of unrolled Plaster of Paris that
are several layers thick) are used to create a bivalve impression (anterior/posterior shells) of the patient.
The anterior section is typically created first and the patient is log rolled prone. Care is taken so as not to
augment the shape of the anterior section. Also, the width is maintained so as to not distort the medial/
lateral dimension. A releasing agent (soap) is applied to the lateral edges and the process is repeated on
the posterior aspect of the patient. The two halves are then removed and realigned to create a negative
model of the patient. In all of these methods, the negative impression of the patient is then filled with
plaster and a positive model of the patient results. This positive model is then hand modified to reflect the
forces/reliefs required to obtain correction.

Scan
Scanning technology allows for electronic acquisition of the patient’s trunk topography.
Scanners can be in the form of a mobile hand held device or a stationary set of fixed cameras or

lasers. The mobile devices use either a laser or white (structured) light sensors to capture a 360
degree image of the patient. In either case the patient is typically in a standing position (Fig 3). kg3
The laser scanner collects the shape through a series of “sweeps”. The hand held device is held
a constant distance from the patient as the laser follows their contours in a superior to inferior movement
over lapping between sweep (similar to using sprayer to paint an object). The white light or structured
sensor scanner collects the patient’s shape, as the device is moved superior to inferior, left to right about
the patient. The captured images are “stitched” together, much like a digital camera in panoramic mode.
Stationary devices work in a similar fashion except that rather than moving the scanner about the patient, a
series of lasers or cameras are mounted so that a 360 degree image can be captured.

As all plaster/fiberglass negative impressions are filled with plaster to obtain a positive model, all
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' scans are imported into a software program to create a positive model using CAD software. These
models are then modified in CAD and sent to a carving (milling) machine that will carve a positive

model to be used to fabricate the orthosis (Fig 4).
Once the positive model is created, either via cast or scan, thermoplastic material is vacuum
formed over the model to create the negative form that becomes the custom made orthosis.

THE BOSTON BRACE

The Boston Brace System developed by Marion “Bill” Miller and John E. Hall in the 1970’s
at Boston Children’s Hospital had its first results described by Hall, et al. in 1975 (Fig 5).%'%* The m
Boston has proven to be a repeatable, reliable and systematic approach to the non-operative _
treatment of scoliosis. Critical analysis of patient outcomes, common adjustments and reported Hes
compliance have allowed the system to mature and evolve over the years while the goal of preventing the
curve from progressing and maintaining a stable spine in adulthood has been maintained.'> Two indepen-
dent studies (one combining both a randomized and preference cohort) show the Boston is effective in
preventing curve progression in Adolescent Idiopathic Scoliosis (AIS) when worn for more than 12 hours
each day.***

The original Boston Brace was a prefabricated standardized symmetrical modular (orthosis) system
where selection of the specific module is determined by the patient’s measured dimensions.>*>® The
orthosis was then customized for the patient based on those measurements and curve pattern. Hall notes®
that ninety five percent of the patients in their review could be fit with a prefabricated module; the remain-
ing five percent were fit with a custom fabricated TLSO that followed the Boston Brace principles.

When the orthosis, following the Boston Brace principles, is custom fabricated from scan, cast, and or
measurements (Fig 6) the term modular refers to the ability to change the pad placement and or alter its
shape to maximize the orthosis’ effectiveness. The sagittal profile was originally standardized. “ e

Watts noted in his paper that there was concern that an anti-lordotic design would lead to a tho-
] ]

racic lordosis that was later found to have no merit.® Whether this was a natural occurrence or a Fig6
result of physical therapy, Watts suggested that for best results the therapist needed to understand

the specifics of the orthotic system. For the custom made Boston Brace, the current thinking is to retain a
more normal sagittal profile of the patient, with minimal changes and greater focus on the overall sagittal
balance.»*>'” The orthosis in Figure 6 is a typical Custom Boston brace — it has a large window (with an
elastic gusset — this keeps the ribs from impinging on the inferior boarder and improves comfort. The ante-
rior bib has a channel trimmed at the anterior lateral aspect to allow the bib to ease breathing and donning
of the orthosis..

The Boston Brace Manual (SRS Bracing Manual Section Five) is available on the SRS website as are

several other specific brace designs. The basic Boston Brace principles are outlined below. Its goals are to

obtain curve reduction, improve overall balance, and not impede patient tolerance.”®

Symmetry
The basic concept is to modify the patient’s asymmetrical shape (provided by the cast or scan) and
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balance that shape (make it symmetrical) (Fig 7). By doing this the form over which the orthosis is
frabicated is symmetrical. It is made asymmtrical by the addition of strategically placed corrective B B
]

pads and the trim lines.
Fig 7
Blueprint

The blueprint (Fig 8) is a systematic repeatable way of analyzing the patient’s radiograph in order
to design an effective orthosis. It is understood that analyzing the x-ray is but one step in orthotic design.
Studying the patient’s shape, flexibility and desire to cooperate in the treatment are also important. The
focus is on each individual vertebra and its relationship to the center sacral line. This allows for an accu-
rate brace design, pad placement and ensures that each portion of the orthosis has a function. With the
advent of computer-assisted design, the orthotist is able to superimpose the x-ray into the scan
of the patient’s torso (Fig 9). The blueprinting steps and principles are then incorporated into the
modification process. By being systematic in the design, the clinician can better analyze the re-

sults with an in-brace x-ray. If the desired in - brace result is not obtained, the scanned tohr(slquqf
super- imposed x-ray can then be referenced to determine if the principles were appropriately
applied.

Relief opposite areas of force and Force couplers

These considerations insure that the trunk and or curves have somewhere to shift to in order to gain
suitable balance or corrections (Fig 10). To obtain proper balance and curve correction the patient must be
allowed to shift off of the transverse force application (pad) and into a void area. This is well demonstrated
in relief areas A and B in Figure 8. Equally important is the concept of force couplers to address the rotary
component of scoliosis. The application of corrective rotational forces is potentially more effective when

“force couples” are used. Thus, for every rotational force applied another force opposite the de-
sired center of rotation, in the same rotational direction, (both forces trying to achieve a clockwise
rotation for example) is applied to enhance the desired correction. Thus, as shown in Figure 8,

Fig 10 an anteriorly directed de-rotating force in the thoracic spine (Intrinsic Corrective Force A) is cou-
pled with a posteriorly directed force in the anterior abdomen (Intrinsic Corrective Force B). Areas of relief
(Intrinsic Relief A and B) are also present. These intrinsic force/relief areas are present globally within the
system.

Just as scoliosis is a triplanar deformity, the Boston System works in all three planes to achieve
balance. Figure 11 depicts a before and after posterior view where the intrinsic corrective force follows the
shape of the patient. Additional corrective forces (pads) are then added to the brace along with cut outs
(windows) to maximize area of relief. The force relief concept is consistent with Newton’s third
law that for every action there is an equal and opposite reaction. By creating strategically placed
forces and opposite reliefs in the orthosis there is a greater chance at reducing, stabilizing or cor-

recting the spinal deformity. Fig11
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Lumbar and Pelvic Tilt

Attention to Lumbar and Pelvic Tilt has been a basic principle since the inception of the Boston
Brace. As previously noted, there was initial criticism that a reduction of lumbar lordosis would lead to
the development of a thoracic lordosis, but this has been found to have no merit. Ideal sagittal alignment
of the lumbar spine and pelvis continues to be a source of discussion. Emans, in the most recent Boston
Brace manual,” cited Moe, who did not think that the module needed to be at zero degrees lordosis. The
pre-fabricated module was then changed to be 15 degrees and today with the custom made Boston the
sagittal profile is respected. The original thinking was that a flexed lumbar spine and pelvis allows for a bet-
ter grip on the pelvis and thereby a stable foundation for the orthosis. Currently more emphasis is placed
on sagittal balance as well as on the asymmetry of the internal aspect of the brace. On the effected side
(the left side for a lumbar curve) the lumbar pad acts to medially shift and de-rotate while a corresponding
relief is built into the right side.

Active and Passive Correction

The patient is taught to actively pull away from the corrective pads while in the orthosis to enhance
correction. Passive correction is a fundamental principle of any orthosis. The Boston Brace surface area is
kept to a minimum to allow normal motion of the trunk and spine outside the area of treatment.

Pad Pressure at the Apex and Below

Mathematical modeling dictates that the pad pressure should be at the apex and below.’® In the
thoracic spine this means pressure in the mid-axillary line at the apical rib and below. When blueprinting
the x-ray, pressure above the apex is transmitted to vertebrae that are angled in the opposite direction.

Team Approach

The team takes part in all aspects of the coordinated care of the patient.?®

WILMINGTON BRACE
The Wilmington Brace (Fig 12) was developed by G. Dean MacEwen, M.D. in 1969 at the
Alfred |. DuPont Institute with the intent to improve patient compliance by providing a less bulky

Fig 12

and more lightweight TLSO when compared to a Milwaukee Brace, which is a Cervical Thoracolum-
bar Sacral Orthosis (CTLSO).% %20 (The instruction manual is available on the SRS website at: SRS Bracing
Manual Section Six.)

It is a total contact orthosis that is fabricated from a cast taken of the patient in the best-corrected
position. This is accomplished with the patient in a supine position while longitudinal and transverse forces
are applied with the patient is on a Risser table using, a head halter and a pelvic halter. An AP x-ray is then
taken to confirm the curve reduction. Elongation of the spine with traction and a three-point pressure
system in the coronal plane accomplishes correction.? The forces, on the convex side of both the lumbar
and thoracic curves consist of medial and transverse (de-rotation) vectors at the apex of the curve(s). By
pushing directly on the patient’s torso and shifting the segment that is lateral to midline towards the center
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line and rotating it to a neutral position the segments are held in a corrected position. If satisfied with the
correction as seen on the x-ray, a custom-made TLSO is fabricated.
THE ROSENBERGER SCOLIOSIS ORTHOSIS

Richard Rosenberger developed his orthosis while at the University of Virginia.?? (Fig 13) A bivalve
impression is taken with the patient supine to capture an unloaded spine. While casting, a trans-
vers force is applied on the apex of the curve with counter forces applied to both the contralat-
eral pelvis and axilla. Unique to this style of bracing is the use of adjustable slings via moveable

straps (thoracic/lumbar). A traditional lumbar pad shape is used and if a thoracic pad is needed

it is placed to provide force at the rib corresponding to the apical vertebra and at least one rib below. The
mechanism of action is elongation of the spine (traction) and medially and de-rotational force vectors
acting on the convex side of the curves via additional padding added inside the orthosis at the level of the
apex of the curve and below. The dynamic action of the thoracic pad is unique to this design. The thoracic
pad is not static; a strap is positioned between the pad and internal section of the orthosis.?? The concept
is when the strap is tightened, the oblique vector (with a dorso-lateral to ventro-medial direction) will in-

crease.?

CHARLESTON BENDING BRACE

The Charleston Bending Brace is a nighttime only scoliosis orthosis. Frederick Reed and Ralph Hoop-
er developed it in 1979, for a patient who refused to wear a full time orthosis.?* (Fig 14) The orthosis relies
on overcorrecting the patient’s curve and unloading the vertebral end plates on the concave side S
of the curve thus potentially reducing any asymmetric bone growth. Taking advantage of the L
Heuter-Volkmann Law that states that growth is retarded by increased mechanical compression Fig 14
and accelerated by reduced loading in comparison with normal values?* to obtain this overcorrec-
tion, patients were originally casted supine while being maximally overcorrected (side bending). Today, a
standing scan of the patient may be taken and the overcorrection achieved in a CAD system. The Charles-
ton Bending Brace focuses mainly on the coronal plane deformity. The mechanism of action is a medially
directed vector on the convex side of the curve, at the apex and below, that is coupled with a medially
directed counter force on the concavity of the curve located above the apex to unbend the curve. Once the
model is modified an anterior opening TLSO is fabricated. The King classification system is used to assist
in the specific brace design.?> Because of the over-correction, it is recommended the brace be worn only
at nighttime (8 — 10 hours per day). The Charleston Manual can be found at: SRS Bracing Manual Section

Seven.

PROVIDENCE BRACE SCOLIOSIS SYSTEM

The Providence Brace is another nighttime only scoliosis orthosis. It was developed in
1992 by Charles d’Amto and Barry McCoy at the Children’s Hospital of Rhode Island.?® (Fig 15) The
Providence Brace Manual is available at: SRS Bracing Manual Section Eight.

Rather than overcorrect like the Charleston Bending Brace the Providence relies on medial
and oblique vectors® applied at the apical areas to bring the curve toward midline. A lumbar pad pro-
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Basics of Spinal Deformity Orthoses

vides the medial and de-rotational forces at the apex and below on the convex side of the lumbar curve. A
trochanteric extension, always on the contralateral side of the lumbar pad serves as a counter force. If a
thoraco-lumbar or thoracic curve exists, a thoracic pad provides an oblique vector.?* This enhances the vec-
tor by rotation from of the upper section of the orthosis. An upper thoracic extension is used as
a counter force on the concavity of the curve above the apex. Unlike other methods of casting or

scanning of the patient, the Providence uses a polycarbonate measuring board containing a series
of labeled horizontal and vertical holes (Fig 16). The patient is placed supine on the measuring
board and both corrective and stabilizing pads are strategically placed and adjusted to obtain as neutral a
position as possible. The orthosis is fabricated via CAD by combining both the patient’s measurements and
the positions (horizontal and vertical) of the corrective and stabilizing pad positions.

SPINECOR ORTHOSIS

The SpineCor orthosis is a dynamic tension based system developed by Charles Rivard and Christine
Coilard at Saint-Justine Hospital in Montreal, Quebec (Fig 17).”

This orthosis is custom fitted and relies on active corrective movements, rather than passive correc-
tion, to prevent the curve from progressing. The corrective movement is thought to improve spi-
nal alignment by influencing postural disorganization, unsynchronized spinal growth and muscular
dysfunction that can lead, according to the brace developers, to spinal deformation.? The orthosis

consists of a series of elastic straps and a bolero that attach to a flexible pelvic base. Originally

thigh and crotch straps were used to stabilize the pelvic base, today shorts similar to spandex bike shorts
are used. The fitting and adjusting techniques have proven not to be as easily repeatable as other systems.
These difficuties are reported in the literature by two different comparative studies.

TRIAC BRACE
The TriaC is another tension based dynamic scoliosis orthosis. Its name comes from the three C’s:
comfort, control and cosmesis (Fig 18). This orthosis, developed by Albert G. Veldhuizen and Gert Nijen-
banning, was reported in a prospective study by Gerben J. Bulthuis to be effective in preventing curve
progression.”® The orthosis is prefabricated and custom fit directly on the patient. It consists of two parts,
lumbar and thoracic. They are connected via a flexible coupling. This flexible coupling acts as a
cantilever that keeps the lumbar force and thoracic force pads in constant contact with the pa-

tient regardless of body position. The main mechanism of action for the lumbar partis a medially ;. ;¢

directed vector located on the convex side of the curve(s). The lumbar part is always located just

superior to the iliac crest and is coupled with a counter force created by tightening a strap over the contra-
lateral iliac fossa.®'® The thoracic part generates a resultant oblique vector directed dorso-lateral to ven-
tro-medial direction.?? It is located on the convex side at the apex. It is coupled with a higher thoracic pad
located above the apex on the concave side of the thoracic curve. Very few reports in the literature exist
on the TriaC orthosis. The orthosis has not been widely accepted. This may be due to fabrication and fitting
challenges resulting from a lack of familiarity with the component materials.
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Basics of Spinal Deformity Orthoses

CHENEAU BRACE
The Cheneau-Toulouse-Monster (CMT) orthosis, more commonly known as the Cheneau brace, was

developed by Jacques Cheneau in Toulouse France in the 1960’s. It is a custom fabricated anterior open-

ing thermoplastic TLSO that is made from a plaster impression and is fabricated asymmetrically.

(Fig 19) The orthosis consists of multiple three point passive force mechanisms working in three
dimensions to de-rotate the thorax and create an elongation and bending effect. Multiple oblique

Fig 19

vectors in a dorso-lateral to ventro-medial direction located at the apex of the curve on the convex

side are coupled with opposite oblique vectors to create force couplers.?! To facilitate this type of convex
to concave force transfer, there are large voids or open space areas opposite the pressure area. The active
mechanisms include in theory asymmetrically guided respiratory movements of the rib cage, a reposition-
ing of the spatial arrangement of the trunk muscles and an anti-gravitational effect.®2%3°

RIGO SYSTEM CHENEAU BRACE (RSCB)
The Rigo System Cheneau evolved from the original Cheneau orthosis. It too is an asymmetrical
anterior opening custom made device (Fig 20). It provides a more systematic approach with the specific
- design of the orthosis guided by a classification system. This classification includes clinical and
radiographic criteria (Fig 21).3* SRS terminology is incorporated along with balance/imbalance at
Fig20 the transitional point and L4-5 counter-tilting.** The clinical criteria are used to describe four basic
types: Type A —imbalanced thoracic; Type B — true double; Type C — balances thoracic and
false double; and E type — single lumbar or thoracolumbar. The radiograph is then used to further

refine the specific curve characteristics into nine sub-types.3! The biomechanical principles include = o
Fig 21

a three point pressure system in all planes. Lumbar and thoracic forces are incorporated into the
design and are enhanced at times with additional pads. Vectors are located at the apex of the curve on the
convex side providing a resultant oblique force in a dorso-lateral to ventro-medial direction.?>3° Counter
forces are built into the model with void areas to allow movement. Emphasis is on the de-rotational aspect
of curve correction. The sagittal profile is preserved and the posterior superior trim line is designed to help
prevent the morphological thoracic flat back. This orthosis is custom made either by cast or scan; it is mod-
ified by hand or CAD.®3? The classification system is crucial to the repeatability of this system.

LYON BRACE

The Lyon Brace (http://www.scoliosisjournal.com/content/6/1/4) was first developed by Stagnara,
Bouillat and Terrier in 1947.3* The traditional Lyon protocol consists of the patient wearing a corrective
plaster body cast for from one to four months, after which the brace is fabricated and fitted to the patient
(Fig 22). Today the brace is fabricated from a plaster impression of the patient taken while the

patient is supine on a Cotrel Frame (Fig 23). It is adjustable to accommodate growth up to seven
Fig22 centimeters. This anterior opening orthosis is symmetrical in design meaning there are intrinsi

force couples in action to create multiple three-point pressure systems in all planes. The
lumbar force is at the apex and below on the convex side of the curve creating a medially directed J
vector and is coupled with a void on the concave side to allow a truncal shift. The lower thoracic =~ Fig23
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pad creates an oblique vector with a dorso-lateral to ventro-medial vector. This too is located at the apex
of the curve on the convex side.”* Today, the blueprint is based on the Lenke classification system (14
designs) and a specific physical therapy program is recommended for twice a week while the patient is in
the cast and once a week while wearing the orthosis. Fabrication material made of Polymethacrylate is
preferred due to its rigidity. The theory is that the stiffness of the plastic stimulates the patient to
initiate an active axial auto correction decreasing the pressures from the areas of contact. Also

since the plastic is transparent, pressures can be monitored and direct control of the force vectors

Fig 24

and reliefs can be accomplished.®3* The Lyon Brace has continued to improve with the progress of
technology while adhering to fundamental biomechanical principles. The most recent advance of the Lyon
is the Lyon ART brace. It was developed as a result of improved CADCAM technology. It uses the comput-
er’s ability to merge several postures that are described as segmental molding (Fig 24).

SFORZESCO BRACE

The Sforzesco brace, part of the Symmetric, Patient-oriented, Rigid, Three-dimensional, ac- I
tive (SpoRT) family of devices, was developed in 2004 by Stefano Negrini and Gianfranco Marchini 8
in Milan, Italy.** (Fig 25) The full description of this orthosis is available as part of the Brace tech- Fig 25
nology thematic series at: http://www.scoliosisjournal.com/content/6/1/8 .

The orthosis, named in honor of the medieval Sforza family, was developed as a way to avoid casting

the most challenging presentations. It is a custom made from a cast or scan externally symmet-
rical (internally asymmetric) anterior opening orthosis. Intrinsic force couplers exist due to the ﬁ ﬂ
symmetrical design that acts to achieve balance. The lumbar and thoracic forces provide de-rota- M
tional and medially directed vectors that are located at the apex and below on the convex side of

the curve. The orthosis is unlined with lumbar and thoracic pads added to create and enhance force vec-
tors. Relief is built into the design; there are no open areas of relief present in many other systems.?3* The
orthosis consists of two pieces of polycarbonate material connected posteriorly with a single aluminum bar

(Fig 26).3*

DYNAMIC DEROTATION BRACE (DDB)

The dynamic derotation brace, designed in Greece in 1982, is custom-made from a standing cast or
scan modification of the Boston Brace (Fig 27). The full description is available at: http://www.
scoliosisjournal.com/content/5/1/20.%* The biomechanics and mechanism of action is equal to

the Boston Brace System. The unique feature is the addition of aluminum blades set to produce

Fig 27

de-rotation and anti-rotation effects on the thorax. The de-rotation blades are attached to the

posterior side of the orthosis and become active when the nonattached portion is placed below the op-
posite side. The de-rotation is accomplished though the continuous application of corrective forces at the
pressure areas.® By altering the angle of the blade the direction of action can be modified. This orthosis is
included here due to its unique features.
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PROGRESSIVE ACTION SHORT BRACE (PASB)

The Progressive Action Short Brace (PASB) was developed in 1976 by Lorenzo Aulisa at the
Institute of Orthopedics at the Catholic University of the Sacred Heart in Rome, Italy (Fig 28).%2% ‘7
The full description of the brace is available at: http://www.scoliosisjournal.com/content/7/1/6. n ‘
It is indicated for the non-operative treatment of lumbar and thoraco-lumbar scoliosis. Itis a Fig 28

custom -made from a plaster cast and is an anterior externally symmetrical internally asymmetrical
orthosis. The mechanism of action occurs during the casting procedure. The patient is placed in slight trac-
tion, while an oblique dorso-lateral to ventro-medial directed force at the apex of the curve on the convex
side is applied to the patient.

CONCLUSION
There is no shortage of orthotic designs and concepts as are evident by the series of devices listed
and described here. Many of the systems were developed in an attempt to improve adherence to specific

orthosis wearing protocols. Various monitoring devices are now available that use temperature, — m= —

mmy

pressure or a combination of both to provide objective data showing the actual hours of orthosis
wear.'> 143738395 Computer programs are available that produce patient friendly reports (Fig 29) Fig 29
that can be reviewed with the patient and family. They are tools that when used in a positive way

can celebrate success and work with the patients that are having a difficult time meeting set goals. By hav-
ing objective information, creative solutions can be developed specific to the patient’s needs.

One author describes scoliosis*® in 4 dimensions rather than three. The fourth being time. The SRS
and SOSORT are now recommending that all future studies on scoliosis involve a monitoring system that
will record wearing time and this needs to be reoprted.** Additionally orthotic system reports must meet
SRS standards of proven progression and indication guidelines before instituting treatment.

Computer Aided Design, Computer Aided Manufacturing (CADCAM) is becoming more common-
place in the orthotic prosthetic profession. Improvement in software and shape capturing devices (hand
held laser and or white light scanners or stationary scanner) allow the orthotist to capture the patient’s
quickly rather than having to use a plaster cast impression. The CADCAM software allows for the x-ray to

be imbedded or superimposed into the scan so modifications can be made directly to the CAD pa- QT

tient model (Fig 9). Overall balance, translation, derotation and forces can be built into the model.
Specific trim lines can also be added (Fig 30).*

Fig 30

Simulation software is currently being developed that will allow the clinical team to see the
results of the recommended brace design prior to fabrication.®* By combining the patients anterior-pos-
terior and lateral x-ray with their scan the software creates a virtual patient. The orthotist then designs the
orthosis according to the patient’s presentation and orthotic principles. Trim lines and strap placement are
added to establish force vectors. The simulation software then conducts a virtual fit. Predicted in brace
results along with a report showing skin pressure and brace installation can be determined. If changes need
to be made, to reduce pressure areas, improve balance or correction, they can be done prior to fitting the
orthosis and having to wait six to eight weeks to determine areas of pressure and overall alignment. Once
approved, the model is sent to the foam-carving machine and the fabrication proceedes.** Figure 31 depicts
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the process by which we can create a virtual patient and simulate the fitting of a virtual orthosis. g=7 &

g1

Making the patient part of the process from the beginning may enhance their experience and en- 7 " g

courage them to adhere to the program.
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Measurement, Fabrication and Fitting Principles
Man-sang Wong

The knowledge and understanding of scoliosis is an important prerequisite for orthotic treatment
and is necessary for appropriate prescription, design selection, and principles of force application. lItis
also the precursor to treatment implementation where concepts are applied and put into practice. Proper
implementation is critical to the success of the treatment plan and includes data acquisition and fabrica-
tion. The former is accomplished through measurements, conventional casting (impression of the patient’s
torso) or scanning of the torso using laser or white light technology. The latter is the actual making and
material selection of and for the orthosis. When fabrication is completed the orthosis is fit to the patient
and the trimlines, overall balance and proper position of force application/relief on the scoliosis curve are
assessed. This chapter will discuss the principles of measurement, fabrication and fitting of Cervico-Tho-
raco-Lumbo-Sacral Orthosis (CTLSO) and Thoraco-Lumbo-Sacral Orthosis (TLSO) for adolescent idiopathic
scoliosis.

ORTHOTIC TREATMENT FOR SPINAL DEFORMITIES

Scoliosis is a three-dimensional spinal deformity and the cause of most scoliotic curves is unknown
(idiopathic). Rogala et al. pointed out that idiopathic scoliosis can produce a truncal deformity, which
might progress throughout the rapid growth period of adolescence. In a child with a progressive spinal
deformity, if the curvature is detected early in adolescence while it is still of moderate magnitude, progres-
sion may be halted non-surgically with the use of a rigid spinal orthosis. Rigid spinal orthoses have been
demonstrated to be effective for the majority of cases of moderate adolescent idiopathic scoliosis, provid-
ing that treatment is begun early enough and the orthosis is worn compliantly, i.e., wearing the orthosis
23 hours a day and under properly applied controlling forces.”’® The orthoses have an accepted place in
the treatment of scoliosis. To obtain effective treatment, orthotists need to fabricate spinal orthoses that
provide an effective in-orthosis correction (within the patients’ acceptable tolerance) that can be achieved

when pressure pads are applied at proper pressure magnitudes, locations and directions.

TYPES OF SPINAL ORTHOSES

Two types of orthoses are typically used in the treatment of idiopathic scoliosis; the CTLSO and
TLSO. The CTLSO, has been prescribed for over 70 years and is considered the gold standard of treatment
for idiopathic scoliosis. Due to its design, it has been shown to be the most effective orthosis for manage-
ment of thoracic curves and is less restrictive around the chest and has more ventilation than other ortho-
ses. There are, however, issues with patient acceptance and compliance do to the aesthetic appearance
and inability to hide the neck ring component under clothing. With exception to the higher thoracic curves

and corresponding componentry used to address the specific deformity, the force application and compo-
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nents used to address thoracic, thoracolumbar and lumbar curves are similar to what is used in the lower
profile TLSO. Since this orthosis does not include a cervical component it is sometimes referred to as an
“underarm or low-profile” orthosis. Despite the variety of TLSO designs that exist today, many of the bio-
mechanical principles and design features are the same. For both designs it is necessary for the orthotist
to obtain the appropriate measurements, cast or scan and to be able to convert or use this information to
fabricate an orthosis that will effectively manage deformity and overall balance.

MEASUREMENT OF SPINAL ORTHOSES
The practice of taking measurements for CTLSO and TLSO designs is an important first step in the
success of orthotic fabrication. The orthotists toolkit should include, but is not limited to:

o Tape measure

. Medial-lateral measurement gauge (M-L gauge)
J Angle finder

o Goniometer

The tape measure can be used for length and circumference measurements while the M-L gauge
is effective for diameter measurements primarily taken in the coronal plane. The angle finder is useful for
guantifying sacral tilt and the goniometer can be used to measure lordosis and kyphosis. The acquisition of
measurements is beneficial and assists in the following manner:

o Confirm design and component location (e.g. pads, windows, extensions, trimlines, etc.)
J Guidance in the modification of the positive cast

J Removal of plaster material (changes to volume, force application)

J Addition of plaster material (build-up of bony prominences)

J Proper alignment of lordosis and kyphosis

Many forms exist today (Fig. 1) for recording measurements and it is the responsibility of
the orthotist to determine which is most useful. Forms with limited information are likely to raise
additional questions while exhaustive forms with an abundance of information become overly Fig1
burdensome and may be useless. At a minimum, circumferences and coronal diameters should
be taken at the anatomical levels of the greater trochanter/pubic symphysis, ASIS, waist, xiphoid, axilla and

neck (CTLSO). Linear measurements help to determine the overall length of the orthosis and should in-

clude:

J Pubic symphysis to waist

J Waist to Xiphoid to sternal notch

o Greater trochanter to waist to axilla

J Sacrococcygeal (SC) junction to waist to inferior angle of the scapula to spine of the scapula

140


http://exceedresearch.net/atlas/13/1.htm
http://exceedresearch.net/atlas/13/1.htm

. Xiphoid to the mandible (CTLSO)

CASTING METHOD

Apart from taking physical measurements of the trunk and corresponding body landmarks, the cast-
ing method plays an important role in capturing the three-dimensional anatomy and spinal deformity of
the patient. In the body casting procedure, appropriate manipulation is required to give preliminary control
of the deformity. A variety of casting methods exists around the world and may include different steps or a
sequence of steps performed in a different order. Regardless of the casting method, the overall process is
much the same and results in the acquisition of a three-dimensional cast of the patient. Described below is
the casting method used for a CTLSO and the specific steps taken to acquire the cast:

1. Place two layers of stockinette onto the patient’s body;
2. Locate a profile (rubber tube/ string) on the anterior aspect of the patient’s body and in between the
two layers of the stockinet for cast cutting and removal at the later stage;

3. Lead the patient to the casting horizontal bar, teaching him/her the proper position for casting with the
anterior pelvic tilt which can reduce the lumbar lordosis, arms resting on the horizontal bar;

4. Use an indelible pencil to mark the bony prominences by palpation; e.g. ASISs, PSISs, pubis symphysis,
xyphoid process; curve apex and other bond landmarks or pressure points;

5. Measure and record the dimensions between both ASISs;

6. Mark the reference point over the apex of the curve, xyphoid & inferior spine of the scapulae;
7. Wrap 5 layers of plaster bandage (15 cm width) from gluteal fold upwards to the level just be-
low the flowing ribs (Fig 2);

8. Prepare plaster strips (8 cm x 6 layers rolled into a rope) for pulling forward from behind just

above iliac crest and then straight down medially between both ASISs. First on the side of the con-

vexity of the lumbar curve then on the opposite side (for making an indentation for pelvic griping purpose);
9. Hold the rope until the bandages become hard;

10. Continue to apply bandages to the higher region up to scapulae level or higher depending on the level
of curvature;

11. Apply lateral three-point pressure at the lumbar curve apex or the corresponding rib of thoracic curve
apex and at the regions above and below (creation of counteracting pressure) for deformity control, and
wait until the plaster has cured and the cast become rigid;

12. Mark vertical reference points (3 points) outside of the cast shell posteriorly & laterally using a plumb-
line as reference;

13. Insert wire saw into the profile and use the locking pliers grip the ends of the wire saw and break both
ends of the profile and the plaster next to the tube before opening the cast or use a plaster cutter to cut
the plaster;

14. Remove the negative cast carefully;

Teach the patient to remove the inner layer of stockinette and clean his/her body with warm water and

towel.
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CAST RECTIFICATION

The process of cast rectification begins with the removal of the negative cast from the patient and
ends with modification of a positive cast of the patient’s torso in order to fabricate an orthosis that is cus-
tomized to that same patient. Similar to the casting method this is one of many ways to rectify the cast.
The steps for cast rectification include:

1. After removing the negative cast, reinforce the landmarks on the inner surface of the cast with an indeli-
ble pencil to ensure they will appear on the surface of the positive cast;

uuuuu

2. The opening of the negative cast is sealed with plaster bandages, and the bottom is closed on

Y
to the horizontal table. Triangular wooden blocks will be used to block up the negative cast until —;ﬂ n
the reference lines are vertical (markings from the plumb-line) (Fig 3); Fig3

3. Put plaster strips (4 layers) to the base of the negative cast to seal the end, and to put nearly set
plaster strips at the bases of the negative cast for reinforcing purpose (prevention of liquid plaster leakage
in cast filling);

4. Fill with plaster;

5. Insert a mandrel with flatten lower end before the liquid plaster sets;

6. Strip off the negative cast, redraw all landmarks again on the surface of the positive cast;

7. Use a try square to draw a vertical line on both sides extending from ASISs to distal edge of the
cast BB;

8. Lay the cast down; use the triangular wooden wedge block to position both ASISs in horizontal
position;

9. Draw a bottom line match up the vertical line with level markers or spirit level gauge;

10. Draw a parallel line above the bottom line (12-15mm for lean patient), (15-25mm for obese

patient) to indicate the outline to propose the intra-abdominal pressure area (from below xiphoid Fig5
12-15mm, ASISs to the bottom line of the cast) (Figs 4 & 5);
11. Use a surform file or wooden chisel to remove the excess plaster anteriorly from the costal

margin downward (no matter how far the abdomen protrudes, the depth of cut should not be
below the ASISs) (Figs 5 & 6); Fig6
12. Erect a vertical midline perpendicular to the line between the ASISs after flattening the apron
(it is parallel to the plumb-line but may not be on the same line if the patient has listing);

13. Cut the plaster away through the waistline to just the depth that will provide a symmetric &
comfortable fit on the soft tissues over the iliac crests (it must not be exaggerated on one side as Fig7
compared to the other side);

P -
14. Prone the cast over to the posterior side and build up for reduction of lumbar lordosis (Fig 7); ; 8 -
15. Remove the plaster away below the apical vertebrae according to the corresponding ribs; } B
16. Build up the cast the same amount as removed on the opposite side; Fig8

17. Remove the plaster away below the axilla to recreate a three-point pressure system (Fig 8);
18. Draw the trimlines after smoothing out the texture of cast — the anterior-distal line starts from the
pubic symphysis and then extend laterally along the inguinal folds (making butterfly shape) then projected
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and extend laterally and posteriorly to buttock where it permits a 4cm clearance while sitting at 900. Ante-
ro-proximally the line starts from the mid-line about 12mm below the jugular notch then extends laterally
to the axillary level, then going upward to the scapula level. A thoracic opening is required for chest expan-
sion and an apron is made at the base of the opening for applying pressure to the abdomen. Posteriorly a
25mm opening at the midline of brace is required. An opening will sometimes be made postero-laterally
opposite to the convexity of the curve for allowing spinal migration in the correcting process.

Upon completion of the cast modification for the CTLSO the next steps required to complete the
overall fabrication of the CTLSO includes the attachment of the pelvic interface to a single anterior bar and
two posterior paraspinal bars. The three bars connect superiorly to a neck ring and attached to the bars are
various components to address the scoliosis. A comprehensive description of the steps for fabricating the
CTLSO is beyond the scope of this chapter, but can be found by clicking on the following link: http://www.
oandplibrary.org/

FABRICATION OF A TLSO

Once the cast rectification process is complete the orthotist should now have a finished positive
mold/cast of the patient’s torso that is in the desired alignment with the appropriate build-ups for bony
prominences. Once this is complete, the fabrication of the orthosis can begin. Below is one method that
can be used for the fabrication of a TLSO. The steps include:

1. Fix two plastazote paddings (12mm in thickness) from iliac crest to ASISs onto the cast;
2. Put a layer of stockinet (25cm width) onto the cast;

3. Cut and heat a sheet of high temperature thermoplastics that best fulfills the orthotic prescription. For
this case, polyethylene (5mm in thickness) of appropriate size according to the trim line of the cast to 1800
C for 20 minutes (polyethylene putting on a layer of stockinette, which stretch and fixed on to a plywood
board of about 4mm in thickness);

4. Place the heated polyethylene together with the stockinet and plywood onto the cast (the soften poly-
ethylene is needed to be supported by the stockinet - preventing the elongation of soften polyethylene;

5. Nail one end of the polyethylene sheet to the plaster cast at the marked posterior opening;

6. Wrap the polyethylene sheet around the cast and then use a rope with a 5cm in diameter to wipe the
areas just above the iliac crests;

7. Nail the other end of the sheet to the cast and cut the excessive materials;

8. Use elastic bandages to wrap onto the plaster sheet in total conformability with the cast till cooling to
room temperature;

9. Take off the TLSO from the cast and cut according to the set trimline;
10. Fasten the 3-4 straps onto the TLSO for trial fitting (Fig 9).

Fig 9

TLSO Fitting
The final step in this process is the actual fitting of the orthosis to the patient. During this stage it is
important to establish clear expectations for both the patient and their family. The sequence of steps for
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the fitting process include:

1. Put the TLSO onto the patient’s body and tighten the straps;

2. Adjust the trimline of the TLSO if necessary;

3. Use a plumb-line to assess whether the trunk listing has been corrected;

4. Remove the orthosis after 10-20 minutes to assess the skin and determine if force application from the
orthosis is in the appropriate location;

5. Mark the straps so family knows how much to tighten the orthosis;

6. Drill holes for better ventilation after confirmation of proper fitting (after 2-3 weeks of adaptation period
and with X-ray confirmation);

Precaution in Fitting

J The pressure applied to control the curve should be adequate and tolerable.
J Antero-inferior trimline of the orthosis should allow the patient to have 85° of hip flexion.
J Anterior thoracic opening should be adequate to allow the patient to take a deep breath and

avoid excessive pressure on female patients’ breasts.

J The orthosis should be washed with mild soap and cold water daily.

J An undergarment should be worn for better ventilation and wicking of perspiration.

J The orthosis should be worn the prescribed amount.

] The straps are tightened in a specific order. Waist strap first, then the lower strap, then the

upper one with loosening and reapplying the middle strap with no pressure. The posterior
opening should be equal with parallel edges.

SUMMARY

The knowledge and understanding of scoliosis is essential and fundamental to anyone that is treat-
ing or managing patients with scoliosis. This will only go so far if, in this case, the orthotist is unable to
appropriately transfer and implement this into a workable treatment plan. Measurements, casting meth-
od, fabrication and fitting of an orthosis will likely determine how effective the orthosis will be at address-
ing the deformity. Finally, as dosage (daily wearing time in the orthosis) has become a primary factor in
changing the natural history of scoliosis the comfort and fit may play an even bigger role in compliance and
subsequent success in managing scoliosis. It is therefore important to consider the implications of data
acquisition, fabrication and fitting as a means to comfort and compliance when using a CTLSO or TLSO.

CAD/CAM METHOD

The clinical practice of the orthotic treatment for AlS as described above has some drawbacks.
Issues arise with conventional manufacturing of spinal orthoses such as measurements and casting of the
patient. Furthermore, cast rectification can be time consuming, result in high plaster consumption and re-
sult in relatively low accuracy and no data storage for future references.** The use of CAD/CAM in spinal
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orthotics is a reasonable alternative to conventional practices and results in time savings and standardiza-
tion of the fabrication process. This can lead to improvements in accuracy and allow P&O professionals to
spend more time on patient interactions such as education, training and counseling. A CAD/CAM system
generally consists of 3 units. The first unit is a digitizer/scanner that converts the 3-dimensional informa-
tion of the body or limbs (positive or negative cast) into the data file in digital format. The second unit

is the computer station that is used to receive a file, manipulate the image on the screen and allow P&O
professionals to design using a mouse to click and/or input data. The third unit is the mill (carver) which
receives a rectified file from the computer station and reproduces a 3-dimensional foam/plaster model in
which the contour in according to the directives of the rectified file.

Acquisition of CAD/CAM can be an expensive endeavor and should be investigated to determine
what system will best meet the needs of the orthotic/prosthetic facility. In some cases, the purchase of the
scanner alone is the most affordable pathway. In this scenario the orthotist will scan the patient’s torso,
but will send the data to an outside facility that has a carver in order rectify a 3-D model for fabrication of
the orthosis. For some, having the entire CAD/CAM (scanner and carver) operation on site offers a better
and more efficient solution.

Assessment of AIS and Fitting of Spinal Orthosis using 3D Clinical Ultrasound

AIS is described as structural deformity with lateral curvature and vertebral rotation of the spine
that happens in adolescence with unknown causes. The most commonly used parameter to measure
scoliotic curvature is the Cobb angle. Spinous process angle (SPA), which is another parameter proposed to
assess scoliotic curvature, is described as the accumulating angle formed by every two lines joining three
neighboring spinous processes of a scoliotic spine.?»* Some corresponding studies*?* were conducted
and a high correlation between the Cobb angle and SPA was obtained from both the pre-brace and in-brace
stages.

In routine clinical practice, the blueprint of orthotic treatment prescribed for patients with AIS is
mainly based on the patient’s Cobb angle, vertebral rotation and curve pattern. The Cobb angle measured
from the radiographs that are usually obtained at the pre-brace stage and regular clinical follow-up with a
4-month interval. However, no radiograph is usually taken in the fitting process of a spinal orthosis in con-
sideration of radiation exposure. Although radiography is a standard way to diagnose and evaluate curve
progression, over a lifetime of having radiographs, a scoliosis patient can be cumulatively exposed to high
doses of ionizing radiation.? In particular, radiography exposes sensitive breast tissues to ionizing radiation.
Females comprise about 80% of cases followed for scoliosis. The breast cancer rate has been reported
higher in females who have been followed for scoliosis.?

In the conventional fitting method of a spinal orthosis, trunk listing is generally used as an indicator
to check whether the orthosis is alleviating or worsening the deformity in the fitting process. However,
there is no evidence for a direct relationship between the trunk listing and the spinal curvature. Moreover,
to what extent the deformities can be controlled during the orthosis fitting is far from known with the exist-
ing arrangements and practice.

Many researchers demonstrated the possibility of using ultrasound to detect the spinous process-
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es.?%% Some studies®** investigated the possibility of using 3D clinical ultrasound (CUS) in the assessment
and fitting of spinal orthosis. Li et al.** tried to improve the effectiveness of orthotic treatment for the
patients with AIS using the 3D CUS method in which the optimal location of the pressure pad of the spinal
orthosis was determined with the assistance of ultrasound image analysis. By means of a 3D CUS meth-
od, the spinous process angle (SPA) could be traced and used as a clinical parameter to estimate the Cobb
angle in order to determine the location of pressure pad. The 3D CUS could be considered as an effective,
non-invasive and fast assessment method to scoliosis, especially for enhancing the effectiveness of orthotic
treatment. Its applications could also be further extended to other spinal deformities, however no studies
have shown the use of CUS in following orthotic management for scoliosis.

P&O professionals will practice in a more effective and efficient way with the support of the ad-
vanced technology. They should focus more on the client interface, outcome evaluations and team ap-
proach treatment with evidence-based practices. The demand from clients is growing and P&O profes-
sionals should well prepare themselves to have a critical thinking and problem-solving skills to face those
challenging clinical problem:s.
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Orthotic Management of Infantile Idiopathic Scoliosis
Tom F Novacheck

DEFINITION

Infantile idiopathic scoliosis (11S) is defined as scoliosis that is first diagnosed between birth and 3
years of age with no apparent cause. It fits within the spectrum of early onset scoliosis (EOS). The term
scoliosis is derived from the Greek word skolios (“twisted”) and refers to a sideward (right or left) curve
in the spine. Scoliosis is not a simple curve to one side but, in fact, is a more complex, three dimensional
deformity.

Harrenstein coined the term IIS in the 1930’s.? He related it to rickets, stating that the curve re-
sponded well to bracing. In 1951, in his preliminary report on IIS, James described the cases of 33 infants
three years of age or less with a structural left thoracic curve with no apparent etiology.? Most were boys.
He noted resolution of the scoliosis occasionally, but when it did progress it tended to progress to a very
serious deformity.

Increased understanding of the interrelationship between rapid spinal growth, development of
chest wall deformity, and pulmonary development prior to the age of five or six has led to the increased use
and popularity of the EOS terminology. By definition, idiopathic scoliosis occurs in the absence of a known
cause such as a neuromuscular diagnosis, spinal canal anomalies, congenital malformation, post-traumatic,
and infections. The diagnosis of IIS is therefore a diagnosis of exclusion made based on physical examina-
tion findings of trunk or shoulder asymmetry and x-rays. Unlike adolescent idiopathic scoliosis, there is a
greater preponderance of convex left curves. A 2013 study of two spinal deformity centers in Great Britain
reported a rate of 11.1 % neural axis abnormalities (two syrinxes, one Arnold-Chiari Type | malformation,
and five combined Arnold-Chiari malformation Type | and syrinx).® Similar rates of neural axis abnormality,
as determined by magnetic resonance imaging (MRI), are found in reviews by Pahys et al. (13%) and Martin
et al. (16%).** Clearly, an MRI scan of the central neural axis is necessary to confirm the diagnosis and rule
out other pathologies (e.g. neural axis or congenital vertebral anomalies). The question of when to do the
MRI was addressed by Martin, et al.> Because the need for neurosurgical intervention was relatively low
in their series (28%), they recommended that for younger patients with small curves (<30°) who do not
require orthopedic treatment, MRI under sedation can be delayed or avoided altogether if the child’s spinal
development is satisfactory with time and subsequent growth. Other investigators concur with this rec-
ommendation.*® Clinical judgment (e.g. younger, smaller Cobb angles, and not requiring orthopedic treat-
ment) can be exercised and MRI delayed when evaluating and treating patients with presumed IIS.

