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Chapter

Brace Treatment for Adults with
Spinal Deformities

Hans-Rudolf Weiss and Deborah Turnbull

Abstract

The bracing indication for adults with spinal deformities is two-fold: (1) pain
and (2) deformity. Although pain is more frequent in the adult population with
scoliosis, there is no correlation between the angle of curvature and pain inten-
sity. Pain is reportedly more frequent in patients who were operated. Non-specific
pain can successfully be treated with stabilisation exercises; however, some
patients may need brace treatment to improve their pain. Today, with the help of
a simple clinical test, we can distinguish between different types of lower back
pain allowing a differential approach to the symptom. There is some evidence
that pain can successfully be reduced by these approaches mainly influencing
the sagittal profile. In patients with bigger deformities and in patients aiming at
reducing their deformity, pattern-specific scoliosis braces are a successful choice
according to published research cases. The different specific brace types/designs
along with the differential indication for these brace types will be described in
this chapter.

Keywords: adult scoliosis, deformity, pain, brace treatment

1. Introduction

General remarks regarding chronic back pain have been reviewed in a previous
study focussing on brace treatment for patients with spinal deformities [1]: within
the adult population, certain complaints and diagnoses are increasing such as low
back pain, degenerative scoliosis and spinal stenosis. The number of symptomatic
patients with spinal stenosis complaints is not known but the main aims of interven-
tions are to improve pain management, functional and lifestyle choices [2]. Spinal
stenosis surgery is increasing, and in the 1980s and early 1990s, it is suggested by
Ciol et al. [3] that the numbers increased eight-fold. It is controversial to assume
that sedentary lifestyles contribute to back pain, but few discussions continue in this
topic of research. It is hypothesised that there are negative consequences to this type
of lifestyle, initially within muscles, which ultimately lead to compensation in the
structure and function of connective tissue [4].

A sedentary choice in lifestyle may initially lead to a negative change in posture,
such as a loss of lumbar lordosis. This postural position correlates significantly with
a prevalence of lower back pain (LBP) and spinal claudication. In the adult popula-
tion, lower back pain and spinal claudication can progress to degenerative, de novo
scoliosis [5].
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Research focusing on younger adolescent female patients [6] demonstrated
that non-specific LBP is reported even in this younger age group, especially those
reporting a family member with lower back pain.

In 60% of secondary school pupils and 32% of students, lower back pain was a
reported symptom. A correlation between lower back pain and displaying a seden-
tary position (p < 0.001 for pupils, and p < 0.02 for other students), and smoking
(p < 0.001 for students and p < 0.02 for pupils) has shown to be statistical signifi-
cant in analysis [7].

Furthermore, a beneficial consequence of an increase in physical activity and
leisure time has shown to reduce musculoskeletal morbidity in patients of working
age, specifically in those who have sedentary jobs [8].

Postmenopausal women who have sedentary lifestyles may benefit from regular
weight-bearing exercise not only to reduce their back complaints but also to slow
down the loss of bone mass.

Some studies argue the contrary and do not support the hypothesis that seden-
tary lifestyle contributes to lower back pain [9-11]. In one study, the lordotic angle
seemed to have no influence on the prevalence of low back pain [9]. The presence
of lordosis and the angle of lordosis alone may not be the only influential cause, but
more specifically, it is the location of lordosis and shape of the posture, specifically
the lordosis in the upper lumbar section of the spine that has the most effect upon
reported pain levels [12, 13].

‘Chronic low back pain’ is an umbrella term and relates to patients reporting pain
in the lumbar or sacral region or even in the sacroiliac pelvic joints. As the pelvis
may be involved, the iliolumbar ligaments and even some radicular symptoms may
also add to the complexity of the source of pain. With the presence of radicular
symptoms, the nerve root affected would determine the origin of the lower back
pain [14].

Without the presence of radicular symptoms, chronic lower back pain cannot be
caused by a specific nerve root and may have a more complex cause involving L5/S1
or L4/5, and or the pelvis joints or ligaments [14].

