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Preface

We are pleased to present Spinal Deformities in Adolescents, Adults and Older Adults,
a unique book with a wide scope of coverage of the topic. It presents readers with
under-reported topics and treatments in spinal deformity. It also includes a very
interesting case study/autobiography in which one of the authors discusses his
self-management approach to his own deformity. This volume is written by
specialists worldwide, all of whom have experience working with patients with
spinal deformities and/or conducting valued research in the field.

The chapters examine the evidence relating to spinal deformities together with
assessment tools, treatment modalities, and the various types, benefits, and side
effects of these diverse treatment approaches. The book also bravely provides a
more balanced view of different treatment methods, including more subjective
research on the experiences of patients in treatment, an aspect that is greatly needed
in this area. It also provides recent reviews on the evidence base of well-researched
areas such as adolescent idiopathic scoliosis treatment. Instead of focusing on
conservative treatment only, the book also includes a chapter on improving surgical
outcomes. It courageously embarks upon the wider functional and psychosocial
exploration of the impacts of spinal deformities as a global disease. Furthermore,
the book sets a much wider focus on the research area by demonstrating a more
holistic person-centered approach and collaboration with patients in their
treatments, while still focusing on the needs of the patient group.

We hope clinicians working with patients, researchers, and patients and their
families will find this book useful. We also hope that it will inspire further research
and new innovations and patient experiences in the field of spinal deformity.

Josette Bettany-Saltikov and Gokulakannan Kandasamy
School of Health and Life Sciences,

Allied Health Department Teesside University,

United Kingdom






Chapter1

Bracing Adult Scoliosis: From
Immobilization to Correction of
Adult Scoliosis

Jean Claude de Mauroy, Fabio Gagliano, Rosario Gagliano
and Piera Lusenti

Abstract

Unlike adolescent idiopathic scoliosis, bracing was used in adults less and was
used more as a way of reducing pain. There is little publication of adult scoliosis
series in the literature. The use of very high-rigidity and high-precision CAD/

CAM technologies currently makes it possible to create corrective braces for the
adult. The digital CAD/CAM cast in three blocks allows for precise correction at the
pelvic, lumbar, and thoracic levels. This chapter presents the results of a series of 62
consecutive adult scoliotic patients treated with a corrective asymmetric detorsion
brace of very high rigidity made in 2014-2016. Tolerance and angular correction
results will be compared to those of 158 patients treated with the former bivalve
polyethylene overlapping immobilization brace mainly used for lumbar scoliosis.
The new Lyon adult ARTbrace is a detorsion brace adapted to all the curvatures
which controls the sagittal plane. Despite a resistance four times greater than that of
polyethylene of the same thickness, the tolerance of the Europlex’O is excellent as it
is a “shock absorber,” and the anterior opening facilitates the use for very old people.
Consequently, the aim of this chapter is to consider if it is possible to envisage for
some patients an alternative to surgery, thanks to the new technologies of bracing.

Keywords: adult scoliosis, bracing, de novo scoliosis, camptocormia, Lyon method,
nonsurgical, PSSE, ARTbrace

1. Introduction
1.1 Adult scoliosis instability
1.1.1 Bracing history

Lyon has always had a great tradition of orthopedic, and Charles Gabriel
Pravaz was not only the inventor of the syringe, but he also created in Lyon a great
orthopedic institute to treat scoliosis 200 years ago. The first Lyon brace, which was
made of leather and steel, was created by Stagnara 70 years ago. It undergone a first
change with the replacement of leather by polymethacrylate. This brace was used
in adults in addition to surgery while waiting for the graft fusion, at a time when
osteosynthesis did not have the current quality. In 2013, the use of adult ARTbrace
in Europlex’O in polyamide and asymmetry allowed to avoid the plaster cast which
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has always been the characteristic of the Lyon management. The use of polyamide
and digital allows treatment of thoracic and double major curves.

1.1.2 Frequency of adult scoliosis

Vanderpool et al. [1] shows that the frequency of scoliosis in adults increases
steadily with age, from 6% of scoliosis after the patient reaches 40 years until it
reaches 10% of the population at age 65. The sex ratio was 2 females to 1 male. It is
women who have the most painful instabilities and imbalances. Their bone mass is
lower than that of men with a vertebral fracture threshold at age 65. Pregnancy and
menopause could be also aggravating factors [2].

1.1.3 Adult patients are different

Akbarnia et al. [3] described the key features as curve stiffness, degeneration
of the discs, osteoporosis, spinal imbalance both coronal and sagittal, rotary sub-
luxation, spinal stenosis, and higher rate of complications (pulmonary, etc.). The
esthetic aspect is not negligible, and even surgery performed during adolescence does
not solve everything. Edgar and Mehta [4] has shown that self-image representation
and social life is different after surgery in adolescence. 82% of adult scoliosis without
surgery was married compared to 60% of scoliosis operated in adolescence. O’Brien
[5] analyzes the consequences of scoliosis in adulthood. He noted that for adult scolio-
sis abnormal physical appearance and diminished self-esteem may always be present,
but breathing limitations, inability to function, and other quality of life issues gener-
ally become the driving forces for clinical examination, diagnosis, and treatment.

1.1.4 Complications of surgical treatment vs. non-operative

The complications were analyzed by many authors. For Baron and Albert [6] the
incidence of medical complications ranges between 40 and 86%. Local complications
include infection, pseudarthrosis or failure of instrumentation, and neurological and
adjacent-level degeneration or instability. Common medical complications include
pneumonia, atelectasis, ileus, delirium, and cerebrovascular incidents. Smith et al.
[7] studied the incidence of complications according to age. His conclusions were
the following: the oldest age group (65-85 years) has nearly four times the number of
minor complications and nearly five times the number of major complications when
compared with the youngest age group (25-44 years). As invasive surgical therapy
needs a perfect understanding of risk/benefit, Ogilvie [8] suggests that the decision
to proceed with surgical treatment even if justified in many cases must be based on a
thorough understanding of the anticipated benefits from surgical treatment and the
risk of serious complications. These potential complications lead to multiple surger-
ies with results that can be less desirable than the original condition. The results
of conservative orthopedic treatment are more difficult to assess. Kluba et al. [9]
compares surgical and conservative treatment for degenerative lumbar scoliosis. He
finds a significantly higher rate of spinal stenosis and degenerative spondylolisthesis
in the group of patients with surgery. However no significant difference was evident
between the two groups in terms of lumbar back pain after 4 years, respectively.