Two theories of the etiology have been proposed, but are unproven. Thus, this remains an idiopath-
ic condition by definition. The first theory is intra-uterine molding, which postulates that spinal alignment
is compromised in utero and that by the time of birth the spine is bent and could worsen with growth. The

second, a postnatal theory suggests that placing the infant on his/her back will lead to flattening of the
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skull and scoliosis. Genetic causes have been suggested but remain unproven. This last theory is of interest
because incidence studies suggest that more progressive curves occur in Europe than in the United States.

INCIDENCE
Infantile idiopathic scoliosis comprises about 1% of all idiopathic scoliosis in children. The propor-
tion of males is much higher than for adolescent onset scoliosis, and is as much as 60% males.

CLASSIFICATION

Infantile Idiopathic Scoliosis has two forms: progressive and resolving. Most cases resolve sponta-
neously, but the reported rates vary widely, ranging from 12% to 92%. Spontaneous resolution is more like-
ly in scoliosis that presents during the first few years of life than in scoliosis with a later presentation. Left
untreated, the prognosis for patients with curves that progress is invariably poor. Differentiating between
these two forms is therefore critical.

Radiographic predictors identified by Mehta can help the provider distinguish progressive from
resolving curves.” These predictors consist of a Cobb angle of < 20°, a rib-vertebra angle differ-
ence (RVAD) < 20°, and a phase 2 rib/vertebra relationship. The rib vertebra angle is measured at
the apical thoracic vertebra and is the angle between it and its rib on both sides (Fig 1). It is the

angle between a line drawn from the mid-point of the neck of the rib to the mid-point of the rib
head and a line drawn perpendicular to the upper or lower border of the vertebral body. Once the
rib-vertebra angle is measured for both ribs, the RVAD can be calculated as the difference between the two.
The larger the difference that exists between the angles, the poorer is the prognosis. Mehta found that
approximately 80% of curves with an initial RVAD > 20° were progressive.” Infantile curves that reach 30
degrees tend to continue to worsen without treatment.

The phase classification is the relationship between the apical rib head and the corresponding
vertebral body. When a rib head is in phase 1, the apical rib head on the convex side does not overlap the
apical vertebral body on an anterior-posterior (AP) radiograph. In phase 2, the apical rib head on
the convex side overlaps the upper corner of the apical vertebra (Fig 1). This finding indicates a

Fig 2 severe rotational component. Mehta found that all curves with ribs in phase 2 progressed. Others
have subsequently verified both of Mehta’s findings. In borderline cases, Mehta recommended
observing the curve for 3 months; if the RVAD improved, the curve was likely resolving even if the Cobb

angle increased (Fig 2).

NATURAL HISTORY

James noted that the earlier the onset, the worse the final curvature and, hence, the prognosis.?
The accuracy of his observation is well recognized in clinical practice and in the literature, as infantile and
juvenile progressive curves are among the most challenging problems in spinal deformity care. The most
serious implication of these spinal deformities is the effect on lung development and the subsequent im-
pact on life span.

Since almost 90% of infantile curves in the U.S. resolve spontaneously, observation is usually the
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first method of treatment for a young child with this spinal deformity. Some children will have a curvature
of their spine that is stable and unchanging, whereas other children will have a curve that demonstrates re-
lentless progression. Monitoring the child every four to six months radiographically will determine whether
the child’s curve can continue to be observed (i.e. no progression or spontaneous improvement). A twen-
ty-five year follow up study has demonstrated a normal quality of life in patients with non-progressive IIS.®
If a patient has a progressive curve, a different form of treatment will need to be instituted. Serial casting
can be used initially to partially correct the deformity and is a necessary precursor to augment orthotic
management. A cast can be thought of, as full-time bracing. Both providers and parents prefer sometimes
casting because it eliminates the issues of compliance and the difficulties of donning orthoses in young chil-
dren who may not be cooperative. Some investigators recommend serial casting as the definitive method
of management.?® The initiation of early serial casting treatment (prior to 18 months of age) for infants
who have smaller curve magnitudes (< 50°) is more successful and often leads to long-term sustained cor-
rection.’® In some cases, scoliosis resolves as a result of casting in children under two years of age. Patients
starting treatment at 18 months or later and with larger curves demonstrate less correction, however their
deformities can be maintained with minimal or no progression. Typically, the serial cast changes are per-
formed under anesthesia every two to three months with a minimum of five casts. Orthotic management
is needed after casting is completed. Older children demonstrating “recurrence” can be re-casted for a few
months followed by resumption of orthotic management. Casting can also be used to delay surgical inter-
vention.!! The technique of Mehta’s derotational casting has been well described.”*

An operation is sometimes necessary to address spinal deformity in the young child (Fig 3).

- 4
Mo
| \

or a very large curve at presentation that is not amenable to non-operative management. The Fig3

The decision to proceed with surgery is based primarily on progression despite bracing or casting

goal is to stop the progression of the curve while promoting future growth of the chest and spine.

Spinal fusion at young ages should be avoided if at all possible, as it stops spinal growth and is associated
with decreased pulmonary function and lower quality of life.’*'>!® Expandable surgical instrumentation
systems have been developed in an attempt to restore spinal alignment while permitting spine and chest
growth. Single or dual growing rods are inserted under the skin and attached to the spine above and below
the curve. The child returns about every six months for an outpatient procedure to have the rods length-
ened by approximately one centimeter to keep pace with and allow growth. Recently, magnetically driven
automatic distraction systems, Phenix (France, trademark of Arnaud Soubeiran, PhD) and MAGEC (Mag-
netic Expansion Control System, Ellipse Technologies, Inc., Irvine, CA), have been developed and avoid the
need for repeated trips to the operating room for manual lengthening. Surgeries without fusion, including
growing rods and the vertical expandable prosthetic titanium rib (VEPTR), are currently the mainstay of
treatment. Halo-femoral or halo-gravity traction may be used as an adjunct to spinal surgery prior to im-
plantation of growth rods or spinal fusion to improve flexibility for severe curves.”

It cannot be emphasized enough that the focus of management for IS is not only to maintain spinal
alignment, as in older patients, but also limit deformity to better insure normal growth, development and
respiratory function. This is dependent on three factors: alveolar development, chest growth, and spinal
growth. Alveolar multiplication is essentially completed by five to six years of age.'®!® Remaining lung
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volume development occurs in later childhood and is a result of alveolar growth (hypertrophy) rather then
alveolar multiplication. Thoracic volume is only about one third of the normal adult volume at six years

of age and at age ten, is 55% complete.?® The thoracic spine grows 1.4 cm per year until the age of five
years.?! The length of the spinal column (T1-S1) increases most dramatically in the first 5 years of life (2.2
cm/year), is slower during the next 5 years (1 cm/year), and increases again at onset of puberty (1.8 cm/
year). Achieving a T1-T12 length of at least 18 cm at maturity is associated with better pulmonary function.
Thoracic insufficiency syndrome (TIS) occurs if thoracic development and lung growth is inadequate to sup-
port normal respiration. In this case long term outcome and focus of treatment shifts from the spine alone
to the spine, chest wall, and lungs. If the spine and chest wall are not developing and growing well, then
treatment is required with the goals of a well-aligned spine and a thoracic cavity sufficiently developed to
support adequate pulmonary development and function.

ROLE OF ORTHOTIC TREATMENT

A recent review by the Growing Spine Committee of the Scoliosis Research Society stated that
“bracing does not appear to be effective in the management of EOS, and the role of bracing is limited to
post-casting or postsurgical maintenance of correction”.?> However, in the case of a non-resolving curve,
orthotic management may be considered to maintain the results of casting or slow the inevitable progres-
sion of scoliosis.?® In these circumstances, orthotic management can allow the child to attain sufficient
growth before definitive surgery is performed. Orthoses are to be worn full-time and removed only for
bathing and hygiene. Bracing can be performed after cast treatment to maintain the results of casting.
Postoperative bracing indications vary but may be recommended if either bone quality is poor or compli-
ance with postoperative restrictions is a concern.

Indications for bracing in IIS are essentially restricted to bracing after serial cast treatment, infants
who do not tolerate casting, those with co-morbidities (e.g. gastro-esophageal reflux, severe eczema, or
severe sleep apnea), or if casting is simply not available. Full-time orthotic treatment of progressive or per-
sistent IS may then be appropriate. If this treatment is undertaken in infancy, great care should be taken to
not apply pressure over the thorax, except as a part of a derotation maneuver and to allow adequate room
for expansion of the thorax.

If scoliosis is progressing and/or proving difficult to manage, and if advanced imaging has not been
done to rule out syringomyelia, Chiari malformation, or a tethered spinal cord, imaging should be consid-
ered along with the orthotic or cast treatment. Surgical treatment of the Chiari malformation, syringomy-
elia, or tethered cord often results in improvement in the associated spinal deformity if performed early
enough prior to the development of a secondary structural spinal deformity. A trial of observation follow-
ing treatment of the neuraxis abnormality is therefore appropriate.?® If the excessive kyphosis or scoliosis
greater than 20° persists, treatment of the spinal deformity is indicated.

Contraindications to bracing include some curve location, large curves, associated thoracic lordosis,
advanced chest deformity, and some medical and psychological conditions. Significant chest deformity
often accompanies more severe curves and may be a contraindication to bracing. Continued orthotic treat-
ment may worsen the chest deformity while seemingly stabilizing the spine deformity. The more severe

152



the chest wall deformity, the more likely the patient will present, at the end of surgical treatment, with a
functionally significant thoracic deformity and increased risk of respiratory insufficiency as an adult. Some
associated medical conditions are also contraindications to bracing:

J Severe gastro-esophageal reflux may be exacerbated by abdominal pressure from an ortho
sis

J Failure to thrive or anorexia nervosa may be aggravated by a constrictive orthosis

J Severe asthma (in particular periods of exacerbation)

J Difficulties with temperature regulation

. Severe eczema or other skin conditions

Other issues to consider include:

J Warm climates

J Adverse psychological reactions

] Family ambivalence

o Limited medical team experience with orthotic management

Deciding when to switch to surgical treatment from orthotic management is a challenging question.
A large thoracic curve stabilized by an orthosis, with minimal chest deformity may continue to be man-
aged orthotically in anticipation of eventual definitive fusion. In contrast, if a moderate thoracic curve is
associated with a severe or progressive chest deformity, orthotic treatment should be abandoned in favor
of growing rods, or if old enough, definitive fusion. Orthotic treatment should be stopped and surgical
treatment instituted before chest deformity becomes irrevocable or severe. A web-based survey of the
members of the Pediatric Orthopaedic Society of North America showed that non-operative management
was the preferred treatment option in the very young (e.g. 2 year-old). Conversely, two-thirds of surgeons
would recommend initial surgical management of a 5-year-old child with a large idiopathic curve.*

DISEASE SPECIFIC ASPECTS

Spinal deformity surgeons have less agreement as to the best way to treat infantile or early-onset
scoliosis than scoliosis of later onset. As described above the options are many including bracing, casting,
halo-gravity traction, fusionless spine techniques, definitive fusion, and chest wall devices. Current tech-
niques of casting (advocated by Mehta and Dubousset) and the use of halo-gravity traction for the more se-
vere cases have regained popularity and play an important role in the treatment of challenging cases.'? In a
review of fifty-five patients with progressive 1S, Sanders et al. found that all but 6 patients responded to se-
rial cast correction using the Cotrel derotation technique.® Children with IS respond better than those with
a non-idiopathic diagnosis. Initiation of cast treatment at a younger age and a moderate curve size (<60
degrees) had a better prognosis. Serial cast treatment for infantile scoliosis often results in full correction
in infants with idiopathic curves less than 60 degrees if started before 20 months of age. Cast correction for
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older patients with larger curves or a non-idiopathic diagnosis may frequently result in curve improvement
along with improvement in chest and body shape. In many cases, bracing will not be effective and growing
rod surgery will be appropriate. Serial casts may be an effective intermediate method of treatment.®

ALIGNMENT AND FORCE APPLICATION

A variety of orthotic designs are available. Orthoses may need to be replaced as frequently as 6-12
months prior to three years of age due to rapid growth. Since infants and toddlers have large abdomens,
extra room for the abdomen is needed to avoid excessive pressure. In addition, the body habitus is more
cylindrical compared to juveniles and adolescents. These two factors make proper pelvic molding difficult.
Making the orthosis sufficiently flexible for donning and doffing is more challenging than for older children.
The young child’s inability to cooperate during molding for the orthosis can make molding challenging.
Molding under anesthesia is a consideration. Young children have more pliable ribs, therefore care must be
taken to modify or reduce the three-point pressure as the apical ribs can deform the chest wall by pushing
the ribs toward the spine.?® As a result, the orthosis functions predominantly to stabilize a deformity rather
than reverse it. Bracing is less likely than casting to permanently correct a deformity in a patient with IIS.
Nevertheless, bracing plays an important role in delaying the need for surgery.

Manuals and technical details for most North American bracing systems are available online at the
Scoliosis Research Society http://www.srs.org/professionals/online-education-and-resources/srs-brac-
ing-manual.?’

Common principles espoused by all systems include the recognition that idiopathic scoliosis is a
three-dimensional deformity and that correction should be sought in all three planes by forces applied in all
three dimensions. Orthosis construction should be planned in all dimensions using the following consider-

ations:

J Control coronal deformity using lateral pressure

] Control rotational deformity by rotational pressure on both the front and back of the thorax

J Wherever possible, couple derotation forces. For example, derotation of a typical right tho
racic curve will include posterior to anterior pressure on the right posterior rib hump and
anterior to posterior pressure on the left anterior rib prominence (e.g. avoiding excessive
pressure as previously described to avoid creating/worsening chest wall deformity)

J Take care to avoid worsening sagittal malalignment. In some cases, it may be improved.
Include an area of relief, void, or window in the orthosis opposite the applied force, to both
enhance the asymmetry of the force and provide an area into which the spine and trunk
may shift as it moves toward a corrected position

J Avoid unnecessary constriction, particularly of the chest

When in-orthosis correction is less than anticipated, a careful reassessment of the orthosis and
plan for new orthosis construction should be considered. The typical goal of 50% correction in the orthosis
that is anticipated in older children should not be applied in IIS due to all of the issues listed above. Brac-
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ing should begin with full-time wear, and then switch to part-time if the curve is controlled. If the curve
as measured out of the orthosis is reduced to approximately 15 degrees or less or the RVAD reduces to
less than zero, part-time use can be instituted with close observation. In the preadolescent growth phase,
many patients will need to shift back to full-time use.

A team approach to management of spine deformity with bracing is sought at most pediatric defor-
mity centers and is related to successful orthotic management. Typically, the “team” includes a physician,
an orthotist, a physical therapist, and a nurse or other coordinator. The family and patient should also be
viewed as part of the team. Broadly stated goals for IIS patients include achieving maximum spine growth
and length, maximum spine flexibility, optimal respiratory function and lung growth, and a minimum of
hospitalizations and procedures.

ACTIVITIES WITH ORTHOTIC USE

With either casting or orthotic care, children with IIS can function in an age appropriate fashion
since children at these ages are dependent on their parents for all activities of daily living (ADL) anyway.
Sitting, crawling, rolling, pulling to a stand, standing, and walking are all possible and essentially unimpeded
by external supports.

EVIDENCE BASED REVIEW

The emerging high quality evidence of efficacy in adolescent idiopathic scoliosis is not matched by
reports for IIS partly because it is much less common and less uniform in regard to natural history. Defining
success depends on defining goals of intervention. Is the goal complete correction, prevention of worse
deformity, or slowing of progressive deformity, acknowledging that surgery will eventually be needed?
Success is clearly linked to experience, as fabrication of an orthosis for small children is inevitably more
challenging than for older individuals.

In a retrospective study of the treatment of patients with IIS, 31 consecutive patients (average age,
25 months) with a primary diagnosis of IIS were reviewed. Treatment modalities included orthotic manage-
ment, serial casting, or VEPTR. Of the 31 patients, 17 were treated with an orthosis, 9 of whom had curve
progression and subsequently received other treatments. Of the 8 patients who responded to orthotic
treatment, overall improvement was 51.2%.®

Mehta’s casting series reported in 2005 is a landmark paper.® Her study included patients up to 48
months in age. Ninety-four of 136 patients were treated early (average age one year and 7 months) with
resolution of the scoliosis by 3.5 years of age. The series of casts were discontinued when the trunk was
balanced, the curve corrected, and apical rotation resolved. Patients were then transitioned to a TLSO. If
the deformity remained corrected after 6 months, the orthosis was weaned and discontinued. Results
were maintained for a ten-year follow-up. Children who presented later with larger curves typically pro-
gressed and required operative treatment. Her experience is relevant to orthotic treatment of early onset
curves as it shows convincingly that with growth and appropriate application of external pressure, the
deformed growing spine can be improved. This experience clearly shows that the deformed growing spine
can be guided through growth not just with stabilization of deformity but also with actual long-term im-

155



provement in deformity, and that complete correction may be possible if the early infantile growth rate is
harnessed to result in curve correction. The obvious advantage of casting includes full time use without the
need for adherence to orthosis regimens.

Experience with orthotic treatment alone for IIS is sparsely reported.?*3* McMaster and Macnicole
documented Milwaukee brace treatment in 27 children with infantile idiopathic scoliosis, of whom only five
did not require surgery during adolescence.** Most authors agree that if orthotic management in isola-
tion is effective then it probably was not needed at all and the curve would have spontaneously improved
without it. The role for orthotic management in IIS may be limited to maintaining alignment until definitive
surgical management, maintenance of correction obtained with casting, and postsurgical protection of im-
plants.

CHOICE OF ORTHOSIS/DESIGN SELECTION

A major concern with orthotic management for IIS is the potential for irrevocable harm to the grow-
ing thorax. The ribs are pliable and subject to deformity if pressure is applied inappropriately or continued
too long despite worsening thoracic deformity. However, orthotic treatment is a useful adjunct to cast
treatment of infantile idiopathic scoliosis despite the lack of high quality evidence in the literature. The
availability of modern growth-oriented surgical treatments for spinal deformity such as expandable spinal
rods or VEPTR should lower the threshold for discontinuance of orthotic treatment and initiation of surgery
to a point before spine or chest deformity become too severe. Severe, permanent chest wall deformity
can result from prolonged inappropriate orthosis use.?* Casting and/or orthotic treatment can be useful to
delay surgical intervention to decrease the number of operative interventions to lengthen the growing rod
system and to allow satisfactory growth to a size where the child and his/her skeletal structure is satisfacto-
ry for the placement of the spinal implants.

Success rates for the available types of orthoses are apparently similar. The Kallabis (often
misspelled in the literature) brace has several straps that are applied over the shoulder and bend

the child in the opposite direction of the curve (Fig 4). The original English translation of the work
of Manfred Kallabis was in 1965.%> The modern applications of the principles of the Kallabis brace are:

J Three-point pressure

J Used for children too young or small to fit with a CTLSO, usually < 12-18 months old

. Custom molded pelvic section (like other TLSO’s and CTLSQ’s)

J Straps attaching a thoracic pad over the apex of the curve

J Straps attaching to a shoulder ring on the opposite sided, and

J Stability provided by attaching the shoulder ring to the pelvic section with a vertical bar.

The Wilmington brace is a custom-molded TLSO that has molds to push and correct the curve. The
Boston brace is similar, but uses pads inside the orthosis to push the curve. The Milwaukee brace, one of
the first orthoses developed for scoliosis treatment, is less popular for adolescent idiopathic scoliosis due
to its design (neck-ring). However, a cervical-thoracic-lumbosacral orthosis (CTLSO) is favored over a TLSO
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for IIS as it has less circumferential pressure on the rib cage and allow chest expansion as these children at
young ages are growing and developing rapidly (Fig 5). Head tilt and higher thoracic curves can be
controlled more effectively with a CTLSO. A custom fabricated parietal pad and/or shoulder ring

can also be beneficial additions to a CTLSO.?® Pad placement is similar to that previously described
for adolescent orthotic prescription. Padding the neck ring is also a consideration for small chil-
dren to avoid pressure. Younger children accept the CTLSO better than do adolescents.

FOLLOW-UP VISITS

Initial follow-up is early, perhaps several times in the first few weeks with the orthotist. First fol-
low-up with the MD should be 6 — 8 weeks after the fitting of the orthosis to assess the fit and efficacy with
x-rays. More frequent follow-up than for juveniles and adolescents is required due to the more rapid rate
of growth, typically every 3 months up to age three and every four to six months after that.

POST-OPERATIVE CONSIDERATIONS

Is there a role for orthotic care in the post-operative period? Postoperative bracing is typically used
after placement of growth rods until spinal fixation points have stabilized, typically about three months. Af-
ter that, most surgeons do not use orthoses for their patients. Additional considerations for postoperative
orthotic use include poor bone quality or if compliance with postoperative restrictions is a concern.

SUMMARY

This chapter has emphasized the unique aspects of Infantile Idiopathic Scoliosis when compared to
Adolescent Idiopathic Scoliosis in diagnostic evaluation, natural history and treatment considerations. Nei-
ther one has an explanation of causation and is therefore are called idiopathic but that is where any similar-
ities ends. The importance of understanding these differences is of paramount importance.
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Natural History of Adolescent Idiopathic Scoliosis
Eiman Shafa, John E Lonstein

INTRODUCTION

Scoliosis, which has been clinically recognized for centuries, can be defined as a lateral curvature of
the spine. The condition however is more accurately defined as a complex three-dimensional spinal defor-
mity. Spinal curves of less than 10 degrees of coronal angulation as measured radiographically by the Cobb
technique are defined as spinal asymmetry while those of greater magnitude are scoliosis.*

Scoliosis can be categorized based on etiology. Idiopathic scoliosis is the most common and most
studied form of spinal deformity in the young patient. The diagnosis of idiopathic scoliosis is made in the
absence of all other possible causes including congenital, functional, inflammatory, traumatic, infectious,
secondary due to pathologic or intra-spinal lesion, and neuromuscular. James popularized the classification
of idiopathic scoliosis by age at onset as infantile (birth to < 3 years old) (1IS), juvenile (3 years to <10 years
old)(JIS), and adolescent (10 years old to skeletal maturity)(AlS).? These age intervals represent distinct
peak periods of spinal deformity, each with a unique natural history. Though this classification system is
widely used, it is undoubtedly difficult to determine the precise onset of scoliosis leading likely to overlap
among the groups.?

This chapter aims to review the prevalence and natural history of adolescent idiopathic scoliosis.
This information is invaluable in diagnosing the condition and discussing treatment options with patients
and their families as all treatments must be aimed toward changing the natural history of the condition in a

positive manner.

ADOLESCENT IDIOPATHIC SCOLIOSIS

Adolescent idiopathic scoliosis, also known as late-onset scoliosis, is a condition of unclear patho-
genesis. It likely represents a systemic condition of complex heterogeneous genetic etiology with multiple
potential dependent or independent factors.>* The condition can be diagnosed clinically, and confirmed
and further described radiographically.

The prevalence and natural history of AIS is now well characterized and understood. The result
of school screening programs has shown the prevalence of this condition ranging broadly from 0.3% to
15.3%.>'* The wide range in the reported epidemiologic data likely represents variations in populations
studied, detection methods, and how scoliosis is defined. Curves greater than 10 degrees of coronal plane
curvature have a prevalence of 1.5-3.0%.>*! Larger curves, meaning those that require treatment or closer
observation are much less common. Curves, which are greater than 20 degrees, are reported to have a
prevalence of 0.3-0.5% and those greater than 30 degrees comprise 0.2-0.3% of the population.>*!

Treatment of AIS remains a complex challenge for the orthopaedic surgeon and depends on a

thorough understanding of its natural history allowing the clinician to make appropriate intervention in the
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form of observation, orthotic management, or surgery. Precise timing of treatment plays an essential role
in effectively changing the natural history and prognosis of the condition. The timing of treatment relies
on an understanding of when a given curve in a given patient will likely progress. Thus, early diagnosis and
assessment of risk factors for curve progression are key components in clinical decision-making.

Early long-term natural history studies of idiopathic scoliosis were poorly designed, as they includ-
ed a heterogeneous mix of neuromuscular, congenital, infantile, and juvenile etiologies with adolescent
idiopathic type. These studies depicted a dismal prognosis leading to a generalized misunderstanding that
idiopathic scoliosis would lead to eventual disability from back pain, cardiopulmonary compromise, psychi-
atric disturbance, and increased overall mortality.*>*®

Nilsonne and Lundgren'? presented their findings in a minimum 45-year follow-up study of 113
patients diagnosed with idiopathic scoliosis between 1913 and 1918. They traced 90% of the patients who
were identified as idiopathic type by the exclusion of paralytic and congenital cases. No radiographic data
was reported; thus the etiology of spinal deformity was not well defined. They found that 45% of patients
had died, with a mortality rate particularly high after age 45 and 2.2 times that of the general population
at the time. This was a figure similar to that reported by Ascani et al.** Most deaths were attributed to
cardiopulmonary disease. Ninety percent of surviving patients had back symptoms and 30% were disabled.
Of the female patients, 76% had never married. As no radiographic data and age of first detection is avail-
able in these studies, they are probably a combination of IIS, JIS and AIS cases.

In the same year in a peer-reviewed journal, Nachemson® reported a 38-year follow-up of 130
untreated patients with scoliosis diagnosed between 1927 and 1936 at age 0 to 30 years. They too found
a mortality rate twice that of the general population. When analyzing only patients with thoracic curves,
the mortality rate was 4 times that of the general population. In this author’s series, 37% had constant
back pain, 14% had cardiopulmonary symptoms, 37% were disabled due to their deformity, and none were
involved in occupations requiring heavy labor. In this study, only 59 patients (45%) had idiopathic scoliosis,
the remainder included congenital, paralytic, as well as secondary to tuberculosis and neurofibromatosis.
Phersson et al.” reassessed this data, analyzing by etiology of spinal deformity. The average age of death
was 54 years and of the 55 patients who had died, 26 were due to respiratory failure and 17 were due
to cardiovascular etiology. They confirmed an increased mortality rate in untreated scoliosis if all causes
are considered. This included both infantile and juvenile scoliosis but not adolescent idiopathic scoliosis.
Though these studies are primarily of historical interest only, they do help highlight the differences in the
prognosis and natural history of various spinal deformity conditions.

In the case of AlS, it is helpful to divide the natural history of the condition into pre- and post-skele-
tal maturity. Study of skeletally immature AIS patients helps us better understand the prevalence and risk
factors for curve progression and response to treatment such as orthotic management. Study of skeletally
mature patients with AIS allows us to assess clinical and radiographic long-term outcomes. The natural
history of the condition is best depicted in the untreated patient population.

NATURAL HISTORY DURING PRE-SKELETAL MATURITY
Factors related to curve progression are divided into those determined by growth potential and
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those determined by curve characteristics. Curve progression is best assessed radiographically and defined
as greater than 5 degrees over 6 months or greater than 10 degrees from the time of initial presentation
while under observation. The growth potential of a preadolescent can be predicted by the assessment of
secondary sex characteristics, history of menarche in females, and radiographic findings such as the Risser
sign, status of the triradiate cartilage, Tanner-Whitehouse Il score, digital skeletal age, and the Sauvegrain
method!*!20 [See chapter 4].

Progression of AlS is closely related to rapid growth and as such, the skeletally immature child with
AIS is at particular risk for a progressive deformity due to the remaining pubertal growth spurt
and duration of skeletal growth.?! Reported progression rates in the literature vary widely from

5.2-40% (Table 1).*® Though this relationship is now well documented, it was first elucidated by
Table 1

Duval-Beaupere in 1971.* She studied 560 female patients with scoliosis (500 post-polio and 60
idiopathic) to assess growth and deformity progression and compared this cohort with 53 sex and age-
match females without scoliosis. In all subjects she observed steady increase in growth until a point she
called P when there was accelerated growth. This growth increase plateaued after the child reached a
second point she called R. Point P marks the onset of the pubertal growth spurt, while point R is the end of
spinal growth. In regard to markers of maturity, point P occurs with the onset of secondary sex characteris-
tics, (Tanner stage 2) and point R coincides with Risser 4. Risser 4 indicates end of growth in females, while
Risser 5 indicates the cessation of height increase in males.*?%2*

In females, point P occurs during physical markers of maturation and secondary sex characteristics
consistent with Tanner stage 2 with development of breast buds and pubic hair around the chronologi-
cal age of 10-12 years. The growth spurt lasts for 2.5-3 years with the point of maximum growth velocity
occurring 1 year after the onset. Menarche, and axillary hair growth occur 1.5-2 years after the growth
spurt onset.?! In males, pubic hair develops before point P or the onset of the pubertal growth spurt that
occurs during Tanner stage 2 or 3. This coincides with a chronologic age of 11-16 years. Peak height veloc-
ity occurs at an average age of 14 years only after which axillary and facial hair growth can be appreciated.
The growth spurt in boys lasts for between 3.5 and 4 years and is hence significantly longer than in girls. It
is important to recognize that these chronological ages are defined in the Caucasian population and cannot
be extrapolated to patients of other races.

Curve magnitude is also a key role in deformity progression. Lonstein and Carlson®® assessed curve
magnitude and skeletal maturity, defined radiographically by the Risser sign, to determine rates of curve
progression. They found that for curves of less that 19° in an adolescent of Risser 2 or greater, the risk for

progression was 1.6%. However, in skeletally immature adolescents of Risser 0 or 1 with the same
curve magnitude, progression risk was increased to 22%. In larger curves of 20-29° and Risser 2 or
Table 2 8reater, risk of progression was also 22%, while in patients with Risser 0 or 1 with the same large
- curve the risk increased to 68% (Table 2). In this series, 32% of patients with progressive curves
and 68% of those with non-progressive curves had reached menarche at initial evaluation.

The patient’s sex has been suggested to be a risk factor for deformity progression, in multiple stud-
ies. According to scoliosis school-screening studies®>'! an approximately equal sex ratio exists; yet curves
requiring treatment are largely in female patients. Unfortunately, all large series publications have too few
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males to definitively proclaim a different incidence of progression between males and females, however
some trends have been established. Contributing to this disparity may be the fact that males have a longer
growth spurt and grow until the complete fusion of the iliac apophysis (Risser 5).2% %

In 1985, Bunnell* published a retrospective review of 326 female patients with untreated idiopathic
scoliosis (age range 10.5-15.6 years old) and reported on various prognostic factors for curve progression.
Prognostic factors for curve progression included age at diagnosis, sex, curve pattern, curve severity or
magnitude, history of menarche, and the Risser sign. Factors not related to prognosis of curve progression
included family history, height-weight ratio, lumbosacral transitional abnormality, thoracic kyphosis and
lumbar lordosis, and overall coronal balance. He also highlighted the value of screening programs showing
that patients seeking care due to a noted deformity by a lay person averaged 44° curves at diagnosis while
those noted by trained observers were identified early at as little as 5°-10°.

Soucacos et al.’*! performed a 5-year prospective study of 85,622 children through a school scolio-
sis-screening program in a Greek population looking for any risk factors associated with curve progression.
In total, 1,436 children (1.7%; 2.6% of girls, 0.9% of boys) met criteria for progression, 839 of these pa-
tients were assessed with follow-up examination. Their data (mean follow-up of 3.2 years; range 1-4 years)
showed 18% of curves remained stable while curve progression occurred in 14.7%, the majority of which
were only small progression of 4-9°. In total, 27.4% of curves improved at least 5 degrees, where 9.4%
resolved fully. The remaining 40% had insignificant changes. Risk factors included age, curve magnitude
>30°, skeletal maturity, curve pattern, and female gender. Though females progressed more commonly,
this did not hold true for a progression over 10°. Left thoracic curves and all thoracolumbar curves had a
high percentage of curve improvement. No left-sided curves showed progression during this study. Dou-
ble curves progressed the most followed by right thoracic, then lumbar, then thoracolumbar curves. Both
males and females demonstrated a small but notable incidence of progression during the pubertal growth
spurt. In stable or improved curves, 52.3% of females presented post-menarche while this population only
accounted for 35.6% of progressing curves.

Multiple novel radiographic methods have been proposed for predicting AlIS curve progression.

In 1983, De Smet et al.* in a small sample of 12 patients, proposed a “top view” for analysis of scoliosis
curves and in the following year reported on analysis of 31 females with right thoracic curve AlS in an effort
to assess the relationship between degree of scoliosis and the degree of kyphosis, maximal curvature, and
apical vertebral displacement. They found a positive correlation for scoliosis with a maximal curve and
apical displacement but not with kyphosis.?® Kohashi et al., reporting on 51 patients collected prospec-
tively, and found four factors correlated with curve progression using the top view analysis. These included
relation of frontal and sagittal size, magnitude and direction of maximum curvature plane in thoracic and
lumbar regions, and balance between thoracic and lumbar curves.?’

More recently, Sanders et al. devised a simplified skeletal maturity scoring system and demonstrat-
ed its reliability.?® [See Chapter 4] They found that the Tanner-Whitehouse Ill (radius, ulna, and selected
metacarpals (RUS)) method of skeletal maturity assessment was closely related to curve progression behav-
ior and was highly useful in identifying the curve acceleration phase in early adolescence. Given the low
correlation of radius and ulna of the RUS growth centers with curve behavior, the scoring system focuses on
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a digital skeletal age with a modest learning curve. Assuming a threshold of >50° for surgical indications,
they proposed a logistic projection of probability in Lenke 1 and 3 type AIS curves.

Other reported risk factors have also been suggested in the literature. Hung et al.?® in their study of
324 Chinese adolescent females with AlS, found a high prevalence of osteopenia at both the femoral neck
and spine (23.1% and 27.5%, respectively) in this population compared to an age matched non-AlIS cohort
(17% and 17.7%, respectively). They also found differences in progressive versus stable curves, noting
younger age, lower Z-score bone mineral density of the spine and both femoral necks, and a later onset
of menarche. They report a curve progression odds ratio of 2.3 in patients with osteopenia in the femoral
neck ipsilateral to curve concavity. To better understand the role of paraspinal muscles in periods of curve
progression and non-progression, Cheung et al.?° performed an electromyography (EMG) study. He found
not only a correlation between growth velocity and enhanced EMG activity, but also noted a high EMG ratio
associated with axial rotation and diminished kyphosis just prior to periods of rapid increase in Cobb angle.

Great effort has been put towards better understanding of the genetic basis of scoliosis, which is
believed to be of primary importance in both development and progression of scoliotic spinal deformity.?

A saliva-based DNA test, called ScoliScore (DePuy Synthes, Inc.), is available and has a potential prognostic
utility in managing AIS. The test uses an algorithm to predict curve progression incorporating genotypes for
53 single nucleotide polymorphisms and the patient’s presenting curve magnitude by Cobb measurement.
Logistic regression was used to develop this algorithm based on a large DNA database from patients with
AIS of known final outcome. The test scores 1-200 is calculated for the risk of curve progression to a curve
>40° at the end of skeletal growth. A score <40 shows low risk of progression with a negative predictive val-
ue of 97-100% in three separate cohorts studied.*® A score of 40-180 represents an intermediate risk, while
those >180 are associated with a high risk of progression to >40° at the end of growth.

According to Roye et al., the AIS prognostic test (AIS-PT) provides unique information compared to
traditional predictors of curve progression.®! In their experience, the test predicted approximately 16 times
more low risk and 5 times fewer high risk patients in regard to curve progression to surgical magnitude
curve (>40°) when compared to the clinical prediction using the Lonstein-Carlson formula, which takes into
account chronological age, Risser sign, and curve magnitude. It should however be noted that the latter
formula is intended to predict curve increase of 5-10° beyond presenting curves of under 30°.

In summary, curve progression in AlS is driven by multiple risk factors including patient-related and
curve-related characteristics. They include:

1. Curve pattern — All curve patterns had 25 to 30% progression rate except for single lumbar or thora
columbar curves, which progressed 10-15%.10.11.13.1836.41

Curve magnitude — Larger curves show greater incidence of progression. 1011131836

Age — Older patients have lower rates of progression.0111340.41
Gender — Progression is more common in girls, 1011134041

Risser sign — The higher the Risser score, the lower the incidence of progression.31841

o vk~ wN

Menarche — Progression is less common after menarche.01%18
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Other factors studied in adolescent idiopathic scoliosis, but not proven valuable in determining
progression have been rotational prominence, decompensation, family history, height-weight ratio, lumbo-
sacral transition anomalies, and a number of radiographic assessments including thoracic kyphosis, lumbar
lordosis, curve balance, rib vertebral angle difference of Mehta, and vertebral rotation.'%!%1°

NATURAL HISTORY OF POST-SKELETAL MATURITY

Our understanding of the natural history of idiopathic scoliosis in the skeletally mature adult, which
is gleaned from multiple long-term studies of AlIS into adulthood, allows for interventions that can positive-
ly affect outcomes. As such, our treatments have to be tailored toward outcomes that are more favorable
than the condition’s long-term natural history. Scoliosis in the post-skeletally mature patient is not amena-
ble to orthotic management.

In this effort, Collis and Ponseti reviewed patients previously studied by Ponseti and Friedman at the
University of lowa who were available for interview and physical examination, who had not been treated,
and who had available radiographs and clinical records.** This included 106 of the original 358 patients.
The initial cohort included idiopathic scoliosis patients over 8 years old meaning that not all were AlIS cas-
es.® Average follow-up time was 24 years. In total, 3 patients underwent surgical fusion in adulthood and
17 had died. Eighty-nine patients filled out a questionnaire. They found that most curves had progressed
after skeletal maturity. Thoracic curves of 60°-80° progressed most significantly with an average of 28°
increase, while those less than 60° progressed an average of 9°. Lumbar curves >30° progressed an average
of 18°, while those less than this threshold did not progress. Backache was a complaint in 54% of patients.
Pulmonary vital capacity was decreased in all thoracic curves >60° and 40% complained of dyspnea, es-
pecially those with >85° thoracic curves. In general, the study provided important insight into the natural
history of AIS though it is significantly limited due to a high dropout rate.

This cohort was followed in time and Weinstein and co-workers published outcomes at 30, 40, and
50-year follow-ups. They reviewed 102 patients with available radiographs observed for an average of 40
years and found 68% of curves progressed after maturity; this trend was continued at 50-year longitudinal
follow-up.3* Thoracic curves less than 30° did not progress while those above 50° progressed after maturity
at a rate of 0.75 to 1 degree per year. This progression lead to the recommendation for surgical interven-
tion for curves reaching a 50° magnitude. All progressive thoracic curves had >30% apical vertebral rotation
and Mehta angle greater than 20°.>* No lumbar curves less than 30° progressed after maturity. Factors
leading to lumbar curve progression were noted to be a curve >30° and apical vertebral rotation >33%.
Thoraco-lumbar curves manifested the most significant apical rotation that was associated with translatory
shift forces at the lower end of the curve. This rotation can lead to a significant local curve progression.**

At skeletal maturity 20% had at least one translatory shift while at 50-year follow-up, 71% had at least one
segment with translational shift.®

The findings of these studies regarding curve progression for all curve types were similar to those
found by Ascani et al. in a multicenter Italian study of 187 patients observed an average of 33 years.'* The
rate of progression of each curve pattern was not reported and they reported that all curves increased
after skeletal maturity an average of 0.4° per year, though thoracic curves >40° progressed twice the rate of
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those below this threshold (average 20.1° vs. 9°, respectively).

Weinstein et al. studied mortality rate, back pain, pulmonary function, depression, and body im-
age. Intheir 30-year and subsequently 50-year follow-up studies, all but 4 patients were normally active.
Though both acute and chronic backache were somewhat more prevalent relative to controls, there was
no significant difference in intensity, duration, or disability.*” A curve magnitude of greater than 50° was
associated with an increased odds of developing shortness of breath, but a thoracic curve apex alone was
not an independent predictor. There was no increase in mortality compared to the general public. A single
case of cor pulmonale was the cause of death due to advanced spinal curve. This study reported 21%
having mild psychological response to their deformity along with lower body satisfaction scores. In all, 32%
believed their life was limited by their scoliosis.?” Ascani et al. report pain in 61%, cardiopulmonary symp-
tomology in 22%, and psychological disturbance in 19%. Most symptoms were in females with curves >40°.
They also found that work capacity was similar among all curve types except lower curves were overall less
well able to adapt to heavy labor.®

With the information from these studies, one can reasonably observe curves <30° after maturity
and entertain surgery for curves >50° with significant and progressive deformity recalcitrant to non-opera-
tive measures. However, to date, less is known about the natural history of moderate curves. In this effort,
Cordover and colleagues studied 34 adult patients with curves 20-50 degrees at an average follow-up of
22 years.®® A greater portion of the study group reported back pain compared to controls (65% vs. 32%).
When considering only those with back pain, there was no difference in pain level between the study and
control groups nor between curves >30° and those <30°. There was no difference between the groups in
the rate of significant disability score. There was however a larger portion of scoliosis patients with poor-
er body image (26% vs. 3%). None of the study group required surgery or hospitalization for back prob-
lems. More recently, Mehbod presented findings of 46 patients with 30-50° curves and a mean 19.5 year
follow-up.** He found a rate of progression of upper thoracic, thoracic, and lumbar curves of 0.23, 0.47,
and 0.28 degrees per year after skeletal maturity. Average change per year was less that 1° in 95% of the
patients. Few of the patients had functional limitations by Short Form-36, Roland Morris, and Oswestry
outcome scores. Only two patients had undergone surgery for treatment of spinal degenerative disease.

The findings of multiple natural history studies have allowed us to gain insight into the radiographic
and clinical outcomes of non-surgically managed idiopathic scoliosis. They allow us to make predictions,
counsel our patients, and offer treatment options in the form of observation, orthotic management, and
surgery, which can be tailored to the individual based on patient factors and curve characteristics.
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Effectiveness of Orthoses in Idiopathic Scoliosis
Nanjundappa S Harshavardhana, John E Lonstein

INTRODUCTION

Idiopathic scoliosis (IS) is a three-dimensional deformity of the spine associated with lateral cur-
vature in addition to vertebral rotation and is the most common form of scoliosis.'? Its etiology is multi-
factorial and is best described as “unknown,” though numerous theories have been proposed.>> Though
non-operative treatment methods have been extensively studied over the past six decades with the advent
of the Milwaukee brace, Hippocrates recognized the principles of distraction back in 400 B.C. and applied
lateral pressure and corrective forces to address the coronal plane deformity.® This chapter provides a com-

prehensive summary of existing evidence for use of orthoses in IS. We aim to cover:

o Brace type (various braces both in Europe and America),

o Duration of brace wear (full-time vs. part-time) and its monitoring,
o Flexible vs. Rigid braces,

o Sex (males vs. females),

o Age groups (juveniles vs. adolescents), and

o Curve pattern (curve location).

This chapter concludes with a summary of the findings of BrAIST (Bracing in Adolescent Idiopathic
Scoliosis Trial, 2013), which was funded by the National Institute of Health (NIH), and a look at the possible
complications of bracing that one should be aware of.”#

For any treatment modality to be effective, one must compare the therapeutic benefit it offers with
that of the natural history. Following publications by Weinstein et al., particularly their fifty-year follow-up

study, the natural history of untreated scoliosis is becoming better-understood.® The key findings from their

study were:
o Longevity was not compromised in IS
o Restrictive lung disease and cardio-pulmonary ailments were common for curves whose
Cobb angles were 280° (mainly thoracic curves)
o Dyspnoea and breathlessness were seen at rest when thoracic curves attained magnitude of
>110°
o Patients with IS had a higher incidence of back pain compared to the general population

without scoliosis.

Curves whose Cobb angles measured 250° at maturity did progress albeit at a slower rate through-
out adulthood, 1°-2° / year, and surgery was one of the options aimed at preventing this over the long term.

In addition, the spinal deformity was associated with appearance changes with poor body self-image and
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lower self-esteem (esp. in larger curves with severe truncal asymmetry). The costs associated with scoliosis
treatment were second only to the management of childhood appendicitis in the United States, costing no
less than $514 million.'® Hence, scoliosis care attracts significant attention, particularly for children.

Conflicting reports and evidence exist in the published literature regarding the effectiveness of brac-
ing in IS. Goldberg et al. found that braces did not alter the natural history of adolescent idiopathic scolio-
sis (AlS) and questioned the recommendation for bracing, notwithstanding the costs incurred with such a
program.'* The surgical incidence of a braced cohort was similar to an observed group of patients in their
series of 153 patients, comprising of 11 boys and 142 girls, and the surgical incidence was 28.1%. Goldberg
recommended a randomized controlled trial (RCT) to be conducted to settle this dispute.

In a follow-up to the research initiated by Goldberg et al., investigators in the Netherlands attempt-
ed to set up a randomized controlled trial (RCT) to evaluate the efficacy of bracing in AlS.*> However, their
study never went forward owing to poor recruitment (only four patients in two years) and was thus aban-
doned.

The NIH funded the BrAIST (Bracing in Adolescent Idiopathic Scoliosis Trial) study to address wheth-
er the braces were effective and should be used in the management of AIS by a multi-centric RCT involving
twenty-five institutions in the United States and Canada.” The inclusion criteria adhered to the stringent
Scoliosis Research Society (SRS) criteria developed by Richards et al.'* which were:

J Risser grade 0 — 2

. Pre-menarchal or within one-year post-menarche

] Age 210 years and <15 years

] Main curve Cobb angle magnitude of 220° and <50°

J Follow-up to skeletal maturity (which by definition meant):
J Closure of all phalangeal physes
. Height gain of <10 mm in the past 12 months
. Risser grade 2IV or two years post-menarchal in girls
J Risser grade V in boys.