Chronic low back pain without radicular symptoms and without any other spe-
cific clinical finding (for example, spondylolisthesis) is not classified and attributed
in international research as being ‘unspecific’ or ‘non-specific’ For bracing of this
group of patients with chronic non-specific low back pain, simple physical tests
have been published to predict the brace type the patient might benefit from. Based
on the results of physical tests, a simple functional classification of ‘non-specific’
lower back pain has been developed [1].

In patients with scoliosis, besides the common cosmetics issues, pain is also a
reported common issue [15]. Although back pain in patients with scoliosis is not
related to the size of the curvature (Cobb angle) [16, 17], there is evidence that sco-
liosis patients experience statistically more back pain in later adulthood than age-
matched controls [18-21]. This back pain is not always disabling [19-21] and can be
treated conservatively with reasonable success [16, 17, 22, 23]. While low back pain
increases after surgery [24], pain in patients with scoliosis without surgery can be
reduced with exercises, be it core stabilisation exercises [22, 23] or pattern-specific
exercises (for example, Schroth) [16, 17].

In rare cases, the pain cannot be reduced using the functional exercise approach.
For these cases, bracing can be successful [1, 12, 13, 25-27].

As outlined above in patients with scoliosis, we distinguish between different
kinds of chronic back pain [28]. Most complaints come from the lower back region.
Specific chronic low back pain stems from the lumbosacral region and can usually
be referred to an injured or inflamed nerve root. This type of pain mainly is caused
by a disc prolapse with compression of a nerve root. Specific low back pain needs a
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specific treatment in order to reduce the nerve compression and, commonly, surgi-
cal decompression in case of significant impairment of the nerve [28].

But as already outlined, non-specific chronic low back pain cannot be referred
to a single nerve root. In patients with chronic non-specific low back pain, there
may be functional impairments of the sacroiliac joints, lumbar facet joints, overuse
of the iliolumbar ligament and spinal stenosis, relative or absolute. Psychological
issues also play a role in the development of chronic non-specific low back pain
[14, 28]. This also applies to patients with spinal deformities.

Functionally, we may distinguish between postural low back pain (PLBP) and
instability low back pain (ILBP) [1] (Figure 1). While PLBP mainly is related to
loss of lumbar lordosis in later adulthood, ILBP is related to joint laxity or a definite
instability like in patients with spondylolisthesis. Combinations of both entities are
also possible [1].

In a study from 2009 [26], 130 patients presenting with spinal deformities
(ranging from middle aged to older adults of 69 years old) and chronic unspecific
low back pain were tested, using brace treatment for their chronic lower back pain.
16 of these patients presented with symptoms of spinal claudication. The sagittal
re-alignment test (SRT) was applied (a lumbar hyperextension test) and a ‘sagittal
de-lordosation test’ (SDT) to each participant. In addition, three female patients
with spondylolisthesis were tested, including one female with symptoms of spinal
claudication. 117 of the 130 patients reported a significant pain reduction when the
SRT was applied. 13 patients, when applying the SDT also had significant reduc-
tions in pain. Three out of 130 patients had no significant change in their pain
levels in either test. Pain intensity for all participants was high prior to the physical
tests (VRS scale 0-5) and low while performing the physical test. These differ-
ences in pain scores were highly significant in analysis. There was an exception in
three patients (2.3%): a clear distribution to one of the two classes was possible.

Figure 1.

The sagittal realignment test (SRT) seen on the left and the de-lovdosation test (DT) with patient in the
standing position. The sagittal realignment test (SRT)—a positive result in this test will present with an
immediate reduction in chronic postural LBP (PLBP). The de-lordosation test (DT) pictured on the right—a
positive result on this test will present with an immediate reduction in chronic LBP if this is due to instability
low back pain (ILBP). Taken from [1] (Creative Commons Attribution Licence).
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117 patients were supplied successfully with a sagittal realignment brace and

13 with a sagittal de-lordosing brace. A clear distribution of the patients from this
sample to either chronic postural or chronic instability back pain was possible. In
2.3%, a combined chronic low back pain was found. The authors concluded that
chronic non-specific low back pain may be classified physically. The functional
classification described is necessary to decide which specific conservative approach
(lordosation/de-lordosation of the lumbar spine) should be used [1]. However, the
topic spinal deformities in conjunction with brace treatment is not well established
in the international literature and research. Therefore, a systematic PubMed review
has been undertaken in order to find more studies with the aim to establish a
scientific basis for treatment suggestions for this group of patients [15].