Everett and Patel [10] conducted a systematic review of non-operative treatment.
There is indeterminate, level III/IV evidence on the effectiveness of any conservative
option; level IV evidence on the role of physical therapy, chiropractic care, and brac-
ing; and level III evidence for injections in the conservative treatment of adult defor-
mity. The use of rigid or hard bracing in adult scoliosis is generally not recommended.
This is due to the risk of muscle weakening effects from hard bracing and the fact that
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this could accelerate the degenerative process in some cases. Chuah et al. [11] notes that
bracing may sometimes help the symptoms, but it has no effect on curve progression.

Pain is not synonymous with deformity progression. Some stable scoliosis
patient report pain, and others evolve without pain. It will be necessary to try to
make the difference between the “physical” pain and the “emotional” suffering
when the patient does not support his deformation anymore.

1.2 Anatomo-pathological classification of painful instabilities
a. Thoracolumbar pain often corresponds to minor joint instability.
b.The pain of convexity is of muscular origin.
c. The pain of the concavity is posterior: facet syndrome.
d.The lumbosacral pain is of ligament origin.

These pains respond perfectly to physiotherapy.

When scoliosis progresses, it is either (1) the evolution in adulthood of an
adolescent idiopathic scoliosis, (2) a de novo scoliosis usually of discal origin, or
(3) a camptocormia of muscular origin. In all cases, there may be a disc disease with
sometimes rotatory dislocation, postural impairment with imbalance, extrapyrami-
dal muscle involvement, and bone involvement (osteoporosis). In these progressive
cases of instability, bracing or surgery may be necessary.

1.3 Classification of painful instabilities according to age
a.From 20 to 30 years old, the main problem is the anatomical pain.
b.From 30 to 50 years old, the main problem is the discal decompensation.

c. After 50 years old, there are two main problems: degenerative scoliosis very rigid
with arthrosis and camptocormia reducible with paravertebral muscular atrophy.

1.4 Natural history of idiopathic scoliosis from adolescent to adulthood

Early works on scoliosis progression in adulthood were pessimistic [12], but at
this time, idiopathic scoliosis, especially rachitic infantile, is mixed with neurologi-
cal poliomyelitis that no longer exists.

In 2003 Weinstein published the spontaneous evolution of 117 idiopathic
scolioses over more than 50 years [13]. Thoracic curves of more than 50 degrees at
skeletal maturity progressed with an average of 29.4 degrees. Thoracolumbar curves
between 50 and 75 degrees increased with an average of 22.3 degrees. Lumbar
curves had the most progression, especially when the L5 vertebra was not well
seated and when the apical rotation was greater than 33%. He does not observe a
functional respiratory or painful repercussion below 70°. This angulation could
be currently the functional surgical Cobb limit. Pregnancy does not change the
progression of scoliosis in adulthood, except in cases of twin pregnancy.

1.5 The two distinct entities

In 2007 Marty-Poumarat [14] describes two specific adult scoliosis entities:
adolescent scoliosis in adult (ASA) and degenerative de novo scoliosis (DDS).
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Group A (ASA) = adult progression of AIS > 40° with first dislocation at
45 years. The progression can be sometimes regular, sometimes chaotic.

Group B (DDS) = de novo scoliosis with low Cobb after 50°, first dislocation at
52 years after menopause. DDS is more progressive than AIS. Because DDS is a result
of degenerative disc instability, it is almost always progressive. Lumbar and thoraco-
lumbar are the most progressive degenerative curves. Duval-Beaupere and Dubousset
[15] have first described the mechanism of rotatory subluxation. Following their work,
many authors have insisted on the importance of the lumbo-pelvic parameters [16-18].

1.6 Risk factors for instability

The radiological risk factors for instability are (1) rotatory dislocation with lat-
eral olisthesis (Figure 1), (2) L3-L4 inclination, (3) hypolordosis, and (4) increased
thoracolumbar kyphosis [19-20].

1.7 Indications of bracing

The physical activity and fracture rate of adult scoliosis is identical to that of the
general population, except for operated patients who have less physical activity [21].
Unlike adolescence, when bracing is systematic when scoliosis progresses, the correc-
tive bracing indication in adults is less related to Cobb angulation but more to the insta-
bility which results in pain, abnormal angular evolution, or imbalances (Figure 2).

From a database started in 1998, we selected all adult scoliosis in which conser-
vative orthopedic treatment has been proposed to, even if the treatment had not
been achieved by the patient. Scoliosis treated during adolescence and monitored
in adulthood were excluded [22]. In this case series study, we analyzed 779 patients
referred for nonsurgical treatment, and we correlated three parameters: the etiol-
ogy, age, and Cobb angulation (Table1).

Figure 1.
De novo scoliosis with constitution of a votatory dislocation in 2 years, then scoliosis worsening by
osteoporotic cuneiformization.
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Figure 2.
Clinical imbalances in the frontal and the sagittal planes.