Owing to poor recruitment and the reluctance of parents/caregivers to participate in randomization,
the investigators added a preference cohort to increase patient participation in the BrAIST study. A total
of 242 patients (RCT=116 and preference cohort=126) were thus recruited over a two-year period and the
study was stopped prematurely due to the convincing and overwhelming benefit of bracing (42% success-
ful curve control with observation vs. 75% successful curve control with bracing). The odds ratio with 95%
confidence intervals was 4. (95%Cl = 1.85 —9.16 and p=0.001).” The study also used a temperature sensor
to monitor the compliance with brace wear (i.e. hours spent wearing a brace). Other key findings of the
BrAlIST study were:
J The percentage success with bracing was positively correlated with duration of time spent
wearing a brace
J The results of bracing in those who wore the brace for <6 hours / day was no better than
that of the observation group
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J The rate of failure was 25% in the braced cohort vs. 58% in the observed cohort of patients.

Over the past six to seven decades, many orthoses have been used to arrest curve progression. Or-
thoses act by applying corrective forces by force vector / mechanical pads and by reinforcement of proprio-
ception. They guide the growth of the spine with time, aiming to either contain worsening / correction of
the deformity. Spinal orthoses can be broadly divided into:

a. American/European

b. Flexible/Rigid.

NORTH AMERICAN ORTHOSES
1. The Milwaukee brace (MB)

The Milwaukee brace (MB) was the first orthosis developed for the treatment of idiopathic scoliosis
by Walter Blount and his orthotist Al Schmidt in 1946, and it is the only orthosis effective in treating the
high thoracic curves of idiopathic scoliosis (i.e., apex of scoliosis at T6 or above).?®

In a cohort of 1,020 patients, Lonstein et al. reported a success rate of 78% in obviating the need for sur-

gery (i.e., only 22% eventually needed surgery).’* The brace was less successful in children who had i) curve
magnitude with a Cobb angle of >30° and ii) Risser grade 0 & 1 at the initiation of bracing. The success rate
of MB as reported by other investigators is summarized in Table 1.'* The success of the MBin ===

controlling the curve with < 5° progression at 3.5 to 8 years after discontinuing the orthosis was

64% to 77% with a surgical rate of 5-22%. Table 1

2. The Thoraco-lumbo-sacral orthoses (i.e. TLSO)

The TLSO were devised to address the limitations of the MB and cater to those who refused to wear
it, owing to compliance and appearance issues/concerns. The most common TLSO used in North America
are named from the cities from which they originated. These include: - a. The Boston brace, b. The Wilm-
ington brace, c. The Rosenberger brace, d. The Charleston night time bending brace, and e. The Providence
brace.

2a. The Boston brace (BB)

Dr J. E. Hall and his orthotist Mr M. E. Miller?% first introduced the Boston brace in 1971.223 Itis a
pre-fabricated posterior opening rigid orthosis that was recommended for curves with an apex at or below
T8.

Emans et al. reported the results of its use in 1986 and found that only 13% of patients needed
surgery in a cohort of 212 patients.?> The average correction achieved in the BB was 15° (best-in- o
brace radiographs) and 11° at final follow-up. The best results were seen in patients whose curves = |
had an apex between the T8 and L2 vertebrae. The results of success with the BB with respect to

the surgical incidence and its confidence intervals as observed and reported by other investiga- Table 2

tors in published literature, are summarized in Table 2. The best-in-brace correction of >50% was
predictive of success with bracing using the BB. The results were poorer in patients who were either Risser
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grades 0 or 1 and with pre-menarchal status at the time of initiation of bracing. The BB did not alter the
natural history of curves whose magnitude was >50°.

2b. The Wilmington brace (WB)
The WB is a rigid anterior-opening custom molded TLSO that was developed by G.D. MacEwen at

the Alfred du Pont Institute in Wilmington, DE. to cater to the needs of a patient who refused to wear a
MB.28

In a study by Gabos et al. that included 91 females treated by the Wilmington brace (WB) ===
who wore it full-time (i.e. at least 23 hours/day), the progression rate was 13% (i.e., they had a
treatment success of 87% with the WB).?® However their paper did not quantify the percentage of

patients who needed surgery or were later treated surgically. Allington et al.,*° reported a surgical
incidence of 20% in a cohort of 98 patients treated with full-time wear in the WB (Table 3).

2c. The Rosenberger brace (RB)

The Rosenberger brace (RB) is an anterior opening rigid TLSO that was first developed by R. Rosen-
berger at the University of Chicago and was used clinically by W. Bunch.?' The results of the RB were
presented by Spoonamore et al.,> with a low success rate and a high surgical rate. (Table 3) The series are
small and the success rate varies greatly, all being of the centers that developed the orthosis.

EUROPEAN ORTHOSES

The common European braces are: a) Cheneau — Toulouse — Munster brace (and its derivatives), b)
Lyon brace, c) TriaC brace, d) Sforzesco brace, and e) Progressive action short brace (PASB).34 All except
the TriaC braces were rigid orthoses and TriaC had low rigidity.

1. Cheneau brace

The Cheneau brace and its derivatives were developed in the 1960s. It is an anterior opening rigid
orthosis that relies primarily on corrective translational forces to correct the scoliosis. In a series pub-
lished by Zaboromeska—Spofeta et al., the orthosis was successful in 25% of the patients, and stabilization
occurred in an additional 23%.% The Rigo brace is an off-shoot of the Cheneau brace which provides a
three-dimensional correction and is popularly used in Germany. In a series published by Rigo et al., the
mean follow-up was 16.8 months. The brace was successful in obviating the need for surgery in 81% of the
patients.3®

2. Lyon Brace
The Lyon brace was developed in 1947 by Stagnara et al. and has aluminium bars and plexidur

(high-rigidity material) and was mainly developed for AIS. In a study by De Mauroy et al., the rib asymme-
try correction was better than the curve correction (i.e. the Cobb angle) — 33% vs. 50% and produced better
aesthetic correction than radiographic correction.?” In the large series of 1,338 patients treated by this
orthosis, 67% had improved, 28% stabilized, and only 5% progressed or deteriorated.?” The percentage of
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patients who required surgery, however, was not reported.

3. TriaC Brace

The TriaC brace was developed by Dutch investigators Velduzien AG et al. and is a low rigidity ante-
rior-opening orthosis, which emphasizes Cosmesis, Correction, and Comfort (i.e., triple ‘C’).?® It has been
recommended for the treatment of thoraco-lumbar/lumbar scoliosis only. In a series published by Bulthius
et al., the TriaC was successful in 76% of patients in either preventing or stabilizing the curve.** The authors
concluded that TriaC did alter the natural history of AIS and was superior to observation alone.

4. Sforzesco brace

The Sforzesco brace was developed in Italy by Negrini et al. in 2004.%° It was based on the SPoRT
(Symmetric, patient-oriented, rigid, three-dimensional, and active) principle that has a few characteristics
of the Milwaukee brace, the Risser cast, and the Lyon and Cheneau braces. In a recent small series, Lusini
et al. recommended the use of Sforzesco brace for curves whose Cobb angles were 245° wherein the pa-
tients refused surgery.*

5. PASB —
The PASB (progressive action short brace) was developed in 1976 by Lorenzo et al. in Italy — =

and is primarily aimed at treating thoraco-lumbar/lumbar curves.*? In a study by Aulisa et al., all
Table 4

patients had improvement and 94% had correction of scoliosis while 6% stabilized.*®

The success rates with some of the European braces are summarized in Table 4.3537:394143 They are
all from the center that introduced the different orthoses, and except for the Lyon study?®” are all small se-
ries.

EVIDENCE FOR DURATION OF BRACE WEAR (FULL-TIME VS. PART-TIME)
1. Charleston night-time bending brace (CNBB)

In an attempt to further improve the compliance, some physicians questioned the need for full-time
brace wear and modified designs to increase the corrective forces, thereby reducing the duration their pa-
tients spent wearing the brace. The Charleston night-time bending brace (CNBB) was developed in 1979 by
F. Reed in Charleston, SC in collaboration with R. Harper.*®

The CNBB was recommended for 8-10 hours of wear only at night-time or during sleep. Despite this
attractive reduction in the duration spent in wearing the brace the compliance with CNBB was similar to
other orthoses. The results of this orthosis is 80% with a surgical rate of 7-15% in small series as seen in
(Table 5).4649

2. The Providence brace (PB) | =
This brace relies on the same principles as the CNBB, but it exerts a less aggressive correc- M‘

tive force and is better tolerated than its counterpart and is more compliant. The brace was first

designed and used by C. d’Amato and B. McCoy at the Children’s Hospital in Rhode Island in 1992.*” The
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results of this orthosis are in series of d’Amato et al.*” with an 82% success rate and 18% requiring surgery.

EVIDENCE FOR FLEXIBLE VS. RIGID ORTHOSIS

The flexible orthoses (i.e. SpineCor and its counterparts) were developed to further address the
limitations of rigid orthoses and improve patient compliance. The concerns that promoted Coillard et al.
to devise one such orthosis were;*! a rigid and bulky TLSO that provided little ventilation and concerns of
appearance and self-esteem during the adolescent years.

In a published case series of 195 patients treated by this orthosis, only 29 of them had attained a
follow-up of two years and most were still skeletally immature. Coillard et al. reported curve stabilization
in 38%, curve improvement by >5° in 55% and only 7% progressed by >5°.°> However, the main criticism of
this publication was that it did not meet the SRS bracing criteria for inclusion into the bracing program.

In an randomized controlled trial (RCT) of 43 patients (22 wearing SpineCor and 21 rigid == =
orthosis group) evaluated by Wong et al., rigid orthosis was significantly better than SpineCor, out- =
performing it by 95% vs. 68% (p=0.046).>> A meta-analysis was performed comparing the SpineCor 1, . é ‘
(and its flexible orthosis counterparts) vs. rigid orthoses. Four articles met the inclusion criteria, -
and the sample size from pooled data of all studies yielded 175 patients (168 girls and 7 boys). The success
rates of rigid and flexible orthoses from these comparative studies are summarized in Table 6.53°¢ Only two
studies had adhered to the SRS bracing inclusion criteria®~® and two were LoE | studies (i.e., prospective
randomized controlled trials).>**® Both orthoses were effective in altering the natural history of AlS, but
rigid orthoses had superior results. The compliance with both orthoses was similar as the possible advan-
tages of the SpineCor were offset by significant problems with toileting owing to the groin straps of the
SpineCor orthosis.

EVIDENCE FOR BRACING IN BOYS VS. GIRLS

Idiopathic scoliosis is most commonly seen in girls, and though the Male: Female ratio for JIS is
3-4:1, it increases to 8-9:1 for AIS. Few publications have studied the natural history of IS in boys and com-
pared the results of bracing in boys and girls.

Suh et al. evaluated 50 boys with IS from a consecutive series of 256 patients at the Alfred du Pont
Institute and followed them to skeletal maturity.>” The IS in boys tended to progress up to Risser grade V
(unlike grade IV in girls). The curves also tended to be stiffer and rarely progressed beyond maturity unlike
in girls who progressed at 1° / year for those whose Cobb angles were >40°.

Yrjonen et al. undertook a comparative study of 51 boys vs. 51 girls (n=102 subjects) following them
for at least one year.*® They observed poorer compliance in boys compared to girls by at least 10% and fail-
ure with bracing to be 31.4% vs. 21.6% in girls.

Karol et al. evaluated 112 boys with AIS for an average of 1.2 years post-cessation of brace therapy
and noticed a failure rate of 74%. Forty out of 98 patients eventually needed surgery and the compliance
rate was at best only 38%.>° RCT or Prospective comparative trials (i.e. LoE | & Il studies) comparing the re-
sults of bracing in boys vs. girls, are desired to settle this dispute with certainty as the BrAIST study did not
look into this sub-analysis. The summary results of the efficacy of bracing in boys are summarized in Table
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EVIDENCE FOR BRACING IN JUVENILES VS. ADOLESCENTS
The results of therapeutic efficacy with bracing for juvenile idiopathic scoliosis (JIS) is un-

Table 7

clear in published literature as studies have either included adolescent idiopathic scoliosis (AlS) cohorts or
the follow-up to skeletal maturity was lacking. The published results exclusively for JIS show a success rate
of 12 — 70% and summarized in Table 8.5

Harshavardhana et al. undertook the retrospective study involving 133 patients over five = — —
decades with follow-up to maturity and found that the success rate for bracing with JIS was 47%. | ==
There was no difference for the type of brace worn (i.e. the MB vs. TLSO).®® The success rate was  Taple g |

better for curve pattern other than single right main thoracic curve and for curves that measured

<30° at the initiation of bracing, which was also statistically significant. A similar success rate was observed
by investigators from The Royal Hospital for Sick Kids, Toronto, wherein the success for JIS with brace ther-
apy was 47%.>° A small proportion of patients braced during juvenile years and weaned might need to be
re-braced during their adolescent growth spurt to prevent the progression of deformity, which only empha-
sizes that any JIS cohort of individuals should be strictly and diligently followed up to maturity irrespective
of the chosen method of treatment (esp. so if managed non-operatively).

EVIDENCE BASED ON CURVE PATTERN

The apex of scoliosis is instrumental for success with brace therapy. Many studies have used nu-
merous brace designs and have reported better results with higher success rates for thoraco-lumbar/
lumbar curves, compared to single right thoracic curves. The results for double structural and false double
major curves are mixed with intermediate success rates. Table 9 summarizes the success rate by curve pat-
tern/location and brace worn (mainly the MB and BB).?*323% Braces tend to be less effective in high thorac-
ic/proximal thoracic scoliosis wherein the apex is at or above T6, and only the MB is effective for = _———_
such curve types. The efficacy of bracing for triple curves is unknown, since they are rare and it is = =
difficult to come to any meaningful conclusion given such small numbers. :

Nevertheless, the single most important factor that was more important than curve pat- Tabled
tern was the patient’s menarchal status.®® Patients who were pre-menarchal or those within one year after
the attainment of menarche had poorer results with bracing compared to those who were one year (or
more) post-menarche.

COMPLICATIONS

Despite the distinct advantages and benefits of bracing for IS, it is not without complications. The
most commonly reported complications include: a) bursa formation, b) skin pressure sore / skin abrasion,
while the rarer complications include: a) winging of the scapula’, and b) ileus.”* In addition, historically the
MB was associated with mandibular hypoplasia with retrognathia and dentition anomalies, and, as a result,
the design was changed from a throat pad to a neck ring that eliminated the problem.”?
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CONCLUSION

Convincing evidence exists to recommend using the orthosis in the non-operative management of
idiopathic scoliosis as observed in BrAIST study which found the overall success rate with bracing to be 75%
(compared to 42% for observation).” An orthosis is recommended for AlS patients who are:*3

] Aged between 10 — 15 years
J Curve magnitude of 20° — 40°
J Risser grades 0 — Il and who are either pre-menarchal or <1 year post-menarchal.

The success rate with MB was 58%, whilst that of TLSO was 69% and was not statistically significant.
It is difficult to design and execute a study comparing the results of MB vs. TLSO as the recommendations
for prescribing each of these orthoses are different and guided by unique curve characteristics and different
apices. The MB has also fallen into disrepute in the contemporary era given its poorer compliance.

The surgical rate for AIS in the braced vs. observed group was similar in a meta-analysis from a
pooled data of fifteen studies at 23% vs. 22% reported by Dolan et al.”® It is not known if orthotic manage-
ment reduces the incidence of surgery for curves >30° despite its role in curve stabilization and / or im-
provement in AlS, and the existing evidence is weak (Grade of Recommendation(GoR) ‘D’). A recent publi-
cation has reported that orthotic use did substantially reduce the risk of curve progression to a magnitude
warranting surgery in a cohort of patients who were highly compliant with brace wear.”

Summary

J Orthoses work (the BrAlIST study has convincingly demonstrated this) and alter the natural
history of AlS.

J It is not known if orthoses reduce the incidence of surgery in AIS (which warrants the cohort
of patients in the BrAIST study to be followed-up for at least the next 5-10 years to answer
this question, which forms grounds for further/on-going research).

] Flexible orthoses, though effective in altering the natural history of IS, perform poorly with
similar compliance rates compared to rigid orthoses.

J Males respond poorly to orthotic management compared to females probably due to poorer
compliance and stiffer curves. The natural history of IS in males might also be different in
comparison to females with no convincing progression in adulthood for curves >40°.

J Thoracolumbar/lumbar curves respond well with better results compared to single right
thoracic / double structural or false double major curves.

J Other prognostic factors that are predictive of success with orthotic use are:

. Menarchal status

J Curve with Cobb angle of <30°

] Degree of apical vertebral rotation (Weak evidence)

J At least 50% correction of Cobb angle on best-in-brace radiographs. (Weak evidence)

J Though orthoses are not without complications, their benefits outweigh the minor risks.

] Success with bracing is directly correlated with the hours spent wearing it, and pressure sen
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sors overestimate the duration of wear in contrast to temperature sensors, which underesti
mate it.””

Finally, as different orthosis designs made of numerous materials exist, the decision to prescribe a

brace has to be individualized and should be guided by patient preferences, institutional logistics, and the

experience of treating physicians/orthotists.

10.

11.

12.

13.

14.

15.

16.

17.

Miller NH. Cause and natural history of adolescent idiopathic scoliosis. Orthop Clin North Am.
1999;30:343-52.

Roach JW. Adolescent idiopathic scoliosis. Orthop Clin North Am. 1999;30:353-65.

Dickson RA, Lawton JO, Archer IA, et al. The pathogenesis of idiopathic scoliosis. Biplanar spinal asym-
metry. J Bone Joint Surg Br. 1984;66:8-15.

Millner PA, Dickson RA. Idiopathic scoliosis: biomechanics and biology. Eur Spine J 1996;5:362-73.
Miller NH. Idiopathic scoliosis: cracking the genetic code and what does it mean? J Pediatr Orthop
2011;31:549-52.

Marketos SG, Skiadas P. Hippocrates. The father of spine surgery. Spine 1999;24(13):1381-7.
Weinstein SL, Dolan LA, Wright JG, et al. Effects of bracing in adolescents with idiopathic scoliosis. N
Engl ) Med 2013;369:1512-21.

Duyzings JA. The influences of the forces from the Milwaukee brace on the growing face. Report of
the congress. Eur Orthodontic Soc 1969:175-91.

Weinstein SL, Dolan LA, Spratt KF, et al. Health and function of patients with untreated idiopathic sco-
liosis: a 50-year natural history study. JAMA. 2003 Feb 5;289(5):559-67.

Healthcare Cost and Utilization Project. Overview of Kids’ Inpatient Database (KID). 2014. https://
www.hcup-us.ahrg.gov/kidoverview.jsp. Accessed in Dec 2015.

Goldberg CJ, Moore DP, Fogarty EE, et al. Adolescent idiopathic scoliosis: the effect of brace treat-
ment on the incidence of surgery. Spine 2001;26:42-7.

Bunge EM, de Koning HJ; brace trial group. Bracing patients with idiopathic scoliosis: design of the
Dutch randomized controlled treatment trial. BMC Musculoskelet Disord. 2008 Apr 22;9:57.

Richards BS, Bernstein RM, D’Amato CR et al. Standardization of criteria for adolescent idio-

pathic scoliosis brace studies: SRS Committee on Bracing and Nonoperative Management. Spine
2005;30(18):2068-75.

Blount WP, Schmidt AC, Keever ED et al. The Milwaukee brace in the operative treatment of scoliosis.
J Bone Joint Surg Am. 1958;40-A(3):511-25.

Sachs B, Bradford D, Winter R, Lonstein J et al. Follow-up of Milwaukee-brace treatment. J Bone Joint
Surg Am. 1987;69(1):50-7.

Lonstein JE, Winter RB. The Milwaukee brace for the treatment of adolescent idiopathic scoliosis. A
review of one thousand and twenty patients. J Bone Joint Surg Am. 1994,76:1207-21.

Keiser RP, Shufflebarger HL. The Milwaukee brace in idiopathic scoliosis: evaluation of 123 completed
cases. Clin Orthop Relat Res. 1976 (118):19-24.

179



18.

19.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Carr WA, Moe JH, Winter RB et al. Treatment of idiopathic scoliosis in the Milwaukee brace. J Bone
Joint Surg Am. 1980;62(4):599-612.

Fisher DA, Rapp GF, Emkes M. Idiopathic scoliosis: transcutaneous muscle stimulation versus the
Milwaukee brace. Spine (Phila Pa 1976). 1987;12(10):987-91.

20. Styblo K. Conservative treatment of juvenile and adolescent idiopathic scoliosis. Doctoral the-
sis, University of Leiden, Leiden. The Netherlands, 1991.

Hall JE, Miller W, Shuman W, et al. A refined concept in the orthotic management of idiopathic scolio-
sis. Prosthet Orthot Int 1975; 29:7-13.

Emans JB, Kaelin A, Bancel P, et al. The Boston bracing system for idiopathic scoliosis. Follow-up re-
sults in 295 patients. Spine (P’hila 1976). 1986;11:792-801.

Zaina F, De Mauroy JC, Grivas T, et al. Bracing for scoliosis in 2014: state of the art. Eur J Phys Rehabil
Med. 2014;50(1):93-110.

Katz DE, Richards BS, Browne RH, et al. A comparison between the Boston brace and the Charleston
bending brace in adolescent idiopathic scoliosis. Spine 1997, 15;22(12):1302-12.

Vijvermans V, Fabry G, Nijs J. Factors determining the final outcome of treatment of idiopathic scolio-
sis with the Boston brace: a longitudinal study. J Pediatr Orthop B. 2004;13(3):143-9.

Wiley JW, Thomson JD, Mitchell TM, et al. Effectiveness of the Boston brace in treatment of large
curves in adolescent idiopathic scoliosis. Spine 2000, 15;25(18):2326-32.

Yrjonen T, Ylikoski M, Schlenzka D, et al. Effectiveness of the Providence nighttime bracing in adoles-
cent idiopathic scoliosis: a comparative study of 36 female patients. Eur Spine J 2006;15:1139-43.
Bunnell WP, MacEwen GD, Jayakumar S. The use of plastic jackets in the non-operative treatment of
idiopathic scoliosis. A preliminary report. J Bone Joint Surg Am. 1980;62(1):31-8.

Gabos PG, Bojescul JA, Bowen JR, et al. Long-term follow-up of female patients with idiopathic scolio-
sis treated with the Wilmington orthosis. J Bone Joint Surg Am. 2004;86(9):1891-9.

Allington NJ, Bowen JR. Adolescent idiopathic scoliosis: treatment with the Wilmington brace. A com-
parison of full-time and part-time use. J Bone Joint Surg Am. 1996;78:1056-62.

Gavin TM, Bunch WH, Dvonch V. The Rosenberger scoliosis orthosis. J Assoc Child Prosthet Orthotic
Clin 1986;21(3):35-38.

Spoonamore MJ, Dolan LA, Weinstein SL. Use of the Rosenberger brace in the treatment of progres-
sive adolescent idiopathic scoliosis. Spine 2004;29(13):1458-64.

Bassett GS, Bunnell WP, MacEwen GD. Treatment of idiopathic scoliosis with the Wilmington brace.
Results in patients with a twenty to thirty-nine-degree curve. J Bone Joint Surg Am. 1986;68(4):602-5.
Grivas TB, Kaspiris A. European braces widely used for conservative scoliosis treatment. Stud Health
Technol Inform 2010;158:157-166.

Zaborowska-Sapeta K, Kowalski IM, Kotwicki T, et al. Effectiveness of Cheneau brace treatment for
idiopathic scoliosis: prospective study in 79 patients followed to skeletal maturity. Scoliosis 2011;6:2.
Rigo M, Quera-Salva G, Puigdevall N, et al. Retrospective results in immature idiopathic scoliotic pa-
tients treated with a Rigo-Chéneau brace. Stud Health Technol Inform. 2002; 88:241-245.

de Mauroy JC, Lecante C, Barral F, et al. The Lyon brace. Disabil Rehabil Assist Technol. 2008;3(3):139-

180



38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

145.

Veldhuizen AG, Cheung J, Bulthuis GJ, et al. A new orthotic device in the non-operative treatment of
idiopathic scoliosis. Medical engineering & physics 2002;24(3):209-218.

Bulthuis GJ, Veldhuizen AG, Nijenbanning G. Clinical effect of continuous corrective force delivery in
the non-operative treatment of idiopathic scoliosis: a prospective cohort study of the TriaC-brace. Eur
Spine J 2008;17:231-9.

Negrini S, Marchini G, Tomaello L. The Sforzesco brace and SPoRT concept (Symmetric, Patient-ori-
ented, Rigid, Three-dimensional) versus the Lyon brace and 3-point systems for bracing idiopathic
scoliosis. Studies in health technology and informatics 2003;123:245.

Lusini M, Donzelli S, Minnella S, et al. Brace treatment is effective in idiopathic scoliosis over 45 de-
grees: an observational prospective cohort controlled study. The Spine J 2014;14:1951-6.

Di Benedetto A, Vinciguerra A, Pennestri’ E, et al. Biomechanics of scoliosis using a new type of
brace. Proceedings of the 8th Canadian congress of applied mechanics, Moncton, Canada 1981, 785-
786.

Aulisa AG, Guzzanti V, Galli M, et al. Treatment of thoraco-lumbar curves in adolescent females
affected by idiopathic scoliosis with a progressive action short brace (PASB): assessment of results
according to the SRS committee on bracing and nonoperative management standardization criteria
Scoliosis 2009; 4:21.

Green NE. Part-time bracing of adolescent idiopathic scoliosis. J Bone Joint Surg Am. 1986;68:738-42.
Hooper CR, Reed FE, Price CT. The Charleston Brace. An Orthotist’s Guide to Scoliosis Management.
Milwaukee, WI: Scoliosis Research Society. 2003.

Lee CS, Hwang CJ, Kim DJ, et al. Effectiveness of the Charleston night-time bending brace in the treat-
ment of adolescent idiopathic scoliosis. J Pediatr Orthop 2012;32:368-72.

Price CT, Scott DS, Reed Jr. FR, et al. Night-time bracing for adolescent idiopathic scoliosis with the
Charleston bending brace: long-term follow-up. Journal of Pediatric Orthopaedics. 1997;17(6):703-7.
Gepstein R, Leitner Y, Zohar E, et al. Effectiveness of the Charleston bending brace in the treatment of
single-curve idiopathic scoliosis. J Pediatr Orthop 2002;22:84-87

Federico DJ and Renshaw TS. Results of treatment of idiopathic scoliosis with the Charleston bending
orthosis. Spine (Phila Pa 1976). 1990;15(9):886-7.

d’Amato CR, Griggs S, McCoy B. Night-time bracing with the Providence brace in adolescent girls with
idiopathic scoliosis. Spine. 2001;26(18):2006-12.

Coillard C, Leroux MA, Zabjek KF, et al. SpineCor—a non-rigid brace for the treatment of idiopathic
scoliosis: post-treatment results. Eur Spine J 2003 Apr 1;12(2):141-8.

Coillard C, Leroux MA, Zabjek KF, et al. SpineCor—a non-rigid brace for the treatment of idiopathic
scoliosis: post-treatment results. Eur Spine J 2003 Apr 1;12(2):141-8.

Wong MS, Cheng JC, Lam TP, et al. The effect of rigid versus flexible spinal orthosis on the clinical
efficacy and acceptance of the patients with adolescent idiopathic scoliosis. Spine (Phila Pa 1976).
2008;33(12):1360-5.

Weiss HR, Weiss GM. Brace treatment during pubertal growth spurt in girls with idiopathic scoliosis

181



55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

(1S): a prospective trial comparing two different concepts. Pediatr Rehabil. 2005;8(3):199-206.
Gammon SR, Mehlman CT, Chan W, et al. A comparison of thoracolumbosacral orthoses and Spine-
Cor treatment of adolescent idiopathic scoliosis patients using the Scoliosis Research Society stan-
dardized criteria. J Pediatr Orthop 2010;30:531-8.

Guo J, Lam TP, Wong MS, et al. A prospective randomized controlled study on the treatment out-
come of SpineCor brace versus rigid brace for adolescent idiopathic scoliosis with follow-up according
to the SRS standardized criteria. Eur Spine J. 2014;23(12):2650-57.

Suh PB, MacEwen GD. Idiopathic scoliosis in males. A natural history study. Spine (Phila Pa 1976).
1988 Oct;13(10):1091-5.

Yrjonen T, Ylikoski M, Schlenzka D, et al. Results of brace treatment of adolescent idiopathic scoliosis
in boys compared with girls: a retrospective study of 102 patients treated with the Boston brace. Eur
Spine J. 2007;16(3):393-7.

Karol LA. Effectiveness of bracing in male patients with idiopathic scoliosis. Spine 2001;26:2001-5.
Harshavardhana NS, Lonstein JE. Results of bracing in juvenile idiopathic scoliosis. Proceedings of the
50th annual meeting of the Scoliosis research society 2015, Minneapolis — MN, U.S.A.

Khoshbin A, Caspi L, Law PW, et al. Outcomes of bracing in juvenile idiopathic scoliosis until skeletal
maturity or surgery. Spine 2015;40:50-5.

Tolo VT, Gillespie R. The characteristics of juvenile idiopathic scoliosis and results of its treatment. J
Bone Joint Surg Br. 1978;60(1):181-8.

Figueiredo UM, James JI. Juvenile idiopathic scoliosis. ] Bone Joint Surg Br. 1981;63(1):61-6.
Kahanovitz N, Levine DB, Lardone J. The part-time Milwaukee brace treatment of juvenile idiopathic
scoliosis. Long-term follow-up. Clin Orthop Relat Res 1982:145-51.

Mannherz RE, Betz RR, Clancy M, et al. Juvenile idiopathic scoliosis followed to skeletal maturity.
Spine 1988;13:1087-90.

Robinson CM, McMaster MJ. Juvenile idiopathic scoliosis. Curve patterns and prognosis in one hun-
dred and nine patients. The Journal of bone and joint surgery. American volume 1996;78:1140-8.
Masso PD, Meeropol E, Lennon E. Juvenile-onset scoliosis followed up to adulthood: orthopaedic and
functional outcomes. J Pediatr Orthop 2002;22:279-84.

Jarvis J, Garbedian S, Swamy G. Juvenile idiopathic scoliosis: the effectiveness of part-time bracing.
Spine 2008;33:1074-8.

Dolan LA, Donnelly MJ, Spratt KF, et al. Professional opinion concerning the effectiveness of bracing
relative to observation in adolescent idiopathic scoliosis. J Pediatr Orthop 2007;27:270-6.

Debeer P, Van Den Eede E, et al. Scapular winging: an unusual complication of bracing in idiopathic
scoliosis. Clinical orthopaedics and related research 2007;461:258-61.

Mahne S, Jelacin T. lleus caused by the Milwaukee brace. Acta Chir lugosl. 1980;27 Suppl 1:421-2.
Chadenat A. Changes in the face, jaw and tooth structures following treatment of scoliosis with a
Milwaukee brace. Orthod Fr. 1974;45(1):543-51.

Dolan LA, Weinstein SL. Surgical rates after observation and bracing for adolescent idiopathic scolio-
sis: an evidence-based review. Spine 2007;32:591-5100.

182



Effectiveness of Orthoses in Idiopathic Scoliosis

74. Sanders JO, Newton PO, Browne RH, et al. Bracing for idiopathic scoliosis: how many patients require
treatment to prevent one surgery? J Bone Joint Surg Am. 2014;96(8):649-53.

75.  Hunter LN, Sison-Williamson M, Mendoza MM, et al. The validity of compliance monitors to as-
sess wearing time of thoracic-lumbar-sacral orthoses in children with spinal cord injury. Spine
2008;33(14):1554-61.

183



The Atlas Of Spinal Orthotics

184



1/

Orthotic Management of the Paralytic Spine
J Martin Carlson and Mark J Payette

INTRODUCTION

Neuromuscular spinal deformity and its management have little in common with other idiopathic
spinal deformities except for the collapsing effect of gravity on the erect spinal column and the role of skel-
etal growth. Individuals who are likely to develop neuromuscular deformities may lack protective sensa-
tion, refined automatic postural responses, muscle control, or all three. Orthoses designed for managing
idiopathic scoliosis (IS) or Scheuermann disease are therefore very seldom appropriate for the treatment of
neuromuscular spine deformity.

Spinal deformities associated with neuromuscular diseases vary widely and are dependent on sever-
ity and/or disease stage. A realistic orthotic goal is to reduce the rate of deformity progression during the
growing years to either delay or avoid the need for fusion. Because orthotic treatment is seldom actually
corrective, as it may be in IS, surgical rates are much higher for a neuromuscular than for the idiopathic
diagnosis.

The vast majority of neuromuscular patients with spine deformity may use a wheelchair for mobility
and other activities of daily life. They lack the control needed to maintain a level pelvis during the exten-
sive daily periods of sitting. The paralytic circumstances, in combination with wheelchair function, consti-
tute a profound difference between idiopathic and neuromuscular spinal deformity. However, realizing the
important role of pelvic alignment exposes a powerful opportunity to provide useful orthopedic support.
Therefore, much in this chapter is about sitting support. Seated patients present a set of challenges, con-
siderations and opportunities that are, unfortunately, seldom part of the training or practice of orthotists.
Because of the large number of patients within this group, it is important to know how to provide the best
possible orthopedic spine support within a functional wheelchair.

In the authors’ experience, there are five spine support devices that are very useful for people with
neuromuscular spinal deformity: custom molded sitting support orthoses (SSO); non-molded sitting support
systems; two-piece molded body jacket type thoraco-lumbo-sacral orthosis (TLSO); and fabric corset type
TLSOs. The wheelchair lap tray is another very effective aid for reducing kyphotic collapse in addition to its
more obvious functions. Each of these five devices has a place in the armamentarium of spinal support.
The patient’s diagnosis, severity and age dictate the appropriate choice.

Of these devices, the SSO, in its many variations, is the most practical and effective but very un-
derutilized except at a few specialized centers. The plastic shell TLSO is frequently advocated in the litera-
ture in spite of its limited pelvic control and how the rigid confinement negatively impacts the patient’s al-
ready marginalized balance and upper body function. It is best suited for short-term use, for resisting curve
progression during a growth spurt or following spinal fusion. This TLSO is usually not prescribed for wear

at night or other periods of extended recumbence. The exceptions would be in post-fusion cases when the
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surgeon is unsure of the internal fixation or bone quality.

The fabric corset TLSO is very interesting because, for many patients, the pulmonary function bene-
fits are more important than the spinal support it provides. Both spinal support and the pulmonary ben-
efit of this orthosis occur only when the patient is sitting or standing. This orthosis is also used much less
often than is justified by its value.

The wheelchair lap tray may seem like an unlikely item to include in this orthotic text. It was dis-
covered early at Gillette Children’s Specialty Healthcare (GCSH) that simultaneously addressing both spine
support and upper body function results in significant additional benefit for both.*3

When a person cannot walk, he/she carries out most daytime functions of life from a seated po-
sition. The adequacy and safety of their sitting environment (i.e., wheelchair with a seating and adaptive
equipment system) profoundly affect self care, comfort, work, and general health. A high percentage of
people who permanently function from a seated position have either profound, extensive loss of protective
skin sensation, or profound loss of trunk control motors, or both. Muscle tone abnormalities, either high or
low, in the absence of well defined sitting support often lead to mal-positioning, which in turn, contributes
to orthopedic deformities. These can develop very rapidly in growing children. It makes sense to utilize
the daytime hours as fruitfully as possible to not only provide the needed functional stability, but also the
orthopedic support and control necessary to resist the progression of spine, pelvic, and lower extremity
deformities.

The transition from a flexible mal-alignment to structural orthopedic deformity may occur in adults
as well as children, but it proceeds at a much slower rate. In the adult non-ambulatory population, there
is a much higher incidence of pressure ulcers because of the different diagnostic mix and the impaired skin
health. When a custom orthotic seating system can effectively intervene regarding pressure sores and/or
orthopedic deformities, it is very cost-effective. The expense of long term care for people with those chron-

ic issues is immense.

MAXIMIZING UPPER BODY FUNCTION

The importance of facilitating and improving function is perhaps paramount when we provide
devices for long-term use. With that in mind, it is helpful to be aware of an over-arching physical control
principle critical to optimizing patient function. Patients with a neurological impairment generally exhibit
a top-down control hierarchy. For instance, if a patient with cerebral palsy (CP) has very minimal volun-
tary control of body segments, it will most likely be some control of the neck and the head. Head and neck
control is then improved if or when control is improved when the upper spine is in good, stable alignment.
Lesser impaired patients will have some control of shoulders and upper limbs. Improved function of any
of those segments requires either active or passive stability of the next lower body segment from which
it arises. Likewise, functional alignment and control of the upper spine depends on a stable lower spine,
which in turn, depends on its base, the pelvis, for firm alignment.

The orthotic system should, therefore, improve and control the alignment of the pelvis and the
spinal segments going upward far enough to meet the patient’s level of voluntary control. Terminating
support too low will fail to facilitate all of the patient’s potential function. Carrying support too high will
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deprive the patient of the opportunity to fully develop voluntary movement capability.

SPINE MECHANICS

The un-impaired human head-neck-trunk-pelvic complex receives its stability partly from the spinal
column acting as a loosely connected stack of vertebrae that can support compression loads. A multitude
of short deep paraspinal muscles and ligaments contribute stability and alignment between neighboring
vertebrae. Longer, larger and more superficial muscles provide power for controlled movements of the ver-
tebral column. Among that second group are the abdominal muscles. An able bodied individual also has
the very important proprioceptive and voluntary control necessary to maintain stability of the sacrum and
pelvis that serve as the base of the spinal column.

The foundation is vitally important to the stability of any structure, especially if the struc-
ture is a vertical column. A fundamental engineering concept is that the stability, i.e. resistance

to buckling, of a longitudinally loaded column depends greatly on the “end conditions”.

Fig1

When the base end of a column is constrained to prevent tilting or rolling, the column

" can bear twice the load before beginning to bend/buckle.* The column buckling analysis is not
Fg2 an exact approximation of the spinal column (Figl). Howeuver, clinical experience and radiographs
have shown that the engineering column analysis has significant validity (Fig 2).

The importance of controlling alignment at the base of the vertebral column applies in all 5 %

planes. The left diagram (Fig.3) depicts the kyphotic collapse posture commonly encountered.

Posterior tilt of the pelvis can be resisted by how the thigh, pelvic and lumbar support surfaces
work together. Anterior support to the upper thorax is often needed for children with cerebral
palsy.

It is important to be very aware of the spine-stabilizing role of the abdominal wall muscles. Normal
abdominal wall muscles actively constrain the abdominal viscera. Circumferential constriction causes the
abdominal contents to act hydraulically upward on the diaphragm and other thoracic contents while also
acting downward upon the pelvic floor.> When the abdominal muscles are contracted, the result
¢ is a reduction of the abdominal circumference. The abdominal wall and viscera become a hy-

draulic column, a sort of anterior strut, relieving the spinal column of a large amount of axial and

Fig 4

forward bending load (Fig 4). The orthopedic implication, of course, is that when the neurological
condition creates flaccid abdominal muscles, we should definitely consider orthotic approaches to abdom-
inal circumferential control. Patients with cerebral palsy seldom need corset or wide belt devices because
of their existing muscle tone. However, these orthotic additions are commonly beneficial for other neuro-
muscular conditions without muscle tone.

PATIENT EVALUATION

Specialists in wheelchair seating know that for people who are not ambulatory, there is a profound
relationship between seating design and all aspects of life. Health, function and other needs are interwo-
ven in highly individualized ways. We must recognize this to approach optimum outcomes. Custom seating
design is a process involving the discovery of problems, hopes and opportunities that may not become
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clear until the fitting and trial stage of orthotic system delivery.

In addition to the physician and orthotist, it is important to solicit and invite input from family
members, other caregivers and advocates which may include the classroom teacher. The excellence of
the outcome depends heavily on starting out and proceeding with comprehensive information and input
of ideas and concerns. Some adult clients, of course, have an independent life style and can advocate for
themselves very clearly.

During the evaluation process, which may last from 60-90 minutes, discussion should cover quite a
range of topics and issues. First obtain a very clear idea of what the client and principle caregivers expect
the seating system to accomplish. Following that, discuss, observe, and examine to get a picture of the cli-
ent’s status with regard to functional ability, orthopedic status, skin sensation, muscle tone abnormalities,
wheelchair operation, etc. Evaluators should also learn what seating and wheeled mobility equipment the
client presently has, what they have had in the past, and what has and has not worked well. Also discuss
issues such as transportation, residential situation, work, recreation, and other lifestyle factors. All of these
will impact the design of the seating system in some way.

The creative aspect of designing the patient’s seating and mobility system begins during the eval-
uation. Ideas, no matter how radical, that the participants might have should be expressed. These ideas,
particularly those of the client, are very important to ensuring the success and value of the outcome.

By the end of the evaluation, all members of the team should have a solid concept of how specific issues
will be addressed in the final design. It is important for one person on the evaluation team to summarize
what is planned in writing and distribute the document to the rest. That document serves as a certificate
of medical necessity (CMN) when there are third party payers involved and should contain a complete
rationale for the most important design features of what will be provided. It is a vital document useful in
many ways. It is signed by the evaluating care professionals and by the prescribing physician. Appendix A
contains an example of a form for recording information obtained during the evaluation, CMN examples
typical for CP and Spinal Cord Injury (SCI) diagnoses, and a form to record information needed by fabricat-
ing personnel.

CEREBRAL PALSY
Approximately 25% of all children with cerebral palsy (CP) will develop scoliosis.® The incidence ris-
es to about 60% for those children classified as spastic quadriplegic. Most children with CP of Gross Motor
Function Classification System (GMFCS) levels IV and V7 are not ambulatory by the age of about
10 and usually do not develop good independent sitting ability. Patients in this subgroup are the
ones most likely to develop spinal deformities of consequence. If they are not provided quality

sitting support, most of them slump into a single, long kyphotic or kypho-scoliotic curve with a
postero-laterally tilted pelvis (Fig 5).

Within the GMFCS IV and V classification levels there are large variations in the extent and com-
plexity of the sitting support system needed. Some of these patients will need only pelvic and low thoracic
components. Others will need passive alignment up to and including the head.

If pelvic mal- alignment and spinal column collapse are left to progress unchecked, cardio-pulmo-
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nary function may become compromised. During adult years pressure ulcers may also develop and care
may become very difficult and expensive.

Goals

Many of the goals of the orthotic and adaptive equipment system for people with severe CP also
apply to other neuromuscular diagnoses. When the seating and adaptive equipment system is complete it
should enhance virtually all functions, for both the patient and his/her family. For instance, when a patient
cannot eat independently, it will make it easier for a caregiver to feed him/her. It will improve the patient’s
field of vision, increase his/her comfort and maximize his/her level of independence. A functional seating
system improves the patient’s education and social development, creating a more enjoyable existence for
the entire caregiving family.

A wheelchair mounted lap tray is almost always an essential component of the adaptive equipment
for GMFCS IV and V patients. In addition to being a functional surface for reading, writing, communication
devices, etc., the lap tray almost always serves an orthopedic purpose as well. When closely fitted
and installed at the right height, the patient’s elbows and forearms will support a significant por- D?“‘
tion of the weight of the patient’s upper body. The lap tray (Fig 6), padded if necessary, will then
relieve the spine of a considerable flexion bending moment. This will markedly reduce thoracic Fg®
hyperkyphosis so the patient is able to more actively maintain a more erect, functional, attentive and cos-
metic posture.

The orthopedic issues in CP are caused by the neurologic problems so it is important to reduce
muscle tone and minimize spastic reflexes. By incorporating body positions, which reduce reflex patterns
into the seating system, upper body function will be improved and the progression of deformities may be
reduced. This is a very prominent consideration in the design of the Gillette SSO and will receive more dis-
cussion later.

Wheelchair seating safety issues are very important to consider. (Automobile seat safety require-
ments vary and will not be addressed here.) First, a safety belt must wrap around the child and seat and
be anchored to the wheelchair with an easily released buckle. Most wheelchairs can be equipped with
posterior anti-tip components. On many wheelchairs, rear wheel position may be adjusted to create a
longer wheelbase. The potential for forward overturn of the patient, equipment and wheelchair as a whole
is addressed by positioning the patient adequately back and down in the wheelchair. Often that requires
special recessing adaptations for both seat and wheelchair. See appendices B and C.

Gillette Sitting Support Orthosis (SSO)
The Gillette SSO was developed to address the progressing deformities and functional needs of

the many youngsters with severe CP arriving at that institution. Those children presented a wide variety

of neurologic and orthopedic conditions. With regard to spinal deformity, it was recognized that these
non-ambulatory patients needed pelvic alighment control that could not be provided by a TLSO. The GCSH
position on the inadequacy of a TLSO for this patient group was corroborated by Olafson, Saraste and Al-
Dabagh® who reported dismal results from Boston Brace treatment of a group of 66 non-ambulatory neuro-
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muscular patients.
The Gillette SSO proved to be very user-friendly and an effective spinal orthosis for this
population (Fig 7). Its effectiveness was due, in part, to providing enough comfortable hip flexion

g to greatly reduce initiation and strength of the hip-knee extension spasms that often

exhibit overflow to the upper spine and limbs. As an orthopedic device, it affords a way
Fig8 to manage pelvic alignment, thoracic support and even cervical and cranial control as needed (Fig
8).
The SSO shell is a thin strong structure that fits closely where support is needed. Because a
the thermoplastic shell is thin, thoracic support can extend high into the axillae without blocking :

upper limb adduction needed for comfort and function (Fig 9). The open front of the SSO serves

an important function. It allows easy palpation of the iliac crests to observe the degree of lateral Figd

pelvic tilt and guide adjustment during donning. The shell is rigid enough for mounting the essen-

tial pelvic belt as well as a wide variety of headrest, head control and thoracic support panels.
Fabrication of a Gillette SSO begins with obtaining an impression of the patient’s dorsal and

lateral surfaces in the seated alignment necessary to achieve the neurologic and orthopedic goals.