2. Results from a recent review

A PubMed review was undertaken on the April 28, 2019, using the key words:
(1) scoliosis, pain, brace treatment and (2) scoliosis, pain, orthotics [15]. From
both searches, the studies were extracted containing patients with the diagnosis of a
scoliosis with additional chronic non-specific low back pain who were treated with
a brace [15].

142 items have been found for search (1) and 111 for search (2) [15]. Nine items
have been identified to fulfil the inclusion criteria from search (1) and six from the
search (2). As most of the items were found in both searches, the total number of
different items as found in both searches was 10 [1, 12, 26, 27, 29-33]. There were
two pilot studies [12, 29] six case reports/case series [13, 27, 30-33], one mid-term
study [26] and one study containing a proposal for a simple classification allow-
ing a specific approach for different types of low back pain as already outlined
above [1].

3. Discussion

The authors discussed the findings as follows [15]: according to the papers
found, there is little overall evidence and no high-quality research studies were
found for bracing in relation to pain in this patient group. Only one study had a
follow-up of more than 1 year (18 months) [26], allowing some initial conclusions
that brace treatment might be effective in the treatment of chronic pain in patients
with spinal deformities. In this mid-term study [26], a lumbar brace increasing
lordosis was used with a successful outcome, while in a recent pilot investigation, a
brace reducing lumbar lordosis was suggested [29]. In the latter study published in
2018, most of these earlier studies were not cited, nor was a differential indication
of braces for chronic low back pain attempted or discussed [29].

Considering the facts that (1) in most scoliosis patients, a reduction of lumbar
lordosis is evident [12, 25, 26, 34-36] and that (2) loss of lumbar lordosis is cor-
related to low back pain in adulthood [37, 38], the assumption that reducing lumbar
lordosis is an appropriate approach, is not based upon any detailed reasoning or
evidence, and even possibly worsen symptoms. Additionally, it has been shown that
increasing lumbar lordosis stabilises or may even correct the three-dimensional
scoliosis [25, 35]. Therefore, improving lumbar lordosis in this group of patients
with scoliosis should be considered as an important issue to address in the initial
stages of examination and related treatment. According to the findings within this
review [1, 32], only in patients with chronic back pain due to vertebral instabilities,
a brace reducing lumbar lordosis is indicated.
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The success rate of brace treatment in patients with non-specific chronic low
back pain in general does not appear to be significant, and compliance is generally
described as moderate or poor [39-41]. A significant pain reduction has not been
reported upon in most of the recent literature [41, 42].

In the mid-term follow-up of scoliosis patients treated with a sagittal re-
alignment brace [26], there was a high compliance and a reasonable decrease of pain
intensity and pain frequency (Figures 2 and 3). Patients who were able to feel the
brace action and pain reduction before the start of brace treatment using clinical
examination tests [1] may have resulted in an increase in compliance and success
with treatment. In order to avoid costly brace treatment without any effect, it is
suggested by the conclusions of this review, to test the patients for the most benefi-
cial approach (lumbar lordosation/lumbar de-lordosation). When patients recog-
nise that they can benefit from specific brace treatment, by an instant reduction in
their pain symptoms, the matter of compliance may be vastly improved.

It seems important to note that true scoliosis is not easily correctable in adult-
hood, and therefore, specialists should be consulted when assessing these patients
to ensure the examination and treatments are appropriate. In patients with an angle
of trunk rotation (ATR) exceeding 10°, a pattern-specific brace is indicated [27, 31].
Symmetrical braces applied in patients with a significant rib hump/lumbar promi-
nence will usually twist on the person’s trunk according to the asymmetry and torsion
effect and therefore will not remain in the correct position, hence the need for indi-
vidual bespoke fit. There are case reports and a recent report on a cohort treated with
a pattern specific Chéneau style brace showing that with specific braces for lower back
pain can successfully be reduced [27, 43].