Indications ARTbrace adult (n=779) Rate % Mean age Mean angulation
Rotatory dislocation (n = 361) 46.5% 59.73y +13.50 39.08° + 16.56
Segmental instability (n = 150) 19% 46.03y + 1549 25.29°+12.29
Instability post-surgery (n = 86) 11% 53.09y 1291 40.49° +15.38
Camptocormia (n = 68) 9% 69.78y +12.19 38.09° + 14.23
Kyphosis (thoracolumbar) (n = 62) 8% 60.73y +15.51 43.34° +21.48
Disabling pain (n = 33) 4% 4836y +13.73 36.45° +21.48
Spondylolisthesis and spinal stenosis (n = 19) 2.5%
Table 1.

Main indications for adult scoliosis bracing with frequency classification.

The rate of dropout patients not wearing the brace is 17% which is not excessive,
especially since the plaster cast at that time was made before the brace discouraged
patients.

A tentative classification according to etiology, age, and angulation is proposed
(Figure 3).

More than half of the indications concern the rotational dislocation, which is the
specific complication of adult scoliosis. The rotary dislocation is visible on the CT
scan with subluxation and joint narrowing on the sliding side and widening of the
articular space on the opposite side.

One-fourth of the indications concern disc instability, which can be considered
as the early stage of rotational dislocation.

The other etiologies are less frequent: lumbar-pelvic-femoral kyphosis, sec-
ondary instability under arthrodesis, root pain, and rarely spinal stenosis which
requires neurosurgery. Camptocormia is linked to weakness of the deep posterior
musculature [23]. The patient increases kyphosis gradually to tighten his weak
paravertebral muscles. There is often an extrapyramidal context of Parkinson’s
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[ Rot. Disloc. ® Disc ™ Kyphosis H Surgery H Pain H Stenosis
Instability

cases, (m=60
" years, SD 13.50);
(m=38°, SD 16.56

62 cases, (m=60 years,

SD=14.77); (m=43°, 150 cases, (m=46 years, SD=15.43); (m=25°, SD=12.25)
SD=21.23)
Figure 3.

Indications of nonsurgical treatment by etiology (n = 739).

disease [23]. MRI cross sections highlight the fatty degeneration. Some authors have
mentioned paravertebral myopathy [24].

According to age, there is no Cobb angle difference between patients aged 39
and 80 years old, even if we notice a slight worsening between patients aged 80 and
90 years old. It can be concluded that after 40 years, for the same angulation, the
risk of decompensation does not depend on age [22].

If we examine in more detail the distribution of patients according to Cobb
angle, we find that Cobb angle is not a discriminating factor like aging.

1.8 Eligibility test

One of the bracing eligibility tests especially for camptocormia is self-correction
by using the hands on the thighs, even if this self-correction does not last long in
time. The second test of reducibility is carried out in supine position. The occipital
patient must rely on the plane of the examination table. The placement of the
ARTbrace is performed by the patient who stabilizes the brace at the pelvic level
then unrolls the spine using the rigidity of the posterior bar and finally blocks the
upper part. As for children, the “mayonnaise tube” effect of the two lateral hemi-
valves completes the correction in the sagittal plane.

2. Methodology and results
2.1 Evolution of management

Adult scoliosis bracing is performed only in technically equipped medical clin-
ics. Hospitalization is not essential because the use of the brace must be integrated
into the patient’s environment. On the other hand, physiotherapy scoliosis-specific
exercises (PSSE) is mandatory.

The brace wearing time protocol is a total time of 24 hours a day during 3 weeks
with a plaster cast (or digital cast) to adjust the length of the ligaments with plastic
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Management Wearing time Particularity Follow-up examination

First 3 weeks Total time 24/24 Only 10’ for shower, no work At the end of total time
interruption without X-ray

First 6 months 4 hours/24 Systematically for 2 hours after At 6 months with X-ray
physical activity

6 m to 2 years On demand and In case of pain, in prevention At 2 years with X-ray

2 hours after sport before major efforts
After 2 years No specific indication Brace is kept for safety AT 5 years with X-ray,
then every 5 years
Table 2.

Adult bracing management (Lyon ARTbrace).

deformation and, then, at least 4 hours per day for a minimum of 6 months, includ-
ing systematically for 2 hours after the practice of sports activity (Table 2).

Wearing the brace for a “total time” allows the patient to relearn all the gestures
of daily living in a good posture, for example, the sitting writing posture with
feet behind the chair and buttocks in front of the seat. The lower part of the chest
touches the anterior edge of the table, and the forearms rest on the desktop.

The digital cast is made in three blocks according to the deviations as in the
teenager, but in deep inspiration. In many cases, only a scan in maximum corrective
posture perfectly balanced is performed. The corrective posture is derived from
Schroth. The sagittal plane and the frontal plane are simultaneously corrected,
ensuring the overall balance of the spine. The spine is placed in maximum extension
to promote lumbar lordosis and reduce thoracic hyperkyphosis. The convex hand
is placed on the vertical support, the concave hand is placed on the head, and the
operator supports the patient’s elbow (Figure 4).

The thickness of Europlex’O used in adults is 3 mm. The digital cast is made in
blocks according to the deviations as in the teenager, but in deep inspiration. The
advantages are manifold: (1) The patient can maintain the maximum corrected
position for a few seconds while standing; (2) breathing is controlled, and the
patient can be asked to perform maximum inspiration; and (3) the accuracy of
the eight structure sensors is less than 1 mm. The 3 mm Europlex’O with very high
rigidity can be used instead of polyethylene. It is possible to work bare skin, but the
thin optical vest in jersey allows the use of landmarks for the superposition of the

Figure 4.
Digital cast with simultaneous correction in the frontal and in the sagittal planes.
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three blocks. The processing with a specific software allows the creation of a posi-
tive which will be milled by a digital milling machine. The CPO has all the tools to
rework on the captured shapes. After a period of 3 weeks of “total time,” the brace is
worn for a minimum of 4 hours/24 for 6 months, then on demand.
2.2 Aims of rigid bracing
2.2.1 Instability pain management

Instability pain management is obtained by:

* A skin contact of the brace like a massage.