Fig 10

This is best accomplished with a special casting frame (Fig 10). The process of obtaining the im-
pression, fabricating and fitting are described in appendix B.

The completed Gillette SSO, like any orthopedic device, must be properly donned or, in this case,
“gotten into”. The non-ambulatory patient with cerebral palsy is likely to experience some hip extension
reflex and increased tone when caregivers transfer him/her into the SSO, preventing the pelvis from sink-
ing down and back into the pelvic area of the SSO. After loosely fastening the pelvic belt and locking the
wheels, the caregiver should proceed to the back of the wheelchair. With wheels locked, he can then tip
the wheelchair, SSO and patient about 45 degrees posteriorly, leaning the upper back of the wheelchair
against his midsection. In this position, which recruits the help of gravity, it is easy to tuck the patient’s
pelvis down and back well into its proper location in the SSO and to straighten his pelvis at the same time.
If the patient has scoliosis, his pelvis will tend to tilt laterally in the direction of the scoliosis convexity. If
the scoliosis curve is convex right, the right side of the pelvis will be lower than the left. The caregiver
must pull upward on clothing at the right hip area to level the pelvis as much as possible. Simultaneous
downward pressure on the opposite side will assist this correction. This procedure is referred to as “pelvic
leveling” and is easily accomplished with the wheelchair leaned back against the caregiver as described
above. Immediately after the pelvis is leveled, the SSO lap belt should be fastened snugly. The wheelchair
may then be returned to its upright orientation and the safety belt secured.

Before caregivers take the wheelchair seating system home, and at every other opportunity, proper
positioning and pelvic leveling should be reviewed. In addition, caregiver education includes a discussion of
how long a child might be expected to remain seated; the importance of checking for reddened areas; and
the need for regular, frequent clinical assessment and modifications by the seating specialist.

Because of its durability, the SSO can serve an adult for more than a decade with minor periodic
refurbishing. When provided for a growing child, the shell should include removable pelvic growth pads bi-
laterally at the greater trochanters. These may be thinned and finally removed as the child grows. Strategic
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heating and reforming of the postero-lateral quarters may accommodate thoracic width increase. Vertical
sub-axillary extensions can be welded onto the shell if and when thoracic support needs to extend higher.
If the technician is adept at making such modifications, the SSO will serve a school age child for between
two and three years.

In some parts of the world, technical labor is very expensive and premanufactured seating compo-
nents are commonly utilized. Those systems are available in many sizes and are very adjustable to meet a
spectrum of head, neck, spine and pelvic support needs. The biomechanical principles presented earlier
should be a valuable guide regarding how to select and fit premanufactured systems. )

When circumstances prevent provision of either the Gillette SSO or premanufactured %&a
sitting support systems a more rectilinear sitting support (RSS) may be the next choice (Fig 11). In  Figi1l
this case, the seat fabrication starts with a wood or plastic frame sized to the individual. This de-
sign may be either a free standing unit or it may be attached as components to a stroller or wheelchair. The
frame is appropriately padded and upholstered. Thoracic and head supports are mounted as needed. The
rectilinear frame designs also may be a very adequate choice and preferred in cases where scoliosis con-
cerns are minimal and closely conforming orthopedic support is not required. The fabric corset-type TLSO
can be used in combination with an SSO but that is rarely beneficial for CP patients who usually exhibit
good abdominal muscle tone.

Some ambulatory children with CP do develop scoliosis. When this is the case, a plastic shell TLSO
may be useful to control progression during the growth spurt.

DUCHENNE MUSCULAR DYSTROPHY . E
Approximately 90% of boys with Duchenne Muscular dystrophy (DMD) will develop a sig- ®

nificant spine deformity.® The scoliosis begins to develop after they become non-ambulatory. If Fig 12
they manage to prolong ambulation into the teen years, the spine begins to acquire a full-length

lordosis. These youngsters carry that fairly stable posture into their years of wheelchair use (Fig 12). Boys
who stop ambulating earlier are likely to develop a severe kypho-scoliotic deformity including, of course,
a mal-aligned pelvis. Spine fusion, where available, is the preferable option to avoid the consequences of
allowing deformity to progress.

Goals

As with CP, managing a spinal deformity for a patient with muscular dystrophy (MD) is not an iso-
lated goal. It must be tempered and tailored for a best fit with other very important interwoven goals. To
the extent that they can be addressed individually, the five main goals will be discussed in the following
order: optimize comfort; optimize upper limb-hand function; manage spinal deformity; preserve or improve
pulmonary function; and be as safe and stable as practical.

Providing adequate comfort in the sacro-pelvic area is a challenge for all MD patients. Pain associ-
ated with prolonged pressure and friction-induced shear at supportive bony areas are major issues. If the
patient’s seat cushion can reduce pressure, shear, moisture and heat, he will be more comfortable. He will
need repositioning and unweighting less frequently, thereby reducing caregiver burden. Complete informa-
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tion for alleviating pressure, shear, moisture and heat is found in the section on spinal cord injury (SCI).

With properly designed sitting support and adaptive equipment, these young men can retain hand

function until their disease is very advanced. That optimum function depends on several things:

J An easily adjustable anterior support strap, anchored to the SSO that allows them various
degrees of forward body incline. A bandolier style strap works well and is cosmetically more
acceptable than a horizontal chest strap;

] A lap tray closely and securely mounted on the wheelchair at a height determined by
self-feeding, writing and joystick trials; and

J A forearm bolster located on the lap tray under the forearm near the elbow of the patient’s
dominant side to act as a vertical and horizontal pivot point. Without such a little bolster the
patient will often “crawl” his non-dominant hand across to act as the lift and swing fulcrum
for his dominant forearm. Just like the lap tray, trial and error will determine optimum bol
ster thickness and placement. The non-dominant hand can then be employed as a helper to
stabilize items on the tray.

With the right amount of forward incline and lap tray set-up, a patient may be able to bring his hand
to his mouth by simultaneously lowering his head, dominant shoulder and upper arm. His forearm will
pivot at the bolster to raise his hand toward his mouth. Writing, drawing, gaming, keyboard op- S
eration and using a powered chair joystick are possible even with limited movement of the upper un
extremity and shoulder. Fig13

If a spinal fusion is not performed, boys with MD do best if they receive a fabric TLSO for
use with their custom SSO soon after fulltime wheelchair use begins. In this case, a comfortable, symmet-
rical, corset TLSO can be fabricated from measurements (Fig 13). The combination of pelvic alignment and
hydraulic spinal support will provide patient comfort and function until a fusion is performed. The TLSO
should be of a tailored heavy-duty corset material reinforced with flexible stays. The abdominal support
needs to be flexible to allow for some forward bending, and air permeability for moisture and temperature
moderation. Two corset TLSOs should be provided because each must drip-dry for about 24 hours
after laundering.

The seating expert who must provide wheelchair spine support for an MD patient with an
unfused spine and already severely collapsing kypho-scoliotic spine has a challenge of heroic mag- Fald
nitude. Scoliotic collapse progresses rapidly if the pelvis is free to tilt laterally. The spine deformity quickly
loses flexibility and becomes very severe including a pelvis that cannot be completely leveled.

Comfort issues become very difficult to manage. In such cases, a cast and model of the patient’s w
torso may have to be obtained for corset fabrication. Fabric panels may then be fit to the model ]Iﬂ
and sewn into a more shape-conforming corset (Fig 14). Fig15

A well-fitted corset TLSO and SSO combination can provide powerful spine stability and im-
proved comfort if caregivers consistently use the pelvic leveling procedure described earlier (Fig 15). More
information about the Gillette SSO appears in the cerebral palsy section and in appendix B.

It is especially gratifying when one fits an orthosis to achieve a certain benefit and discovers a sur-

192


http://exceedresearch.net/atlas/17/13.htm
http://exceedresearch.net/atlas/17/13.htm
http://exceedresearch.net/atlas/17/14.htm
http://exceedresearch.net/atlas/17/14.htm
http://exceedresearch.net/atlas/17/15.htm
http://exceedresearch.net/atlas/17/15.htm

prise additional benefit. In the biomechanics analysis near the beginning of this chapter, we discussed how
a fabric abdominal corset type TLSO reduces axial and bending loads on the spine. Such a corset has been
provided for many patients with flaccid abdominal wall muscles. Quite by chance, we discovered that,

in addition to spine support, some of those patients also gained significant pulmonary function benefits
including stronger voices, stronger coughs, and less anxiety.

The secondary pulmonary benefit was discovered when we straightened the sitting posture of a boy
with MD who was very slumped forward in his wheelchair. When we brought his shoulders up and back,
extending his thoraco-lumbar spine, he could not adequately breathe. In that straightened position the
opening between his rib margin and pelvis was enlarged, allowing abdomen to protrude and pull down his
diaphragm. His compromised inspiration caused him great anxiety. The simple answer to improve both
posture and lung function was a fabric corset with circumferential adjustability. Circumferential constraint
can then be titrated to best satisfy the patient.

Safety concerns relating to dynamic overturn instability have been mentioned earlier in this chapter.
Boys with muscular dystrophy are very conscious of susceptibility to forward overturn. Most will refuse to
use a system that places the center of gravity (CG) of their body too far forward and/or elevated relative to
the wheelchair.

SPINAL MUSCLE ATROPHY

Spinal muscular atrophy (SMA) comprises a spectrum of severity levels. Type | SMA is evident in
infancy. It is the most severe type. Types Il and Il begin to develop later in childhood. The three types
represent more of a spectrum of severity rather than distinctly separate types. Scoliosis develops in virtual-
ly all of the most severe, type | cases, most of the type Il and approximately half of the type IIl.*° The spine
progressively loses stabilizing musculature and tends to collapse under the influence of gravity.** Pulmo-
nary function will then decline.

The SSO and fabric TLSO are the most appropriate orthoses for SMA. The biomechanical consider-
ations for improving spinal support and pulmonary function are very similar to DMD.

SPINAL CORD INJURY

If the spinal cord injury (SCI) occurs before the age of 10 years, a secondary spine deformity will
develop.® Spine fusion before the deformity becomes severe is usually recommended where available.
However, the vast majority of spinal cord injuries happen later, near the close of, or after, physical maturity.
This reduces the probability that scoliosis will develop. If it does, a laterally tilted pelvis is almost always
part of that deformity.

Most of the muscles which contribute to thoraco-lumbar stability and control are segmentally in-
nervated. In addition, a spinal cord lesion may be incomplete and/or asymmetric. Consequently, it is wisest
to evaluate the sensory level, volitional control, pulmonary function and story of the patient rather than
rely on a specific lesion level report. As with all neuromuscular diagnoses, each patient presents you with
a specific combination of sensory level, abilities, concerns, aspirations and critical information about his
activities of daily living and work-life.
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Following acute stabilizing surgery, a rigid TLSO, with cranio-cervical components when necessary,
may be used to help maintain stability of the fracture site until the fusion is solid. As a result of the im-
proved stability of new implants not orthosis may be necessary. As the rehabilitation process continues
and the fusion matures, maintenance of a functional posture becomes very important. People with low
paraplegic level lesions have considerable voluntary trunk control. They can sit very erectly and can easily
straighten up after bending forward.

Most people with paraplegia secondary to SCI live independently soon after they are discharged
from rehabilitation. They typically use a lightweight, highly maneuverable manual wheelchair with a low
lumbo-sacral back support, a cushion and no lateral supports. Freedom of movement within the wheel-
chair is key to realizing their functional potential.

Progressively higher lesion levels leave the SCI patient with less control of spinal musculature.
People with low quadriplegia level lesions may be able to be independent in most activities of daily living.
Most can, at least for some years, use a manual wheelchair. Their upper body function depends on trunk
stability achieved through a “slumped” posture, that is, a very kyphotic thoraco-lumbar spine supported on
a posteriorly tilted sacro-pelvic base. This posture provides a fairly solid base for upper spine, shoulder and
arm function. That partially collapsed posture also provides close upper extremity access to the manual
drive wheels. It seems counterintuitive, but for certain lesion levels, some degree of postural slump also
facilitates pulmonary function. The downside of the slumped sitting posture is that it makes it more diffi-
cult for the thighs to share some of the upper body weight. The consequence is greater peak skin surface
pressure and friction loading on the sacrum and ischial tuberosities.

People with high quadriplegic level lesions need a full-length posterior support and bilateral thorac-
ic supports in combination with several degrees of recline. It is highly recommended that the seat bottom
and back recline as a unit.

Decubitus Ulcer Prevention

People who use wheelchairs for daily mobility and function, specifically those with impaired sensa-
tion such as the case with SCl, are at constant risk of developing a serious sub-pelvic or sacral ulceration.
Decubitus ulcers, also called pressure ulcers, destroy careers, marriages and quality of life. Septicemia
secondary to these wounds is a common cause of early death among people with spinal cord injury.

It is extremely important that we focus on prevention because of the severe consequences and because
each occurrence or reoccurrence of a stage Ill or IV ulcer multiplies the difficulty of preventing the next
one. Even in parts of the world where the best “off-the-shelf” adjustable cushions are available, some de-
cubitus ulcer issues are so severe that a custom fabricated cushion is prescribed. In all cases it is important
that providers understand seat cushion design features that will help prevent decubitus ulcers from devel-
oping.

The first step in prevention is a full understanding of the direct causes operating at the ulcer site.
There are four physical conditions at the skin surface of potential ulcer sites that contribute to tissue trau-
ma and which seating design can affect; those four are: pressure, friction, temperature, and moisture.
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Pressure

Of the four, pressure is the most obvious. When contact pressure is too great, blood cannot flow
in to bring oxygen and nutrients to the cells nor remove toxic metabolic byproducts. If that high contact
pressure persists too long, cells die. This is the ischemia model.

We know from long experience that excessive pressures occur where skeletal elements lie close to
the skin surface in weight bearing areas. There are three ways to reduce those peak pressures; with cush-
ioning materials; by structural shaping of the supporting surface; and with fluid flotation.

Cushion materials increase weight bearing contact area and thereby reduce peak pressure. Howev-
er, those vulnerable locations continue to be where the tissue is subjected to the highest pressure. Ortho-
tists and prosthetists know from long experience that shaping of the contact surface is an effective way to
transfer forces away from bony, intolerant, areas. Areas of deeper soft tissue are more load tolerant. So,
just like in a shoe insole or trans-tibial socket, a very good approach is to use a combination of shaping with
only as much cushioning as is necessary to off-load at-risk areas. However, it is difficult to precisely locate,
size and shape support surfaces to lower all peak contact loading.

Fluid flotation is the third method listed above but has some negative characteristics and limita-
tions. To truly float the user, the fluid must generate a weight-resisting pressure when in use. If the fluid
is air, leakage can reduce user protection to zero, sometimes without the user’s awareness. Also, a totally
fluid support surface reduces the opportunity to transfer significant load from the pelvis forward onto the
thighs.

Finally, with regard to pressure, we must understand the role of the wheelchair footrest. If the
wheelchair footrest is too elevated, it will totally negate any efforts to transfer weight-bearing pressures
from the pelvis to the thighs. The posterior thighs have no bony prominences and can safely bear high-
er pressures than the ischial tuberosities. Weight can be shifted from the pelvis to the thighs by CU

shaping a gentle thigh fulcrum into the structural material of the seat cushion in the area of the t:;a;[-;_ N

proximal thighs. See the exaggerated depiction on the left of figure 16. The footrest may then be F_igy1_6
adjusted lower so that the femurs act like levers. The lower leg weight operates on the lever to
partially lift and reduce pressure under the pelvis. The mechanical equivalent appears on the right of figure
16. Itis interesting to observe that when we occasionally sit on a table we soon place our hands under our
proximal thighs. The weight of our distal thighs and dangling lower legs and feet reduces pressure at the is-
chial tuberosities. Pelvic unweighting is enhanced even more if we lean our upper body forward a bit. This
feature in a wheelchair cushion works the same way to enhance the benefit when a person with SCI leans
forward.

The ischemia model for pressure ulcer generation has been useful and has dominated cushion
design almost exclusively. The other three factors have received too little attention from cushion design-
ers. Thisis unfortunate. Additional strides in prevention of these wounds are possible when we give more

attention to technologies that will reduce skin friction, temperature and moisture in at-risk tissue areas.

Friction
Friction, the second in our list of contributors to tissue trauma, is not as easy to visualize as pres-
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sure. Friction force is important because it profoundly elevates shear distortions within the soft tissues.
Shear is a type of tissue deformation in which neighboring levels/layers of the tissue are dragged or pulled
parallel to each other. Friction on the skin surface is a kind of skin traction. The direct result of this kind of
loading is shear stress and strain in nearby soft tissue. Some shear conditions are present within the soft
tissue under all loading conditions. This is especially the case in close proximity to bony prominences. Ben-
net’s research®*® found that surface friction induced shear stress of 100g/cm2 when superimposed on sim-
ple pressure, causes capillary blood flow occlusion to occur at much lower pressures than in the absence
friction. More specifically, he and his colleagues found that an ulcer could be generated in approximately
half the time under those circumstances. Since it is well established that friction-induced shear distortions
contribute to the formation of ulcers, it is important to know how we can minimize shear.

There is a common misconception that shear damage can only occur as the skin slides across a
contact material. In fact, friction and accompanying shear stress at significant magnitudes do not go away
once the person has settled into his wheelchair. As a person settles to a resting position, friction has a role
in exactly where movement stops within the seat cushion. Friction is, in fact, traction on the skin directly
subjecting skin and soft tissues to a shear distortion. Static friction forces may actually be greater than
when sliding is occurring. Friction, and the soft tissue shear it causes, can persist and do its damage all
during the many static hours of wheelchair use or bed use.

There are two ways to minimize shear. The first is by reducing the friction needed to keep the client
in his/her chair. The tendency to slide is reduced by creating a recess in the cushion that cradles the pelvis
and then slopes upward toward the distal thighs. Providing lumbar and other back support to bring the
wheelchair user to a more upright, less kyphotic, posture will also help. When the patient is quadriplegic,
one must be careful, of course, not to bring the client too close to the forward tipping point unless he has
anterior thoracic support.

The second way of minimizing shear is to provide a very slippery interface under the specific at-risk
areas. Friction is bad only in ulcer prone locations. In other areas, where the layer of soft tissue is thicker,
friction contributes to sitting stability and causes no problems. Unfortunately lubricating agents quickly
seep and spread beyond the area of application. In a short time, they cause skin hydration and mix with ex-
foliants. The result is that the mix on the skin surface becomes somewhat sticky which is a very unhelpful
development. Selecting the right materials for the interface at a specific location can almost totally elimi-
nate friction forces without lubrication.

The amount of friction-induced shear trauma is governed by the natural “grippiness” or “slipperi-
ness” of materials between the skin and the support surface. The friction characteristic of a given pair of
materials is measureable and known as the coefficient of friction (COF). When materials do not slide easily
across one another, that pair of materials has a much higher COF than a pair of materials that glide easily
across one another. Most material combinations exhibit a measured COF between 0.2 and 0.9 but _

e

a few COF values can be outside that range.
Friction can be managed strategically by locating an area of very low COF material un-

Fig17

der the bony areas and using a mid-range COF, commonly available fabric or foam material in all
the other weight bearing areas (Fig 17). During the hours of sitting, bony area movements remain within
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the low COF zone. This arrangement allows the skin covering the bony prominence to glide those small
amounts along with the bone as the user goes about his/her activities of daily living. The COF and friction
in the more extensive, less vulnerable areas, is higher and provides the needed stability.

Temperature
Elevated temperature and moisture are the third and fourth localized surface conditions contribut-

ing to pressure ulcer generation. These two are partially interrelated because evaporation reduces both.
Temperature is a factor because a one degree centigrade rise in temperature will increase cell metabolic
rate by approximately 10%.%¢ In other words, if we can keep vulnerable tissue a bit cooler, the onset of cell
death will be delayed.

Moisture

Moisture is last on this list but not the least important. In addition to possible unhealthy skin reac-
tions to the contents of urine and sweat, we know that moisture weakens the outermost layers of the epi-
dermis. Moisture also tends to increase at the skin-fabric interface and any other fabric interfaces located
between skin and support surfaces.

Materials with good wicking characteristics and/or which allow air to circulate close to the skin may
facilitate both reducing heat and moisture. If the cushion and/or the cushion cover are air-permeable,
moisture may be evaporated reducing both moisture and temperature at the skin surface. Unfortunately,
many cushions are made of materials that insulate, preventing moisture and metabolic heat from escaping.
When a client has a demonstrated pressure ulcer risk, the professional caregivers should consider every
one of these four contributing factors.

It should also be mentioned that some covers significantly cancel much of the benefit of a well-de-
signed cushion. An ideal cover should be of a material that easily stretches in all directions. Such a materi-
al allows the body to immerse into the deeper contours of the cushion with minimal resistance or folding.

Pulmonary Function

Some people with quadriplegic lesions present with shallow breathing and weak cough. Because of
very shallow pulmonary function, some cannot speak louder than a whisper. Similar complications were
mentioned earlier for MD patients. Pulmonary function issues are encountered so frequently among cervi-
cal level SCI patients that it should be routine to perform a quick test. The test consists of applying a mod-
erate amount of passive static abdominal compression to see if it will make a significant difference. When
the test is positive the patient should receive a fitted fabric jacket. The improved breathing, coughmg and
in some cases, voice volume will be remarkable.

A literature search indicated that these clinical findings are consistent with what speech

and pulmonary function researchers have reported.'”*® It is unfortunate that corsets are not more

Fig 18

frequently prescribed. The gentleman in (Fig 18) was a classical demonstration of these pulmo-
nary function issues. He had an SCI for many years when referred for improved sitting support. All during
the initial interview his left fist was poked a few inches into his midsection. When asked about the reason
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for this, he seemed hardly aware of that habit but said it just made him feel better. He had found his own
solution to being able to breathe a little better. Unfortunately, it cost him the ability to use that arm and
hand for other things. A fabric abdominal jacket TLSO or even an abdominal binder would be a better solu-
tion.

People living with quadriplegic level SCI have a limited ability to perform the periodic unweighting
maneuvers that help prevent pressure sores. They need wheelchair cushions of the very best quality and
many also need powered tilt-in-space wheelchairs. The tilt-in-space feature preserves the occupant’s entire
posture and seated joint angles as it tilts backward to reduce the weight on sub-pelvic surfaces. It is the
safest way to mechanically unweight while remaining in a wheelchair.

Wheelchairs, which recline the backrest while leaving the sitting surface horizontal, create large
shear-producing friction loads on all weight-bearing skin from head to thighs. Those friction forces are
further elevated as, and after, the backrest is moved back toward vertical. There are very few patients for
whom this type of wheelchair is appropriate.

Slings are sometimes the best way to transfer a patient between bed and wheelchair. Transfer slings
should be carefully removed when the transfer is complete. If the sling is not removed after each transfer,
it should be designed to insure that none of the sling material remains between the pelvis and the cush-
ion after the transfer. Sturdy sling fabric remaining under the pelvis could negate the effectiveness of the
wheelchair cushion.

MYELOMENINGOCELE

The myelomeningocele malformation causes severe, localized spinal instability because of the se-
vere posterior defect with a resultant angular kyphosis. In addition there is often additional neuromuscular
scoliosis or scoliosis related to congenital vertebral anomalies. The incidence of hyperkyphosis and/or sco-
liosis varies from 52% to 90%.'° Spinal orthoses have a limited role in the management of spinal deformity
in this diagnosis. The area of the myelomeningocele lesion lacks the posterior bony structure and spanning
muscle system required to resist kyphotic collapse. Spine support devices must avoid any forceful contact
in the area of the kyphotic gibbous where such force would otherwise be mechanically effective.
In fact, special modification is often necessary to ensure that area is protected from any forceful
contact.

Plastic shell TLSOs are sometimes used to resist deformity progression while the child
is very young (Fig19). This can allow some vertebral growth and development before fusion. The TLSO
should be a two-piece shell to facilitate gentle, precise placement during donning. The gibbus, when pres-
ent, must be protected by a non-contacting bulge in the orthosis. The same or a similar TLSO may be used
to protect alignment after surgery while the fusion solidifies. The major spine support benefit of the TLSO
in this case probably comes from the hydraulic effect of the snug abdominal containment of the plastic
shell. The TLSO is not used at night except when needed to protect the area of the lesion or when used for
post-fusion stability.

Many older children and adults with myelomeningocele will find a wheelchair to be the most practi-
cal means for everyday mobility and daily living. They will have some degree of impairment of lower body
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sensation and will present skin protection needs similar to those presented by people with SCI.

POLIOMYELITIS

In an unpublished written communication to John Fisk in 2014, Hugh Watts observed that, “Sco-
liosis as a result of polio paralysis, broadly speaking, is seen in two groups of children.” He observed that
the more severe group, who have extensive trunk muscle paralysis and develop scoliosis very early, cannot
pull away from pads applying support pressure. The children of the less severe group have more voluntary
trunk control and the spinal deformities, which develop more gradually, tend to remain flexible longer.
Functional sitting may be possible in spite of a collapsing spinal deformity. The authors of this chapter have
encountered a small number of adult polio survivors who are dependent on a wheelchair for movement
outside of home but have some ambulation ability within the home in spite of a severe, flexible spine de-
formity. Those individuals relied on corsets of leather or fabric to provide them with a comfortable modi-
cum of trunk support.

The first author’s limited experience and Watts’ report would suggest that plastic shell spinal ortho-
ses are not appropriate for poliomyelitis patients. Some sitters and marginal ambulators with a flexible,
collapsing spinal deformity will benefit from a well-fitted, circumference-adjustable fabric LSO or TLSO. Ad-
justability of the circumference of the corset is important because pulmonary function is optimized at some
mid-range abdominal constraint level. The swing-to crutch ambulators will find that the corset moderately
reduces the energy required for ambulation. The abdominal constraint decreases the amount of spinal
collapse each time as ambulation transitions from shoulder weight bearing to pedal weight bearing.

Finally, some of the polio patients will present with a neuromuscular condition and functional needs
similar to what is encountered by people with MD, spinal cord injury or some combination. See those sec-
tions of this chapter for custom orthotic seating information.

ACKNOWLEDGEMENTS

The authors acknowledge the very important leadership of John Lonstein, MD, past Chief of the
Cerebral Palsy Spine Clinic at GCSH, Dr. Robert Winter, Medical Director; Thomas Comfort, MD, Chief of the
Cerebral Palsy Clinic; and Lowell Lutter, MD, Chief of the Growth and Development Clinic at the same insti-
tution. Custom seating systems were fabricated and fit by Mark Payette, CO, David Wilkie and the people
they supervised. Physical Therapy support was provided by Karen Ostenso, PT, Jan Headley, PT, and Diane
Twedt, PT, all at GCSH.

The authors’ clinical experience occurred as director of the Habilitation Technology Laboratory at
GCSH and at Tamarack Habilitation Technologies, Inc. (THTI). Custom wheelchair sitting support and spinal
orthotics services at THTI included both pediatric and adult patients and conditions. Seating and spinal
orthotic service teams at THTI were led by Mark Payette, CO and Katie Voss, CO.

The authors and staff are so very grateful to the patients and their loved ones who told us their his-
tories, difficulties and hopes, trusting us to explore solutions and being patient as we learned. Karen Osten-
so, PT, has reviewed successive drafts of the manuscript and provided very helpful organizational, technical
and style assistance.

199



The authors acknowledge that Tamarack® Habilitation Technologies is the manufacturer of two

low-friction interface products. Address inquiries to: J. Martin (Marty) Carlson (martyc@tamarackhti.com)
Tamarack Habilitation Technologies, Inc. 1670 94th Lane NE, Blaine, MN 55449-4323,

APPENDIX A

APPENDIX B

APPENDIX C

1.  Carlson JM, Lonstein J, Beck KO, Wilkie DC. Seating for children and young adults with cerebral palsy.
Clinical Prosthetics and Orthotics. 1987; 11 (3): 176-198

2. Carlson JM, Winter RB. The Gillette sitting support orthosis. Orthotics and Prosthetics. 1978; 32 (4):
35-45

3.  Carlson JM, Winter RB. The Gillette sitting support orthosis for non-ambulatory children with severe
cerebral palsy or advanced muscular dystrophy. Minnesota Medicine. 1978; 61: 469-473
Crandall S, Dahl N. An Introduction to the Mechanics of Solids. New York, NY: McGraw-Hill; 1959: 420

5. Morris JM, Lucas DB, Bresler B. Role of the trunk in stability of the spine. J Bone Joint Surg. 1961; 43-
A:327-351

6. Kalen V, Conklin MM, Sherman FC. Untreated scoliosis in severe cerebral palsy. J Pediatr Orthop. 1992
May-Jun;12(3):337-40.

7. Palisano RJ, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B. Gross motor function classification
system for cerebral palsy. Dev Med Child Neurol. 1997; 39: 214-223

8.  Olafsson Y, Saraste H, Al-Dabbagh Z. Brace treatment in neuromuscular spine deformity. J Pediatr
Orthop. 1999; 19(3): 376-379

9. Bushby K, Finkel R, Birnkrant DJ, Case LE, Clemens PR, Cripe L, et al. Diagnosis and management of
Duchenne muscular dystrophy, part 2: implementation of multidisciplinary care. Lancet Neurol. 2010
Feb;9(2):177-89

10. Evans GA, Drennan JC, Russman BS. Functional classification and orthopaedic management of spinal
muscular atrophy. J Bone Joint Surg Br. 1981;63B(4):516-22.

11.  Sucato DJ. Spine deformity in spinal muscular atrophy. J Bone Joint Surg Am. 2007 Feb;89 Suppl
1:148-54.

12.  Mayfield JK, Erkkila JC, Winter RB. Spine deformity subsequent to acquired childhood spinal cord
injury. J Bone Joint Surg Am. 1981 Dec;63(9):1401-11

13. Bennett L, Kavner D, Lee BY, Trainor FA. Shear vs pressure as causative factors in skin blood flow oc-
clusion. Arch Phys Med Rehabil. 1979; 60: 309-314

14. Bennett L, Kavner D, Lee BY, Trainor FS, Lewis JM. Skin stress and blood flow in sitting paraplegic
patients. Arch Phys Med Rehabil. 1984; 65: 186-190

15. Bennett L, Lee BY. Pressure and shear in pressure sores. National symposium on the care, treatment

and prevention of decubitus ulcers. Conference proceedings. 1984: 41-46

200


http://exceedresearch.net/atlas/17/appendix-a.pdf
http://exceedresearch.net/atlas/17/appendix-b.pdf
http://exceedresearch.net/atlas/17/appendix-c.pdf

Orthotic Management of the Paralytic Spine

16.
17.

18.

19.

Koziak M. Etiology of decubitus ulcers. Arch Phys Med Rehabil. 1961; 42: 19-29

Hoit JD, Banzett RB, Brown R, Loring SH. Speech breathing in individuals with cervical spinal cord
injury. J Speech Hearing Res. 1990; 33: 798-807

Pichurko B, McCool D, Slutsky AS, Sarkarati M, Rossier A, Brown R. Total lung capacity increases with
abdominal binding in quadriplegia. Am Rev Respir Di. 1984 Annual Meeting; A265

Trivedi J, Thomson JD, Slakey JB, Banta JV, Jones PW. Clinical and radiographic predictors of scoliosis
in patients with myelomeningocele. ) Bone Joint Surg Am. 2002 Aug;84-A(8):1389-94.

201



The Atlas Of Spinal Orthotics

202



Orthotic Management of Scheuermann Kyphosis
Steven E Koop

DEFINITION

Normal, or typical, thoracic kyphosis is defined by a range of Cobb angular measurement obtained
from standing lateral radiographs of a large number of individuals. A study of 121 typically developing chil-
dren, ages 5-19 years, demonstrated mean thoracic kyphosis of 33°. The films were done with the subjects
standing erect with arms placed at right angles to the torso by grasping the crossbar of a ladder. The meth-
od was developed through a trial of different arm positions. Kyphosis was measured from T2-T12 in 49%,
T2-T11in 10%, T1-T12 in 10%, T3-T12 in 7%, T2-L1 in 13% of subjects. The range of kyphosis was 17° to 51°
with statistical difference between genders or by age groups (5-9, 10-14, 15-19 years). One standard devi-
ation was represented by kyphosis of 25° to 42°, and two standard deviations was represented by kyphosis
of 20° to 50°. In addition to the challenges of utilizing standard radiographic techniques, measurements
of the Cobb angle vary between observers and across time. This is demonstrated in a study of radiographs
for 30 individuals undergoing evaluation for kyphosis.? The radiographs were measured twice, at least 16
days apart, by four examiners. The mean intra-observer variance was 4.3° with a 95% confidence interval
of £9.6°. The 95% inter-observer confidence interval was £8.7°. Curve magnitude did not vary with the
variance in measurement.

These studies indicate that thoracic kyphosis in children and adolescents follows a normal distribu-
tion in which two standard deviations is 20° to 50°. Radiographic methods and measurement techniques
are important. Cobb angle differences 28° may be needed to state that change is present as a result of
growth or the effects of treatment.

Holger Scheuermann, a Danish radiologist and orthopaedist, described the radiographic character-
istics of the deformity that now bears his name.? His findings included increased thoracic kyphosis in the
skeletally immature with wedging of vertebral bodies and irregularities of vertebral endplates. Sorenson
proposed the criteria under which the term Scheuermann’s kyphosis could be applied: three adjacent ver-

tebrae with at least 5 degrees of wedging.*

INCIDENCE

Publications on Scheuermann Kyphosis (SK) frequently state that the condition occurs in 1% to 8%
of the population and slightly more common in males. It is most commonly diagnosed in early adoles-
cence. The etiology of Scheuermann kyphosis is unclear. The prevailing opinion is that some individuals
have a genetic predisposition to the condition. This appears to be best described by a dominant major
gene diallele model.> Survey responses of 34,007 twins from the Odense-based Danish Twins Registry, born
in the years 1931-1982, yielded a self-reported prevalence of “Scheuermann disease” of 2.8% (2.1% among

women, 3.6% among men).® Pairwise concordance was 0.19 for monozygotic twins and 0.07 for dizygotic
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twins. The odds ratios were 32.92 for monozygotic twins and 6.25 for dizygotic twins. The authors con-
cluded that a major genetic contribution exists for the etiology of Scheuermann disease. Some authors

believe that certain physical activities may incite vertebral endplate changes and growth alterations that
result in wedging. No study has been able to demonstrate this in a convincing manner.

CLASSIFICATION

Despite the precision of Sorenson’s criteria subsequent publications are inconsistent when apply-
ing the term Scheuermann kyphosis. Most authors would agree that the term applies to thoracic kyphosis
>45° with vertebral wedging that meets Sorenson’s criteria, endplate irregularities (including Schmorl’s
nodes), and narrowing of disc height. Cadaveric studies have demonstrated abnormal endochondral
growth in the ring apophysis of wedged vertebrae.” Disagreement appears when describing patients with
diffuse milder wedging, focal severe wedging of one or two vertebrae, or changes in the thoracolumbar or
lumbar spine. Therefore no agreed classification system exists for Scheuermann condition. Most authors
apply the term “severe” to kyphosis 270°. Authors speak of curve stiffness as a measure of severity but a
consistent definition does not exist.

NATURAL HISTORY

Many questions exist regarding the long-term consequences of untreated Scheuermann kyphosis.
Will the kyphosis increase with age? Will appearance be altered in a way that leads to undesirable social
consequences? Will increased kyphosis limit physical activities, including work? Will altered torso shape
affect heart and lung function? Will increased kyphosis predispose to neurologic dysfunction? Will individ-
uals experience pain?

A study from the University of lowa provides some answers to these questions utilizing methods
consistent with Level Ill evidence.® From an initial group of 118 individuals who met Sorenson’s criteria, 67
were located and agree to participate in an assessment. All completed a questionnaire and pain evaluation
tools, 55 were examined, 54 had radiographs performed, and 52 underwent pulmonary function tests. The
group included 46 males and 21 females with mean kyphosis of 71° (range 37°-110°). The mean age of the
participants was 53 years (range 25-82 years) and mean follow-up was 32 years (range 10-48 years). The
results of their assessments were compared to those of 34 volunteers. The individuals with Scheuermann
kyphosis did not show a difference in job type or the average number of sick days due to back pain but
they tended to be more sedentary in the workplace. They were less likely to report no pain in the preced-
ing month (28% versus 62% of volunteers), more likely to report pain that interfered with activities (38%
versus 21% of volunteers), more likely to report thoracic pain (28% versus 3% of volunteers) but reported
no differences in activity levels. Individuals with Scheuermann kyphosis demonstrated no difference in ed-
ucation, self-consciousness, or self-esteem unless they had experienced curve progression. There was not
difference in marriage rates for curves <85°. In general, expressions of concern about any of these factors
decreased with age. No clear differences in health that could be attributed to the hyper-kyphosis could be
demonstrated. Five individuals (10%) were found to have mild neurologic changes (decreased propriocep-
tion, decreased response to pinprick and decreased vibratory sensation). Hamstring tightness was found in
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sixteen individuals (29%). Pulmonary function tests demonstrated mild reductions in inspiratory capacity
and forced vital capacity when kyphosis exceeded 85° or the apex was in the upper thoracic spine. In all
cases pulmonary function tests still exceeded 75% of predicted. The researchers concluded that Scheuer-
mann kyphosis did not have major adverse consequences during adulthood.

A study from Finland, with Level IV evidence, had similar results.® From an initial cohort of 255
individuals a group of 49 were found to meet Sorenson’s criteria with a curve apex in the thoracic spine.
There were 37 males and 12 females with a mean age of 59 years and mean follow-up of 37 years. Baseline
radiographs demonstrated mean kyphosis of 45° (standard deviation 16°) with an average of 4.9 vertebrae
demonstrating >5° of wedging (mean =9.2°). Current radiographs and physical examinations were not
done. Pulmonary functions tests were not obtained. The group was compared to a representative sam-
ple of 1,851 males and 1,984 females drawn from the Health 2000 study. Age and gender-adjusted odds
ratios with 95% confidence intervals for different risk factors were calculated for Scheuermann kyphosis
compared to controls. Individuals with Scheuermann kyphosis had an increased risk for constant back pain
(odds ratio 2.5), back pain in the last 30 days (odds ratio 3.7) or sciatic pain (odds ratio 2.3) but reported no
differences in pain-related disability at work, during leisure activities or while performing domestic tasks. A
higher number of individuals with Scheuermann kyphosis reported difficulty carrying a 5-kilogram load at
least 100 meters (odds ratio 5.4) or walking up one flight of steps without rest (odds ratio 7.2). There was
no correlation between the magnitude of the kyphosis and pain, function or overall quality of life.
Neurological deficits are rare in Scheuermann kyphosis but have been reported.’® When they occur it is the
result of anterior spinal cord compression. This can develop as a result of cord compression at the apex of
the kyphosis, disc herniation, or extradural cyst formation.

ROLE OF ORTHOTIC TREATMENT

There are two roles for orthotic treatment of Scheuermann kyphosis: resolution of pain during
adolescence, and reduction of the magnitude of kyphosis in the hope that long term treatment outcome
studies will demonstrate less pain and better physical function when compared to natural history studies.

EVIDENCE-BASED REVIEW

All studies of orthotic treatment of Scheuermann kyphosis have Level IV evidence. Three will be
reviewed.

A study from Texas started with 203 individuals.'* Milwaukee brace (Fig 6) treatment was recom-
mended to 62 individuals and at the time of publication 12 were in active treatment. That left a study
group of 50 individuals; eleven (22%) started treatment and abandoned their orthosis while 39 completed
treatment. The mean age at starting orthosis wear was 14 years (range 10-19 years), mean kyphosis was
62° (range 43°-87°), mean time in the orthosis was 18 months (range 10-36 months), and the mean ky-
phosis at the completion of orthotic treatment was 41°. The orthosis was worn “full-time” until
maximum improvement of the kyphosis was achieved (usually 6-12 months) at which point “grad-
ual” weaning took place over four to six months. This was followed by an interval of wearing the Fig 6
orthosis while sleeping. Groups based on initial curve size were examined. A pattern of kyphosis
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reduction followed by increase was noted in all groups. Twenty-four of 39 patients achieved kyphosis re-
duction to £45° but only 12 stayed <459° at the end of orthosis treatment. Twenty-one patients had fol-
low-up more than 18 months after completing brace treatment; 16 experienced increased kyphosis by an
average of 15°. The researchers speculated that more time in the orthosis once maximum correction was
achieved might have helped maintain the improvement.

A study of Milwaukee brace treatment in Minnesota had more patients and longer follow-up.** The
initial group was 274 patients but 136 (47%) were lost to follow-up during active treatment in the ortho-
sis. Eight had <5 years follow-up after completing treatment, 10 refused radiographs, 4 had initial kyphosis
<452° and were excluded, and 2 had undergone surgery, leaving a study group of 120 patients. This group
had 44 males and 76 females. The mean age at the start of treatment was 12 years and 5 months, and Riss-
er stage 2 was the typical maturation assessment. The mean time in the Milwaukee brace was 32 months
(range 5-111 months) and the mean age at follow-up was 24 years. The researchers determined that 110
patients had worn their orthosis “consistently.” Four groups were created from these patients based on ini-
tial curve size (45°-54°, 55°-64°, 65°-74° and >75°). All groups demonstrated a pattern of kyphosis improve-
ment in the orthosis, but demonstrated an increase in kyphosis prior to the completion of orthotic treat-
ment, followed by further progression at long-term follow-up. A total of 76 (69%) subjects demonstrated
kyphosis at follow-up that was less than the original measurement. Seven patients had undergone fusion
surgery including 4 of 14 whose initial kyphosis measurement 275°. There was a trend towards reduced
vertebral wedging but it was not linked to the long-term results.

CLINICAL CASE (FIGS 1-5)

Figl Fig 2 Fig 3 Fig4

A third study was completed in Connecticut.®* A group of 75 adolescents with thoracic kyphosis
>45° were divided into two groups: those with at least two vertebrae with >5° wedging and those with-
out wedging. Within four months 23 patients (31%) abandoned their orthosis. A thoraco-lum-
bar-sacral orthosis (TLSO) (Fig 7) was used in 36 patients with mean kyphosis of 60°. Kyphosis
was 44° at the end of treatment. A Milwaukee brace was used in 16 patients with mean kyphosis

of 71°. Kyphosis was 46° at the end of treatment. Compliance, defined as wearing an orthosis
>70% of the prescribed wearing time, was 61% for the TLSO 27 of 44 patients) and 29% for the Milwaukee
brace (9 of 31 patients). The researchers concluded that a TLSO was a satisfactory method of treatment for
kyphosis of <70°.

No study of treatment of Scheuermann kyphosis recorded actual orthosis wear. Therefore, we do
not know how many hours of wearing is required for an orthosis to be most effective. A prospective ran-
domized study of orthotic management of adolescent idiopathic scoliosis utilized heat sensors to measure
actual wearing of the orthosis.* In order to achieve 90-93% success (defined as curvature <502 at the end
of treatment) the orthosis had to be worn at least 12.9 hours per day.

206


http://exceedresearch.net/atlas/18/7.htm
http://exceedresearch.net/atlas/18/7.htm
http://exceedresearch.net/atlas/18/1.htm
http://exceedresearch.net/atlas/18/1.htm
http://exceedresearch.net/atlas/18/2.htm
http://exceedresearch.net/atlas/18/2.htm
http://exceedresearch.net/atlas/18/3.htm
http://exceedresearch.net/atlas/18/3.htm
http://exceedresearch.net/atlas/18/4.htm
http://exceedresearch.net/atlas/18/4.htm
http://exceedresearch.net/atlas/18/5.htm
http://exceedresearch.net/atlas/18/5.htm

CHOICE OF ORTHOSIS

Kyphosis reduction is achieved by a combination three-point stress application and the natural right-
ing mechanism of the brain. A TLSO has a stable base at the pelvis, reduces lumbar lordosis, and applies
pressure at the apex of the kyphosis as well as the upper sternum or clavicular area. A Milwaukee brace
is a cervico-thoracic-lumbo-sacral orthosis (CTLSO). It encourages the righting mechanism by moving the
anterior contact point superiorly with a neck ring that is not meant to apply pressure to the mandible. The
visibility of the neck is undesirable but the open frame of the Milwaukee brace is cooler than a TLSO and is
more easily adjusted in the early weeks of brace wear.

Treatment studies point to the factors that influence orthotic management of Scheuermann kypho-
sis. Factors related to the spine include severity and extent of vertebral wedging, the apex and length of
the kyphosis, and kyphosis magnitude and initial flexibility. Factors related to the orthosis include the type
(TLSO or Milwaukee brace) and the quality of construction and fitting. Factors related to the patient in-
clude growth potential, the number of hours of orthosis wear each day and the duration of orthosis wear in
relation to growth. The best opportunity for success may be the patient with kyphosis of <65° with modest
vertebral wedging and at least two years of remaining growth who wears a Milwaukee brace 16 to 18 hours
per day until the best improvement is achieved and then continues to wear the orthosis at least 12 hours
per day until reaching Risser stage 4 maturation.