There is a case study of a 37-year-old female patient with late-onset idiopathic
scoliosis [27]. The patient had chronic low back pain since the age of 23 and
reported daily pain at a level of 5-7 on average on a Visual Analogue Scale of 0-10.
She received a short scoliosis-specific Schroth exercise programme and was also
fitted with a Gensingen brace (GBW) for part-time wear. At a 16-month follow-up,
the patient no longer suffered from daily low back pain (with heavy lifting only)

Figure 2.

Patient wearing a sagittal ve-alignment brace. When the brace is adjusted to the patient, the main dorsal
pressure should restove lordosis at the level of L2. Free space is necessary at the lower ribs while the pressure
areas ventrally arve located divectly caudal of the pectorval region and cranial to the pubis. Taken from [26]
(Creative Commons Attribution Licence).
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and was fully active. Additionally, her lumbar Cobb angle and angle of trunk
rotation improved. The authors concluded that patients with late-onset idiopathic
scoliosis and may benefit from a pattern-specific conservative treatment approach
(physiotherapy and bracing). In this population, surgical intervention should be
regarded as the last resort, since there are many long-term unknowns with surgery
in patients with scoliosis [44-51] (Figure 4).

Widjaja and Varani [43] investigated adolescent idiopathic scoliosis patients
with a single lumbar curve pattern who wore a Gensingen Brace (GBW), whichisa
Chéneau style brace of standardised computer aided design (CAD). They included
more mature or adult patients with a Risser sign of IV or V. The in-brace Cobb angle
corrections were measured, and patients were monitored for 6 months after brace
initiation in order to analyse the effects.

{_. — 1 —EN
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Figure 3.
Design of the sagittal re-alignment brace as applied currently.

Figure 4.

Left: clinical appearance of the trunk at the start of treatment; middle: X-ray at the start of treatment and on
the right: Gensingen brace (GBW) as constructed for the patient. Reproduced with permission of the Society of
Physical Therapy Science from [27].
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A total of 26 patients have been included. The average age was 17.7 years and the
oldest patient from the study was 40 years. The average Cobb angle was 41.5° before
treatment (20-72°). 19 patients from this study (73.1%) had chronic low back pain
of various degrees before treatment and seven patients (26.9%) were asymptomatic
but seeking treatment because of cosmetic reasons.

In-brace correction was 67%. At 6 months follow-up, correction without brace
was 23% and the average Cobb angle was 33.2°. About 12 patients (54.5%) had a
significant correction of >20%. After 6 months, all previously symptomatic patients
reported that they no longer experienced low back pain.

As the GBW is a brace to increase lordosis of the lumbar spine from the results
of this latter study [43], we may assume that in scoliosis patients with chronic low
back pain, the re-alignment or increase of lumbar lordosis can be regarded as being
highly effective with respect to pain reduction.

Although spinal claudication may arise from narrowing of the spinal canal,
not all patients with narrowing develop symptoms [13]. The reason why some
patients develop symptomatic stenosis and others do not is still unknown.
Therefore, the term lumbar spinal stenosis refers to a clinical syndrome of lower
extremity pain caused by mechanical compression on the neural elements or
their blood supply [13]. A 47-year-old woman with a 55° lumbar scoliosis, 30°
upper lumbar kyphosis, and highest pain levels under medication (Durogesic,

25 mg; Ibuprofen, 800 mg; and Mirtazapine, 15 mg) was treated with a sagit-

tal re-alignment brace [13]. This patient is pictured in Figure 2. Self-reported
walking distance was at around 800 m before the pain was referred to be ‘unbear-
able’ (since 5 years). Patient-reported walking distance was recorded in the

brace 2 days and 10 days after adjustment. Walking distance increased to around
8000 m after 2 days and to around 12,000 after 10 days while pain intensity
decreased only one point in the VRS, however now without any medication. The
authors concluded: in contrary to current hypotheses about the aetiology of spinal
claudication, augmentation of lordosis may lead to a significant improvement of
symptoms associated with spinal stenosis and lumbar scoliosis. The brace used in
this case was a physio-logic brace™ that increases lumbar lordosis [13].