* A discharge of the lumbar discs and vertebral body by the “composite beam
effect.” The discharge of 30% is provided by the waist grip in the frontal plane,
while the sagittal plane is free to prevent an excessive abdominal pressure.

* A rebalancing spine in the frontal and sagittal plane.

* A limitation of extreme postures.

2.2.2 Muscle strengthening

The rigid brace is an active brace. The patient spontaneously tends to con-

tract the paravertebral musculature in the sense of self-active axial elongation.
Associated physiotherapy is however essential.

2.2.3 Esthetics

The brace can reshape the waist. It can also symmetrize the body for the largest
scoliotic curves by the adjunction of a foam cushion in the concavity.

2.2.4 Saving spine: development of compensations

The lock automatically performed by the brace facilitates motion and strength-
ens the musculature of the lower limbs. There is also a better mobility of shoulder
girdle because of the stabilization of shoulder blades in a more physiological
position.
2.3 Lyon method of physiotherapy for adult scoliosis

The wearing of a rigid brace is obligatorily supplemented by physiotherapy
scoliosis-specific exercises. The ideal is to act when the spine begins to disrupt or
becomes painful, indicating instability. The therapeutic progression is usual:
2.3.1 Aims

* Analgesia.

* Preventing muscle atrophy lumbo-abdominal strengthening in isometric and
improving paravertebral deep muscles (Figure 5).

* Promoting more flexible self-active axial elongation (Figure 6).
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Figures.
Isometric strengthening of the deep front line with corrvection of thoracolumbar kyphosis.

Figure 6.
Self-active axial elongation in closed kinetic chain (hands/espalier).

* Correcting 3D spine balance: in the frontal plane, rebalance of the occipi-
tal axis; in the sagittal plane, restoration of sagittal lumbar and pelvic
curvatures (pelvic anteversion and lumbar lordosis (strengthening of the
iliopsoas)); and in the horizontal plane, dissociation of pelvic and shoulder
girdles.

* Developing compensation at the lower and upper limbs: relaxation under
pelvic extension (hamstring stretching) (Figure7).

* Stimulating the mechanisms of postural correction with reharmonization of
the paravertebral tensions (muscular chains) (Figure 8).

The main differences between adolescent and adult scoliosis are demonstrated in
Table 3.
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Figure 7.
Posture of stretching posterior chains of the lower limbs.

Figure 8.
Reharmonization of pavavertebral tensions with mirror control.

2.3.2 Lyon method during the total time

First week. Physiotherapy is for analgesic purposes and is performed in the
supine position by soft traction and a muscular work with irradiation of the short
external rotators. Breathing is controlled because of the limitation of the abdominal
expansion. The thoracic breathing is facilitated by the mobilization of the intercos-
tal muscles.

Second week. The iliolumbar angle is mobilized to adjust tension at the ilio-
lumbar level. The hump can be modeled with progressive closure of the ratcheting
buckle. Physiotherapy is performed in sitting position.

Third week. Physiotherapy is more global, more general, more tonic, and
stronger. The lever arm of shoulder and pelvic girdles is used. The sessions are made
in standing position.
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Physiology and biomechanics

Adolescent

Adult

No specific pain in adolescents.
Painful instability in adults

No pain relief techniques

Pain relief techniques, massage,
and others

Flat back in the teenager. Loss of
lordosis and hyperkyphosis in
adults

Restoration of physiological
sagittal curves (arms
projected forward)

Physiotherapy in lumbar lordosis
(hands crossed in the back)

The brace aims to stiffen the
spine (rust the spring). Spine
mobilization in adults can lead to
curve progression

Spine mobilization during
cast and brace in all the
amplitudes

No spine mobilization beyond the
corrected posture

Strengthening muscle fibers (adult
sarcopenia)

Reinforcement of the
reticulospinal system
(aerobic)

Reinforcement of voluntary
musculature in anaerobic
metabolism.

Translation along the vertical axis

Active axial self-elongation
in standing position (grand
porter) Open kinetic chain

Active axial self-elongation trunk
bent at 90°, hands resting on the
espalier. Closed kinetic chain

Lumbo-pelvic region

Opening the iliolumbar angle

Anterior lumbo-pelvic

strengthening (iliopsoas, abdo,
quad)

Lower limbs No specific stretching. Global Stretching of the posterior chain

training without excessive at the level of the lower limbs

resistance

One-third of the thorax volume
develops after the end of the
stature growth

Resistance breathing exercises
(inflating a balloon)

Breathing exercises in forced
expiration

Table 3.
Main differences between adolescent and adult scoliosis Lyon method physiotherapy.

2.3.3 Physiotherapy during partial time bracing

We first determine the sagittal direction of muscular work, usually lordosis for
lumbar and thoracolumbar scoliosis. For each session there is a progression from
supine to sitting and standing position.

2.3.3.1 Examples of basic exercises

Rib hump erasing. Having refocused the spine from the vertical in the sagittal plane
and in the frontal plane, the patient is asked to lengthen from the brace at the rib
hump level. The movement is controlled manually. The trapezius muscle is relaxed.

Sagittal tensioning givdles. The aim is to relax the posterior chain muscles
while avoiding cervical lordosis. The exercise is made with control of inspiration
breathing.

Self-axial lengthening. The patient straightens his head, his hands resting on the
anterosuperior part of the brace. It can be done in a sitting position using a propriocep-
tive system. When the head is at the correct high position, a sound and a light stimulate
the patient. If the spine is close to a wall, a cushion at the cervical level must be stabi-
lized by the patient. This exercise can be completed with the upper limb extension.

Posture memorization. Exercise can be more complete with the work of the lower
limbs. The starting position is knees bent for self-axial elongation of the spine; the
upper limbs are fixed on the espalier. The patient is asked to stand up to a position
of global extension. This exercise improves the quadricep muscle that will be key to
saving the spine.