FOLLOW-UP VISITS

Clear goals of treatment should be established with each patient and family. When possible, pa-
tient-reported outcome measures should be incorporated into the plan of care. It is not realistic to achieve
maximum kyphosis reduction with the first brace fitting. Acceptance of the orthosis will improve if the
initial correction is modest, followed by several visits and modification of the orthosis over two to four
months. Once maximum kyphosis reduction is achieved follow-up visits should occur every four months.
Follow-up evaluation should continue until at least two years after treatment ends. During follow-up visits,
the orthosis should be assessed to determine if adjustments are required based on growth changes and to
insure that proper alignment and force application are maintained during the treatment phase.
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Orthotic Management of Spondylolysis and Spondylolisthesis
Tenner J Guillaume

DEFINITION
Spondylolysis is defined as a bony defect or stress reaction occurring in the lumbar pars

interarticularis (Fig 1).

Spondylolisthesis is defined as a translational displacement of a vertebra relative to its sub-  Figl

jacent vertebra (Fig 2) due to any number of causes (see Classification section below).

PREVALENCE ‘

The prevalence of spondylolysis ranges from 3% to 7% in the general pediatric popula- Fig2
tion.*” However, specific populations have been noted to have an increased prevalence such as
high level athletes, particularly those involved in hyperextension sports such as gymnastics or cricket fast
bowlers (7 to 21%).2** Whereas in their non-athletic peers the prevalence of spondylolysis was noted to
be significantly lower (3% to 5%).1>'! An increased prevalence has also been noted in those with a first
degree relative with spondylolysis (15% to 34%).%*” Furthermore, the prevalence of spondylolysis seems
to be associated with certain anatomic factors such as coronal facet orientation, less increase in interfacet
distance, and spina bifida occulta.**!*¥"% |n pediatric patients presenting with complaints of low back pain,
the prevalence of spondylolysis can approach 50% (13% to 47%).*>** The majority of spondylolyses occur at
L5 (90%)** and are bilateral (70%).

The prevalence of spondylolisthesis varies by etiology. The most common etiologies are spondyloly-
sis and degenerative causes. Spondylolysis tends to lead to L5-S1 spondylolisthesis, whereas degeneration
tends to lead to L4-L5 spondylolisthesis. Evidence suggests that many persistent bilateral pars interarticu-
laris defects will progress to develop spondylolisthesis (43% to 74%).”° The prevalence of spondylolisthesis
due to degenerative causes is rare in individuals less than 50 years of age and overall occurs in about 6% of

individuals, with two-thirds (67%) of cases occurring at L4-L5.

CLASSIFICATION
Various classification schemes exist to describe spondylolysis and spondylolisthesis. Ideally classifi-
cation schemes exist for physician-to-physician, physician-to-therapist, or physician-to-orthotist communi-

cation regarding the severity of pathology and likely prognosis.

Spondylolysis
There is a dearth of classification schema commonly used for spondylolysis. However, in the inter-

est of completeness, the Tokushima classification?*?! for grading spondylolysis has been described in the lit-

erature. The Tokushima classification relies on radiographic studies. Acute (early) spondylolysis is defined
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as a “hair-line defect also referred to as a ‘fissure in the pars’ or ‘focal bony absorption’”. Pro-
gressive spondylolysis is defined as a “defect that is moderately wide; the edges are now round”.
Terminal (chronic) spondylolysis is defined as a “defect that is wide with sclerotic changes” (Table

Table 1
1).
Spondylolisthesis
Much focus on classification within the clinical study of spondylolysis and spondylolisthesis
is focused on the latter pathology. The most widely used classification scheme as regards the etiol-————
ogy of spondylolisthesis is the system described by Wiltse?*?* (Table 2).?* The Wiltse classification Table 2

system is divided into five main groups. Type | develops secondary to a congenital defect resulting
in insufficiency of the superior sacral facet or the inferior L5 facet or both with resultant gradual anterior
translation of L5 on the sacrum. This is known as congenital or dysplastic spondylolisthesis.

Type Il, also known as lytic or isthmic spondylolisthesis, involves a defect in the “isthmus” or pars in-
terarticularis. Type Il is further classified into three subgroups: Type IIA represents a spondylolysis or stress
fracture of the pars interarticularis; Type IIB represents an intact but elongated pars interarticularis due to
repetitive stress and bony remodeling; Type IIC represents an acute traumatic fracture of the pars interar-
ticularis resulting in anterolisthesis of L5 on the sacrum. Type IIC is the rarest of these three subtypes.
Type lll, also known as degenerative spondylolisthesis, is a disease of older adults that develops as a result
of degenerative disc pathology and loss of intervertebral disc integrity generally in combination with facet
arthritic change. Type Ill can result in either anterolisthesis (more common) or retrolisthesis.

Type 1V, also known as posttraumatic spondylolisthesis, is the result of an acute traumatic injury to
the posterior elements other than the pars interarticularis (as seen in Type IIC). Unlike Type IIC, which re-
sults in an acute spondylolisthesis from a fracture-dislocation, Type IV is the result of a more gradual event.
Type V, also known as pathologic spondylolisthesis, involves the gradual failure of the posterior elements in
the setting of a pathologic process such as malignancy, tuberculosis, Paget’s disease, giant cell tumors, or
other erosive or cystic processes.

While the Wiltse Classification provides an excellent framework to describe the etiology
of spondylolisthesis, it fails as a classification scheme in regards to its ability to predict the prog-
nosis of deformity progression or patient outcome. In an attempt to address this shortcoming of Table 3
the Wiltse Classification scheme, Marchetti and Bartolozzi proposed an alternative classification
scheme for spondylolisthesis in 1982 (Table 3).?” Spondylolisthesis is divided into developmental and ac-
quired subtypes in the Marchetti and Bartolozzi Classification. Acquired spondylolistheses initially included
degenerative, pathologic, and iatrogenic etiologies; whereas, developmental spondylolistheses included
elongation of the pars (Wiltse Type IIB), lytic lesions (Wiltse Type lIA), and traumatic events (Wiltse Types
[IC and IV). In 1994 Marchetti and Bartolozzi modified their classification scheme to divide developmen-
tal spondylolisthesis into high and low dysplastic subtypes, traumatic lesions were incorporated into the
acquired group, and the iatrogenic etiology was renamed postsurgical. Developmental spondylolisthesis
categorization requires either a lysis of the pars interarticularis or elongation of the pars interarticularis.
Thereafter, low dysplastic describes those spondylolistheses that have a largely normal anatomic appear-
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ance, whereas high dysplastic describes those spondylolistheses that demonstrate dysplastic changes at the
location of the slip. These dysplastic changes include a hatchet shaped L5 vertebral body, superior sacral
endplate doming, and sagittally oriented facet joints. By dividing developmental spondylolisthesis into low
dysplastic and high dysplastic subtypes Marchetti and Bartolozzi were attempting to create a classification
scheme that allowed for both description of pathology while also incorporating prognosis and risk of pro-
gression. Those with high dysplastic developmental spondylolisthesis presumably have a higher risk of slip
progression than do those with low dysplastic developmental spondylolisthesis.
Finally, the Meyerding classification?® is commonly used to describe the amount of slip
associated with a spondylolisthesis. The Meyerding classification allows one to communicate both
severity and prognosis of a slip and allows one to differentiate a low-grade spondylolisthesis from
a high-grade spondylolisthesis. The Meyerding classification is based upon the distance that a cra- Hg3
nial segment has slipped relative to its caudal segment. The posterior-inferior corner of the listhesed ver-
tebra is used to determine the distance of the slip relative to the posterior superior corner of the
stable, caudal vertebra (Fig 3A). This slip is then classified based upon the percent (a/b x 100%)
F_iﬁ_4 slip relative to the total length of the superior endplate of the caudal vertebra (Fig 3B). Grade | (0
to 25%) and Grade Il (26 to 50%) slips are considered low-grade spondylolisthesis (Fig 3). Grade Il
(51 to 75%) and Grade IV (76 to 100%) slips are considered high-grade spondylolisthesis (Fig 4). Grade V is

when the vertebral body is completely displaced ventrally and is also known as spondyloptosis.

NATURAL HISTORY
Spondylolysis & Spondylolisthesis

In spondylolysis short-term symptom resolution is expected in most patients. Most pediatric pa-
tients are able to continue sporting activities. The large majority of pediatric patients are able to avoid
surgical intervention with mild to moderate symptoms in the long term. Infrequently significant symptoms
requiring surgical management can develop.?3!

As regards bony healing rates in spondylolysis, rates of healing are highest for unilateral defects
(38% to 100%)*2%** and early (MRI or bone scan) or incomplete (CT) fractures (73% to 87%).2%*3> Bony
healing of the pars interarticularis can take from three to 14 months. However, evidence also suggests that
it is not bony healing alone that predicts return to sport at a similar level of competition, but rather that
treatment with symptom resolution is enough. Symptom resolution doesn’t seem to be directly correlated
with bony healing. However, bony healing may decrease the likelihood of spondylolisthesis development.

Chronic bilateral pars defects will not obtain bony union in the large majority of cases (0% to
3%).20212930 |t is in these cases that the development of spondylolisthesis is common. Up to 75% (43% to
74%) of persistent bilateral defects will progress to Grade | or Grade Il spondylolisthesis. Most of this pro-
gression tends to occur in the adolescent years and slows with age. Progression seems to be more com-
mon in patients who are skeletally immature and in females.%%930:32:33

As regards long-term outcomes of spondylolysis, studies suggest that prognosis is less clear, but
that most patients will have lumbar symptoms comparable to the general population. Some patients with
spondylolysis may develop significant symptoms in the long term requiring surgical intervention. However,
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many may continue to do well with conservative or no treatment. As of yet there is no way to predict an

individual’s long-term prognosis.*®

ROLE OF ORTHOTIC TREATMENT

Orthoses are commonly used in the treatment of spondylolysis, and specifically rigid, antilordotic
orthoses are recommended. [See Editor’s note at the end of this chapter.] Orthoses are most commonly
used in patients with a recent or acute onset of pain, documented pars stress fractures as seen on a posi-
tive bone scan or MRI SPECT scan, acute pars fractures or in young patients who are unlikely to be compli-
ant with a recommendation for rest. Oftentimes orthoses are combined with a period of rest and physical
therapy.?**”*® The most compelling indication for the use of an orthosis is pain relief. The majority of pars
lesions do not heal with a bony union, but become stable fibrous unions that remain relatively asymp-
tomatic. In patients with acute pars stress fractures the goal of an anti-lordotic orthosis is for more rapid
symptom resolution with prevention of progression from a stress fracture to a true fracture. In the case of
truly acute pars fractures, documented by patient history, a positive bone scan or SPECT scan, and possibly
a CT scan, an anti-lordotic brace may be utilized to bring about healing of the pars interarticularis. Healing
of the pars interarticularis is most likely to occur in unilateral lesions (38 to 100%) or incomplete or early
fractures (73 to 87%). Unfortunately, in chronic bilateral pars fractures the rate of healing approaches 0%.

If a physician opts to treat a symptomatic spondylolysis with an orthosis then physical activity is usu-
ally limited to activities of daily living. In most cases avoidance of any bending or twisting, running, jump-
ing, impact activity, lifting of more than five to ten pounds, or participation in sports is counseled. Whether
or not the brace is worn 23 hours a day versus during the waking hours only, is the choice of the physician
and no literature supports any specific recommendation surrounding frequency or duration of brace wear.

In most cases bracing is continued for approximately three to six months or until symptom resolution.?%:3840

EVIDENCE BASED REVIEW

Though orthoses are a commonly used form of treatment for spondylolysis, and their efficacy has
been described in the literature with symptom resolution of greater than 80%;2%3%4° on the whole, the
evidence for bracing is not particularly strong. All studies on bracing have been Level IV studies and a me-
ta-analysis of level IV studies suggested that bracing does not influence patient outcome.** Furthermore,
there are no studies looking at comparing treatment with the natural history of spondylolysis, and there
are no studies comparing the various non-surgical treatments utilized (rest, bracing, physical therapy, bone
stimulators, etc.) with one another.

CHOICE OF ORTHOSIS/DESIGN SELECTION

It is our preference to utilize a rigid antilordotic brace. This is often a Boston-style brace which can
either come off the shelf depending on patient size, body habitus and brace availability, or can be cus-
tom-made. Many authors prefer to use a total-contact, low profile polyethylene orthosis, which is designed
to maintain an antilordotic posture and extends from just below the nipples to 1 inch above the greater

trochanter.3®
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FOLLOW-UP VISITS

After initiating treatment for symptomatic spondylolysis it is our practice to see patients back at 6
week intervals. Generally the first 6 weeks of treatment include rest, avoidance of lumbar extension, and
are plus/minus orthosis. At the 6-week follow up we perform a clinical examination only. As long as the
patient’s pain has dissipated somewhat or resolved we progress the patient to start with some physical
therapy exercises focusing on isometric core strengthening of the transversus abdominis, internal oblique,
and lumbar multifidus. We continue to limit active or passive lumbar extension, and we recommend ham-
string-stretching exercises. If a patient has been braced then we continue bracing for the next 6 weeks,
permitting patients to remove the brace for physical therapy and bathing only. At this point we are still
counseling rest and restraint from physical activity.

Six weeks later another clinical visit is scheduled. This will be twelve weeks after the initiation
of treatment. At this visit we will have the patient remove the brace and will test lumbar spine range of
motion and determine whether or not lumbar extension results in provocation of pain. We will also check
hamstring tightness via measurement of popliteal angles as compared to that determined at the initial con-
sultation. As long as gentle lumbar extension doesn’t cause pain and as long as hamstring tightness is im-
proving we will allow patients to progress into light running or jogging over the next two to four weeks. If
the patient was braced then we will generally discontinue brace wear at this point. Thereafter we plan for
another follow up six weeks later. As long as a patient remains pain free then we let them progress to do
all activities as tolerated. For a simple spondylolysis without spondylolisthesis we will plan for subsequent
follow up as needed. For a skeletally immature patient with low-grade spondylolytic spondylolisthesis we
will recommend annual follow up until skeletal maturity to monitor for the development of spondylolisthe-

sis.

Editors Note:
ALIGNMENT OF THE ORTHOSIS

Symptomatic reduction from Spondylolysis, using a spinal orthosis, is often associated with de-
creased or diminished lumbar lordosis and an effort to avoid hyperextension or forced alignment (incongru-
ent alignment of the orthosis and the patient’s existing alignment). Determining proper alignment is often
complicated by what is assumed to be normal lordosis and the wide variance reported in the literature. Lin
et al. describes normal Lumbar Lordotic Angle (LLA) as 20-45 degrees with a range of 1 SD.** With such a
wide range of normal lordosis additional care should be taken to assess the patient’s existing lordosis and
degree of lumbar flexibility when determining the appropriate sagittal alignment to be built into the ortho-
Sis.

Efforts to measure and quantify lumbar lordosis in a reliable and reproducible manner using either
a goniometer or flexicurve is complicated by a low inter-rater reliability.*> Despite this, the utility of these
tools appear to be the only realistic method of approximating alignment compared to the conventional
practice of not measuring at all. In it’s application these tools should be used by the same physician or
orthotist as the literature suggests that intra-rater reliability, while not statistically significant, does demon-
strate moderate levels of reliability. Measurement of the patient’s normal lumbar lordosis and ability
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to reduce lordosis (flexibility) using these tools are particularly important when attempting to select the

correct made-to-measure or off-the-shelf design with pre-existing lordosis already built into the orthosis

(i.e. 0° 15°, 30° lordosis). This is also true of custom molded orthoses (i.e. LSO) where modifications to the

positive cast (plaster mold) are reconciled with the assessment of the patient’s lordosis and desired align-

ment during the fabrication of the orthosis. The clinician must consider that degree of lordosis that is most

confortable for the patient. Consideration and implementation of these practices should help to minimize

arbitrary or harmful alignment and increase the possibility of symptomatic relief for the patient.
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Orthotic Management of Spine Trauma
Robert S Lin, Mark Lee, Thomas Gavin

INTRODUTION

The musculoskeletal burden of thoracolumbar and lumbar spine injury is immense. 79,000 spinal
fractures occur in the US each year, that is 64 per 100,000 people. 72.5% of the spinal fractures involve the
thoracic or lumbar spine.? Of these fractures, approximately 75% involve the vertebral segments from T10
to L2 (thoracolumbar junction).

Most injuries to the thoracolumbar junction and lumbar spine are the result of high-energy falls
(35% to 40%), followed by traffic accidents (20% to 30%), and low-energy falls (20% to 25%).2> The peak
frequency of these injuries occurs in the 31 to 40 year old age group, although a bimodal distribution exists
with a spike in frequency for patients above 60 years of age.* Neurological injury occurs in 16% to 25%
overall, but in as many as 40% of cervical fractures. There are approximately 12,000 spinal cord injuries

each year from injury to the spinal column and such injury is associated with a significant mortality rate.>**

ANATOMY OF THE THORACOLUMBAR AND LUMBOSACRAL SPINES
The thoracic spine typically consists of 12 vertebral bodies that articulate via small facet

joints oriented almost parallel to the coronal plane (Fig 1). The orientation of these facet joints

intrinsically limit flexion/extension motions, but allow lateral bending and rotation. Extrinsic F\igﬂl

ligamentous supports are critical to the overall stability of the vertebral body segment in

<:=the thoracolumbar spine and include the vertebral body ligaments (anterior longitudinal, posterior
:longitudinal and disc) and posterior ligamentous complex (PLC: ligamentum flavum, facet capsules,
Fig2 jnterspinous ligaments, supraspinous ligaments) (Fig 2). The thoracic vertebral bodies are further
attached via ligaments to the rib cage, conferring additional rigidity to this section of the spine.

The lumbar spine usually consists of five vertebrae that become progressively larger as one pro-
ceeds inferiorly. The facet joints in the lumbar spine are oriented in a more sagittal plane and permit
flexion/extension, but limit lateral bending and rotation. Although the vertebral body ligaments and the
posterior ligamentous complex also bind the lumbar spine, the absence of rib articulations makes this sec-
tion of the spine notably more mobile than the thoracic spine in flexion.

The thoracolumbar junction is a unique anatomic intersection between the mobile lumbar spine
and the relatively immobile thoracic spine.®” The facet joints in this transitional region are directed
obliquely, as an intermediate position between the coronal orientation of the thoracic spine facet joints
and the sagittal orientation of the lumbar spine facets. The thoracolumbar junction is also the transition
between the sagittal plane contours of thoracic kyphosis and lumbar lordosis. As the discrete structural
transition point of motion and posture, the thoracolumbar spine cannot dissipate forces over multiple seg-

ments and is anatomically predisposed to structural failure during trauma.
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The lumbosacral (L5-S1) zone is another region of high concentrated stresses as it is a transition
from the mobile lumbar spine to the immobile sacrum, fused vertebral elements that are wedged securely
between the innominate bones of the pelvis. The region is supported by the common ligamentous struc-
tures that surround the anterior and posterior elements of the vertebral bodies, as well as the in-

vesting thoracolumbar fascia and the ilio-lumbar ligament. The ilio-lumbar ligament serves as an \Y§ ;
/N
W

anatomic restraint to anterior translation for the L5 vertebral body and may confer clinical stability |
to the L5 vertebra in potentially unstable fracture patterns (Fig 3). Fe3
Thoracolumbar spine injuries have the potential to yield spinal cord injuries, as the conus medullaris termi-
nates in this transitional region. The more inferior lumbar and lumbosacral fractures have the potential to

cause nerve root injury but typically do not have implications for cord level injury.

CLASSIFICATION OF THORACOLUMBAR SPINE INJURY

The stability of a thoracolumbar spine injury is a controversial concept with frequent inter-observer
disagreement and unclear definitions. However, the concept is critical in deciding between surgical and
non-surgical options for treatment of traumatic injury to the spine. An unstable thoracolumbar spine after
trauma may be defined as a spinal column that no longer supports axial loading without progressive defor-
mity and/or progressive neurologic injury.

Classification systems allow the practitioner to place the patterns of spine injury into a framework
that can assist with patient management. Historically, numerous classification systems have been offered
and can be broadly separated into anatomic or mechanistic types. However, very few achieve reliable in-
ter-observer and intra-observer agreement, are clinically easy to apply and can reproducibly guide surgical
decision-making.

A popular anatomic classification system is that by Denis, who modified the column concept of
Kelly and Whitesides by defining three distinct columns of support (anterior, middle and posterior) to the
thoracolumbar spine.®® The anterior column consisted of the anterior longitudinal ligament, the anterior
annulus fibrosus of the intervertebral disc, and the anterior part of the vertebral body. The middle column

is formed by the posterior longitudinal ligament, posterior annulus fibrosus, and the posterior
1 # B wall of the vertebral body. The posterior column includes the bony posterior arch alternating with
Figa the posterior ligamentous complex (supraspinous ligament, interspinous ligament, capsule, and
ligamentum flavum) (Fig 4). Denis posited that injury to the middle column was necessary and
sufficient to create instability whereas posterior disruption could not alone create an unstable spine.
The Denis classification was useful for solidifying the descriptive vernacular of anatomic injury to the spine
and clearly distinguished burst fractures (anterior and middle column involvement) from compression
fractures (anterior column involvement alone). However, the system is limited by the absence of discrete
parameters for instability in the absence of descriptive involvement of columns, only fair to good inter-ob-
server reliability, a lack of consideration of the patient’s neurologic status in surgical decision-making and a
paucity of prognostic information to accompany the column injury descriptors.

The current understanding of thoracolumbar spine trauma has shifted to a mechanistic model that

is more consistent between observers and has greater clinical utility. Building on work by McAfee and
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Magerl, the Spine Study Trauma Group in 2005 proposed TLICS (Thoracolumbar Injury Classification and
Severity Score).”® TLICS is a scoring system based on three distinct components of radiographic =~ ===
mechanism, neurologic status and posterior ligament complex integrity.(Table 1) If the TLICS score

_——_ is <4, then the spine is stable and a non-surgical approach is advocated. If the score is 4,

: Table 1
= the clinical approach is indeterminate. If the score is >4, then the clinical approach will

~— be surgical.(Table 2) Contiguous injuries can be scored based on the most severe injury, while
Table 2 non-contiguous injuries along the spine can be evaluated by scoring each injury separately.

The TLICS score has demonstrated good to excellent inter-observer and intra-observer reliability
with excellent, reproducible clinical guidance. It is the prevalent classification system for use in the mod-
ern era of spine trauma management. However, limitations to its use must also be understood. The score
is only useful in an adult population and cannot be applied to pediatric injury, spinal cord injury without
radiographic abnormality or iatrogenic spinal instability. In the setting of a TLICS score, any injury with a

score <4 is a reasonable option for brace management.

CLINICAL EVALUATION OF PATIENT WITH SPINAL TRAUMA
On-scene Evaluation and Stabilization

Emergency medical team personnel are the first responders. Upon arrival, an accurate descrip-
tion of the scene is obtained including any details on the mechanism of injury, extrication time, associated
vehicular fatalities and exposure to the environment. The patient is rapidly stabilized hemodynamically and
then transported on a spine board with logroll precautions and appropriate immobilization for the neck.

In Hospital Clinical Evaluation

The evaluation of the patient is a multi-disciplinary endeavor that begins with a standard trauma
assessment: Airway, Breathing, Circulation and Disability. Once the patient has been stabilized from a re-
spiratory and hemodynamic standpoint, a history can be obtained from EMT staff and/or family members.
The information to be gleaned includes mechanism of injury as well as associated comorbidities for the
patient.

The physical examination of the patient proceeds with inspection of the spine, torso and extrem-
ities. Ecchymosis along the torso or deformity and swelling of an extremity will guide an evaluation for
additional injury. The midline spine is palpated for tenderness and step-offs. A thorough neurological eval-
uation is performed following hemodynamic stabilization and should include evaluation of sensation and
motor function in the extremities, as well as reflexes. A digital rectal exam with a bulbocavernosus reflex
should be performed to test the completeness of a potential spinal cord injury. This may not be a valid test
until after a period of spinal cord shock has passed so it may need to be done serially. Seventy percent of
thoracolumbar injuries do not have neurologic deficits, but deficits can be root level, plexus level or conus
level when they occur.!

The remainder of the patient evaluation should be guided by the understanding that other major
organ injury or limb injury occurs in 28% of cases.’ Genitourinary injury or gastrointestinal injury most

commonly occurs with lumbar spine injuries involving a flexion mechanism. Ileus without discrete bowel
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trauma is quite common after lumbar spine fracture and should be considered during acute inpatient man-
agement. Fractures often associated with spine injury include those of the tibia and calcaneus. Non-con-
tiguous spine fractures or fractures that occur in different regions of the spine are also noted in up to 56%
of cases. Therefore, the remainder of the spine should be screened when a fracture in one location is
identified.*

Radiographic Evaluation

A typical trauma series includes the following studies:
e Lateral cervical spine radiograph
e Antero-posterior and lateral lumbar spine radiographs
e Antero-posterior pelvic radiograph

The initial series of films is extended depending on the clinical presentation. If a patient is obtund-
ed, a skeletal survey is required to exclude additional injury.* CT scan evaluation should be performed for
all identified bony injuries of the spine as it provides significantly more detail on the fracture morphology
than plain radiographs.'**> MRI of the spine is performed to evaluate the posterior ligamentous structures,
the spinal cord and the intervertebral discs as components of the fracture anatomy.** MRl is particularly
useful for identifying the position of the conus medullaris and confirming involvement of the cord in thora-

columbar spine trauma.

SPINAL ORTHOSES FOR THORACOLUMBAR AND LUMBAR SPINE TRAUMA
Principles of Orthosis Use

The goals of orthotic management in spine trauma are to immobilize a motion segment and dissi-
pate forces applied to that segment from the patient’s transfer, sitting or ambulation activities. In addition,
the spinal orthosis can also function as a kinesthetic reminder to limit motion through the segment, poten-
tially improving overall comfort.

All spinal orthoses use some form of 3-point bending force to maintain stability of the spinal column
in a desired position. However, it must be understood that no orthosis provides absolute stability. Control
of the thoracolumbar spine with an orthosis relies on control of the cephalad endpoint of the thorax and
the caudal endpoint of the pelvis. The effect of the device on the spine is generally indirect and must be
transmitted through variable layers of subcutaneous tissue as well as viscera. Therefore, the patient’s soft
tissue envelope significantly impacts the ability of an orthosis to provide even partial control of an injured
vertebral segment.

The choice of spinal orthosis for a specific fracture is generally made based on the ability of each
orthosis to control motion at specific levels within the spine.(Table 3) In addition, the practitioner = = —
must have a general understanding of the advantages and disadvantages of each design in order | =
to offer the most suitable orthosis for a particular patient’s spine injury and relevant comorbidi- Tab|e§ |

ties.
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SPECIFIC ORTHOSES
TLSO (Thoracolumboscaral orthosis)

The TLSO (Fig 5) can be used to control fractures with an apex of T9 to L2. The orthosis @
may be pre-fabricated or custom-molded. Pre-fabricated varieties are typically sufficient for

. Fig5
many body types. However, a body habitus that exceeds a standard spectrum of available sizes

will often require a custom fabrication. The question of whether a custom fabricated (from a mold or scan
of the patient), custom fit (from numerous measurements), or an off the shelf (OTS) is indicated for a spe-
cific patient is largely unresolved. The decision to provide an individual design may be predicated on many
factors such as resources; (availability of a qualified orthotist to provide timely care), urgency/instability;

(in the best case scenario, a custom fabricated spinal orthosis will take twenty-four hours from evaluation/
measurement to final delivery), type of injury; (limited to a single column or plane of motion), and age/
body type; (irregular/dysmorphic body shapes are prone to custom fabricated orthoses). There is evidence
that a custom molded TLSO can limit lateral bending by 94% and flexion-extension by 69% in the lumbar
spine.' For the thoracic spine, the device can restrict flexion-extension by 49%, lateral bending by 38% and
total rotation by 60%. Therefore, for maximum control, a custom-molded thermoplastic TLSO is desired.

In addition, the use of of-over-the-shoulder straps with a TLSO seems to improve rigidity by increasing the
overall length of the orthosis. These straps can be attached to the shell of the orthosis or the sternal exten-
sion, thus affording additional control superiorly.

In the aggregate, the biomechanical application of fulcrum forces near the site of injury and in the
two opposing directions, utilizes the fundamental principles of force couples and lever arms to provide
inherent stability to the area of the spine at risk. Control of micro trauma is achieved by the total contact
nature of a well fitting, custom design that distributes significant yet well-tolerated forces over a broad sur-
face area.

End point stabilization at the pelvis can greatly reduce pelvic motion to lock the lumbosacral junc-
tion and provide the foundation for superior stabilization. Superior stabilization should follow, at a mini-
mum, the plus-two rule which dictates the stabilization of at least two vertebral levels above the at risk ver-
tebral level of involvement. In cases where the at risk vertebrae are susceptible to continued deformation
the extended superior lever arm of the TLSO will assist in limiting normal vertebral sway of the spine during
activities of daily living. This will help limit large moments (i.e. sagittal flexion) and motion that are likely to
put the vertebra(e) a greater risk of instability or deformation. For optimal inferior end point stabilization,
the orthosis should extend as low as possible while allowing for comfortable sitting on a firm surface with
ninety degrees of hip flexion achievable.

LSO (Lumbosacral orthosis)

A rigid LSO (Fig 6), essentially a TLSO without the thoracic component, can be used for 2
fractures at L3 and L4. Fractures distal to L4 are generally difficult to immobilize with an LSO by Fig6
itself, as stabilization of the injury with this device will very much depend on the fit around the
pelvis. To improve the stability conferred by the orthosis, a unilateral thigh extension is added. A rigid

LSO typically allows 32% mean motion at L4-L5 and 70% mean motion at L5-S1.7 When a unilateral thigh
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extension is added, allowable motion at these levels decreases to 12% and 8%, respectively.'”!81°

Hyperextension Orthoses (Jewett and CASH)

Hyperextension orthoses are designed to exert a three-point contact with distributed ﬁ -
pads in order to unload the anterior column. The Jewett orthosis (Fig 7) has two anterior pads =l
and one posterior pad bridged by adjustable struts and is most effective for thoracolumbar inju- Fig7
ries (T10-L2). The CASH (Cruciform Anterior Spinal Hyperextension) brace (Fig 8) has a cruciform
configuration of pads and is indicated for the same region of the spine. Recent design innovations
incorporate a hinge type mechanism that allows for the sternal and suprapubic pads of both these a a
hyperextension systems to pivot, thus enhancing comfort and tolerance for sitting and transitional  Figg
movement. Spinal hyperextension orthoses may be used to treat stable injuries up to the level of

T8 with careful cephalad positioning of the anterior pads. However, the orthoses are meant to manage
fractures with a primary deformity in the sagittal plane and are ideal for stable compression fractures.
Potentially unstable, multi-column injuries should be managed with a custom molded total contact TLSO to
allow greater control of the involved vertebrae.?® The total contact TLSO will afford greater rotary control
then the hyperextension orthosis. Both the Jewett and CASH designs are best suited for the adult/geriatric
population with minimal application for the young child (size availability).

Dorsal Lumbar Corset

Dorsal lumbar corsets (Fig 9) are made of various fabrics and used primarily to provide sup- g
port for elderly patients with osteoporotic compression fractures who cannot tolerate a more rigid Lr} n

orthosis. The corset is contraindicated for management of any fracture with possible instability in -

Fig 9
a trauma setting. In addition, mild improvement of posterior stabilization can be achieved with the

application of posterior stainless steel stays inserted in the garment along side the paraspinal musculature.
These can be contoured to accommodate deformity and/or encourage a more erect posture as tolerated.

RISKS AND CONTRAINDICATIONS OF ORTHOTIC MANAGEMENT

Orthotic management is contra-indicated in any setting where surgical intervention is considered
the optimal mode of treatment. In general, surgical intervention is recommended for unstable spine frac-
tures (i.e. fracture-dislocation), as defined by the anatomic or mechanistic classification systems. Orthotic
management after surgery in adult spine trauma is rarely performed given the advances in rigid internal
fixation of the spine, but may be considered in a patient population with questionable bone quality (e.g.
pediatric patient).

A soft, dorsal corset, as noted in the above, is ineffective for management of any significant spine
trauma, as it provides no appreciable control of the injured spinal column. Hyperextension orthoses are
not to be used for management of potentially unstable thoracolumbar injury given their demonstrated
inefficacy.

The soft tissue profile of the patient and comorbid conditions must be considered as well when
determining the feasibility of orthotic management for thoracolumbar or lumbar spine trauma. A morbidly

224


http://exceedresearch.net/atlas/20/7.htm
http://exceedresearch.net/atlas/20/7.htm
http://exceedresearch.net/atlas/20/8.htm
http://exceedresearch.net/atlas/20/8.htm
http://exceedresearch.net/atlas/20/9.htm
http://exceedresearch.net/atlas/20/9.htm

obese patient will likely not benefit and not tolerate treatment with an orthosis. A patient with multiple
cutaneous injuries (burns) would be contra-indicated for orthotic management. Further, patients with
overlying restrictive lung disease or pulmonary compromise are likely poor candidates for brace use or re-
quire specific design modifications to the orthosis to accommodate chest wall expansion during respiration.
Patients with spinal cord injury are relatively contra-indicated for brace use as they lack protective skin sen-
sation and are at high risk of cutaneous complications from orthotic management. If the decision is made
to pursue orthotic treatment for this population careful attention should be paid to frequent and on-going
skin assessment.

DURATION OF TREATMENT AND TIMING OF EVALUATIONS

Typical spinal column fracture healing occurs over a 6 to 12 weeks period and is influenced by pa-
tient age, medical comorbidities and extent of the injury. The treating physician will typically recommend
the frequency of follow-up evaluations and the timing of brace removal, basing the decisions on a summa-
tion of clinical and radiographic information.

A typical treatment protocol will involve standing orthogonal radiographs in the orthosis following
its application to determine if the fracture is controlled to an acceptable degree. If stability in the brace
is insufficient, either orthotic modifications are required or a surgical alternative should be considered
as the initial in-brace position of the fracture correlates with 1 to 2 year pain and deformity outcomes.*
The brace fit and function should be checked every 2 to 4 weeks to ensure that the fracture remains well
controlled as the soft tissue swelling about the spinal column subsides and patient weight loss invariably
occurs. Further, in the setting of altered cutaneous sensation following an associated neurologic injury, the
skin integrity should be checked frequently by the patient, orthotist and treating physician.

COMPLICATIONS OF ORTHOTIC USE IN THORACOLUMBAR SPINE TRAUMA

Pressure-induced skin complications are the most common complication encountered with ortho-
ses. The skin is at risk in the setting of altered cutaneous sensation, general immobility and possible dimin-
ished cognitive awareness.

In addition, it is well documented that the circumferential containment of the trunk with a spinal
orthosis, can restrict chest expansion, reduce efficacy of diaphragmatic movement and result in diminished
respiratory function. In cases of spinal trauma with associated respiratory complications, use of a spinal
orthosis should be weighed carefully.*®

Prolonged immobilization in a spinal orthosis is also thought to promote deconditioning of paraspi-
nal muscles, in effect impairing the intrinsic stabilizers of the columnar injury. Data studying the EMG activ-
ity of paraspinal muscles in an orthotically managed state are conflicting and can both support or refute the
notion of progressive muscular atrophy.’®2? In addition, prolonged immobilization always has the potential
to promote global spine stiffness in an adult and may be a prelude for prolonged pain and disability fol-
lowing a traumatic injury. If the injury pattern allows, an exercise program stressing cardiovascular fitness

should be encouraged and the orthosis removed at the earliest time point feasible.
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TREATMENT OF SPECIFIC FRACTURE PATTERNS

Use of an orthosis should be tailored to the clinical scenario and must take into consideration the
clinical details of each individual patient, along with the morphology of the particular injury. The following
provides a general guide to commonly encountered thoracolumbar and lumbosacral injuries that may be
treated effectively with a bracing program.

Compression Fractures

Compression fractures (Fig 10) in the thoracolumbar and lumbar spine are, by definition, a

stable injury pattern involving only the anterior column of the spine. Management of the injury is

Fig 10

symptomatic and orthotic options are extensive. Typically, the least cumbersome orthotic option
is utilized with single level fractures. In cases where multiple compression fractures are present
or significant loss of vertebral body height confirmed, total contact TLSO designs should be a first consider-
ation over traditional off-the-shelf designs. The total contact TLSO design, although effective in these cases,
is not a viable option for pathologic fractures. This is especially true for elderly patients with insufficien-
cy-related fractures of the spine who would not otherwise tolerate more rigid immobilization (see chapter
22).

Burst Fractures

Stable burst fractures (Fig 11) (2 column involvement) without neurologic deficit or posteri- :
or ligament disruptions are managed successfully with a non-operative approach. Orthotic design

can be either TLSO, LSO or LSO with thigh extension, based upon the level of the injury.?**

Much controversy exists regarding the management of potentially unstable burst fractures (3 col-
umn involvement) without neurologic deficit but with posterior ligament complex disruption. Reported
benefits of surgical intervention include earlier mobility, possible decreased long-term deformity and
decreased long-term pain.?® Benefits of non-operative treatment include relative success of this approach
without significant comparative differences in long-term function or pain and avoidance of the often signifi-
cant surgical morbidity associated with these injuries.?® A review of available literature suggested there are
no distinguishable clinical differences between operative and non-operative patients treated for unstable
burst fractures, save for the difference of surgical morbidity.?” More convincing, a randomized trial of 47
consecutive patients randomized to orthosis or operative treatment demonstrated no clinical or radio-
graphic difference at 18 years after injury.”® However, recent literature has arisen to advocate for the use
of temporary, percutaneous posterior fixation for a “surgical brace” of a lumbar burst fracture that may
minimize overall surgical morbidity with and reap the benefits of earlier mobilization.?**° Additional study
is required to determine if these alternative surgical techniques will sway the clinical algorithm to a more
operative approach.

If an unstable burst fracture is managed with an orthosis, a custom fabricated/fitted TLSO, LSO
or LSO with thigh extension is recommended. Unstable burst fractures at the L5 level are relatively rare.
However, there is some evidence for successful management of these injuries through a non-operative
approach with an LSO utilizing a thigh extension.?' This design is best tolerated with the hip joint locked
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at thirty degrees of flexion to facilitate modified sitting and afford maximum stabilization of the injury site.

The non-operative approach appears to minimize the relatively high complication rate reported in surgical

management of L5 burst injuries.

Bony Flexion-Distraction Injury (Bony Chance) E%
A flexion-distraction mechanism (Fig 12) that caused a purely bony dissociation can be :

: . . . . o - Fig 12
managed effectively with a bracing regimen.3? Since the injury is a three-column injury, a custom :

fabricated/fitted, rigid TLSO or LSO should be used to control this fracture pattern in place of the less rigid
Jewett and CASH (Cruciform Anterior Spinal Hyperextension) orthoses. The circumferential containment of
the soft tissue surrounding the trunk utilizes the basic principles of volumetric control and fluid mechanics
not provided by the Jewett or CASH designs.

Compression, Burst and Bony Chance

In cases where compression, burst or bony chance fractures are present, the orthotist must care-
fully consider the alignment the orthosis will impart on the patient-particularly in the sagittal plane. Of
particular importance is the mechanism of injury of these three fracture types and although different, the
collective thread of flexion or hyperflexion is consistent with all three. As a result, and regardless of the
orthotic design, the orthosist’s goals should be to: 1) avoid flexion, 2) reduce or eliminate deforming mo-
ments (flexion), 3) restore vertebral height, and 4) decrease residual and localized kyphosis secondary to
the fracture(s). While this can be accomplished with many of the designs described above, the orthotist
must be intentional and ready to adjust off-the-shelf designs to reflect proper sagittal alignment and to
incorporate this alignment into all custom designs. In these cases, and in order to achieve the above stated
goals sagittal extension or hyperextension should be the desired alignment. Examining and recording the
patient’s current sagittal alignment best determine this. Included in this examination, at a minimum, is
assessment of pelvic tilt, lumbar lordosis, thoracic kyphosis, overall posture and if visible the presence of
a gibbous secondary to the fracture. This information should be recorded and used as a baseline to deter-
mine what alignment is achievable in the orthosis and if enough sagittal extension or hyperextension can
be incorporated into the design of the orthosis. In many instances, this information can be obtained by
using a surface gauge (i.e. goniometer). Final decisions about desired alignment should be discussed with
the physician. When this process or alignment is not adequately considered the patient is ultimately put at
risk.

The orthotist should be wary of pre-selected sagittal alignment for all non-custom designs and
should expect to make adjustments to optimize alignment. When this is neglected there is a greater risk
that the orthosis, at best, simply accommodates the deformity and at worse causes the deformity to prog-
ress. In the later, this could signal the abandonment of conservative treatment in favor of surgery and
ultimately affect the surgeon’s confidence that orthotic management is a viable alternative to surgery.

SUMMARY
The use of spinal orthoses for the non-operative management of traumatic spinal fractures is well
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documented. Numerous studies have been conducted on non-operative management of thoracolumbar/

lumbar fractures in which patients managed with immediate immobilization in casts or orthoses and bed

rest statistically performed as well as the cohort managed surgically, at long term follow-up.3® Seybold et

al.** compared lumbar burst fractures managed with spinal orthoses with those surgically repaired ina 5

year follow up study which showed the orthotically managed group reporting a higher quality of life and no

differences in radiographic gibbous angles between the 2 groups. Other related studies support the or-

thotic management of neurologically intact thoracolumbar and lumbar fractures over surgical management

when comparing long term quality of life and risk factors.®* Key contributing factors, which impact success-

ful management of spine trauma, include; sound communication between physician and orthotist, skill of

the orthotist, timing, co-morbidities and patient compliance.
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Orthotic Management of Infectious Disorders of the Spine
Rafael Cruz Bundoc

INTRODUCTION

Infectious spondylitis refers to the gamut of inflammatory processes that take place when the spine
and/or its adjacent structures harbor a nidus of infection.! They are variably referred to in the literature
as: spinal infection, spondylodiscitis, vertebral osteomyelitis, discitis, meningitis, and myelitis. The later two
are not truly spinal column infections but instead are infections of the spinal cord or its soft tissue sur-
roundings.

Spinal infections are relatively rare constituting only 1-7% of all cases of osteomyelitis.>** There is
however an increasing incidence of vertebral infection which can be attributed to a growing susceptible
population and the availability of improved diagnostic tools to detect infection of the spine or it’s surround-
ing tissue. Other factors have been credited with the increasing trend of spinal infection and include the
HIV epidemic, growing numbers of intravenous drug users, the prevalence of indwelling catheters, aggres-
sive spine surgeries, increasing nosocomial infections, and the resurgence of tuberculosis in industrialized
nations.’

There is a bimodal age of distribution with peaks at less than 20 years of age and in the age group of
50-70 years. Any age though can be affected with a male to female ratio of 2:1.%7 Several studies have iden-
tified risk factors; diabetes mellitus, advanced age, intravenous therapy, immunosuppression, malignancy,
renal failure, rheumatologic diseases, liver cirrhosis and previous spinal surgery.>%8

An infection may present with an ill-defined or non-specific pain and tenderness to any of the
regions of the spine explaining why delay in diagnosis is very common. Early pain is often attributed to so
many other causes than the presumption of an infectious process. Pain may be experienced at either rest
or during movement. Systemic signs of fever, weight loss and malaise occur late in many patients.??

Delayed diagnosis from weeks to several months explains why spinal infections have presented
treatment challenges to clinicians for decades. When diagnosed late we may not only worry about con-
trolling the infectious process but also might have to address the involvement of the surrounding tissues as
well as a compromise to the structural integrity of the spine.0

A high index of suspicion usually leads to prompt and accurate diagnosis. Early determination of
the causative pathogen and administration of antimicrobial therapy is the mainstay of treatment. More
importantly we have to evaluate the extent of collateral damage on the osseous and soft tissues, determine

potential instability and address deformities that might ensue from the overall pathology of our patients.

PATHOGENESIS

Spine infection can be acquired through either endogenous or exogenous routes:
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Endogenous

° Hematogenous spread from a distant organ or tissue source

° Contiguous spread from an adjacent organ or tissue infection
Exogenous

° Inoculation from an invasive intervention

° latrogenic following spinal surgery

Many organ/tissue systems (e.g. skin, oral cavity, respiratory tract, genitourinary tract, gastrointes-
tinal tract) harbor pathogens, contaminants and normal flora that can give rise to bacteremia. Breach in
asepsis during venipuncture, percutaneous procedures and surgical interventions directly transmit patho-
gens inside our body. Both can lead to a hematogenous and contiguous spread of an infection directly into
the spine.>®*>

Vertebrae have a rich arterial network that nourishes its bone marrow close to its endplates. The
nutrient artery enters the posterior wall from whence the circulation travels to sinusoids adjacent to the
end plates. Here slowing of the circulation allows bacteria to collect and begin to multiply. The pathophys-
iology of discitis differs in adults and children. In children the discs are vascular resulting in primary discitis.
In adults the disc is relatively avascular making discitis a secondary result of a contiguous spread from the
vertebral metaphysis.?® ¢

An extensive paravertebral venous plexus of the spine described by Batson is also felt to be a chan-
nel for vertebral osteomyelitis. The Batson’s venous plexus is a network of valveless veins that connect the
deep pelvic veins and thoracic veins through an internal vertebral venous system. This valveless venous
route allows for a large capacity and slow flow directly to the vertebral body. This plexus, found largely
over the lumbar region (58%) is felt to be the reason why this area has the highest incidence of infection,
more so than the cervical or thoracic region (30%).%

Once a septic embolus finds its way to the neighboring vertebra and disc, it creates the charac-
teristic lesion of spondylodiscitis. Inflammation leads to hyperemia and to osteopenia. The body of the
vertebra softens, and yields to gravity and muscle forces causing compression and collapse. An
extensive infarct ensues within the body because of the accumulation of a fluid abscess. Thisin- 4§ %
farction also leads to the formation of bone and cartilage sequestra.'® The result is the creation .
the formation of a viscid fluid abscess that is pushed along the tissue planes resulting in exten- Fed
sion between the ligaments, along muscle planes and into cavities like the spinal canal (Fig 1).