In another case report, brace treatment for spinal claudication following severe
spondylolisthesis has been described [32]: a 14-year-old girl with a 25° thoracic
scoliosis (2 years post menarche), grade IV spondylolisthesis and spinal claudica-
tion underwent treatment with a spondylogic™ brace reducing lumbar lordosis
(Figure 5). Walking distance without brace was at around 300 steps before intoler-
able pain was reported. Self-reported walking distance was recorded in the brace
14 days after adjustment. Walking distance increased to an unlimited number of
steps after 14 days, while pain intensity decreased three points in the VRS. However,
no correction effect of the orthosis on the degree of slippage was found. Although
there is evidence that pain in patients with spondylolisthesis can be reduced using
exercises and bracing in mild to moderate symptomatic cases, this case demon-
strates that bracing can also improve signs and symptoms of spinal claudication in
patients with spondylolisthesis of higher degrees [32].

These cases show that there is not a single brace covering the necessary prin-
ciples of correction for all patients with scoliosis and chronic low back pain. Soft
braces are insufficient in their action on the stiff deformity of adult scoliosis
patients and therefore, cannot be regarded as effective tools for the treatment of
chronic low back pain in scoliosis patients [15]. Hard braces have shown effective-
ness and fulfil all possible treatment requirements [1, 26, 27, 43].

A simple clinical test enables the specialised physician to estimate the appropri-
ate approach of bracing, increasing or decreasing lumbar lordosis [1]. In patients
with more significant deformities and chronic low back pain, specific braces are
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indicated that allow a stable positioning of the brace on the patient’s trunk [27, 43].
However, severely stiff and vast deformities may not be successfully treated by any
type of brace (Figure 6). Therefore, mobility needs to be tested prior to bracing in
order to avoid unnecessary treatment and costs.

In view of these findings, only pattern-specific braces or symmetric braces
influencing the sagittal profile can be recommended. In general, however, braces
without any visible effect on the deformity continue to be prescribed [52] obviously
just immobilising the spine (Figure 7). This approach today should be regarded as
being outdated.

Patients with thoracic kyphosis in later adulthood may suffer from chronic pain
in the thoracic region related to facet joint degeneration and functional impair-
ment of the adjacent ribs. When functional treatment including physiotherapy and
spinal manipulation do not reduce the symptoms satisfactorily, brace treatment can
also be trialled (Figure 8). When passive correction of a thoracic kyphosis leads to

Figure 5.

The spondylogic® brace design. This 14-year-old patient has a scoliosis of <25° and a symptomatic (presenting
with lower back pain) spondylolisthesis. Immediate in-brace pain velief was reported, and spinal stenosis
symptoms also reduced. The patient wore the brace full-time when walking and standing to manage her pain.
Further long-term effects from this brace design have not been researched at present. Taken from [1] (Creative
Commons Attribution Licence).

Figure 6.
Excessively stiff curves with huge complex deviations cannot be treated by specific bracing. Usually no
correction is achievable: (a) view from the vear, (b) view from oblique left and (c) view from oblique right.
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Figure7.
Brace for an adult with pain. No correction visible, just immobilisation of the spine. This unspecific design
could be regarded as outdated. Taken from [52] (Creative Commons Attribution Licence).

Figure 8.
Patient in a Kyphologic brace™ that may also be used in patients with chronic back pain in the thoracic area.
Taken from [53] (Creative Commons Attribution Licence).

significant pain reduction, a brace to reduce thoracic kyphosis may be prescribed. A
standardised bracing approach to correct a thoracic kyphosis has been described in
literature [53].