11
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Strengthening of weak muscles: quadriceps and abdominals. The exercise will be
started in a supine position. The pelvis is locked in the brace posture. This work
is associated with an isometric tension of the posterior chain and expiration. This
exercise is completed by a stabilization of the shoulder girdle with a stick and
control of the rotation of the hip by a ball between the knees. The solicitation is
obtained by an oblique manual push on the side of the patient. By gradually lower-
ing the legs, it also seeks the rectus femoris. The anterior chain has been stretched,
and it is in this posture of extension that strengthening is performed with isometric
contract-relax muscular work.

Stretching strong muscles: hamstrings and short external rotators. It starts at the lum-
bosacral junction with pelvic-femoral, tricep, and hamstring stretch in lumbar lock
controlled by the brace. It also stretches the psoas and rectus femoris. We can stimulate
muscular work by manual push on the pelvis. The buttocks and the latissimus dorsi
are solicited in the prone position, emphasizing the control of the cervical lordosis.
When sitting, it stretches the anterior chain by adjusting the hip. Stretching can also
be controlled at home on a stair. The exercise at the bar also allows global stretching.

Proprioceptive rehabilitation. On a Klein Vogelbach ball, it transfers the body
weight in all plans, with emphasis on relaxation of tone and breathing control.
The muscle tonicity is improved by changes in posture, standing, and lying and by
the addition of loads. The global proprioceptive work prepares the patient for the
definitive weaning of the brace.

2.3.4 Advice

In case of major disc degeneration, physiotherapy will be conducted in physi-
ological lordosis, rather than in a standing position.

In case of major facet joint degeneration, physiotherapy will be conducted in
physiological lordosis in prone position, legs bent or in a sitting position.

In case of leg length discrepancy, the feet imbalances adjustment with a shoe lift
of 5 mm if it improves both pelvic and spine alignment.

In the sagittal plane, one can use small high heel stubs from 3 to 5 cm to reduce a
lumbar kyphosis.

The food control helps to reduce overweight.

The postural control concerns mainly the workstation.

The regular practice of physical activity outside is essential. It is necessary to
insist on the strict brace wearing during 2 hours after the sports activity.

2.3.5 Difficulties

Excessive mobilization of passive structures may lead to a progression of scoliosis,
so the hyper flexibility is avoided and a position closest to that of the brace is better.

High thoracic breathing is less efficient than the usual abdominal breathing, and
we must insist on improving the vital capacity for thoracic or double major curves.
If lumbar scoliosis is treated, the risk of an increase of scoliosis during inspiration is
low; however, breathlessness is to be avoided.

As the brace can be asymmetrical in the direction of the rebalancing of the
spine, it will, however, always ensure the balance of the shoulder girdle.

2.3.6 Practice of sport
When the body is fully developed, we advise high-impact sports such as running

and dance, to favor the fixation of the calcium on the bone and the constitution of
an important bony mass.
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In a specific way when ribs are asymmetric, we recommend avoiding deep and
quick inhalation which favors the vertebral rotation and therefore the breathless-
ness during the practice of sports.

For lumbar curves, we advise, as well, against the quick flexions of the trunk
forward or the position extending with an anterior flexion of the trunk.

During the period of maximal tensegrity up to 40 years, all sports can be
performed at a high level as long as the spine is straight.

After 40 years, decreased intervertebral disc height and sarcopenia reduce the
body’s performance.

After 65 years, osteoarthritis is predominant. Swimming avoids overloading the
lower limbs and helps maintain lumbar lordosis (Table 4).

2.4 Results
2.4.1 Bivalve polyethylene short brace with lateral overlap for lumbar scoliosis

Immobilization braces made of polyethylene have been used for more than
50 years in case of mechanical pain. They complement classical physiotherapy by
reducing load by 30% at the lumbar spine. We specifically studied the 158 patients
with 5-year follow-up from our prospective database [25].

The principle of bracing is completely different from that of adolescent scoliosis.
Indeed, we try to:

1. Decompress the discs with the “sandglass effect” lifting the trunk under the
ribs and transferring the load on the pelvis.

2.Rebalance the spine in both the frontal plane and in the sagittal planes, mostly
by recreating lumbar lordosis.

3. Relieve pain by the analgesic effect of rigid low back brace.

A specific frame is used to stabilize the patient in the most corrective posture in
the frontal and the sagittal plane.

For those patients who had a progressive scoliosis, Cobb angle is stabilized
or improved by more than 5° in 80% of cases, and only 20% of scoliosis remain
candidates for surgery [25].

The frontal and horizontal clinical parameters are improved, but not the sagittal
parameters with the forward trunk projection (Figure 9).

The sternoclavicular support is poorly tolerated, and due to reduced dexterity
in the older person, lateral closure is a handicap for elderly patients, even if adapta-
tions are possible, that is why we currently use the 3 mm Europlex’O.

Age (girls) Physiology Activity (example)

15-21 years Before complete bone mass Jogging and running
Axial impact and spiral chains

21-40 years Before sarcopenia and osteopenia (tensegrity) Fitness, sports reinforcing spiral
chains
40 to retirement Before extrapyramidal weakness (postural Nordic walking, cycling
system)
Retirement Osteoarthritis, Pisa syndrome Swimming
Table 4.

Sports activity according to the age.
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2.4.2 Nonsurgical orthopedic treatment of 62 adult vertebral deviations treated
with adult ARTbrace

Instability in adulthood is frequent, and surgery is the most frequently offered
solution despite the high rate of complications, as there was no alternative to date for
thoracic and thoracolumbar curves. Only overlapped bivalve polyethylene braces were
used for lumbar scoliosis with good frontal stabilization but no control in the sagittal
plane (Figure 9). The ARTbrace in Europlex’O which allows an average reduction of
70% for the children has been used since 2015 in the adult for all the deviations.