Once the spinal canal is invaded, the chances of neurologic deficits become clear. Fluid abscess,
necrotic bone and disc debris can create mechanical compression sufficient to alter the neural and vascular
physiology of the spinal cord or its nerve roots. Similarly these inspissated substances create enzymatic
reactions that lead to vascular thrombosis resulting in a neural infarct. Severe architectural collapse of the
spinal column can cause bony ridges that can cause neural compression and/or stretching and fibrosis that
can result in paraplegia.'®?%%!

All of these sequential events of destruction are predictable and can be prevented with early de-
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tection. The most common pathology is an anterior compressive collapse because of the destruction and
weakening of the anterior column. Early detection, medical treatment and orthotic management can pre-
vent this unfortunate cascade of events.

PATHOGENS
Spinal infections are generally distinguished between non-tuberculosis (non-specific)

versus tuberculosis (specific) infections. The pathogens associated with spinal infections are )

bacterial, mycobacterial, fungal and parasitic.’>?? (Table 1) Staphylococcus aureus is the most

predominant pathogen in non-tubercular spondylodiscitis in all age groups accounting for

between 20-84% of cases.’>?*'* Tuberculosis is however the most common type of spinal infection world-
wide. Tuberculosis (TB) is second only to HIV as the greatest killer due to a single infectious agent. The sta-
tistics regarding tuberculosis are staggering. In 2013, WHO reported that 9 million people fell ill to tubercu-
losis with a mortality of 1.5 million. Ninety-five percent of TB related deaths are in low and middle income
countries and it is always considered among the top 5 causes of death. In 2013, 550,000 children were also
estimated to have contracted TB with 80,000 HIV-negative children dying from the disease. Tuberculosis

is the leading killer of HIV-positive patients and an estimated 480,000 patients are developing multi-drug
resistance to it. The World Health Organization (WHO) is however optimistic because even with this alarm-
ing number, the estimated patients falling ill with TB is declining each year which means that the world is
on track in achieving the Millennium Development Goal to reverse this trend of TB infections. Between
1990 and 2013, TB related deaths dropped by 45%, with 37 million lives saved through early and proper TB

diagnosis and treatment.?>%®

DIAGNOSIS

Diagnosis of a spinal infection is clinically based on a high index of suspicion. Laboratory exams
are carried out to confirm the clinical diagnosis and to determine the causative agents of infection. When
spine infection is suspected there would be a variable increase in White Blood Cell (WBC) count. Laborato-
ry tests like Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein (CRP) are sensitive indicators of
inflammation in the body but not specific to a given infection. The ESR is more specific and shows signif-
icant increase with tubercular vertebral osteomyelitis. Sequential determination of ESR and CRP during
medical treatment helps as a prognostic marker for the response of patients to treatment.*%2324

Blood cultures should be a standard procedure even if it is only positive in one-third of patients with
pyogenic spondylodiscitis. Spine infections are generally mono-microbial. Blood culture is very simple and
cost effective especially since the major route of this infection is hematogenous. Cultures should be taken
up to 3 times for definitive identification particularly in the acute febrile phase.®

Microbiological diagnosis is critical for a definitive diagnosis. This can be done by CT-guided biopsy
of the vertebra, disc space or related abscess formation. CT-guided fine needle aspiration biopsy (FNAB)
of the affected spine or paraspinal region, which manifests abscess collection should also be done at the
same time. It is essential to identify the pathogen; samples should be submitted for Gram Stain, Acid-Fast
Stain, and culture with sensitivity. Adequate samples should also be sent for cytological and histological
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diagnosis.?”?® Submitting samples for deoxyribonucleic acid detection via polymerase chain reaction(PCR)
is becoming a standard practice. The PCR increases the sensitivity of detection especially in cases where
samples are sparse. It also allows for the detection of atypical mycobacteria.?>3%3132

Most of the time the issue is the adequacy of specimen, which might not be enough when fine nee-
dle aspiration biopsy (FNAB) is performed. There are also instances when the possibility of a neo-
plasm or metastasis becomes a differential diagnosis and histological diagnosis becomes a primary ES¥E
concern. In the presence of an obvious osseous involvement and the absence of abscess formation
where sample fluid pus can easily be aspirated, larger trocar needles like a Jamshidi needle can be fel
used to get bone sample. Nowadays there are specially designed trocar-cutting needles that can harvest a
3mm x 1mm core vertebral-bone biopsy. This can be done under local anesthesia with the aid of a simple
fluoroscopic image intensifier. This method provides us with ample samples for culture/sensitivity, cytolo-
gy, histology and DNA amplification (Fig 2).

IMAGING IN SPINAL INFECTIONS

Various radiographic examinations can be utilized to confirm a clinical diagnosis and to localize
the pathology. It also helps to demarcate the degree of bony and soft tissue involvement and provides an
assessment of the stability of the spine. Moreover it provides information needed for treatment planning
and monitoring.

Plain Film Radiographs of the spine in anterior-posterior and lateral views are a simple,

g - |
inexpensive and readily available screening modality that can validate our suspicion of infection. Fi‘gl

Plain films may reveal bony lytic and sclerotic changes, disc space narrowing, vertebral collapse,
and paravertebral soft tissue swelling. These changes typically manifest themselves in the later Fig 3A-C
stages of the infection (Fig 3A).>3*3* Plain radiographs have 82% sensitivity and 57% specificity.

Computed Tomography Scan (CT) enables accurate evaluation of bony destruction. It provides
evidence of infection early because the disc shows areas of hypodensity. Similarly it reveals flattening of
the disc and clearly shows vertebral endplate destruction. With the addition of contrast medium it can
reveal paravertebral and psoas involvement that may lead to CT guided aspiration or drainage. CT scans
provide tomographic images that create detailed axial, sagittal, and coronal reconstructions. These give
us a complete evaluation of how the disease process might affect all three columns of the spine. These
reconstructions also give us a complete picture of spinal canal involvement not seen on simple plain films.
Tomographic imaging also allows us to create exquisite and informative 3D reconstructions (Fig 3B).%%*

Magnetic Resonance Imaging (MRI) is currently the imaging modality of choice for spinal infections.
It is the gold standard modality to detect spondylo-discitis. Signal density changes within the marrow of
the vertebrae are picked up early with this modality. Soft-tissue changes and epidural involvement are
clearly demonstrated by MRI. It can also provide tomographic images in axial, sagittal and coronal views
that give a detailed picture of the pathology in relation to adjacent tissue organ systems. MRI provides a
very clear understanding of the contiguous spread of abscesses along ligament and fascial planes as well as
its extension into the canal. MRI gives the best visualization of potential meningeal involvement. It is also

crucial in revealing non-contiguous vertebral involvement. Gadolinium contrast enhancement improves the
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accuracy of MRI especially in early stages of infections when marrow changes are still subtle. It also helps
in differentiating infection from other differential diagnoses like neoplasm and degenerative changes (Fig

3C) .5,36,37,38,39

Radionuclide Scintigraphy utilizes various tracers that localize in areas with increased

metabolism. Technetium-99m is the most commonly used radioisotope. It has high sensitivity 2 ——
but poor specificity. Gallium-67 scan detects early changes in the spine but still lacks specificity as Fio 4A

degenerative changes can show the same uptakes seen in infection (Fig 4A).7%"3

Positron Emission Tomography (PET scan) can be a very helpful tool when a definitive diagnosis can-
not be established using the standard procedures already covered. It has been shown to have good speci-
ficity. It allows a fine differentiation of infectious versus degenerative processes but not so with malignant
processes. It has less radiation exposure when compared to CT Scan. This is an expensive procedure and is
generally only indicated when MRI gives conflicting results (Fig 4B-D).%*

CLASSIFICATION OF SPINAL INFECTION

Classifications of medical conditions are usually designed to serve as tools or guidelines for planning
the management of the disease. It usually helps in determining the demarcation between non-surgical and
surgical treatment of patients. Most classifications are designed to address concerns regarding tuberculosis
of the spine because of its prevalence and the severe complications brought about by late diagnosis and
treatment.

Acute versus Chronic Presentations

Previously we have classified spinal infections as non-tuberculosis (specific) versus tuberculosis
(non-specific). These two types of infections present quite differently. Non-tubercular infection usually
presents with an acute onset, with localized severe back pain and tenderness, severe spasm, inability to
walk, general body malaise and febrile episodes. Conversely, tuberculosis infections present with a pro-
tracted history of a dull nagging pain variable tenderness and less toxic symptoms. Patients would usually
seek care late with weakness and inability to walk, weight loss, body malaise, and a gibbus deformity of
the spine. Tubercular spinal infections are more often diagnosed late because of the slow onset of clinical
symptoms.?

Anatomic Classifications

The anatomical location of the infection is of great importance when considering treatment proto-
cols. Preserving the structural integrity of the spine is important to avoid deformity and neurological insult.

There are many classification systems in the literature 2024404142

BIOMECHANICAL CONSIDERATION OF THE INFECTED SPINE

To understand how infections can affect the stability of the spine it is important to consider three
concepts. One of the earliest and simplest references to the concept of spinal stability is the two-column
theory of Holdsworth as applied to spinal fractures. He divided the “functional unit” of the spine into the
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anterior column and the posterior column (Fig 5). The former comprises the whole of the verte-
bral body and its intervening disc up to the posterior longitudinal ligament. This ligament serves

to demarcate the posterior column that includes all the posterior osseous architecture and liga-
ments attached to it.** Holdsworth should also be credited for recognizing the importance of the
posterior-ligamentous complex (PLC) and its vital contribution to the stability of the spine. The PLC com-
prises all the posterior ligaments, the supraspinous ligament, interspinous ligament, the facet capsules, the
ligamentum flavum and the inter-transverse process ligaments.

The Denis classification** (originally used for fractures) is the second concept and differs from that
of Holdsworth in that it describes three columns. For his classification, Denis divided the anterior
column to describe a middle column that comprises the posterior wall of the vertebral body, the

} /i -
posterior annulus and the posterior longitudinal ligament. Denis felt that an undamaged middle 17 %

column renders relative stability to the spine (Fig 6). Fig6
The final concept or classification is described by Benzel and depicts the vertebral body

by dividing it into thirds in each plane (for a total of 27 cubic segments) (Fig 7).** This theory refers to the

post surgical instability brought about by the degree of cubic segments removed during surgi- PP

33

cal intervention.” All three concepts simply dictate that the degree of spine instability greatly 2
depends on how much the anterior elements of the spine are damaged by trauma, infection, §
neoplasm and even surgical intervention. All might vary in the details of their descriptions of
how different columns contribute to the stability of the spine, but they all confirm the importance of the
vertebral bodies and the intervening intervertebral discs as the major weight-bearing component of the
spine. These concepts also describe how the rest of the posterior elements function to protect the spinal
cord and dictate the degree of motion allowed for each of the specific regions of the spine. These concepts
are usually discussed with reference to traumatic injuries of the spine but they can be also safely extended
to destructions brought about by infections and neoplasms. All of these stability classifications have been
corroborated by the in vitro studies of White and Panjabi who showed that about 80% of forces (axial load)
in a standing man are born by the anterior elements of the spine and that the posterior elements share the
remaining 20% of the load.*

It is also important to view the spine as a multi-linked system of joints that constitute static and
dynamic stabilizing systems. All osseous and ligamentous structures constitute the static stabilizers and
all the intervening posterior muscle attached to the spine from the occiput to the iliac crest make up the
dynamic stabilizers. Studies by Panjabi point out the critical importance of the dynamic stabilizers of the
spine. They have shown that the dynamic stabilizers contribute to 70% of the stability of the spine and the
rest is afforded by the static osseous-ligamentous structures.'”*® This relationship plays a big role in how
the dynamic stabilizers compensate for the predictable damage brought about by infections to the static
stabilizers of the spine.

At this point it would be relevant to draw some basic similarities and differences in how the spine
can be destabilized by either trauma or infection. Both trauma and infection can destroy the integrity of
either the anterior elements or posterior elements individually or in combination. This destruction can

either be osseous, ligamentous or in combination. Both can invariably involve the spinal muscles as well.
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Instability is dictated by the degree and extent of the collective damage to the columns of the
spine and supporting tissues. Traumatic injuries to the spine however are acute events that bring 7

outright simultaneous damage to both the osseous-ligamentous static stabilizers and the mus-

cular dynamic stabilizers of the spine. Diagnosis is usually prompt in reference to an immediate
traumatic event and management is usually instituted immediately. Neural compression, defor-
mities and instability are immediately evaluated. Thus the progression or worsening of injury is immediate-
ly addressed most of the time with prompt diagnosis and management (Table 2).2%%

Spinal infections on the other hand are insidious. The initial symptom of pain can be misconstrued
as originating from something other than the infectious pathology that is slowly destroying the supporting
structures of the spine. Owing to the hematogenous route of infections, an initial inconspicuous stage of
anterior column destruction is often undetected. The discs and ligaments are only secondarily damaged
because of spread of the infection as the disease process progresses usually because of delayed detection
and treatment. The dynamic muscle stabilizers are usually the last to be affected owing to the natural pro-
tective barrier provided for by fascial planes. The paraspinal muscles play a significant role in compensat-
ing for the subtle events in a spinal infection by splinting the body posture in a position of comfort during
waking hours. This resulting support explains the classic “nocturnal cry” in children with tuberculosis of
the spine where pain ensues when muscular splinting relaxes during deep sleep allowing movement in the
inflamed tissues of the spine.'®” Neurologic deterioration, deformity and instability are late complications
seen in patients with spinal infection and are complications of delayed diagnosis and treatment. They oc-
cur once there is significant destruction of the two anterior columns that Denis described.

An infection has a predictable effect on the vertebral body. Whether the infection is bacterial or tu-
bercular in nature, the common denominator is the lytic destruction of the anterior column rendering it de-
ficient to support axial loads. This loss of support causes most infected spines to go into a certain degree of
anterior collapse.’®* The axial loading capacity of the spine now shifts to the posterior osseous elements
particularly the facet joints. The posterior ligamentous complex acts as a static restraint and the posterior
muscles provide the dynamic tensile forces that counter the kyphosing deformation as the anterior column
becomes more deficient. However it does not take long before both fail if no internal or external stabiliza-
tion is provided to compensate for a deficient anterior column.

Deformity becomes a bigger problem if the posterior column is damaged by the contiguous spread
of infection. The facet joints and their capsules are the primary restraints against rotational and transla-
tional deformations in the spine along its axial and coronal planes respectively.*®

Damage to both the anterior and posterior elements of the spine produces instability in all of the
sagittal, coronal and axial planes of the spine. A complex three-dimensional deformity of the spine will
occur if both anterior and posterior elements are destroyed by infection. Such deformities can compromise
the continuity of the spinal canal and cause injury to the spinal cord. This highlights the importance of pre-
serving the posterior elements in situations where surgery is contemplated as they may be the only intact
structures naturally supporting the spine.?*4%*0 Late complications are usually associated with spillage of
pus and necrotic debris from the involved anterior column which subsequently encroaches on the spinal
canal causing mechanical compression and vascular infarct to the spinal cord. Any progression of a kyphot-
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ic deformity squeezes more pus and necrotic debris superiorly, inferiorly, or into the canal carrying the risk
of totally indenting the spinal cord. Now it becomes evident how orthotic management of spinal infections
can serve to protect the spine from the complications of kyphotic, rotational and translational deformities
of the spine.

Children who possess a skeletally immature spine and deformity from an infected spine are expect-
ed to worsen until they reach the age of skeletal maturity due to injury to their vertebral growth plates.
Deformities secondary to infections in the adult can also progress when not properly treated.****>? Ra-
jasekaran et al.®® showed a peculiar pattern in children with post-tubercular spinal deformities. He was
able to document that it can improve, worsen or remain static during growth. He documented this growth
modulation on 63 children with Pott’s disease treated without surgery in a multicenter prospective clinical
trial. The study documented varying changes in the infected segment of the spine over a 15-year period.
The study used a finite element model to study the development of kyphosis and analyze the relative role
of each of the structures of the spine with the primary objective of understanding the basis of biome-
chanical growth modulation that governs post-tubercular kyphosis. The study shows that in children, the
progression of kyphosis depends on the anatomical preservation of the posterior column.>® Any degree of
dislocation in the facet joints indicates growth suppression and severe destruction in the anterior column.
For those who showed a preservation of the anatomical relationship of the posterior column, the vertebral
body healed and even showed accelerated growth in the long term. The importance of the role of orthotic
management in children afflicted with spinal tuberculosis is demonstrated here, to preserve and protect
the normal anatomy of the posterior column of the spine.

One last note that deserves attention is the number of levels directly or indirectly involved in the
vertebral destruction by a spinal infection. Hyperemia or increase in blood flow ensues at the level of infec-
tion resulting from the patho-physiology of the inflammation. These changes bring about a relative degree
of osteopenia to the affected level as well as in adjacent vertebrae above and below the infected level
washing away the inorganic elements of the bone matrix. This leads to the loss of calcium and phosphorus
that can alter the intrinsic strength of these adjacent levels.?’?! This condition worsens if pus or necrotic
materials dissect superiorly or inferiorly between the bones and ligaments or the prevertebral fascia. The
acidic medium of this dissecting flegman weakens the unaffected bones making them soft, causing multi-
ple levels of vertebral collapse. The significant progression of the kyphotic deformity is the rationale for a
longer use of an orthosis in the infected spine as compared to a post-traumatic spine. Whereas bone and
ligamentous healing in trauma is more predictable, it might take longer for the infected levels of the spine
to reconstitute their intrinsic strength.

The alteration of the sagittal balance of patients who developed kyphotic deformities needs consid-
eration. An uninvolved spine has sagittal curvatures, both kyphotic and lordotic which places it in equilib-
rium allowing us to perform our daily activities particularly normal ambulation. Increased kyphosis alters
the line of gravity leading to several compensatory mechanisms over the upper and lower segments of
the spine as well as to the hip and the knee joints in order to maintain the axial line and center of gravity.
When the spine develops severe kyphosis the line of gravity moves more anteriorly. Patients would usually
increase their lumbar lordosis to bring this line back to a normal position.>> The result is a constant mus-
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cular strain to maintain a corrected posture which may lead to low back pain. To relieve fatigue in lumbar
region, patients tilt their pelvis backwards, extend their hips and flexing their knee to maintain an upright
position.®? In many instances a patient will also extend their neck to maintain a horizontal gaze. All these
compensatory alignment mechanisms put a lot of strain in the musculoskeletal system leading to fatigabil-
ity, intractable muscle pain with a poor quality of life.*® Because of the intrinsic physical changes on multi-
ple vertebral levels brought about by infection, some patients may lead to a progressive kyphotic ( § ﬁg

i
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deformity even if the infection has already healed. Patients who developed spinal infection are
very prone to a severe kyphotic deformities leading to extremes of sagittal imbalance. They need Fio 8
close observation and monitoring and perhaps an extended regimen of orthotic management to

prevent such a progression of the deformity (Fig 8).

TREATMENT OF SPINAL INFECTIONS

Treatment of patients with vertebral osteomyelitis should be individualized. Treatment should be
tailor fit according to their age-related general medical condition, prevailing neurologic status, presence of
associated abscess accumulation and the amount of bony destruction assessed from available radiologic
imaging. The aim of treatment is to eliminate the infection, preserve the architecture and function of the
spine and to relieve pain. Treatment success relies critically on early diagnosis before biomechanical insta-
bility is evident. Non-operative treatment is more likely to be successful in younger patients, in patients
with an absence of comorbidities (AIDS, diabetes, hepatic or renal failure, steroid medication), and when all
radiographic studies show minimal bony destruction.

Non-Pharmacologic

Patients suffering from spinal infection should also be treated with a well-rounded diet and ade-
quate hydration. Patients can be debilitated early in their disease process and can be confined on bed for
long periods of time because of the pain they experience. Latter can greatly affect their feeding patterns.
Without the proper nourishment, patients can grow weaker and emaciate. The recumbent predisposes
patients to develop pulmonary atelectasis that can lead to pneumonia and even pressure sores because of
the preferential habitus that they may assume due to the pain they feel. Nursing care is important in these
conditions.

Patients should be progressively mobilized according to their tolerance to avoid the development of
flexion contractures and to allow them to be independent in their activities of daily living. They should be
assisted to enable early mobilization for their daily needs. It would be helpful to expose patients to sunlight
early in the morning or late in the afternoon to provide them with their daily requirements for Vitamin D.
There is a prevalence of Vitamin D insufficiency even in normal people and much more so for people who
may be sick and confined in bed. Supplementation with oral water-soluble vitamins can help for the overall
well being of patients. Patients with spinal infections develop severe osteopenia over their infected spine
and will need vital vitamin and mineral supplementation to help in the physiology of healing and osteogen-
esis.

Physical therapy is very helpful in the passive-mobilization of patients who are bed ridden. Pro-
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gressive assistive-exercise then eventual active-exercises would facilitate patients to get back on their feet.
There has been a large shift from prolonged recumbence and rest to early ambulatory care for patients
with spinal infection. It is essential that complications of prolonged immobilization be prevented in pa-
tients. Once patients are more active, resistive-exercises are introduced to restore performance of routine
daily activities.*®*%884 Patients who develop atelectasis or other pulmonary complications during their
initial bout of bed rest should be subjected to a regimen of pulmonary therapy. Latter is also applicable
for patients who have pulmonary tuberculosis and those with existing restrictive or obstructive lung diseas-
es. A good respiratory status will undoubtedly contribute to the general well being of patients with spinal
infections.

Pharmacologic Treatment

Antibiotic therapy is the mainstay of treatment for spinal infections. It is tailor-fit to the culture
sensitivity of the isolated pathogen and any other associated infections. In the event that there is a delay
in the culture sensitivity of the needle biopsy performed, patients should be started on antibiotics imme-
diately. If non-tubercular infection is suspected, broad-spectrum antibiotics covering both Gram positive
and negative organisms, aerobes and anaerobes, including methicillin resistant Staphylococcus aureus, are
instituted initially until final culture sensitivity results are obtained. If tubercular infection is suspected,
patients are started right away with quadruple antituberculosis combination therapy.?1%143157 The specif-
ics of antimicrobial treatment are beyond the scope of this text and usually require an infectious disease
specialist to manage doses and durations.

Surgical Management

Surgery in spinal infection aims to relieve compression of neural structures, evacuate large pockets
of abscess in and around the spine, provide stability to extensive osseous-ligamentous destruction, prevent
progression of deformity, and alleviate intractable pain.>>112181965 |t js beyond the scope of this chapter
to explore all of the nuances for surgical intervention. The absolute indication for surgical intervention in
spinal infection is the failure of non-operative management.?>1119.49

THE ROLE OF ORTHOTIC MANAGEMENT IN SPINE INFECTION

Bracing is a frequently recommended adjunct to the post surgical and rehabilitative management
of spinal infections. With the current trend of limiting the time spent at rest in favor of early ambulatory
care for patients with spinal infection, bracing is the most logical mode of providing stability for the infected
segment of the spine. The dynamic muscular stabilizers of the spine seek to stabilize an infected segment
of the spine by splinting patients in their position of comfort. Sometimes this position involves severe
postural listing out of normal axial balance. Muscle splinting normally goes into episodic fatigue and leads
to spells of muscular contractions that may cause severe pain.'®**” The proper immobilization of an infect-
ed spinal segment significantly reduces the burden of muscle splinting, maintain proper posture, and also
limits gross movements that can trigger spasms helping to alleviate pain.

Bracing should aim to immobilize the affected segment of the spine to heal in its anatomical align-
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ment and proper sagittal balance. Many favor early rigid bracing. It may aid in nursing care when in bed.
In acute infections, bracing is usually continued for 6-12 weeks beyond the period of medical management.
It should be noted that because of the loss of stability of an infected spine, a kyphotic deformity could
progress beyond the acute infection and bony healing period. Even when there is no more pain and radio-
graphs show some evidence of fusion over the affected levels, some degree of vertebral collapse can occur
because of the intrinsic weakness of the osteopenic vertebrae. Patients should be closely monitored and
might be advised to extend their orthotic management using less rigid orthotic devices.

The physiology of pain and instability in spinal infection is different from that of trauma whether
it involves single or multiple spinal units. In spinal infection, the dynamic muscle stabilizers as well as the
posterior-ligamentous complex (PLC) are almost always preserved. These two important structures are
invariably damaged to varying degrees in spinal trauma causing intense pain and acute architectural in-
stability of the spinal column. The preservation of these two structures in infection is enough to provide
internal splinting to auto-stabilize the spine and thus reduce pain. From the discussion of the biomechanics
of the infected spine, we have seen that episodic pain ensues when patients’ internal muscular splinting
bedcomes fatigued. Orthotic management in spinal infections compliments this internal dynamic splinting.
Braces provide additional stability to the spine that allows ambulatory care with reduced pain and some
degree of freedom to engage in activities of daily living. Cast immobilization and bracing in spinal infections
are adjunctive forms of treatment to the medical management are never considered as primary modalities
of treatment.

Spinal infections are largely considered a medical problem and should be primarily treated medical-
ly. Surgery is reserved as an absolute indication when there are neurologic deficits and severe instability
involving the anterior and posterior elements of the spine. Neurologic involvement of the spine is not a
common early presentation and is usually a late sequela of a neglected condition. Neurologic involvement
varies from 10% to 40% in patients with spinal tuberculosis and even much less in non-tubercular patients.
Many authors suggest observing patients with neurologic deficits before contemplating surgery because
majority of patients show significant improvement once proper antimicrobial treatment has been started.
Approximately 40%-60% of patients with Pott’s paraplegia show recovery with multidrug chemotherapy
and immobilization with bracing. Whether bracing really contributes to the healing of spine infections re-
mains unanswered by controlled clinical trials.

The closest clinical trials that could have probably addressed the issue of spinal immobilization
in spinal infection are those done for spinal tuberculosis. The British Medical Research Council (MRC)
Working Party on Tuberculosis of the Spine embarked on a series of randomized controlled clinical trials
in different parts of the world to investigate several methods of treating spinal tuberculosis three decades
ago.%7:586970 This was primarily conducted to establish a sound treatment protocol based on evidence.
These studies are often cited and referred to up to the present day. One of the initial variables that they
compared is treatment with bed rest with cast immobilization versus ambulatory outpatient treatment
without support. At 18 months the response rate was 66% for the former and 58% for the latter respec-
tively. At three years time the response to treatment was very close to 84% and 88% respectively. There
was no difference in the kyphotic and neurological deterioration. These prove that ambulatory care is very
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acceptable and that patients can be treated with an initial bed rest for 4-6 weeks without immobilization
and then encouraged to get up when there is little pain and spasm but wear braces for 6-12 weeks until
inflammatory markers normalize and radiographs show evidence of bony healing.

A systematic review and meta-analysis of 35 relevant controlled studies specific to the management
of spinal tuberculosis show that there is a paucity of a well-randomized trials that can point to the benefit
of orthotic management in spinal infection. This meta-analysis showed that the closest study evaluating
the benefits of cast immobilization was still the British MRC trials.”” The trials that however concluded that
plaster jacket immobilization has no benefits were performed 3 decades ago. During that era these plaster
jackets were bulky, cumbersome, and heavy plaster cast body literally immobilized patients in bed. Their
clinical relevance is difficult to compare with current advances in spinal orthotic fabrication, materials,
and designs. Even if one argues that most of the current choices of spinal orthoses are designed for spine
trauma, the goal of its prescription for spinal infection is pretty much the same. One paper reported good
results with their locally fabricated orthoses based on comfort and tolerance of wear while allowing pa-
tients to be treated with chemotherapy on an ambulatory basis but this studies fall short of being random-
ized clinical trials.”®

Most clinicians still hail bracing as fundamental in the treatment of spinal infection even if its effec-
tiveness lacks evidence.>>%415157.79.808182 |t s considered as a vital modality in the conservative management
of spine infection in many textbooks.*®'”?! |t appears that many practitioners would still prefer to logically
“err on the safe side” of treating patients with spinal infections by prescribing an device that would not
harm patients at all and yet give them perceived benefits that clinical trials have not significantly proven - a
spinal orthosis. In fact many authors suggest that the spine should be immobilized while waiting for the
results of laboratory tests and infection identification and sensitivity determination.?*%# |nitial rest and
brace immobilization when there is intense pain or risk of spinal instability appears to be a the norm among
many practitioners. One concept that truly became a standard of care that clinical trials have supported is
managing patients on an ambulatory basis. It is perhaps the fear that patients might develop complications
from instability while being treated on an outpatient basis that pushed practitioners in continuing the use
of spinal orthoses.

The pediatric age group afflicted with a spinal infection is the best beneficiary of orthotic manage-
ment. The average age range of patients afflicted with spondylodiscitis is 2 to 8 years old. These children
cannot accurately express themselves making both diagnosis and treatment often difficult. It has been ad-
vised by many authors that in pediatric patients, once there is a presumptive diagnosis of spinal infection,
they should be immobilized in an orthosis while awaiting the results of their laboratory test, radiographic
imaging and culture-sensitivity tests.?1%41651 A child’s activity level is only held at bay when they feel very
sick. Pediatric patients are known for their quick physiologic rebound as soon as they feel well and this
natural nonchalance to their medical condition puts them at great risk if spinal instability still exists.

One of the biggest concerns among the pediatric group of patients is their growth potential. It has
always been emphasized that they should never be treated as small adults, they have their own unique
concerns. Much attention is focused in maintaining the integrity of the end plates and apophyseal ring car-
tilages in children to preserve their capacity for longitudinal and appositional growth.>>**84 Properly fitted
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orthoses appear to be the best option that can protect the soft and osteopenic vertebral segments that are
affected by infection. Commercially available “off the shelf” orthoses should be avoided in children as they
are often ill fitting do to the wide range of body soft tissue volume existing in the different age groups of
children. These “off the shelf” orthoses are best reserved for adult patients. One of the traits of the pedi-
atric spine is its remarkable capacity to remodel.?* Children should be closely monitored to assess wheth-
er immobilization devices are indeed maintaining the proper anatomic alignment of the spine. A healed
spinal infection is half a victory won if it ends up with a residual deformity that could have been averted.
Studies by Rajasekaran enumerated spine-at-risk radiologic signs that predispose the pediatric spine to

late progressive deformities.’”*®* These should be identified in patients to determine if there is a need to
maintain orthotic care beyond the healed stage of the infection or whether surgery is needed to arrest the
progression of deformity. Surgery is rarely indicated for children with a spinal infection. Many are poor
candidates for surgery. Generally antimicrobial therapy and orthotic immobilization is curative. Orthotic
management is the best means by which we can protect a growing and unstable spine in afflicted pediatric
patients.

Cervical spine infections in children and adults appear to be an absolute indication for orthotic
support. Though some clinicians will still treat this condition with bed rest and cervical traction, the current
trend is ambulatory treatment with a cervical orthosis. The cranio-cervical junction vertebral junction is
especially problematic but has been shown to heal very well when treated early and immobilized properly
in cervical orthosis.?*# Depending on the degree of instability at the occipito-C1-C2 region, a Halo-Vest
apparatus offers the best immobilization. A Sternal-Occipital-Mandibular Immobilization (SOMI) orthosis
may also suffice but does not provide the same degree of immobilization that a halo-vest does. The sub-ax-
ial cervical spine (C3-C7) can be immobilized with a variety of commercially available devices as long at it
accomplishes the desired immobilization. They should offer protection in sagittal, coronal and axial planes
and maintain the normal lordosis of the cervical spine. Cervical orthoses should be closely monitored in
children especially when skeletal pins are utilized because of chances of early loosening. It should also
prevent any pressure on the mandible as it can easily affect the plasticity of other osseous structures and
cause mandibular or dental deformations.

Whether one suffers from non-tubercular or a tubercular spine infection, both are con- —
b dh

sidered medical problems whose primary treatment is the specific antimicrobial chemotherapy. =~ 1]
Orthoses are then prescribed specific to the region of the spine that is affected. Orthotic recom-  Table 3
mendations for specific regions of the spine are depicted in Table 3. (Table 3)

ALIGNMENT AND FORCE APPLICATION OF ORTHOSES

Most orthoses prescribed for spinal infection are aimed towards restricting sagittal movement
in forward flexion to reduce compressive forces on the vertebral bodies since the anterior elements are
usually affected by infection. It is only when the posterior elements are also affected that components for
coronal restraints are added in the prescription of the orthosis. When the posterior elements are affected
it is presumed that the facet joint might be at risk and thus fail in offering physiologic restraints towards
lateral bending and rotation. The classic 3-point fixation or force system is employed to secure the orthosis
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on the body and provide restriction of motion and correction of posture (Fig 9). g 2 A
For the cervical spine, 3-point fixation is relatively difficult to employ owing to its short seg- ‘E jif’{
ment. Instead, specific body parts serve as anchors for the orthosis. The upper front chest area
with its subcutaneous sternal surface, the broad posterior muscular surface of the upper torso, the
rib cage, and the broad surface of the shoulder should serve as a large inferior anchorage for any cervical
orthosis. The subcutaneous cranium, occiput and the mandible serve as stable superior anchorage for the
head. The cranial component is secured either by skeletal pins, straps or contoured padded components.
The superior or inferior components are connected together with rods, posts or plates to provide the re-

striction and correction needed for the cervical spine. The Halo-vest for example employs this sys-

tem of fixation and provides the most rigid external fixation of the cervical spine. However, stud-
ies have observed inter-segmental snaking phenomenon with the Halo-vest device. A full contact  fjg 19
Minerva orthosis addresses this phenomenon but is relatively uncomfortable for most patients

particularly for those in tropical countries. This fixation system would also work fairly well with infections at

¢

the cervical-thoracic junction (Fig 10).
Infections of the upper thoracic vertebra from T1-T8 are in a relatively stable zone owing to

the support provided by the rib cage. But when multiple contiguous levels are involved the risks off B
wedge compression collapse is high. A Risser or a Mehta cast is usually the best choice of support- Fig11
ing the upper thoracic level. It is classically constructed using plaster of Paris making it relatively

bulky and heavy. It can also be applied using fast setting fiber composite materials that allow it to be ap-
plied thinly making it light, comfortable and relatively breathable. A Risser brace can also be molded using
thermoplastics in a bi-valved fashion allowing bathing and hygiene. The most important component is the
cervical extension that limits this highly mobile segment whose motion arm transmits physiologic e
loads to the unstable upper thoracic vertebrae (Fig 11). The Milwaukee orthosis (CTLSO) that is

commonly used for spinal deformities also has a role in infectious spondylitis of the thoracic re-
gion. When properly fabricated it imposes no restriction to the expansion of the chest and thorax
and provides good stabilization to the thoracic spine (Fig 12).

The thoraco-lumbar spine taken collectively is a long segment whereby the principle of 3-point pres-
sure system could be maximized. The superior points can utilize part of all of the rib cage. The most useful
part of the thoracic rib cage is the anterior subcutaneous sternal portion and the clavicles. The prominent
parts of the pelvis like the pubis and the anterior superior iliac crests serve as the anterior-inferior

LI ‘ g S,
point of fixation. The last point that completes the 3-point fixation system is located posteriorly e L
usually centering over the affected area of the thoracolumbar spine. This system of fixation is Fig 13

utilized to restrict forward bending and sometimes even to help patients assume a hyperextended
posture. Semi rigid to rigid materials should be used for this purpose to maximize the trunk control need-
ed. Lateral restraints are added into the system when there is a need to control lateral bending or trunk
rotation particularly when the posterior elements of the spine are affected (Fig 13).

For severe cases with contiguous or multi vertebral level infections along the thoracolum- ! h
bar spine a total contact body jacket is recommended. These are usually customized patient-spe-
cific orthoses that hug the whole body to maximize trunk motion control (Fig 14). Total contact Fig 14
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body oryhoses should allow normal chest expansion and should not contribute in unduly increasing in-
tra-thoracic pressures. Similarly, it is important that full contact spinal orthoses not increase the intra-ab-
dominal pressure. An abdominal opening is usually created in a total contact body jacket to prevent any
constriction over the abdomen and serve as ventilation for a very constrictive appliance. A good number of
patients with spinal infections develop paravertebral pockets of abscess. An increase in the intra-abdom-
inal pressure might push a fluid abscess to areas of least resistance like the epidural space and the spinal
canal. Additional windows can be created to facilitate cleaning and dressing of existing sinuses that is also
present in some patients with spinal infection. Orthoses made of rigid materials offer better sta-

bilization during the acute phase of the disease. Patients may transition to a semi-rigid orthoses
when their clinical condition improves and when they are experiencing less pain.

Infections of the mid lumbar spine may be managed with a TLSO, (Fig 15) whereas in-
fections of the lower lumbar vertebrae and the lumbosacral junction are more clinically challenging. Its
location between the lever arm of the torso and the motion of the pelvis and lower extremities predisposes
it to a great deal of physiologic loads. It can develop severe instability if it is not properly protected during
the acute and healing stages of the infection. Infections in this area elicit a great deal of pain. Patients
usually have an associated psoas abscess that aggravates the pain. It predisposes the patient to hip flexion

L

bearing and motion about the hip joint. If properly applied it can correct and counter hip flexion Fig 16

contractures because of hip flexion to splint the pain. The best immobilization device is a pan-
taloon cast or orthosis or a hip spica brace that extends well onto the thigh. It prevents weight

contractures (Fig 16).

FUNCTION AND ACTIVITIES OF DAILY LIVING WITH ORTHOTIC USE

It has been previously emphasized that the orthotic management of spinal infection should be ini-
tiated even while laboratory work ups are being done or even when just a presumptive diagnosis has been
made. This is due to the fact that most cases of spinal infection are diagnosed late with patients presenting
with clinical and radiographic signs of instability. We have learned that no randomized clinical trial supports
the effectiveness of bracing in spinal infection. Yet it is always suggested as a standard of care. It has also
been suggested that spinal bracing and activity restriction should be maintained for 10-12 weeks or even
longer until there is evidence of clinical, laboratory and radiographic healing.

Orthotic immobilization is recommended when patients assume an upright sitting or standing
position. The orthotic prescription should allow patients to engage in all activities of daily living restricting
their activities mostly in forward flexion. It should allow them to sit upright with comfort since this will be
the position that patients will be assuming most of the time during their waking hours. Any orthosis should
allow them to perform activities of daily living with ease.

Orthoses should allow patients to engage in body hygiene and self-care of the perineum. It is thus
important that orthotic design employs ease of donning and doffing so patients can easily wear them with
little assistance or nursing care. Parental assistance may be necessary with children. If donning and doffing
assistance is required it is important for the medical team to properly train the caregiver. Provision of a
wearing (dosage) schedule is helpful for patients and allows them opportunities to take their orthoses off
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to relieve heat buildup under the orthosis especially for those who live in tropical countries. Some patients
are allowed to remove their orthosis when recumbent. It would be of great help if the orthotic design
would allow ease in donning it in either a lying or sitting position while on bed. Once in an orthosis, many
patients find it easier to sit up in bed then stand because of the relative stability provided by the orthosis.
Almost all of the orthoses utilized for spinal infection of the cervical and thoracolumbar spine should allow
ambulatory activity. Randomized clinical trials have proven that patients with spinal infection can ambu-
late and should be encouraged to do so to prevent the physiological and psychological complications of
prolonged bed rest. It is only when patients are placed in a pantaloon or spica brace for infections of the
lumbosacral junction that patients will have to be recumbent for a certain period of time. Even then some
pantaloon designs have incorporated locking and unlocking hip joints that can allow patient to sit down.
The psychological impact of 10-12 weeks of orthotic wear should not be underestimated. Patient and
caregiver feedback should be solicited on a frequent basis to determine if counseling is required. Orthotic
designs should allow it to be worn underneath clothing. Orthoses should be perceived as a treatment mo-
dality that aims to aid a patient and not as a punishment for one’s medical misfortune.

CONCLUSION

Infections involving the spine and its adjacent structures may be relatively rare in some clinical
practices but have debilitating consequences if not treated properly. A rising incidence is observed due to
the rise of HIV, illegal drug users, increasing nosocomial infections, aggressive spine surgeries and a resur-
gence of tuberculosis worldwide. Early signs and symptoms may be ill defined and are often attributed to
something other than infection. Diagnosis is often arrived at late. A high index of suspicion usually alerts
clinicians to investigate further to arrive at the proper diagnosis. Infections can come from an exogenous
source as well as an endogenously. Pathogens are classified generally as either non-tubercular or tubercu-
lar, which is why it is necessary to aim for an exact microbial, cytological or histological diagnosis. One of
the greatest concerns in spinal infection is the degree to which it affects the stability of the spine. When
most patients present there is significant damage to the spinal unit because of the delay in diagnosis. It
is very important to assess spinal stability with the aide of radiographic imaging procedures. The anterior
elements of the spine are often affected predisposing the spinal unit into a kyphotic deformity.

Spine infection is generally a medical condition that responds well to non-surgical medical manage-
ment consisting of proper antimicrobial chemotherapy and orthotic immobilization. Orthoses are widely
used to stabilize the spine to avoid complications that could compromise the neural structures traditionally
protected by the spinal column. Proper immobilization can likewise avert the need for surgical interven-
tion. Randomized clinical trials have shown the benefits of ambulatory care for patients with spinal infec-
tion. Orthotic management logically provides protection to the spine while allowing patients to engage in
their activities of daily living. There is however conflicting evidence as to how spinal orthoses really work.
Nevertheless, the medical community would rather “err on the safe side” and still rely on the benefits that
spinal orthoses offer. Oftentimes bracing is maintained throughout the medical treatment and sometimes
even beyond to prevent the progression of a deformity. The importance of closely monitoring patients with
a spinal infection can never be overemphasized. Overall treatment should aim for the resolution of the
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infection, pain relief, maintenance of anatomical alignment of the spine, prevention of deformity, and to

achieve solid bone healing of the affected level.
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Orthotic Management for Osteoporosis
Bryan S Malas, Kevin P Meade

INTRODUCTION

Osteoporosis is a disease characterized by low bone mass and weakening of bone tissue, which can
lead to an increased fracture risk for the hip, spine, or wrist. With osteoporosis, mineralized bone density
is diminished making the bone structure more susceptible to fractures. Despite being the most
common of the metabolic bone diseases, the precursor or causes of osteoporosis are numerous.

This includes, but is not limited to connective tissue disorders, endocrine disorders, malnutrition,  1apje 1

medications and osteopenia.® It is a major public health problem, with 100 million people at risk
worldwide and 28 million people at risk in the United States alone (Table 1).2

Type | osteoporosis is associated with estrogen deficiency occurring after menopause. Vertebral
bodies, the distal radius, and the hip are at greater risk for fractures. Trabecular bone is degraded and
results in reduced ability to support compressive loads. Type Il osteoporosis, related to aging and calcium
deficiency, affects males and females. Trabecular and cortical bone are affected. Since cortical bone pro-
vides structural stiffness in torsion and bending, areas at higher risk for fractures include the neck
of the femur, vertebral bodies, proximal tibia, pelvis, and humerus.

Vertebral compression fractures (VCF) from osteoporosis are common and present with a

primary clinical complaint of pain; acute (< 3 months) and/or chronic (> 3 months). There may be
comorbidities, e.g., chronic obstructive pulmonary disease (COPD), complicating treatment. The
incidence of vertebral fractures internationally is summarized in Box 1.

Treatment is divided into pharmacologic, non-pharmacologic, and surgical options that address
acute pain from a recent VCF or the chronic pain that may follow.*? Only a few studies on orthotic manage-
ment report on the effectiveness of specific orthoses. Thorough patient assessment, distinction between
acute and chronic pain and proper measurements, casting, and digital scanning are necessary for selection
of the appropriate orthosis. Effectiveness of the orthosis depends on donning and alignment, improving
stabilization (acute), improving posture (chronic), decreasing pain (acute/chronic), improving pulmonary

function, and improving muscle strength (paraspinal muscles).

ANATOMIC CONSIDERATIONS AND THE AGING SPINE

Normal anatomy and ongoing patterns of change with the aging spine are important to the under-
standing and management of the osteoporotic spine. Knowledge of normal anatomy offers both a logical
starting point and subsequent gauge to the extent of the osteoporotic deformity. Relevant anatomic con-
siderations include spinal alignment, regional vertebral characteristics, and the functional spinal unit. Over
time normal anatomic considerations give way to an aging spine with different characteristics such as re-

duced lumbar lordosis, hyper-kyphosis and forward head posture. The ability to distinguish the aging spine
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from the osteoporotic spine offers an additional challenge as both share many of the same characteristics.
Frequently it is only the level of severity of the deformity that allows a distinction between the aging and
osteoporotic spine. Normal aging is typically accompanied by disc degeneration and collapse with loss of
lumbar lordosis, increased thoracic kyphosis, loss of sagittal balance and thrusting forward of the head. An
overlay of VCFs to an aging spine amplifies these deformities and imbalance in the sagittal plane. A com-
bined knowledge and understanding of, the normal, aging and osteoporotic spine is essential for overall
care of this population.

Spinal alignment is identified by region with a distinction across the three anatomical planes (sag-
ittal, coronal, and transverse). The necessity to develop classifications for deformities in the coronal plane
make alignment in this plane the most-well understood. Classifications for transverse alignment of the
spine exist for the same reason, but to a lesser degree. The sagittal profile in earlier studies was not well
understood, but increasingly that has changed with greater agreement of what constitutes normal align-
ment.