Adult patients may experience deformity-related stress and lack of general
participation in activities because of their deformity. This fact may be measured
and monitored with health-related quality of life questionnaires [54-57].

Freidel et al. investigated women with idiopathic scoliosis with the help of age-
appropriate health-related quality of life questionnaires (either the 36-Item Short-
Form Health Status Survey, SF-36, or the Berner Questionnaire for Well-Being)
[54]. The results from this sample were compared with general population norms.
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In univariate and multivariate analyses, it was determined whether age, Cobb angle,
and brace use had an impact on health-related quality of life.

Compared with the age-matched general population norm, adolescent patients
with idiopathic scoliosis reported to be less happy (P = 0.001). They reported
more physical complaints (P < 0.001) and had lower self-esteem (P = 0.01) and
higher depression scores (P = 0.021). Adult patients reported more psychological
(P < 0.001) and physical impairment than in the population norm (P < 0.001).
These results were largely independent of age and Cobb angle.

The authors concluded as follows: the results show that health-related quality of
life can be impaired in patients with idiopathic scoliosis. Therefore, the psychosocial
situation should be considered in the treatment of these patients [54].

Patients who experienced less body asymmetry were more satisfied with treat-
ment and had a better quality of life [56]. This fact might indicate that quality of
life is also related to curve patterns. While combined patterns of curvature (double
major) are more compensated and present with less body asymmetry, single curve
patterns are more decompensated with significant body asymmetry possibly lead-
ing to decreased quality of life.

While there is some evidence that cosmetic improvements can be achieved with
pattern specific braces in childhood and adolescence [58-61], there is no literature
to be found in PubMed on adult patients with spinal deformities and improved
trunk deformity after brace treatment. Nevertheless, there are case reports of
adult patients showing a significant improvement of trunk asymmetry and balance
(Figures 9 and 10). Therefore, high correction bracing should be tried in patients
with reduced quality of life because of their trunk deformity. As to the experience
of the first author, such improvements cannot be obtained in all adult scolio-
sis cases.

On the other hand, the cosmetic effects as achieved with the help of spinal
fusion surgery are not stable in the mid- or long term [48-50]. Therefore, besides
offering psychological support also pattern-specific brace treatment may be tried
before a decision for invasive surgery is made.

Figure 9.

A 23-year-old woman with a cobb angle of 60° at the start of treatment with a Gensingen brace without
significant improvement of cobb angle, however with a clear cosmetic improvement showing a more balanced
posture after 12 months of conservative treatment. With kind permission from Dr. Budi S. Widjaja, Jakarta,
Indonesia.
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Figure 10.

An 18-month follow-up of a 20-year-old woman with a cobb angle of 52° at the start of the treatment with
a Gensingen brace and a final cobb of 36°. A clear cosmetic improvement has been obtained. Courtesy of
Dr. Budi S. Widjaja, Jakarta, Indonesia.

It is important to note that brace treatment in later adulthood must be accom-
panied by a specific daily physical exercise programme. It can be argued that brace
wearing does not affect the postural muscles, when in the contrary postural muscle
activity is increased while brace wearing [62, 63]. However, the reduction of mobil-
ity while wearing the brace may reduce bone mass, especially in postmenopausal
women [64-66]. Therefore, regular trabecular loading should be preserved in order
to keep bone mass. For patients wearing a brace for some hours per day a Qi Gong,
Tai Chi or a Yoga programme involving exercises to mobilise and load the spine in
all directions could be beneficial.

4, Conclusions

In adult patients with spinal deformities bracing may be indicated for pain and
deformity. Soft braces are not useful for patients with stiff spinal deformities. The
appropriate bracing approach can be tested before the brace is prescribed. There is
some evidence that pain can successfully be reduced by these approaches mainly
influencing the sagittal profile. In patients with bigger deformities and in patients
aiming at reducing their deformity, pattern-specific scoliosis braces according to
published cases have shown to be successful. There is no high-quality evidence
supporting brace treatment for adult patients with spinal deformities; however, the
existing evidence is promising.
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