The results of a consecutive series of 62 patients (6.2% of all ARTbrace patients)
were treated between 2015 and 2016, as an alternative to surgery.

| © Frontal Occipital Axis .
I * Rib Hump -

Figure 9.
Insufficient correction in the sagittal plane.

Figure 10.
Reduction in the frontal plane after decompensation upon arthrodesis.
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Nine patients (15%) which constitute the dropout were not seen at 6 months,
which is very little considering the general condition and age of patients. The per-
centage of dropouts is identical to the previous series of lumbar curves treatments.

Figure 11.
Correction of kyphosis in the sagittal plane.
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Figure 12.
EQOS 3D confirms thovacolumbar spine detorsion in ARTbrace.
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Despite the very high rigidity, Europlex’O which needs a precision of 1 mm is
therefore as well tolerated as polyethylene.

In the frontal plane, the average in-brace reduction is 27%, slightly higher for
lumbar and thoracolumbar curvatures. The reduction to 2 years without brace is
15%, and especially the symptomatology of instability disappears. It is now possible
to stabilize all thoracolumbar, thoracic, and double major scoliosis (Figure 10).

In the sagittal plane, the average in-brace reduction is 32% and at 2 years without
brace of 25% (Figure 11).

In the horizontal plane, some characteristic case study with EOS 3D confirms
that adult ARTbrace is indeed, as in the child, a detorsion brace. Adult ARTbrace
is the only brace to correct kyphosis and thus compensate for the insufficiency of
polyethylene whose sternoclavicular support was not tolerated (Figure 12).

3. Discussion

Adult deformity is a major demographic health issue in the geriatric population.
Surgeons are often very conservative in the treatment of adult scoliosis because of
the complication rates associated with the surgeries and the marginal bone quality
endemic to this population. Medical complications are a major concern in adult spi-
nal deformity surgery [26]. The incidence ranges between 40% and 86%, but there
is indeterminate level III/IV evidence on the effectiveness of any usual conservative
care option. There is currently a lack of consensus on the most efficacious conserva-
tive treatments for adult deformity.

Very few results have been published concerning scoliosis adult bracing. Most of
them only concern low back pain [27, 28]. Pain is the usual reason of medical con-
sultation. Pain means instability when combined with the following clinical signs:

* Frontal and sagittal Imbalance. The lumbar kyphoscoliosis is due to pelvic retro-
version. The hips are extended under a retroverted pelvis, femurs were oriented
downward and forward, and knees and ankles compensate with flexion defor-
mity. Pelvic retroversion is limited by osteoarthritis of the hip, flexion defor-
mity of the knee is poorly tolerated, and the patient will use a walking stick
to walk. The thorax can enter in conflict with the pelvis at the concavity level
pushing the viscera down. The patient suffers from breathing difficulty; diges-
tive disorders are common and promote abdominal hypertension and sphincter
disorders. The loss of lumbar lordosis has multiple causes: a decrease in the
anterior height of the disc, hypertrophy of the facet joints and spinous process
increasing the posterior height, and loss of extensors muscle strength [29].

* In the horizontal plane, there is a rotation of the shoulder girdle as if the
patient looks on the concave side of thoracic scoliosis. The pelvis is drawn by
lumbar scoliosis. The convex hemi-pelvis moves back, and the hip is placed in
internal rotation, while the concave hemi-pelvis moves forward, and the hip is
placed in external rotation.

On each occasion when examining a patient at least every 5 years, verification
X-ray is necessary in order to define a progression while being aware that in many
cases the progression is chaotic.

* The most characteristic sign of decompensating is the disc height loss that can

sometimes exceed 10 mm. The disc corruption results in loss of physiological
lordosis and ligament instability by hypermobility.
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* The losses of the gluteal muscles are very distinct when we make the plaster
cast. It explains in part the pelvic retroversion; the spine tends to relocate along
the line of gravity.

Muscular atrophy is a common criticism for rigid braces. In fact, the conserva-
tive orthopedic treatment does not suffer approximation. Its teamwork incorporates
a specific physical therapy, the continuation of normal activity, and the practice of
regular physical activity. No patient is wearing the brace for pleasure. The risk of
overtreatment is zero.

Usually the total time bracing relieves pain, and the partial time bracing extends
the improvement obtained. When the patient is not relieved, we can discuss the sur-
gery with better arguments. The nonsurgical treatment treats the cause of lumbar
instability mainly by discharging the pressure in the disc and stabilizing the lumbar
area in lordosis to restore the tensegrity of the spine.

The esthetic improvement of the rib hump and asymmetrical waist is logical; the
orthopedic brace is the best way to remodel a trunk. The cosmetic result continues
5 years after starting the treatment, with improvement of the rib hump measured
with the plumb line and the Bunnel angle of trunk rotation (Figure 9).

The nonsurgical treatment can fit into a therapeutic progression. The indications
may be progressive: observation, physiotherapy, medicine, conservative orthopedic
Treatment, and surgery.

The good surgical indications concern the degenerative scoliosis not relieved by
bracing, or relieved by total time, but insufficiently by partial time and especially
if there is a spinal stenosis. It can also be used to complete surgery if remaining
instability.

The Greek study [30] associating Schroth and Chéneau brace shows that patients
have great difficulty to follow the protocol. For the quarter of patients following the
protocol, the results are correct on pain and posture, but in 39% of patients, Cobb
angle continues to increase.

Josette Bettany [31] confirms that for adult scoliosis, there are only a few studies
on the effectiveness of PSSEs and a conclusion cannot yet be drawn. Recently a RCT
proves the effectiveness of a motor and cognitive rehabilitation [32].

3.1 Differences between adult and non-adult bracing

The motivation of the patient is fundamental. The brace should be designed as a
tool to facilitate physiotherapy.