The normal sagittal profile for the thoracic spine kyphosis, ranges from 20°-45° with the average
value of 38° for asymptomatic adolescents.’® Values measured <20° and >45° are described respectively as
hypo-kyphosis and hyper-kyphosis.** There is less agreement for the lumbar profile in the sagittal plane.
Berhhardt and Bidwell described normal lumbar lordosis as -35° to -60°.*> Lee and colleagues reported sim-
ilar findings of lordosis in the Korean population with an average of -47.3° +/- 9.8°.%¢ Vialle and colleagues
studied 300 asymptomatic volunteers and reported lordosis values with a much higher average at -60° +/-
10°. The extensive variation and lack of agreement make it difficult to distinguish normal from pathologic
alignment. According to Tuzun and coworkers lumbar lordosis <20° and >40° are described respectively as
reduced lumbar lordosis and hyper-lordosis'® and only the reduced-lordosis with values less than 20° ap-
pears to be consistent with other investigators while the high-end value of >40° appears to lack agreement.
Alignment challenges with lordosis are not confined to the lumbar spine, but equally problematic in the
cervical spine. The normal cervical sagittal profile is described as -30°to -40° of lordosis,*® however debate
still exists about this range.

While variations are apparent within the spine they are not limited to alignment, but include region-
al characteristics that are different across the lumbar, thoracic and cervical spine. Characteristic differences
include the size, shape and variation in mobility based in part on the different facet geometry. However,
the Functional Spinal Unit (FSU) or motion segment exhibits biomechanical characteristics similar to those
of the entire spine and constitutes two adjacent vertebrae and their complementary surrounding tissue.?®
The two adjacent vertebral bodies and the corresponding intervertebral disc constitute the anterior por-
tion of the FSU which, in the thoracic spine, is subjected to the greatest compressive loads (approximately
80%) while the remaining 20% of axial loading occurs across the posterior column.?® This includes every-
thing posterior to the posterior longitudinal ligament up to and including the supraspinous ligament. The
relevance of the FSU with osteoporosis is observed with the high prevalence of vertebral body fractures
and loss of vertebral height that affects the spine’s load carrying capacity and ability to withstand normal
physiologic loading. This situation invariably leads toward greater thoracic kyphosis and increased risk of
fractures to adjacent vertebra. Additionally, there is an increase of compressive loads across the posterior
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elements leaving them susceptible to osteoarthritis, facet syndrome and disc degeneration.

Aging Spine

Most studies on the aging spine and in particular lumbar lordosis demonstrate that lordosis either
decreases or at least remains the same during a person’s lifetime.22223.2425.2627 Although a handful of pa-
pers suggest an increase in lumbar lordosis over time these investigations are the exception.'®?® Reports
indicate that loss of lumbar lordosis can be as much as 20% for individuals older than 50 years of age and
includes a 12% and 31% loss of range of motion of upper body flexion and extension respectively.” Also
evident with the aging spine is a progressive loss of cervical lordosis and increase in thoracic kyphosis. The
latter has been shown to be associated with increased mortality,* diminished physical performance3!3?
and a low quality of life*'**3** while the former has been shown to be associated with a forward head pos-
ture. Some reports suggest that by addressing impairments related to thoracic hyper-kyphosis, improve-
ments will occur with the cervical spine and forward head posture.®* As part of the ongoing and
continuous aging of the spine it is not uncommon to also see disc and facet degeneration and
decreased mobility in later years of life. The combined effects of a deteriorating and aging oste- L
oporotic spine has been shown to affect standing balance which ultimately leads to decreases in Hed
health-related quality of life (HRQOL).3637:3839

The sagittal profile of the aging spine becomes more noticeable with osteoporosis and the presence
of a VCF. The secondary hyper-kyphosis characteristically has a sharper angle of deformity than the aging
spine while the forward head posture is often more pronounced and confirmed by an occiput-to-wall dis-
tance >5.0 cm (OWD) (Figure 1).

PREVENTION OF VERTEBRAL COMPRESSION FRACTURES (VCFS) FROM OSTEOPOROSIS.

Often the first indication that osteoporosis is present is when a painful VCF event occurs. The treat-
ment team focuses on resolution of the resulting acute pain and resuming activities of daily living (ADLs)
of the patient, which can be a lengthy and costly task. This can potentially be circumvented through ear-
ly screening programs that help to avoid this scenario. Most clinicians agree that increased exercise and
calcium consumption, decreased alcohol intake, and cessation of smoking lead to the preventative loss of
quality bone.*

THE CONSEQUENCES OF VCFS DUE TO OSTEOPOROSIS .

The consequences of VCFs due to osteoporosis include acute and/or chronic back pain, functional
limitations, and mood impairment. Clinical signs of VCF include sudden onset of back pain with little or no
trauma,** loss of height, spinal deformity (dowager’s hump), protuberant abdomen, and diminished vital
capacity. In patients with thoracic or lumbar VCFs, lung function (forced vital capacity, forced expiratory
volume in 1 second) is significantly reduced.

VCFs can present with acute pain or they can be silent and have no associated pain. Nearly one third
of the latter will have chronic pain.** Increased kyphosis is a common postural deformity secondary to VCF.

Involutional muscle loss, called sarcopenia, is common in the elderly and can be an important factor con-
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tributing to muscle weakness (Fig 2).%44%

TREATMENT OPTIONS FOR VCFS
Treatment of osteoporosis is divided into pharmacologic, non-pharmacologic, and surgical

options that address either the acute pain from a recent VCF or the chronic pain that may follow.*> The
primary types of non-pharmacologic treatments of osteoporosis include exercise, management of pain, or-
thotic treatment, and gait training. Reduction of the rate of bone resorption, improvement in the strength
of bone, pain relief and enhancement of the overall quality of life are the goals of treatment. Improve-
ments in muscle strength, particularly in the lower extremities, have been shown to decrease the risk of
falls.*® Simply stated, preventing fractures is better than treating their complications and consequently,
prevention programs and screening for osteoporosis should be stressed.*’

VCFs and their secondary effects remain a constant challenge for the medical team and should be
addressed as quickly as possible. In particular, strategies addressing postural deformity reduction should
be a major orthotic consideration because a person’s ability to function on a daily basis can be dramatically
improved and pain medication reduced.

ORTHOTIC CONSIDERATIONS

Spinal orthoses are used for both short-term management of acute pain from VCFs as well as long-
term management of chronic pain. However, in each case they are used differently and have different
orthotic goals. The former requires thoughtful stabilization of the fracture while the latter focuses on
postural changes to improve resting muscle length. Orthotic management is sometimes complicated by the
use of an orthosis intended for acute pain for treatment of chronic pain and vice versa and therefore the
orthotist should be mindful of the differences.

Orthotic management options are also often limited by significant spinal deformities, limited pulmo-
nary capacity, or problems involving bony prominences. Concerns have been expressed about the effects
of long-term use of spinal orthoses in treating osteoporosis, such as the possibility of muscle atrophy. In-
deed, the condition known as sarcopenia (i.e., Involutional loss of functional muscle motor units, a normal
process of aging) has been identified as a potentially important condition that may worsen osteoporosis.
Therefore, it is essential to include, as part of orthotic treatment, a carefully designed physical therapy
routine and to intentionally manage the effects of sarcopenia, when present. A successful non-pharma-
cologic treatment plan can be achieved through a multidisciplinary team approach working toward similar
outcomes of treatment.

A MULTIDISCIPLINARY TEAM APPROACH.

The main challenges the treatment team faces, the VCFs and their secondary effects, should be
undertaken as a priority. The primary orthotic consideration is to reduce postural deficits and pain. The
patient’s ability to function on a daily basis can be dramatically improved and pain medication reduced with
the restoration of posture and pain reduction.
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A multidisciplinary team approach to manage the osteoporosis patient can help reduce the like-
lihood of rejection of orthotic management. Specifically, a “multifaceted approach” is suggested, “to
optimize recovery from a VCF secondary to osteoporosis.”*® Interdisciplinary approaches for managing
osteoporotic patients may involve orthotic management, proprioceptive dynamic posture training, muscle
strengthening and coordination, pharmacotherapy, and/or surgical management.* The patient and treat-
ment team should define goals in response to these approaches, including reduction of acute and and/or
chronic pain, reduction of risk for falling, and management of VCFs. These goals are meant to increase the
patient’s quality of life, described as the totality of physical, social, and mental function.*®

PATIENT ASSESSMENT

The history and physical assessment of the patient with osteoporosis and VCF is critical in determin-
ing appropriate and realistic treatment options. Proper decision-making about treatment is predicated on
a thorough evaluation of the patient and recognition of an acute or chronic VCF condition. A knowledge
and understanding of previous treatment (no treatment, pharmacologic, non-pharmacologic or surgery)
are equally important and may impact future decisions about the care of the patient. Determining the
patient’s cognitive and functional capacity to comply with the recommended orthosis needs careful consid-

eration as well.

History
Current treatment, previous treatment, history of fractures, pulmonary function all represent legiti-

mate areas of concern for establishing a historical picture of the patient with osteoporosis. A logical start-
ing point for physicians is to determine if a history of fractures has been present. Ascertaining whether or
not a VCF exists, if other fractures are present and how they have occurred helps to compile a timeline and
is useful in determining if a person is susceptible to future fractures. Most initial VCF’s occur as a result of

a fall, but may occur from something as benign as a cough or sneeze. Because the patient with osteoporo-
sis is often older there is a greater likelihood that complex medical conditions such as rheumatoid arthritis
and COPD co-exist. Psychological and cognitive conditions such as dementia or depression should not be
dismissed and can adversely affect patient education and the person’s ability to follow instructions. Living
environment and access to daily care can be easily overlooked, but may ultimately have the greatest impact

on whether or not clinical outcomes related to orthotic management are met.

Physical Assessment

While the tendency may be to focus exclusively on the head, neck and trunk, a more global assess-
ment is a better guarantee that all aspects of the patient’s presentation are considered and realistic goals
set. Proper patient assessment begins with acute observation of the standing and sitting posture and
mobility strategies such as the patient’s ambulatory capability. The chair in which the person is sitting often
exaggerates the sagittal deformity exhibited by this group of patients. Strategies to decrease pain can begin
with proper instructions on the best sitting environment. Patients should avoid back supports that tend
to push the patient forward in which case they are forced to extend the neck even more to increase their
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visual field. Chairs that are too high or too low will make sitting to standing more challenging and difficult
for both the patient and caretaker. Another important observation to note is the level of independence
or dependence and how this will fit into the overall treatment plan for the patient. Manual muscle testing
and range of motion-particularly of the upper limbs-offer insight into the patient’s ability to don, doff and
adjust spinal orthoses. Quality-of-life measures before and after interventions offer additional insight into
the effectiveness of the treatment.

Pain assessment includes a distinction between chronic versus acute, location and duration, type
and degree of pain and what postural positions, if any, relieve the pain. Pain associated with the VCF is
often localized to the fracture and surrounding area while muscular pain maybe located away from the VCF
and a result of compensatory balancing efforts. It is important to determine if pain exists in the head and
neck, thoracic spine, and lumbar spine and where the pain is maximal. Often the maximum pain is notin
the thoracic spine, but in the low back due to the demands on the paraspinal muscles to compensate for
the forward flexion moment. As the hyper-kyphosis increases, there is usually an increase in pain around
the head and neck as the person tries to extend to increase their visual field of view. While the patient’s
current level of independence may determine if he or she is a realistic candidate for an orthosis, orthotic
management should not be prematurely abandoned if the limited independence is a result of pain.

BIOMECHANICAL OVERVIEW

Acute pain most often arises from the fracture and requires stabilization. Immobilizing the frac-
ture and limiting forward postural sway to decrease the deforming flexion moment can achieve this sup-
port. Orthotic management for a VCF must be done with careful consideration of the patient’s existing
alignment, flexibility, pulmonary function and any bony prominences. Conventional TLSO anterior control
designs (Jewett, CASH) should be avoided because of the limited adjustability and inability to accommo-
date the patient’s anatomy and sagittal profile. A custom molded TLSO is the best choice given its ability
to accommodate for bony prominences and the patient’s sagittal profile. It is the opinion and observation
of these authors, that if these factors are neglected, there is a strong probability that the orthosis will only
add to the patient’s discomfort and result in discontinued use of the orthosis altogether. Therefore, it is im-
perative that the orthotist consider alternative design modifications to insure the success and acceptance
of the orthosis by the patient with a VCF. Design considerations include, but are not limited to:

J Thinner plastic

J Anterior window accommodation for pulmonary function

J (Moderate) increase in in lumbar lordosis to facilitate proper sagittal posture and balance
J Accommodation of bony prominences through cast build ups and pad placement

Chronic pain often comes from paraspinal muscle strain rather than the a fracture itself.>! Relief
of chronic pain can come from changes in sitting and standing posture such as increasing lumbar lordosis.

This leads to recommending orthoses such as the PTS, Spinomed, or the posterior shell TLSO.
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One of the major design considerations for spinal orthoses with this population is the minimization
of its weight. Others include the ease of donning, doffing, and adjusting the orthosis along with the repeat-
ability of these tasks.

While a few studies have considered the effects of the orthosis on changes in postural sway®>°*>*
there is still a need for a more comprehensive study on balance and risk for falls. Moreover, ongoing studies
are needed to assess the efficacy of using a spinal orthosis for osteoporosis as part of the treatment plan.

MECHANISMS OF ACTION FOR SELECTED ORTHOSES
Posture Training Support

The PTS, which is also called a “weighted kypho-orthosis,”’>® to bring attention to its pro-
posed mechanism of action, has a weight suspended posterior and inferior to the scapulae (Figure '~

3). The weight can be increased in 0.25 Ib. increments to 2-3 Ibs. Patients are encouraged to try
different amounts of weight to determine effectiveness. Compliance will deteriorate and the orthosis will
not benefit the patient if too much weight is applied. The PTS is indicated in cases of excess dorsal kyphosis
possibly involving iliocostal contact or iliocostal friction syndrome.*

Two mechanisms of action of the orthosis are hypothesized. Compression forces on the anterior
spine are reduced by the counter-moment produced by the posterior weight. Second, the device encourag-
es active back extension through proprioceptive input and helps increase back extensor strength.*?> The PTS
aids physical therapy and helps increase the strength of the paraspinal muscles.*?

The PTS appears to be the least intrusive orthotic recommendation. Its advantages are that it is
cosmetically acceptable and has a high level of patient compliance. However, care must be taken in choos-
ing which patients are suitable for using the PTS. Several short-term studies on the PTS have shown some

improvement in pain, but large long-term evidence-based use has not been proven.>**

Spinomed (TLSO—sagittal plane control)

The Spinomed is indicated more for management of chronic pain resulting from VCFs.

The mechanism of action is similar to the traditional Knight-Taylor orthosis (TLSO—sagittal plane
control). However, in contrast to the Knight-Taylor orthosis, the compliance level of the Figa
, Spinomed is very high. This TLSO weighs approximately 450 gm. It contains a soft, hand
moldable metallic posterior section and an array of hook-and-loop straps (Figure 4 and 5). It is
Fig5
donned like a backpack.
The orthotic goal of correcting the unbalanced anterior posture in the sagittal plane is helped by the pos-
teriorly directed forces provided by the shoulder straps. They may also help in retracting the shoulders
and increasing back extensor strength. By making adjustments to its shape, the total contact back pad can
provide hyperextension of selected spinal segments. Intracavitary pressure likely increases because of the
confining pressure of the corset front. The study also showed the potential for improving the strength of
the paraspinal muscles.
The Spinomed has several advantages including: (i) ease of donning and doffing the device, (ii)
excellent patient compliance, (iii) strengthening of the paraspinal muscles, (iv) lightweight, and (v) a
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hand-moldable posterior section. Several short-term studies have been done with the Spinomed and have
demonstrated some improvement in pain, but similar to the PTS, large long-term evidence-based use has

not been proven.>* >’

Posterior shell TLSO @a

e
The posterior shell TLSO consists of a plastic shell, a soft corset front, and a system of ﬂﬂ
straps (Fig 6). This orthosis has not been scientifically studied to validate or refute its efficacy. Fig6

However, Gavin et al. fit more than 75 of these orthoses over a 10-year period (1988-1998) and
reported good success in pain reduction and posture correction.>®
Like the Spinomed, the shoulder straps provide posteriorly directed forces that help correct .

the unbalanced anterior posture in the sagittal plane (Fig 7). However, unlike the Spinomed, the
plastic posterior shell is not designed to be in total contact at the superior portion in the initial
phase of orthotic treatment, but it may achieve contact in the later phase of orthotic treatment.

The posterior shell TLSO may help improve sagittal plane standing posture alignment, reduce inter-
nal rotation of the shoulders, improve vital capacity, and improve seated posture. The posterior shell TLSO
has potential advantages including a soft corset front for comfort, improved appearance, improved mobility
and endurance, and ability to accommodate changes in the patient’s weight. It may also act as a seating
orthosis. The posterior shell TLSO may present disadvantages such as difficulty in donning and doffing and
excessive weight. This may be pronounced in patients who have comorbidities such as rheumatoid arthri-
tis, who are of small stature, and/or who may not have a caretaker to help donning and doffing.>

The posterior shell TLSO is designed to correct the sagittal plane balance by helping increase lum-
bar lordosis over time. Caregivers increase the shoulder strap tension daily over 1-2 months to reach this
goal. Ifitis achieved, the patient can typically ambulate for a longer period of time and possibly without a
walker. Most patients will continue to wear the orthosis once they have attained a significant correction in
balance, however further clinical studies are needed.

EVIDENCE FOR ORTHOTIC MANAGEMENT OF OSTEOPOROSIS

Despite encouraging results from several papers the evidence for spinal orthotic management of
osteoporosis continues to remain low. Newman et al. performed a systematic review of spinal orthoses
for vertebral osteoporosis and osteoporotic vertebral fractures and concluded that orthotic management
of acute VCF is inconclusive due to the limited available evidence.®® In this same study there appears to
be some promising evidence for the use of TLSO-Sagittal Control designs (e.g. Spinomed) and WKO de-
signs (e.g. PTS) for chronic VCFs, but this needs to be explored further. Future studies of sufficient size and
emphasis on the long-term effects of orthotic management would be useful for determining a reasonable
efficacy for treatment of this patient population.

MEASUREMENT, CASTING, RECTIFICATION PROCEDURE
Once the decision to select an orthosis has been made the next step is to acquire accurate and
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appropriate information in the form of measurements, casting, and/or scanning. Accurate measurements
and other physical data increase the chance of a properly fitting functioning orthosis.®*®%%* Measurements
are typically used for three reasons and include: 1) fitting off-the-shelf devices similar to the Spinomed or
PTS; 2) conventional fabrication (usually in combination with a casting/impression) such as the posterior
shell TLSO (chronic) or custom TLSO (acute); 3) used in conjunction with image capture (pictures, video) to
fabricate a posterior shell or custom TLSO via a CAD-CAM process. When measuring a patient it is import-
ant to realize that no one orthotic design will be ideal for every patient and therefore it is important that
the orthotist is well-versed with the different orthoses and the measurements that accompany the designs.

Off-the-Shelf

For made-to-measure or off-the-shelf designs such as the Spinomed or PTS, the orthotist should fa-
miliarize themselves with manufacturer-required measurements. For the Spinomed the size is determined
by the length of the spine and is measured from the sacrum to just below C7 and follows the curvature of
the spinal anatomy. To size the PTS, the manufacturer requires a measurement from the inferior angle of
the scapula, over the shoulder to the axilla and at the chest level. Proper sizing of these designs is the re-
sponsibility of the orthotist. In instances where sizing is problematic and doesn’t properly correspond with
the patient’s anatomy it is recommended that the orthotist speak with the manufacturer’s representative.
These conversations can prove fruitful and not only provide additional insight into proper sizing, but allows
the orthotist to offer suggestions on how the design can be improved.

Measurements for Conventional Fabrication

The posterior shell TLSO and custom molded TLSO require virtually the same measurements. For
both designs an impression/casting of the patient is taken in order to fabricate the orthosis. Sagittal, coro-
nal and transverse measurements can be crossed-checked with the positive cast to verify that the anatomy
was captured accurately during the impression/casting process. Traditional methods of measurement such
as soft tape, M-L gauge, angle finder and goniometer should be part of the orthotist tool kit and, if used
correctly, insure that desired alignment is properly transferred to the positive mold. Conventional mea-
surements for the two designs include:

J Circumferential and coronal measurements at the level of the greater trochanter, ASIS,
waist, xiphoid, axilla

J Length measurements
o Gluteal fold - waist - spine of the scapula
o Pubis—> waist - xiphoid = sternal notch
o Greater trochanter - waist - axilla
] Inferior angle of scapula, over the shoulder to the axilla (posterior Shell TLSO only).

Confirmation of sagittal alignment such as lumbar lordosis and pelvic tilt is particularly important for
designs intent on resolving postural imbalances in the sagittal plane.
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In the case of the posterior shell TLSO (chronic pain) a plaster impression is needed in addition to
the measurements. The impression is taken with the patient in a prone position and requires 60 to 90 min-
utes for the entire procedure. The extended duration of the procedure is primarily due to the application
of viscoelastic creep in order to capture the appropriate sagittal alignment. The goal is to establish and cap-
ture an alignment in the impression that brings the head over the pelvis to reduce sagittal decompensation
and decrease the deforming forward flexion moment. After the application of stockinette, identification
of bony landmarks and recording of measurements, the patient is asked to lie recumbent on the examina-
tion table in a prone position for a period of 20-30 minutes. At intervals of 20-30 minutes the orthotist will

place a pillow or pad under the superior and anterior aspect of the chest to increase lordosis.

This often takes 2-3 intervals to achieve optimal lordosis. For the process to be effective it must
be done gradually. Once the ideal alignment is achieved vertical plaster splints are placed on the gy >

posterior aspect of the patient and should extend laterally past the mid-axillary trochanteric line,
superiorly to the spine of the scapula, and inferiorly to the level of the sacro-coccygeal junction or gluteal
fold for females.®* (Box 2)

For the custom molded TLSO (acute pain) the design and impression/casting process is less aggres-
sive and more accommodative. The impression is best taken with the patient in a recumbent position in
order to accommodate the existing alignment. While some consideration should be given to increasing
lordosis to insure proper postural alignment it should only be moderate and not nearly as aggressive as the
posterior shell casting process.

Measurements for CAD-CAM
Measurements and image capture can be used together as part of the CAD-CAM process for mak-

ing an orthosis for the osteoporosis population. In this case CAD-CAM might be an alternative approach to
acquiring data for the posterior shell TLSO and custom molded TLSO. Depending on the CAD-CAM system
that is used, it is important that the orthotist be well-versed in collecting and recording all of the necessary
measurements. For example circumferential measurements will help to confirm volume while right and
left length measurements (e.g. trochanter to waist and waist to axilla) help to confirm symmetry. Measure-
ments that are not recorded only delay fabrication and increase the risk the orthosis will not fit properly
and achieve the intended goals. Despite the advances in technology such as CAD-CAM it may not always
be the right solution for this population. Attempting to scan a person’s torso that is unable to lift their arms
away from their side presents a problem and may not allow for realistic 3-dimensional capture of the per-
son’s torso. Ultimately this could affect the fit of the finished orthosis. Other options include a combina-
tion of taking pictures and measurements. In this case a thorough clinical evaluation of the deformity and
the flexibility or correctability in all three planes is required. From this a computer aided design program

is used to develop the patient’s new 3D shape or correction. Each measurement or step in the procedure
should have an intended purpose and rationale which, as closely as possible, is to replicate the patient’s
body using anthropometric data.®
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DONNING/DOFFING AND PROPER ALIGNMENT OF SPINAL ORTHOSES
Donning/Doffing

Conventional donning/doffing practices of orthoses, while appropriate for many patient popula-
tions, may not be as effective for patients with osteoporosis and ultimately lead to poor results. Therefore,
careful attention to detail and frequent follow-up are important for the successful fit and alignment of the
orthosis.®® Patient upper limb strength/hand dexterity, orthotic design, patient cognition and caretaker
status should all be considered to determine the best strategies for donning and doffing. A well-fitting or-
thosis and one that satisfies all intended outcomes will be of little use if the orthosis is not properly donned
and the desired alignment achieved for the patient.

A patient’s upper limb strength and hand dexterity can easily be overlooked when much of the at-
tention is focused on the spine. When a patient requires a spinal orthosis for osteoporosis and exhibits up-
per limb weakness and limited hand dexterity the orthotist should consider alternative closure systems and
unconventional, but safe strategies for donning the orthosis such as placing a rigid or semi-rigid orthosis on
a chair and having the patient sit back into the orthosis for proper positioning and initial placement of the
closures. In some instances, there is not enough adjustability to modify the closure system and a different
orthosis altogether must be selected. In these cases it is important to select designs that will still be able to
achieve the originally intended goals and also preserve the patients existing independence.®®

Appropriate closures and design features of the orthosis maybe of little help for a patient with a
cognitive deficit. The inability to follow two-step commands (donning instructions) will likely result in an
orthosis either being improperly fit or not worn at all. When such cases arise it is important to identify a
willing caretaker to assist with this process.®” In these scenarios the caretaker will assume the responsibility
of the patient’s orthotic treatment and likely determine the success or failure of the orthosis. Recognizing
the role of the caretaker, the orthotist should explain the purpose of the orthosis and dedicate ample time
working with the caretaker to develop efficient strategies for donning/doffing of the orthosis. As part of
this training, the orthotist should observe and confirm that the caretaker is able to effectively don and doff
the orthosis. At the conclusion of fitting it is the responsibility of the orthotist to describe and confirm the
caretaker’s understanding of proper fit and alignment. If the caretaker is not properly equipped there is a
greater likelihood that the orthosis will be donned incorrectly, desired alignment not attained and ultimate-
ly lead to unnecessary discomfort for the patient and discontinued use of the orthosis.

Time-Dependent Donning

Understanding the patient’s existing alignment and whether the deformity is flexible, rigid or a
combination of both will serve the orthotist well when the patient dons certain types of orthoses. Postur-
al spinal stiffness often associated with chronic VCF and a result of soft tissue (muscle) shortening and or
weakness is best addressed through the same viscoelastic considerations implemented during the impres-
sion (molding) and measuring process of the patient.®’ To properly don the orthosis (posterior shell TLSO),
20-30 minutes should be afforded this process in order to take advantage of the viscoelastic creep of the
soft tissue. Allowing the patient to ‘relax’ into the orthosis over this period of time will improve the chanc-
es of obtaining optimal alignment as well as greater patient comfort.
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Proper Alignment of Spinal Orthoses

Regardless of the type of orthosis, the method for measuring and determining alignment is the
same and should occur prior to treatment, immediately following application of the orthosis and at sub-
sequent intervals throughout treatment. A plumb bob or laser line are both effective tools for measuring
postural alignment, but it is the experience of these authors that a laser line is easier to use and better
at capturing whole body alignment. In the sagittal plane, the ear, acromion of the scapula and greater
trochanter serve as excellent relative points of reference to determine trunk and pelvic alignment in rela-
tionship to one another.** The added value of including the ear and specifically the tragus landmark allows
for the additional comparison of the head to the trunk and pelvis. The need for these three land- L ]
marks becomes apparent as one considers the common clinical presentation of the person with
chronic VCF where the head (ear) is anterior to the trunk (acromion) and the upper trunk is anteri- Fig8
or to the pelvis (trochanter). These points of reference serve the orthotist and physician well when
determining the effectiveness of the orthosis and its ability to restore sagittal postural alignment (Fig 8).
Based on this type of assessment it is easier to determine what specific adjustments or alignment changes
are needed to the orthosis in order to optimize postural alignment based on the given presentation of the
patient.

Because the sagittal plane often has the greatest observable deformities it is easy to overlook the
coronal and transverse planes. Therefore, fitting and alignment considerations should include these planes
as well. The conventional practice of using a plum bob or laser line and dropping that line from C7/T1
down to the spinous process of S1 will confirm that the person’s head is properly aligned over the pelvis
(compensated) or that it is not (decompensated). Assessing transverse plane is best viewed overhead, but
many times is not feasible. In this case attempts should be made to assess and determine if transverse
plane deformities exist by viewing them in the other planes or combination of planes. For example, a rib
hump could be viewed and confirmed by visually looking from a posterior-lateral vantage point. The utility
of using these landmarks to assess overall posture affords the medical team a better way of documenting
orthotic effectiveness as it relates to alignment.

CONCLUSION

The degenerative process of osteoporosis and the combined effects of the aging spine are progres-
sive in nature and require a multidisciplinary team that is attentive to the changing and increasingly com-
plex needs of the patient. Treatment done in isolation, whether pharmacologic or non-pharmacologic, is
a sure way to undermine the chances for successful outcomes. As in the case of orthotic management of
VCF’s and secondary deformities, management should be part of a broader treatment plan that encom-
passes both pharmacologic and non-pharmacologic methods of care. The increasing incidence of oste-
oporosis along with an aging adult population that is living longer means the demand for care is likely to
increase sharply in the future. As such, the need for further evidence to determine the efficacy of orthotic
management is at a crucial stage and warranted if the patient is to receive effective and appropriate care.
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Orthoses For Low Back Pain

Michael R Zindrick, Leonard Voronov

INTRODUCTION

Low back pain is a very common condition occurring in modern society. It is estimated that approx-
imately 60% to 80% of the population experience low back pain at some time in their lives. In 2007 alone
27 million US adults age 18-year-old or 11% of the total population reported having back pain according to
the Agency for Healthcare Research and Quality.! Spinal orthoses are frequently used to manage a variety
of spinal disorders despite lacking or conflicting literature supporting use. Nachemson reported different
desirable functions of the lumbar support: 1) to correct deformity; 2) to limit spinal motion; 3) to stabilize
part of the spine; 4) to reduce mechanical uploading; and 5) to provide miscellaneous effects of massage,
heat, placebo.? However at present the actual mechanisms of action of the lumbar support remained a
matter for debate. Not everyone is physiologically suited to gain benefits from a lumbosacral support. Obe-
sity and deformity may restrict a braces’ effectiveness.

In this chapter the authors will review the current highest level literature regarding the effectiveness
of lumbosacral brace used for: 1) the prevention of low back pain; 2) the treatment of low back pain; 3) as a

prognostic preoperative tool for fusion and 4) use following lumbar fusion.

ORTHOSES USED IN THE PREVENTION OF LOW BACK PAIN

Lumbar orthoses have been used as a means of preventing either initial (primary prevention) or
recurrent (secondary prevention) episodes of low-back pain in industrial workers.>* Van Poppel et al. ran-
domized 282 baggage handlers into 4 groups: 1) education and lumbar orthosis, 2) education, 3) lumbar
orthosis, and 4) no intervention.”> Groups 1 and 3 utilized a soft lumbar brace for 6 months while working.
There was no decrease in the incidence of back pain reported (36% for braced individuals and 34% for non-
braced) or in the number of workdays lost when comparing braced with non-braced workers. The use of a
soft lumbar brace was found to reduce the number of days lost due to back pain from 6.5 to 1.2 days per
month (p = 0.03) in workers with a prior history of back pain. Orthotic compliance was only 43% across the
study but there was no difference in the incidence of low-back pain or number of sick days among workers
who complied with the protocol and those who did not. Study conclusions were that orthotic therapy does
not diminish the incidence of low back pain or time lost from work when used as a preventive strategy.
Additionally, the use of a lumbar support by workers with a previous history of low-back injury may reduce
days lost due to low-back pain. Due to the high number of noncompliant workers, this study was down-
graded to Level Il medical evidence.

Reddell and colleagues randomized 642 baggage handlers into 4 groups: 1) education, 2) weight-
lifting belt-type brace, 3) education and orthosis, and 4) no intervention.® During an 8-month period, the

authors collected data on; total incidence of reported low-back injury, lost or restricted workdays due to

269



low back pain, and Workers” Compensation claims related to low-back pain. They found no differences
among the groups. Similar to the study by van Poppel and colleagues, only 42% of the individuals in the
brace-treated groups were compliant with the use of the brace. However, in this study the noncompliant
group (158 individuals) was found to have a higher incidence of lost workdays following discontinuation of
the brace, but the difference between the compliant and noncompliant groups was not significant. This
study was also considered as Level || medical evidence suggesting no benefit for the use of a lumbar ortho-
sis to prevent back injury.

Kraus et al. randomized 12,772 New York City home health attendant workers to 3 groups: 1) lumbar
orthotic wear, 2) safety meeting with information, or 3) no intervention at all.” They recorded self-reported
back injury rates over a period of up to 28 months. The bracing group was found to have fewer episodes
of low-back pain than the participants receiving no intervention (rate ratio 1.36, 95% Cl 1.02-1.82). There
was a trend toward fewer episodes in the lumbar support group than the information group, although
the difference was not significant. This study was classified as a Level Il evidence on the use of orthotic
management as a strategy for primary prevention of low-back pain in home health attendants due to poor
randomization techniques and missing demographic information, the follow-up time points reached, and
compliance rates. The authors likewise found that the strongest risk factor for low-back injury was a prior
back injury. The study showed a 3.1 risk ratio in this population, suggesting that lumbar orthoses may have
an even greater role in secondary prevention of low-back pain.”#

Alexander et al. reported the results of a small prospective randomized study of 60 health care
workers divided into 2 groups.® One group was assigned to wear a lumbar corset for a 3-month period.

No differences in work-related back injuries or perception of back pain were noted. Due to the use of a
non-validated outcome measure this study was downgraded to Level Il evidence, but does suggest that a
corset-type orthosis is not an effective measure to prevent low-back pain.

Walsh and Schwartz reported on a group of 90 warehouse workers who were randomly assigned to
3 groups: 1) no intervention; 2) 1-hour education; or 3) 6-month lumbosacral molded semi-rigid orthosis
therapy and education.’® Outcomes assessed were; work injury incidence, work productivity, and utiliza-
tion of health care resources. Orthosis-treated workers missed 2.5 days less work (p = 0.03) than those
not wearing braces (control and education-only groups). There were no statistically significant differences
between the groups regarding productivity or utilization of health care resources. A subgroup analysis
revealed that the benefit in terms of number of lost workdays was greatest in patients with a previous back
injury. The authors concluded that the combination of brace therapy and education were equally effective
in reducing lost workdays, especially among patients with a history of back injury. Study limitations include;
failure to incorporate validated outcome measures and failure to describe worker compliance with the
bracing routine. Due to these shortcomings this study is considered to provide Level Il evidence in support
of brace therapy as an alternative for prevention of low-back pain.

In post hoc analysis the majority of studies on the efficacy of bracing for the prevention of low-back
pain (primary prevention) revealed that the strongest benefit for lumbar bracing was derived from workers
with a prior history of low-back pain (secondary prevention).”’® Therefore, more recent studies have been
designed to look specifically at the utility of lumbar bracing for secondary prevention of low back pain in
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workers with a prior history of low-back pain.

Roelofs et al. evaluated orthosis use in 360 home health workers with a prior history of back pain.
This was defined as current back pain or 2 or more episodes of low-back pain in the previous year.'* Work-
ers were instructed on healthy working methods with or without use of a brace. Over a 12-month period,
the group of workers who were assigned to use of an orthosis had 52.7 fewer self-reported days with low-
back pain (95% Cl -59.6 to -45.1), but there was no statistically significant difference between the groups
in days of sick leave (38.5 vs. 43.5, 95% Cl -21.1 to 6.8). Outcome measures included visual analog scale
(VAS), Quebec Back Pain Disability Scale measures, and self-reported low-back pain-related sick days at 3,
6,9, and 12 months. The bracing group demonstrated a lower mean VAS for low-back pain (4.0 vs. 4.6, p =
0.02), better mean disability rating (26.2 vs. 30.3, p = 0.017), and fewer days of low-back pain-related sick
leave (3.2 vs. 8.0, p = 0.003). This study is considered to provide Level | evidence on the benefits orthotic
use to limit the number of days of low-back pain in home health workers with a prior history of low-back
pain.

Oleske and colleagues investigated auto plant workers who had work-related low-back pain. Work-
ers were randomly assigned to lumbar support and education (study group) or education alone (control
group).’? A total of 868 workers were initially screened and 433 workers completed a 1 follow-up visit.
Self-reported outcome follow-up was done at 1, 2, 6, and 12 months. Self-reported outcome measures
included a low-back pain and “bothersomeness” scale (0-10), the Oswestry Disability Index (ODI), and the
physical and mental components of the 12-Iltem Short Form Health Survey (SF-12); administrative out-
comes included medical visits and lost or restricted workdays due to injury or illness. Full randomization
for all 868 workers was unclear. Of the 433 participants making up the basis of this report, it is unclear at
what time point the follow-up occurred for the self-reported outcomes. Both groups reported significant
declines in low-back pain (VAS), disability (ODI), and neurogenic symptoms and improvement in overall
physical health (SF-12 scores) over 12 months. There was no significant difference in the number of lost or
restricted workdays between the groups. There was a trend toward fewer episodes of low-back pain in the
orthosis group (23.1% vs. 31.1%, p = 0.059). Again, a subgroup analysis showed a significant decline in the
number of recurrent episodes in the non-assembly line workers receiving an orthosis (34.9% vs. 63.1%, p
=0.016). Because of the uncertainties in the randomization, a dropout rate of 50%, and the lack of clarity
regarding the number of workers who achieved 6 or 12 months of follow-up, this study was downgraded
to Level Il evidence that orthoses have no impact on lost work time, disability, or medical utilization in a
general working population.

Jellema et al. looked at a cohort of home health care workers who had previous low-back pain in an
observational study.’® The primary goal was to determine the benefit of back brace use in a cohort of 62
workers with prior low back pain over 6 months. Eighty-one percent of the participants had an episode of
low-back pain in the previous week. At the end of 6 months, the authors observed a 44% reduction in both
the mean VAS pain score (4.2 vs. 2.3) and the mean disability score as measured by the Quebec Back Pain
Disability Scale (29.3 vs. 16.3). Despite a dropout rate of 20% in a relatively small sample size, the study
provides Level Il evidence that bracing is an option in this population. The authors recommended a pro-
spective randomized trial to further determine the role of bracing in this population.
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Several historical cohort studies evaluated the incidence of back pain and days lost to work in
groups of workers before and after their employer issued them a brace or lumbar support belt. Analysis of
these studies revealed mixed results. In one study bracing made no difference while two studies reported
a reduction in these parameters following bracing.®'**> The medical evidence supporting the use of braces
for prevention of low-back pain is inconsistent. The authors of several systematic literature reviews have
concluded that lumbar support devices are not useful for the prevention of low-back pain in the general
working population (primary prevention).>'*'’ It does appear, however, that braces may be useful as a
measure to decrease the number of sick days lost due to low-back pain in workers with a history of low-
back injury (secondary prevention).

ORTHOSES USE IN THE TREATMENT OF LOW BACK PAIN

There have been several randomized control trials investigating the role of orthoses as a treatment
for low-back pain. A multicenter randomized trial by Calmels et al. evaluated the effect of an elastic lum-
bar support for sub acute low-back pain.’® One hundred ninety-seven participants were randomized to
best medical treatment or best medical treatment supplemented with the elastic lumbar support. Pri-
mary outcome measures at 30 and 90 days were functional recovery by the EIFEL (French version of the
Roland-Morris Disability Questionnaire [RMDQ]), change in pain VAS score, and consumption of analgesic
and anti-inflammatory medications or muscle relaxants. At 30 days, patients in the study group had greater
reduction in functional disability (5.6 vs. 4.0 on RMDQ, p = 0.02) and VAS (26.8 vs. 21.3, p = 0.04) than the
control group. These changes continued at 90 days (7.6 vs. 6.1, p =0.02, and 41.5 vs. 32.0, p = 0.002). Use
of medications was reduced (34.3% of the study group and 56.8% of the control group took medication at
90 days). This study is considered to provide Level | medical evidence in support of bracing for the short-
term management of sub acute low-back pain.

Valle-Jones and colleagues randomized 216 patients with nonspecific low-back pain of varying dura-
tion to lumbar brace therapy or activity modification for 3 weeks.*® Outcome measures evaluated included
VAS pain score and disability and pain medication usage. Brace-treated patients were found to have more
improvement in pain at rest, pain with activity, and pain at night between days 7 and 21. Brace-treated pa-
tients took half the number of doses of Paracetamol during the 21-day trial period than the control group.
Return-to-work rates were higher in the brace-treated group (85%) compared to the control group (67%,

p < 0.02). Because of the inclusion of acute and chronic low-back pain in the patient population studied,
non-validated outcome measures (a 7-point VAS), and lack of data downgrade the study level Il medical
evidence supporting the efficacy of braces for the short-term amelioration of low-back pain.

Pope et al. studied 164 patients with low-back pain treated in a chiropractic clinic.?® Patients were
randomized to 4 treatments: 1) chiropractic manipulation; 2) transcutaneous muscle stimulation (TMS); 3)
massage; and 4) lumbar corset. Data collected included VAS and range of motion after 3 weeks of treat-
ment. There were no differences among the groups. Due to small number of subjects (<30 patients in 3 of
the 4 groups) and selected patient population (from a chiropractic practice), this paper was considered to
provide Level Il medical evidence suggesting that braces are no more effective than other modalities used
for the treatment of acute low-back pain. Hsieh et al. studied 63 patients suffering from low-back pain for

272



less than 6 months’ duration.? Patients were randomized into treatment groups of manipulation, massage,
lumbar corset, or TMS treatment for a 3-week period. Functional outcomes were evaluated with the ODI
and RMDQ. Chiropractic manipulation and corset performed better than massage for both RMDQ and ODI
(p <0.05). Due to the small number of patients in each cohort and the lack of a power analysis the authors’
conclusions were limited. This paper provides Level Il evidence supporting the role of short-term lumbar
brace therapy in patients with acute or sub acute low-back pain as compared with massage or TMS. Since
chronic low back pain individuals were excluded, no inferences can be drawn regarding the effect of braces
for patients with chronic low-back pain.

There were two randomized controlled studies published in 1981 that provide information on
lumbar brace therapy for low-back pain. Coxhead and coworkers randomized 322 sciatica patients with or
without low-back pain to different treatment modalities, including traction, exercises, manipulation, corset
brace, and combinations of these treatments. Outcomes were assessed at 1, 4, and 16 months with VAS,
return-to-work status, and patient satisfaction criteria.?> No short or long-term benefit was detected for
the use of lumbar corsets. Because the population was composed of patients with sciatica, no direct con-
clusions can be drawn with regard to the treatment of low-back pain alone.

Million et al. studied a smaller cohort study of 19 patients with chronic low-back pain that were ran-
domized to either a soft or rigid lumbar brace group for a period of 4 weeks.?®* A 15-item questionnaire re-
garding pain and functional limitation on a VAS (Million scale) demonstrated a significant improvement (p =
0.01) for the cohort of patients wearing a rigid brace at 4 and 8 weeks. Rigid lumbar bracing may therefore
have some short-term benefit compared with soft bracing for the short-term treatment of low-back pain.
There was no control group in this study, therefore this paper was considered to provide Level lll medical
evidence regarding the efficacy of brace therapy for low-back pain.

BRACING AS A PROGNOSTIC TOOL FOR FUSION

It would seem logical that if a patient received a benefit from restricted spinal motion with a brace
they would likewise benefit from restricted spinal motion from fusion. Unfortunately the medical literature
does not support this assumption.

There has been only one published study by Axelsson et al. evaluating prognostic value of preop-
erative bracing.?* Fifty patients were studied who had solid radiographic posterior lateral fusion at 1 year.
Two years postoperatively the patients were examined for pain relief and satisfaction. Patients to undergo
lumbar fusion for low back pain were placed in either rigid or semi-rigid brace for 3 weeks. Pain improve-
ment was noted. Thirty-one patients reported improvement of at least 50%. At the two-year follow-up 20
out of 31 patients had good outcome (pain-free or significant improvement), while 11 out of 31 patients
had poor outcomes despite favorable response to preoperative lumbar bracing. Of 19 patients’ that did not
have significant relief from the corset 13 responded favorably at the two-year mark. The authors concluded
that the sensitivity of preoperative bracing as a prognostic test for success after solid fusion was 61% and
specificity was 35%. The positive predictive value was 65% and negative predictive value 32%. The use of
lumbar bracing as a prognostic indicator for fusion outcome was not recommended due to the poor prog-
nostic parameters. Additionally the study relied on patient satisfaction scores and only patients with solid
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fusion were studied. There is a lack of standard sensation in the bracing protocol. Dailey et al. concluded
that the medical evidence derived from this study is considered level IIl.°

BRACE USE FOLLOWING LUMBAR FUSION

Forty-nine percent of spinal surgeons participating in an international survey responded that they
used orthoses after lumbar surgery. Restriction of patient’s activities as a result of the orthotic treatment
was the main reason for its use. Data to support the use of lumbar bracing following fusion is wanting.?®
Yee et al. randomized 90 patient’s undergoing single or multiple level posterior lateral fusion (PLF) pro-
cedures to 8 weeks of postoperative bracing or no orthoses.?” There were no statistical differences in
the Dallas pain questionnaire or SF-36 results at 1-2 years. Both groups showed significant improvement
compared with baselines. There were no differences noted and fusion rates or postoperative complica-
tions. This study was considered to provide level | evidence that post-operative semi-rigid bracing offers no
functional or radiographic benefit at 1 or 2 years after surgery for patient’s undergoing instrumented PLF.
Connolly and Grob concluded that the use of postoperative orthosis in instrumented spine fusions is con-
troversial.?®

Several authors have advocated the use of postoperative lumbar orthoses based on the fact that
that healing of a non-instrumented fusion occurs over a six-month period. Yee noted the patients that
were treated with a brace for 6 months following surgery had a higher fusion rate (8 out of 11 patients) at
1 year compared to those who were treated orthotically for 3 months (2 out of 11 patients).”” No evidence
was presented regarding the effect of orthotic management on the rate of lumbar fusion or functional out-

come.