The use of an instantaneous and accurate CAD/CAM is better because the adult
patient can only maintain the corrected position for a few seconds.

The scan is made in deep inspiration to not limit the vital capacity.

The management is 4 hours a day including systematically for 2 hours after any
physical activity. Physiotherapy is even more important than during adolescence [33].

4. Conclusion

The frequency of adult scoliosis makes it a public health problem. The new
digital technologies have changed the adult scoliosis bracing, and conservative care
in general may be a helpful option for adult deformity, but evidence for this decision
was lacking. Lyon nonsurgical treatment is effective and offers new perspectives to
adult scoliosis bracing. Not only does the brace relieve pain and support the spine,
but for the first time, it corrects deviations in the frontal, sagittal, and horizontal
planes. Immobilization braces in polyethylene allow a treatment of the cause of pain
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without side effects. Worn a few hours in the day, they complement physiotherapy.
The first results confirm the excellent tolerance of Europlex’O adult ARTbrace with
its ease of implementation and corrections unmatched to date in adults. These cor-
rections make it possible to restore stability of the deviations without surgery. Adult
scoliosis bracing as an alternative to surgery could be possible. Initially reserved

for the most severe cases, this management deserves to be more widely used for
adult scoliosis. The increasing number of CPO using the most modern CAD/CAM
technologies should facilitate research in the field of very high rigidity.
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Chapter2

Posture and Back Shape
Measurement Tools: A Narrative
Literature Review

Gok Kandasamy, Josette Bettany-Saltikov and Paul van Schaik

Abstract

The clinical assessment of spinal deformities often involves the assessment of
posture and back shape together with the associated mobility of the spine, pelvis
and rib cage. Currently, there is a wide range of posture and back shape assess-
ment tools available for clinical use. The choice varies from conventional approach
to advanced structured light methods. The advanced methods like ultrasound,
3D radiography and inertial sensors are not easily accessible to most clinicians,
as they are either expensive, require specialist training or are complex and/or
difficult to use. Thus, simple conventional methods like eyeballing, photography
and the plumb line are still used within clinical practice today. The primary aim
of this article is to give an overview of different tactile and non-tactile measure-
ment systems that have been developed for the measurement of posture and
whole-body analysis.

Keywords: posture, back shape, tactile, non-tactile, objective, whole body

1. Background

The term ‘spinal deformity’ indicates the abnormal alignment or shape of the
vertebral column and rib cage. Schwab et al. identifies the most common spinal
deformities found in the population are scoliosis, lumbar lordoscoliosis, pelvic
obliquity and either increased or decreased lumbar lordosis, with a high prevalence
rate of 68% [1]. These spinal deformities are often linked to a range of different
types of pain, physical dysfunction and psychosocial wellbeing [2-5]. The clinical
assessment of these spinal deformities often involves the assessment of posture
and back shape together with the associated mobility of the spine, pelvis and
rib-cage. Currently, there are a wide range of posture and back shape assessment
tools available for clinical use. The choice varies from conventional approaches to
advanced structured light methods. The advanced methods like ultrasound [6], 3D
radiography [7] and inertial sensors [8] are not easily accessible for most clinicians,
as they were either expensive, require specialist training or are complex or difficult
to use. Thus, simple conventional methods like “eyeballing” photography [9] and
the plumb line [10] are still used within clinical practice.

A comprehensive literature review was undertaken firstly to search and retrieve
research papers related to the tools and scientific methods for assessing posture and
back shape and secondly to critique which methods were best for assessing posture

21 IntechOpen



Spinal Deformities in Adolescents, Adults and Older Adults

and back shape with regard to their cost, safety, reliability, validity, ease of use

and duration. The primary research question for the current narrative review was
‘what are the different types of tactile and non-tactile measurement systems, for the
measurement of posture and whole-body analysis in adults with spinal disorders?’
And the secondary research question is related to the critical evaluation of assess-
ment methods in terms of cost, safety, reliability and validity of the tools.

2. Methods
2.1 Search strategy

A comprehensive literature search was performed in the following data-
bases, PubMed, EMBASE, Scopus, CINAHL, Medline and Science Direct, for
articles on posture and back shape from 1980 to 2017. The search keywords were
‘posture’, ‘back shape’, ‘spinal mobility’, ‘postural assessment’, ‘back surface
measurement), ‘postural alignment’, ‘posture’ and ‘reproducibility’, ‘posture’
and ‘reliability’, ‘posture’ and ‘accuracy’, ‘posture’ and ‘validity’, ‘posture’ and
‘spinal pain’ and ‘posture’ and ‘low back pain’ The author also combined each
human body segment with ‘posture’ as keywords, ‘head posture’, ‘neck posture,
‘cervical posture), ‘thoracic posture’, ‘trunk posture’, ‘lumbar posture’, ‘shoulder
posture’, ‘arm posture’, ‘upper limb posture’ and ‘lower limb posture’. In addi-
tion, the author searched for related articles from references cited in the articles
identified from the original search. The search was limited to articles only
written in English. No wildcards were used in this study.

2.2 Criteria for inclusion and exclusion

All articles that assessed posture and back shape were considered in order to
identify all possible methods for the evaluation of posture. Reviews of postural
assessment and articles that discussed posture in some manner that could help the
discussion were also included. Letters to the editor and conference proceedings were
excluded.

3. Data collection and analysis

The titles, keywords and abstracts of all research articles identified during the
search were read to confirm whether they satisfied the inclusion criteria. Full text
copies of all articles that met the inclusion criteria were obtained for analysis and
data extraction. Preference was given to recent reviews on posture and back shape
assessment and research papers on new or unusual forms of postural evaluation.
Older articles with the same information contained in newer ones were excluded.