CONCLUSIONS

The following conclusions are based on evidence based medical literature review on the topic.
Despite these general recommendations, orthosis wear and its specific use needs to be tailored to each
individual patient by the treating physician. The authors agree with the conclusions of Dailey et al as listed

below.”

ORTHOSIS USE IN THE PREVENTION OF LOW BACK PAIN
For primary prevention, the use of a lumbar corset does not prevent the development of low-back

pain in the general working population (multiple Level Il studies). The prescription of a lumbar orthosis is
useful for the secondary prevention of low-back pain by reducing the number of days of self-reported low-
back pain and days lost to work in laborers with a history of low-back pain (single Level | study and multiple
Level Il studies).

ORTHOSIS USE IN THE TREATMENT OF LOW BACK PAIN
For patients presenting with low-back pain, the prescription of a lumbar support in the setting of

sub acute pain (< 6 months’ duration) reduced the visual analog scale (VAS) pain score and medication us-
age and improved functional disability at 30-90 days (single Level | study and multiple Level Il studies).
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ORTHOTIC WEAR AS A PROGNOSTIC TOOL FOR FUSION
A trial of preoperative orthotic wear is not predictive of outcome for lumbar fusion in the setting of

low back pain (Level Ill evidence).

ORTHOSIS USE FOLLOWING LUMBAR FUSION
The use of an orthosis following instrumented posterolateral lumbar fusion (PLF) for lumbar spon-

dylosis is not supported due to equivalent outcomes with and without the use of an orthosis (single Level Il
study).

EDITOR’S NOTE:

In the opinion of the editors, these authors have effectively reviewed the current literature and have
fairly stated what the consensus is for the effectiveness of the Use of Lumbar Orthoses for the Prevention,
Diagnosis and Treatment of Low Back Pain. They cited many articles and gave their evidence for scientific
effectiveness. There are, however, many clinicians who employ orthoses in the treatment of lumbosacral
conditions. Are they mistaken or are their experiences invalid?

This question exemplifies many of the difficulties in conducting controlled orthotic research. Three
are mentioned here; the variation in clinical conditions, the adequacy of fit and the non-standard fabrica-
tion designs of the orthoses utilized.

Precise diagnosis is difficult enough in treating patients with low back pain. Causes for symptoms
may be from trauma, congenital abnormalities or degenerative conditions. Each cannot be expected to re-
spond in the same manner to orthotic support. When clinical conditions are standardized, as much as pos-
sible, orthotic fit may vary. Patients will be of different size and shape. Excess adipose tissue is too often
present in patients with symptomatic back pain. Adequate fit and consequently adequate support is often
impossible. Orthotic design, proper spinal alignment, the location of trim lines and the duration of use is
rarely mentioned in journal articles. Without standardization here the comparison of studies is impossible.
In conclusion, these authors are accurate in their reporting on the current literature, additional research is,
however, needed to support or refute the effectiveness of the frequent use of orthoses in the treatment of
low back pain.
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Orthotic Management of the Cervical Spine
Grace Garvey, Riley Ahl, Jennifer Fawcett and Timothy Garvey

INTRODUCTION

This chapter will discuss common orthoses used to treat the cervical spine. Cervical orthoses are
typically used in the management of cervical trauma, infection, instability, or in the postoperative setting,
whereas other spinal orthoses may generally address deformity.* Orthoses for the cervical spine are used
to stabilize or immobilize the otherwise mobile cervical region of the spine. There is a wide variety of cervi-
cal orthoses, most of which are categorized either by their rigidity or by the region of the spine they im-
mobilize.? Types of cervical orthoses include but are not limited to: soft collars, rigid collars, SOMI braces,
poster braces, Minerva braces, and halo vests (or casts).

The use of cervical orthoses remains controversial. Different surgeons prescribe different braces for
varying lengths of time for varying reasons. A universal rule on the use of cervical orthoses does not exist.
Additionally, long-term use of an orthosis can cause many complications and decrease patient mobility.
The potential benefit of each brace must be weighed against its possible complications. While we will seek
to style this section similarly to the rest of this atlas, the topic of cervical spine orthoses is nuanced and

encompasses a multitude of potential treatment options.

BASIC REVIEW OF CERVICAL ORTHOSES TYPES
Most authors break down cervical orthosis types from simple soft cervical collars, to stiffer, more
rigid collars, all the way up to poster braces, cervico-thoracic orthoses and halo vests. The biomechanics of

each orthosis and specific indications for their use will be discussed in this chapter.

COLLARS
Soft Collars

Soft collars are the least restrictive of cervical orthoses and are normally made of poly- S,
urethane foam rubber covered in cloth. They are flexible, easy to wrap around the neck, and are Fig1

generally secured with Velcro (Figs 1A & B).!

As soft collars are not very restrictive of motion, they are frequently worn as a kinesthetic reminder
to the patient that he or she just had surgery and needs to be careful with his or her daily activities, to pro-
vide gentle support after a soft tissue or ligamentous injury (e.g., whiplash injuries best known as flexion/
extension injuries), and to serve as a concrete reminder for patients to follow their treatment regimen. Soft
collars can also function as a transition between wearing a more rigid orthosis and not wearing an orthosis

at all.¥%3
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Rigid (Semi-Rigid) Collars
Most authors use the terms “rigid” and “semi-rigid” interchangeably with regard to collars

to refer to a cervical collar that is made of a more rigid material than a soft cervical collar; this

chapter will treat these collars as one category (Fig 2). Rigid collars are similar in appearance to
soft collars, but they are more restrictive and are made of a hard polyethylene material. Rigid col-
lars limit motion more than soft collars do, the biomechanics of which will be discussed later in this chap-
ter.?

Rigid collars are frequently used for postoperative immobilization, the treatment of certain cervical
spine fractures, and occasionally for the treatment of other cervical diseases such as spondylo- "
discitis. There are many different varieties of rigid collars; to enumerate and describe them all is ,
beyond the scope of this chapter, though we will address some of the most common types. Fig3

The Philadelphia Cervical Collar (Thorofare, NJ) is composed of two pieces of Plastazote®
connected with Velcro fasteners and reinforced with ventral and dorsal plastic struts (Fig 3).* The collar is
also available with a tracheostomy window on the ventral side. This collar has historically been used as an
extrication collar in trauma situations.

The Miami J4 (Ossur, Paulsboro, NJ), like the Philadelphia collar, is a two-piece cervical
orthosis. It is composed of a firm plastic shell with padded inserts (Fig 4A & B). The collar has an _
anterior extension to increase restriction of cervical flexion.* Fed

The Aspen (Newport) collar (Aspen Medical Products, Irvine, CA), similar to the Miami J collar, is a
two-piece collar and consists of an adjustable plastic shell with removable padded inserts (Fig 5A
& B). The collar also has flexible plastic tabs surrounding the orthosis in order to reflect the edges
of the orthosis away from the patient to increase comfort.> The Aspen collar can also be utilized

as a more restrictive cervico-thoracic orthoses by adding thoracic extensions to increase the
overall length (Fig 6A & B). This provides for increased control of the cervico-thoracic junction.? In an Aspen
2-post, rigid thoracic extensions are added anteriorly to an Aspen collar, while in an Aspen 4-post,
extensions are added both anteriorly and posteriorly.*

The Malibu brace is a two-piece orthosis that also utilizes a firm plastic shell with interior

padding.’? The front and back pieces of the collar fasten with adjustable straps.

Two other types of rigid collars are the NecLoc collar and the Stifneck collar. The Stifneck collar is a
one-piece orthosis that is easily applied during trauma extrications.* The NecLoc collar is a two-piece cervi-
cal collar that overlaps and attaches on both sides.”

Cervico-thoracic Orthoses

Cervico-thoracic orthoses (CTOs) are a type of orthoses that extend further down the trunk of the
body, as opposed to orthoses that immobilize the cervical spine alone.? This allows for greater levels of
stabilization. Minerva braces and the sterna-occipital-mandibular immobilizer (SOMI) are common types of
CTOs, as well as the aforementioned Aspen collar with thoracic extensions.
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Minerva Brace/Jacket

Historically, the Minerva brace was an uncomfortable molded cervico-thoracic orthosis that
provided moderately rigid control of mid and lower cervical motion. The modern Minerva jacket

orthosis provides higher levels of comfort, as it utilizes a padded, plastic vest and padded exten-
sions to the mandibular region and dorsal head (Fig 7A & B).}

Originally, the Minerva plaster cast was used to stabilize the spine in patients suffering from polio-
myelitis and tuberculosis. The Minerva is thought to be a good option for cervical spine immobilization, be-
cause it offers improved end-point control of the head.? The Minerva orthosis is used in similar situations
to those in which a halo vest is utilized, including cases of spinal trauma or infections.

One of the more current versions of the Minerva is the thermoplastic Minerva body jacket (TMBJ).
This lighter jacket provides stabilization by immobilizing the occiput, mandible, and thorax, and it consists
of two pre-cut Polyform sections that are lined with Polycushion®. There is also a surrounding headband.
Nylon screws and straps across the chest connect these anterior and posterior components in the neck
region.6 With the hope that increased comfort would lead to greater patient compliance, the TMBJ was
created to be more comfortable than its predecessor.”

Sternal-Occipital-Mandibular Immobilizer (SOMI) Brace

A sternal-occipital-mandibular immobilizer (SOMI) orthosis is a rigid type of three post
cervico-thoracic orthosis that can be applied to patients in the supine position. A SOMI orthosis

This type of orthosis is typically used to treat stable fractures with minimal displacement. Because &8

-
b d
has a rigid ventral chest piece, shoulder supports, and a swivel-type occipital pad (Fig 8A & B).>?

it extends farther down the trunk than collar-type braces, it is used to treat injuries in the cervi-
co-thoracic region. This brace is very effective in limiting upper cervical spine flexion, but is less effective in
restricting neck extension.*?

Poster Orthoses

Poster orthoses are not as commonly used now as they have been in the past. These orthoses are
known to control the head through the use of padded mandibular and occipital supports. Poster orthoses
have two to four rigid metal uprights, which are attached to the front and back components of the brace by
adjustable leather straps.?

Halo Vests (Casts) - Invasive and Noninvasive

The halo cast was first introduced in 1959 by Perry and Nickel®, and was initially intended
for post-surgical use on patients who were disabled by poliomyelitis. Today, the halo does not g
commonly involve a cast, but rather a vest, (Fig 9) and is typically used for immobilization in the
incidence of spinal trauma, tumors, infections, inflammatory conditions, congenital malformations, Fig9
spinal deformities, surgical arthrodeses and other various procedures.'*

Halo vests allow for the early mobilization of patients, thereby avoiding some of the physical and
psychological complications of prolonged bed rest. The halo vest is considered to provide the greatest im-
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mobilization of cervical orthoses, and has historically provided the best control for the upper cervical spine
(occiput-C1, C1-C2).°

Halo vests may have either invasive or noninvasive fixation to the skull. The original halo casts had a
metal ring that arched upward dorsally in order to allow for surgical access to the cervical spine. To provide
secure fixation of the head, metal pins pierced the outer table of the skull, which were inserted through
holes in the metal ring. Two upright posts connected the metal ring to a molded body cast.* Presently, halo
rings are made of titanium and carbon fiber, making MRI and radiographic studies possible while a patient
remains immobilized. In addition the availability of molded plastic body jackets with many sizes of comfort-
able padded inserts has dismissed the need for body casting.!

The Lerman noninvasive halo was developed in order to immobilize the cervical spine in a less
invasive manner than the original halo.** The Lerman noninvasive halo supports the head with breathable
skin-adherent silicone composite pads on the forehead and occiput. Universal ball joints attach these pads
to an adjustable vest. This pinless version of the halo vest allows for sufficient stabilization of the cervical
spine, while minimizing the chances of developing complications that are typically associated with the tra-
ditional halo device. This orthosis is generally used in pediatric patients as it lessens the risk of pin penetra-
tion of the skull.?

BIOMECHANICS
There is a wide variation in the manner in which biomechanical studies of cervical orthoses have

been conducted, leading to reports of a wide range of motion restriction. Some researchers utilize healthy
volunteers while others use cadaveric models with simulated injuries. The way in which motion restriction
has been measured has varied widely. Some investigations used radiographs or photographs to

capture extremes of motion, while other studies used goniometry, live fluoroscopy, or roentgen =" =
stereophotogrammetric analysis.? Variation in methodology has lead to the inconsistencies in this =
data reporting, and therefore only general trends can be described. A conglomeration of motion  Tablel

restriction data is shown in Table 1.

The amount of contact between a brace and the patient wearing the brace is important. The
more contact there is, the more even the pressure will be distributed, resulting in greater stabilization and
control of motion.? However, the material an orthosis is made of can change the amount of stabilization
provided, even if there is a high level of contact. For example, soft collars are made of a soft, pliable mate-
rial. Though these collars have a high contact level with the neck, soft collars are the least restrictive of all
cervical orthoses.

In the vast majority of studies, soft collars are shown to have little to no effect on cervical motion re-
striction. Rigid collars are more effective at restricting motion than soft collars, though they are less effec-
tive compared to cervico-thoracic orthoses. Rigid collars were found to be less effective at controlling the
upper and lower cervical spine, but generally effective at controlling the mid cervical spine in the sagittal
plane. This design was also found to be less effective at reducing lateral bending and rotation, as they do
not provide adequate end-point control of the head and thorax.>*

In comparison to the Philadelphia collar, the Aspen collar was found to provide more motion restric-
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tion. The Miami J collar offers even more immobilization than that of the Aspen.! Since it projects more
inferiorly on the chest and back, the Malibu collar offers more motion restriction in the sagittal plane than
does the Miami J and Aspen collars.*

Though the Malibu collar may offer improved sagittal plane restriction, the Miami J collar has the
least mandibular and occipital tissue-interface pressure, making it less likely for patients to develop pres-
sure sores.? Given its greater comfort and comparable degree of stabilization, Agabegi et al. advocates for
the Miami J collar over the other cervico-thoracic orthoses and halo vests in the management of stable
fractures in the upper cervical spine.?

As increasing the length of an orthosis generally increases its restrictive abilities, the addition of a
thoracic extension to a rigid collar can effectively provide more immobilization of the lower cervical spine
and greater control of the cervico-thoracic junction.? The Aspen and Miami J collars can both have anterior
and posterior thoracic extensions added, giving them greater control of cervical motion.

Generally, the Minerva orthosis is considered one of the most effective designs for motion restric-
tion. In a study done by Schneider et al., the Minerva was found to be the most effective among seven cer-
vical orthoses in restricting intervertebral motion in the sagittal plane.* However, another study found that
sagittal plane segmental motion was allowed in the Minerva from level C1 to C2.* A third study conducted
by Sharpe et al. found that the occiput-C1 region was inadequately restricted with a Minerva brace, but
the cervical spine below C1 was controlled well.>” The Minerva, alongside the halo, provides better end-
point control of the head compared with other cervico-thoracic orthoses. Additionally, Benzel et al. found
that there was significantly less intersegmental motion in the Minerva, as compared with the halo vest.*
However, the upper cervical spine (occiput to C2) is still considered to be best controlled by a halo orthosis,
while the Minerva orthosis recommended for C2 and below.>** With all this considered, the Minerva brace
can be a good alternative to the halo when worries of halo-related complications make choosing this ortho-
sis less appealing.

The halo cast/vest is the only cervical orthosis that has shown true immobilization of the upper
cervical spine.? However, many studies have reported that the halo cast/vest does not adequately control
the mid cervical spine because of a “snaking” phenomenon.??® This snaking is identified as intersegmental
motion that occurs when a patient attempts flexion-extension of the neck. Because of this potential insta-
bility in the mid cervical spine, some authors believe that a rigid cervical collar is more effective than a halo
in this section of the spine.? Despite this, the halo remains a staple in the treatment of the upper and lower
cervical spine.’

COMFORT

In addition to measurable motion restriction, the comfort of cervical orthoses is important. Patients
are generally more compliant when the orthosis they have been instructed to wear is comfortable, thereby
allowing a treatment to be effective.

Eskander et al. recommend that, in order to increase patient comfort, soft and breathable materials
should be used where the orthosis makes contact with the skin.! When there is too much contact pressure
between an orthosis and the skin, skin breakdown is more likely to occur, which in turn decreases a pa-
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tient’s comfort level. Maintaining good hygiene and having a properly fitted orthosis can decrease this risk.
Also, pressure sensors can be utilized during the application of cervical orthoses to lessen pressure and
thereby reduce the risk of skin breakdown and patient discomfort.*®

A general, but not universal, concept found in the literature is that cervical orthoses become less
comfortable as the motion restriction of each orthosis increases. In general, soft collars are thought to be
the most comfortable cervical orthosis, but they are the least restrictive of motion. The Philadelphia collar
is thought to be less comfortable than the Aspen (Nwport) collar, the Miami J collar, and the Malibu collar
because it does not have removable components like the others have.! In a study done by Plaisier et al.
utilizing 20 normal volunteers, the Aspen (Newport) collar and the Miami J collar were considered to be
comfortable orthoses, whereas the Stifneck collar was considered to be an uncomfortable cervical ortho-
sis.’® Schneider et al. produced similar results, suggesting that the Aspen (Newport) collar and the Miami
J collar provide the greatest level of comfort. They also concluded that cervical collars provide increased
levels of comfort in comparison to cervico-thoracic orthoses.** The NecLoc and Stifneck collars are more
uncomfortable due to the high skin pressures they wield as their names imply

The modern Minerva jacket provides more comfort than the original Minerva brace, because it uti-
lizes a plastic, padded vest and padded extensions to the mandibular region and dorsal head.* The comfort
of the Minerva jacket is preferred to that of the halo vest. This is most likely due to the fact that the halo
vest includes the use of pins in the skull. Skin breakdown and pressure sores beneath the halo vest can also
lead to increased patient discomfort.!

ACTIVITIES OF DAILY LIVING

Cervical orthoses can affect the activities of daily living (ADLs) of patients receiving treatment. In a
study comparing soft and rigid cervical collars, Miller et al. reported significant differences in only 2 of 15
activities of daily living (ADLs).'” The fifteen ADLs tested were: standing to sitting position, backing up car,
putting on socks, tying shoelaces, reading a magazine in lap, cutting food with knife and fork and bringing
food to mouth, rising from sitting position, washing hands in standing position, shaving facial hair (men)/
applying make-up (women), washing hair in a shower, picking up an object from floor using bending tech-
nique, picking up an object from floor using squatting technique, walking, walking up stairs, and walking
down stairs. The two ADLs that were significantly more difficult to complete in a rigid cervical collar than a
soft collar were backing up a car and sitting down from a standing position.

The same study found that typical ADLs do not require the full, active range of motion (ROM) of the
cervical spine, in which case a soft collar can serve as a proprioceptive guide just as effectively as a rigid col-
lar.” As previously stated, soft cervical collars can serve as a reminder to patients that they just had surgery
and need to regulate their motion.

The effect on daily living activities increases alongside the rigidity of different orthoses. For exam-
ple, the negative impact on ADLs is higher in halo vests, as they are the most immobilizing, with perhaps
the exception of swallowing. Patients in a halo vest must avoid heavy lifting, bending, driving, and avoid
most activities, besides walking, while they are in the halo vest.'®
ROLE OF ORTHOTIC TREATMENT
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Trauma

Treatment of traumatic injuries in the cervical spine is one of the most important indications for the
use of cervical orthoses. Extrication collars are an example of a typical orthosis use following trauma. Addi-
tionally, various types of fractures may indicate the use of cervical orthoses.

Extrication Collars

A common situation in which cervical collars are applied is in the case of traumatic injury. Imme-
diately after trauma, common practice dictates first responders to place a rigid extrication collar, most
frequently a Philadelphia collar, on the trauma victim. This practice serves to lower the risk of secondary
spinal cord injury during transportation to a medical facility, as it is easy to obtain a secondary injury after
trauma that renders the spine unstable. However, several studies have suggested that the movement in
the cervical spine caused by the application and removal of the extrication collar could actually be harmful
to the trauma patient.’®® Prasarn et al. found that there was a statistically significant increase in motion
in the spine observed with the application or removal of either a one-piece or a two-piece collar placed on
an instable spine.?® The authors accordingly suggest that only trained practitioners should place collars on
trauma patients in order to limit movement and potential secondary injury. Lador et al. found that rigid
cervical collars can create pivot points that shift the center of rotation in the cervical spine, which can cause
secondary injury to the spine.?* Extrication collars can also result in abnormal distraction within the upper
cervical spine.19222>

However, the potential benefit that lies in the immediate immobilization of a patient with an un-
stable spine injury could outweigh the risks of that same mode of immobilization. Ben-Galim et al. argued
that cervical collars should not cease to be used, but that more emphasis should be placed on technique
and proper application of trauma collars.*? [f a trauma patient is found in a position where the head is
not in a neutral position, it may be safer for a splint or an X-Collar (EmeGear) to be placed on the patient
without changing their position.?® The use of cervical collars, especially the Philadelphia or a similar collar,
remains common practice in the case of traumatic injury.

Flexion-extension Injury

The use of collars to treat flexion-extension injuries [frequently referred to as whiplash though this
term is less favored by some because it implies forces that may not have been present] to the cervical spine
in the trauma setting is controversial. For those patients with pain associated resulting from this injury,
approximately 60% will have complete or nearly complete resolution of symptoms, while roughly 40% may
have persistent symptoms.?’” Of the original injury group, about 10-20% will have symptoms of sufficient
nature so as to limit their occupational or recreational activities.?’?° With this natural history in mind,
patients presenting with whiplash injuries have traditionally been prescribed a soft collar for two weeks,
followed by an exercise regimen. According to some authors though, the soft collar could, at best, produce
the same results as not intervening at all or as standard physiotherapy.?*3! Borchgrevink et al. reported that
patients who were instructed to act as usual after sustaining a whiplash injury had better outcomes than
patients who took sick leave from work and wore a soft cervical collar for 2 weeks.?? The patients who did
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not use an orthosis reported fewer headaches and less neck pain, as well as better memory and concentra-
tion during daily activities.?? Cervical bracing after a flexion-extension injury may not be necessary, though
if a patient would feel more comfortable and supported in a soft collar, it may not be harmful for a patient

to wear one very short term.

Fractures

According to a recent Norwegian study, the incidence of cervical spine fractures is 15.0/100,000
population per year.?®* The role of orthotic treatment in the case of cervical fractures has been widely
researched, though a general consensus of treatment has not been reached among physicians. According
to Garvey et al, “treatment principles for patients who have sustained cervical spine fractures or fracture
dislocations should include: 1) preservation or improvement of neurologic function; 2) attainment of me-
chanical stability with an acceptable anatomic position; and, 3) early rehabilitation with the least restrictive
external immobilization required to protect spinal stability”.3*

The role of orthotic management in the case of cervical fracture in order to follow these treatment
principles is then determined by the location and the magnitude of displacement of the fracture. However,
as this is not a definitive chapter on fracture management, it is beyond the scope of this chapter to dictate
in every case when and when not to intervene surgically. We will provide some commonly presented frac-
tures and recommendations for their treatment.

In some cases of acute fractures with dislocation and associated posterior ligamentous disruption,
anterior decompression with structural bone grafting and internal fixation can be recommended, with ad-
junct postoperative stabilization increased by orthotic management.?* Though in the past halo vests have
been recommended in the pursuit of postoperative mechanical stability, the halo vest does not ensure this
stability, as it is not rigid fixation, and its use does not preclude the recurrence of deformity.334%

Occipital Condyle Fractures

An occipital condyle fracture (OCF) is a rare fracture that occurs nearly exclusively in the event of
high-energy blunt trauma. Accurate diagnoses for OCFs have historically been difficult to obtain, and the
incidence of these rare fractures has been reported from 0.4% to 1.19% in patients with major trauma.3¢*’

Classified by Anderson and Montesano into three types, these fractures typically present with asso-
ciated injuries, especially severe brain injuries, and they can only be efficiently diagnosed with computed
tomography (CT).2¢*® Type | fractures are comminuted fractures of the occipital condyle, type Il fractures
are an extension of a basilar skull fracture, and type Il are transverse fractures with an avulsion of alar
ligaments. Mueller et al. reported bony consolidation in almost all patients with type | and type Il fractures
that were treated for 6 weeks in an Aspen collar. Surgery, typically a dorsal cranio-cervical stabilization
operation, is indicated in Type lll fractures, as there is confirmed atlanto-occipital dislocation (AOD).3¢

Atlas Fractures

Fractures of the atlas account for 10% to 13% of all injuries to the cervical spine.** Nearly all isolat-
ed fractures of the atlas can be successfully managed without surgery.
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Jefferson’s fractures are classified as burst fractures of the atlas ring.>® Most authors agree that
these fractures can be treated with a rigid halo cast or a halo vest if there is only minor displacement of
the lateral masses (< 7 mm) and the transverse ligament is intact.***? Dvorak et al. recommends a Miner-
va brace or similar orthosis for the treatment of these “stable” Jefferson fractures, as the halo vest is very
invasive and has additional morbidity.*

The treatment of “unstable” Jefferson fractures remains controversial. “Unstable” fractures have
an identifying injury to the transverse ligament. According to Dvorak, patients with lateral mass displace-
ment (LMD) of greater than 7 mm have poor long-term outcomes in terms of pain, stiffness, and quality
of life with regard to their health.?® There is no evidence to suggest that early surgical fixation will lead
to improved outcomes over non-operative management. Some authors suggest halo traction for up to 6
weeks, then proceeding to immobilization in a halo vest.*® Bransford et al. suggest C1-C2 trans-articular
screw arthrodesis or segmental fixation with C1 lateral mass screws and C2 pedicle or trans-laminar screws

connected by plates and rods in the case of an atlas fractures with LMD greater than 7 mm.*

Atlanto-axial Fractures

According to Bransford et al. atlanto-axial instability injuries are categorized into three types. A type
Ainjury is rotationally displaced in the transverse plane, a type B injury has transverse atlantal ligament
(TAL) disruption and is therefore translationally unstable, and a type C injury is a variant of cervical spine
dysfunction (CCD) and is vertically unstable.*? Reduction and immobilization are utilized in the treatment of
type A injuries, as critical CCJ ligaments are intact. Those with type B injuries are typically treated with C1-
C2 arthrodesis, if they survive the initial injury. Type C injuries, where C1-C2 distraction is >2 mm, are also
treated with C1-C2 posterior arthrodesis.*

In the case of an odontoid fracture associated with an atlas fracture, external immobilization in a
halo vest can be an effective treatment. Surgery may be necessary if a halo vest fails to maintain alignment
in these patients.*

Axis Fractures
Fractures of the axis, the C2 vertebrae, can be effectively treated with external orthoses depending
on the location and displacement of the fracture. Axis fractures frequently result from high-energy injuries,

such as motor vehicle accidents or falls.3%4

Axis Fractures - Odontoid

Fractures of the odontoid process, also known as the dens, account for between 10-16% of frac-
tures of the cervical spine.* Elderly patients are more likely to sustain this type of fracture, possibly be-
cause of an association with osteoporosis in this population.**#® Odontoid fractures are classified as Type |,
Type ll, or Type Il depending on where in the dens the fracture occurred.
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Type |
An odontoid Type | fracture, a rare avulsion fracture of the apical ligament, is high enough in the

cervical spine that it is unlikely to be unstable regardless of healing. This type of fracture can therefore be
sufficiently immobilized with either a semi-rigid collar or brace.**#

Type ll
A Type Il odontoid fracture, the most common axis fracture, occurs at the junction of the odontoid

process with the body of the C2 vertebra.** Treatment for this type of fracture is considered to be both the
most difficult and the most controversial.** Greene et al. found that dens displacement of 6 mm or greater
was the most significant factor in the nonunion of Type Il odontoid fractures after non-operative treatment,
and recommended these patients for early surgical intervention.** A fracture with this displacement is
acutely unstable.

Greene et al. also reported that comminuted dens fractures (Type 11A) were acutely unstable. Ex-
ternal orthoses are not successful in maintaining adequate alighnment, so patients with this type of fracture
should undergo early surgery to mobilize them more quickly.*

For patients with a Type Il odontoid fracture with less than 6 mm of displacement, early immobi-
lization in an external orthosis, most frequently a halo vest, results in high rates of union.** However, the
invasive nature of the halo vest must be considered, as this device could be inappropriate in some older
or frailer patients.*® Lennarson et al. reported that the risk of failed treatment in patients over the age of
50 treated with a halo vest was 21 times greater than in younger patients.*’ In this case, a semi rigid collar
(like the Philadelphia, Miami J, or Aspen) could be appropriate to provide some immobilization during the
healing process.

Type lll
A Type lll odontoid fracture, a fracture that extends into the body of the C2 vertebra, can also be

treated non-operatively with a rigid external orthosis. Greene et al. effectively immobilized the cervical
spine enough to allow union using a halo vest for 10 to 20 weeks.** Patel et al. used either a rigid collar or
a halo vest to treat elderly patients with Type Il fractures, with 86% of patients showing bony union, and
the remaining 14% showing stable fibrous non-union.*® There was no significant difference in outcome for
those treated with a collar versus a halo vest. Contrarily, Clark and White reported a nonunion rate of 13%
for Type lll fractures, leading them to conclude that this type of fracture is not benign.** They recommend-
ed patients to first undergo rigid external immobilization in a halo vest before receiving further treatment.

Axis Fractures - Hangman’s

A hangman’s fracture is classified as a traumatic spondylolisthesis of the pars interarticularis of the
axis,”® and they account for 38% of axis fractures.*> Greene et al. found that hangman’s fractures treated
with external immobilization for 10 to 16 weeks, with very small exception, acquired solid fusions with no
evidence of instability. The vast majority of these patients were placed in a halo vest, though a small num-
ber were treated with a SOMI brace or a Philadelphia collar.**
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Axix Fractures — Miscellaneous

For the purposes of this chapter, a miscellaneous axix fracture is considered to be any fracture of
the axis that is neither an odontoid nor a hangman’s fracture. Greene et al. reported in his study that most
of the miscellaneous axial fractures in his patient population involved the vertebral body or lateral mass. In
the same study, the authors reported that the external orthosis utilized depended on the specifics of each
case, especially if there was other associated cervical spine fractures or a high degree of associated contigu-
ous subluxation. Of Greene’s patient cohort, only one patient with a miscellaneous fracture had to undergo
surgery, and all achieved union with no evidence of instability; the most frequently used orthosis was the
halo vest.*

Hadley et al. recommended that patients be immobilized in a halo vest or SOMI brace for 8 to 12
weeks if they had a significant fracture of the vertebral body, pedicle, or lateral mass. If the fractures were

less severe or more stable, the authors recommend immobilization in a rigid collar for 6 weeks.>*

Sub-axial Fractures

Cervical collars can manage multiple types of sub-axial injuries including: isolated minimally dis-
placed lamina and spinous process fractures, single level compression fractures with intact ligaments, and
minor ventral column injuries due to a flexion-compression mechanism with intact dorsal ligaments.*
Sub-axial compression fractures that are mechanically stable can be treated non-operatively, but frequent
follow-up is necessary. Unstable fractures, such as in the case of cord compressions from retropulsed bone
fragments, frequently require surgical procedures. Prasarn et al. strongly recommend a ventral decompres-
sion and fusion in the neurologically compromised patient.*° However, recommendations for treatment of
fractures that are unstable but less severe remain controversial.

Sub-axial hyperextension injuries can result in spinal cord injury in the absence of mechanical in-
stability. These injuries occur frequently in the elderly after a fall. In this instance, a collar can be used for
patient comfort, though a surgery may be performed to decompress the cord or prevent further injury.*
Most facet fractures occur in the sub-axial region of the cervical spine and are unilateral, non-displaced,
and do not result in subluxation. These fractures can therefore be successfully managed with a hard cervi-
cal collar for 6 to 12 weeks.>?

If the fracture is unstable, treatment with cervical orthoses has a lower chance of being successful.
An unstable facet fracture is generally considered to be a fracture with over 40% of the height of the lateral
mass involved or a fracture with an associated injury to the discoligamentous complex.>® In the case of a
sub-axial facet dislocation, the injury should be reduced as soon as is medically appropriate for the patient.
After the dislocation is reduced, most patients should undergo surgical stabilization, as up to 40% of pa-

tients will remain unstable even if treated with a halo vest.*°

POSTOPERATIVE ORTHOSIS USE
The use of orthoses after a cervical operation is a common practice for inhibiting motion, thereby
encouraging stability of graft material and promoting fusion.
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Bible et al. conducted a survey of 98 spine surgeons on their postoperative bracing practices. He
found that the majority of surgeons advised brace use for 3 to 8 weeks postoperatively, and that the most
commonly reported reason for a surgeon to prescribe postoperative bracing was to “slow down” the pa-
tient (51%), followed by improved fusion (48%), and pain relief (38%).

In order to determine which, if any, external orthoses should be used; the goal of the surgery and
the expected benefit of bracing need to be considered.** For example, if the goal of a certain surgery is to
obtain a solid fusion, then a rigid brace can be utilized postoperatively to help stabilize the spine. However,
if the expected benefit of bracing postoperatively is simply to keep a patient comfortable and to remind
them to “slow down”, then a soft cervical collar is sufficient.>

The advent of internal fixation has also affected postoperative orthotic use. After multi-level fusions
or operations causing high instability, orthotic use can be appropriate and can lead to better outcomes.
However, after some surgical procedures, especially those with rigid internal fixation, postoperative orthot-
ic management is thought to be unnecessary.>*

For the purposes of this chapter, we will divide postoperative orthosis recommendations according
to five surgical categories: fusion with stable internal fixation, fusion with stable internal fixation but poor
bone quality, fusion without internal fixation in the upper cervical spine, fusion without internal fixation in

the mid and lower cervical spine, and non-fusion operations.

Fusion with Stable Internal Fixation

With the advent of rigid internal fixation, bringing with it high successful fusion rates, more and
more surgeons are questioning the necessity of using external orthoses after a fusion using modern instru-
mentation and techniques.>

For an anterior cervical discectomy and fusion (ACDF), the use of an orthosis after surgery depends
on the number of motion segments involved in the operation. As this number increases, the frequency
of postoperative orthosis use increases as well. Bible et al. found that the frequency of orthosis use for a
single-level ACDF was 55%, while frequency of bracing for two-level procedures was 70%, and 82% for 3
or more level procedures.®®* There is a greater rate of pseudarthrosis as the number of levels involved in a
fusion increases, which becomes a large factor in the decision to use an orthosis.

Campbell et al. questioned whether a postoperative collar was needed for single-level ACDF proce-
dures. At 24-month follow-up, a comparison of patients using an orthosis and without an orthosis showed
that there was no statistically significant difference in outcome.*® Still, other authors, such as Samartzis
et al., have recommended that patients should wear a soft collar for one or two weeks after an ACDF with
instrumentation.>” For a single-level ACDF with internal plate fixation, a postoperative cervical collar might
be unnecessary, though a soft collar can be used for comfort.>*>®

Vaccaro et al. found that after a two or three-level plated anterior cervical fusion (ACF), the verte-
bral fracture and graft extrusion rate was comparable for patients immobilized in hard cervical collars or in
halo vests after the operation.*®

For a posterior fusion, Bible et al. reported that the majority of surgeons would prescribe a cervical

collar. For a fusion involving one or two levels, 66% of surgeons utilize a collar, and for fusion of three or
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more levels, 78% of surgeons will prescribe a collar. This can be a semi-rigid cervical collar.>?

In the case of a laminectomy with fusion and posterior instrumentation; patients can utilize a rigid
collar for 4 to 8 weeks. However, if the fixation involves more than 4 levels, the time frame can be in-
creased to two to three months.>®

Using newer surgical methods, postoperative immobilization in a collar can be effective after an up-
per cervical spine surgery (occiput-C1, C1-C2), where otherwise a halo vest or similar orthosis has been the
historical choice.>

Fusion with Stable Internal Fixation and with Poor Bone Quality

If a patient’s bone quality is osteoporotic, the fixation of instrumentation used in a cervical fusion
might be poor. In this case, postoperative bracing should be utilized,** and the brace should be worn for
a longer period of time than in those with healthy bone. For example, while a patient with healthy bone
might be in a rigid collar for 4 to 8 weeks after a laminectomy with fusion and posterior instrumentation,
one with osteoporotic bone might be in a collar for 2 to 3 months.*®

Fusion without Internal Fixation in the Upper Cervical Spine

Traditionally, a halo vest has been the most utilized orthoses after an upper cervical surgery.>
Halo vests outperform almost all other cervical orthoses in providing stability for the upper cervical spine,
though a Minerva jacket or SOMI orthosis can also provide good stabilization.®

Recently, studies have tested the newer noninvasive, pinless halo vest as compared to the conven-
tional halo vests.®* Though the conventional halo performed better in some planes of testing and stability,
the noninvasive halo vest provided similar external stability without the need for skull fixation. As pin-relat-
ed complications are some of the most common complications of halo vests, the noninvasive halo could be

a better option for patients who have received upper cervical surgery with rigid instrumentation.

Fusion without Internal Fixation in the Mid and Lower Cervical Spine

Currently in North America, the vast majority of ACDF’s are done with internal fixation. Traditional-
ly, until around the early 1990’s, they were done without internal fixation, and as such most patients would
use of a rigid collar. For example in 1998, Saunders et al. performed 31 four-level ACFs without plates for
spondylotic myelopathy. Of these 31 patients, 25 utilized a Philadelphia-type collar for 24 weeks postoper-
atively. The other 6 wore halo vests.®?

In the case of a multiple-level corpectomy without internal fixation, some authors have suggested
that the patient should be immobilized postoperatively in a halo vest until the fusion shows signs of consol-
idation.®®

Non-Fusion

Common operations without a fusion include: decompression surgery (laminectomy, foraminoto-
my, discectomy), laminoplasty, and disc arthroplasty. If the goal of the surgery is not to obtain a fusion, as
in the above operations, then it is not necessarily required to prescribe rigid cervical orthoses postopera-
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tively.>* Usually, orthoses are used for a short period of time after a non-fusion operation, if they are used
at all. This short-term use of orthotics should not be harmful to patients, though it must be added that
studies suggest it is not particularly helpful, unless comfort is the only goal. We will address several specific
non-fusion operations.

A cervical foraminotomy is a procedure that treats cervical radiculopathy, and does not require a
fusion. Bible et al. reported that less than 25% of surgeons brace their patients after a laminoforaminoto-
my.53

A laminoplasty is a common operation that is generally undertaken to treat myelopathy. After this
procedure, most surgeons recommend a soft collar for 2-4 weeks after surgery, at least for the patient’s
comfort.>*®* lizuka et al. reported that patients who wore a soft collar for 4 weeks after a laminoplasty had
better cervical range of motion postoperatively than those who wore a collar for 8 weeks; so short-term
collar use is recommendable.®** Wearing a brace for a shorter period of time can also reduce the prevalence
of posterior neck and shoulder girdle pain following a laminoplasty.>6>¢

SPONDYLODISCITIS — SPINAL INFECTIONS

Spondylodiscitis (SD) is a term that encompasses vertebral osteomyelitis, spondylitis and discitis; SD
incorporates inflammation generally caused by an infection involving an intervertebral disc and adjacent
vertebrae. Spondylodiscitis is not common; the incidence of acute pyogenic SD is given at 5-5.3 cases per
million patients per year.®” Spine infections account for only 1% of all bone infections. Within that 1%, ap-
proximately 5% involve the cervical spine.®® Non-operative treatment with targeted antibiotics and bracing
is used to treat the majority of spondylodiscitis cases.®”:

The type of orthosis chosen is based on the site of the disease, the extent of bone destruction, and
the risk of segmental instability. If the infection is in the lower cervical spine, a rigid collar or cervico-tho-
racic orthosis should be used to treat the infection.®”*® There is, however, disagreement in the proper
treatment of SD of the upper cervical spine. Di Martino et al. suggest a SOMI brace, while Arkader and Dor-
mans suggest the use of a halo vest.®”*° Individual patient indications should be considered when choosing
which cervical orthosis to utilize. [See Chapter 21 for additional material on this topic.]

TORTICOLLIS

Stedman’s Medical Dictionary defines congenital torticollis as, “a contraction, or shortening, of the
muscles of the neck, chiefly those supplied by the spinal accessory nerve; the head is drawn to one side
and usually rotated so that the chin points to the other side”. Torticollis has a reported incidence of 0.084%
to 2.1%.7%7 Orthotic use has had very limited success in treating torticollis and associated plagiocephaly.
Cheng et al. successfully used an orthosis after surgical release of the sternocleidomastoid muscle to main-
tain correction.”®”® The use of a cervical orthosis alone in the treatment of torticollis is felt to be ineffec-
tive.”®

COMPLICATIONS
Though cervical orthoses can be effective in the treatment of various spinal disorders, there are

292



some potential complications that can arise from the use of these devices. Some of the most common
complications include dysphagia and skin breakdown, though other less common complications can also
occur. Because of this, cervical orthoses should optimally be used for the shortest possible time duration.

Dysphagia
A common complication with the use of cervical orthoses is dysphagia. Cervical orthoses are known

to affect swallowing mechanisms due to the external pressure they may exert and the position in which
they place the neck. Stambolis et al. evaluated uninvolved, healthy volunteers placed in a Philadelphia
collar, a SOMI brace, and a halo vest, and observed mechanical changes in their swallowing.”* Mechanical
changes in swallowing occurred in 14 of the 17 patients, and they concluded that bracing narrows the phar-
ynx, as well as inducing other changes in swallowing mechanisms. Odderson et al. reported that certain or-
thoses that utilize mandibular pads, such as the Minerva brace and the SOMI brace, might limit movement
of the hyoid bone and thus making swallowing difficult.”

Dysphagia can also be attributed to the unusually upright head position that patients must be in
while they are eating.”*’® Normally the neck is held slightly flexed during eating. Cervical orthoses tend to
alter this and place the neck in a slightly extended position.>%”’

Patients in halo vests are especially at risk for dysphagia, so special attention should be paid to the
degree of hyperextension in which a patient is placed.”® Garfin et al. found a dysphagia rate of 1% to 2% in
patients who utilized the halo vest.®

Though dysphagia may be a common complication of cervical orthoses, Stambolis et al. highlight-
ed the importance of distinguishing the source of the swallowing difficulties, as they could result from the
orthosis use, from the surgery, or from the injury itself.”* The cause of the dysphagia should be evaluated
before instituting treatment.

Skin breakdown

Skin breakdown is a well-known risk that accompanies the use of cervical orthoses, occurring in
4-11% of patients.’® One study reported that 55% of patients who wore a collar for 5 or more days de-
veloped severe occipital pressure ulcers.” This complication usually develops due to increased contact
pressures between an orthosis and a bony prominence.® These areas include the occiput, chin, mandible,
ears, shoulders, and clavicles. In order to decrease the risk of developing skin breakdown, it is important to
maintain good hygiene underneath the orthosis, and to frequently check for any signs of skin irritation.>
Additionally, it is important that the orthosis be properly fitted to the patient, with the inclusion of suffi-
cient padding. Patients who are able to perceive painful stimuli well and who are able to act in response to
those stimuli are better able to avoid skin break down.’®

[ll-fitting Orthoses
Additional complications may arise if an orthosis is too small or too large, it allows increased motion

in all planes.®® As one of the major goals of postoperative bracing is adding stability, an ill-fitted orthosis
could be detrimental to a patient’s recovery. Patients are also more likely to be compliant with an orthosis
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if it fits properly.? Some clinicians feel that the best-case scenario is a trained orthotist applying all cervical
orthoses.

As cervical orthoses seek to immobilize the spine and must do so through a soft tissue envelope, a
patient’s body habitus becomes a factor in the effectiveness of orthoses. In a morbidly obese patient the
soft tissue envelope is deeper and more pliable, making the spine harder to control. This also means that if
a patient loses weight the orthoses must be re-fitted accordingly.?

Complication specific to halo use

Although the halo vest has historically provided the best immobilization, additional morbidities
accompany its use. Van Middendorp found that 60% of patients treated with a halo experienced a compli-
cation.®* Some of the most common complications are pin loosening, pin-site infection, and pin discomfort.
Other complications include scarring from pins, nerve injury, pin-site bleeding, intracranial penetration, psy-
chological intolerance, pressure sores, dysphagia, altered cervical mechanics, alteration in gait, respiratory
restriction, neurologic deterioration, loss of cervical alignment, and skin breakdown.®”” Because of the very
invasive nature of the halo pins, a patient’s specific health status must be considered before using the halo
device.

CONCLUSION

The use of cervical orthoses in the modern world remains controversial. There are many different
types of orthoses, such as: soft collars, rigid collars, cervico-thoracic orthoses, and halo vests. Different
types of orthoses have varying inherent restriction/support capabilities. If patient support and comfort is
the primary desire, then a soft collar is more than adequate for short-term use in an otherwise stable spine.
When mid cervical stabilization is indicated, a rigid collar, especially the Miami J, can provide effective sta-
bilization. The Minerva brace can supply good immobilization of the upper cervical spine, though the halo
vest remains the optimal orthosis choice when treating the occiput-C2 region. A cervico-thoracic orthosis is
indicated when control of the cervico-thoracic junction is necessary.

The use of cervical orthoses has been indicated in many cases, including: the management of
cervical trauma, the treatment of cervical fractures, the provision of stabilization during the postoperative
period, and the treatment of spinal infections. They have been seemingly less effective in the treatment of
torticollis and after certain surgical operations or specific cervical fractures.

There is no universal rule to dictate in every case if and when a cervical orthosis is required. How-
ever, if surgeons educate themselves and utilize the knowledge of trained orthotists, the use of cervical
orthoses can be very beneficial.
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