4, Results and discussion

The author identified 66 articles representing 15 principal instruments that
are currently used to assess posture and back shape (please refer to the PRISMA
diagram in Figure 1). These included tactile, non-tactile, two-dimensional as well
as three-dimensional (3D) methods. Tactile measurement methods are defined as
methods used to measure posture or back shape through contact, for example, the
flexiruler and goniometry, whereas non-tactile measurement methods measure

22



Posture and Back Shape Measurement Tools: A Narvative Litevature Review
DOI: http://dx.doi.org/10.5772/intechopen.91803

PubMed. EMBASE. Scopus, CINAHL. Medline, Science Direet
1980 10 2017
689 Citation{s)

621 Noa-Duplicare
Citations Screened

Inclusion/Exchusion 476 Articles Excluded
Criteria Applicd After Titk/Abstract Screen

e
— \
e hasion/Exchasion A7 Aticles Excluded
Criteria Applied After Full Texr Screen

32 Articles Excluded
During Data Extraction

Figure 1.
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posture and back shape without any direct contact to the skin by the operator. These
included, for example, X-rays and photogrammetric methods. The literature pri-
marily documented the reliability and validity of each postural measurement tool in
normal individuals including a few patients with spinal deformities. Each method is
described and critiqued below.

4.1 Two-dimensional analysis of posture and back shape
4.1.1 Tactile methods of measurement
4.1.1.1 Flexiruler

The flexiruler for the evaluation of posture is common for clinical and
research purposes [11, 12]. This objective method of postural measurement
requires the manual placement of the flexiruler onto the contours or curvatures
of the spine followed by the tracing and calculation of these angles onto paper
(see Figure 2A and B).

Greenfield et al. [13] used a flexiruler to measure the mid-thoracic curvature,
while Rheault et al. [14] observed the inter-rater reliability of the flexiruler for mea-
suring cervical lordosis in two different positions (neutral and fully flexed) in 20

Figure 2.
An example of the flexiruler method (A) data collection and (B) measurement of lumbar lordosis based on the
captured data [15].
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healthy subjects [13, 14]. In both studies, the flexiruler was placed on the curvature
of the spine, with its tip at the most proximal part of the curvature and the other
end at the distal end of the spine.

Following the measurement of the spine, the flexiruler was placed on a paper, to
trace its curve. Greenfield et al. [13] reported good to moderate Pearson correlation
for intrarater (r = 0.90) and interrater reliability (r = 0.70). Furthermore Rheault
et al. [14] reported no significant difference between raters (t = 1.24; p>0.05) at the
two different positions of the cervical spine. The results of both Greenfield et al.
and Rehault et al. studies suggest that the flexible ruler is a reliable measuring tool
between raters for measuring sagittal plane curvature.

Concerning validity, many researchers have demonstrated a high correlation
between radiographic and surface measurements for measuring the lumbar spine
curvature [16, 17]. For example, Hart and Rose [18] compared the angles of the
curve taken with a flexible ruler to the angle obtained by the standard roentgeno-
graphic technique and found good validity with the Pearson product moment
correlation of +0.87. Burton further substantiated the result by reporting a correla-
tion of +0.87 for the validity of the flexible ruler in comparison to the radiographic
method for measuring lumbar lordosis [16]. Even though the above studies demon-
strated good validity, the main limitation was that the results were based on a very
low sample size (n = 8). In addition, the measurement of postural variables through
a flexiruler is always two-dimensional. The presentation of spinal curvature is not
necessary always two-dimensional. There is a possibility of the deviation of curva-
ture being in more than one plane. In this scenario, the obtained spinal curvature
angle might not represent the real degree.

It is important to note that most of the above studies reported their results
based on the data collected from young normal healthy participants. Although the
use of the flexible ruler is important for this population, there is a possibility that
the flexible ruler may be more difficult to use for patients with pain, disease, or
postural deformity. Other limitations of this method of postural assessment are the
following. Firstly, it is difficult for patients to maintain one position during data
collection. Secondly, the literature reports only one measurement plane (sagittal).
It is difficult to measure both the frontal and the transverse plane posture variables.
Third, this method of postural assessment has a high possibility of manual error
during data collection and angle measurement [19].

4.1.1.2 Goniometry

In clinical practice, goniometers are commonly used to measure joint range of
motion (ROM) [20]. Icn et al. reported the use of a goniometer for the assessment
of a number of posture variables [21]. This method of direct body measurement
used a goniometer to quantify posture variables with a value from zero to 360
degrees. The results of their study demonstrated moderate correlation (r = 0.47) to
measure the tibiotarsal angle, knee flexion/extension angle, quadriceps angle as well
as the sub-talar angle in relation to photogrammetry.

Conversely, Harrison et al. reported poor interrater reliability when using
manual goniometry for the measurement of sagittal postural angles in the neck
inclination angle (craniovertebral angle) and cranial rotation (sagittal head tilt)
(see Figure 3) [22]. The ICC measures were found to be r = 0.68 and r = 0.34 for the
cervical rotation angle and neck inclination angle, respectively. The authors attrib-
uted the poor results to the difficulty in maintaining the arm of the goniometer
parallel with the horizontal axis.

Fortin et al. ([9], pp. 381-382) suggest that the main limitation for this type of
individual measurement of postural variables is the lengthy evaluation process
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Figure 3.
Measurement of shoulder and neck inclination angle using goniometer (veproduced from Harrison et al. [22]).

involved for both the therapist and the patient. The author states that ‘this approach
may be appropriate for the assessment of one body segment or a variable, but not
for the whole body or posture’

4.1.2 Non-tactile methods of measuvement
4.1.2.1 Plumb line method

The two-dimensional evaluation of posture, using a plumb line, is very com-
mon, due to its low-cost and simplicity [23]. Kendall et al. postulated guidelines
to evaluate posture in accordance with the alignment of the ideal plumb line for
the measurement of the sagittal and frontal planes [24]. Kendall et al. state that
the ideal alignment of sagittal plane posture is when the plumb line intersects the
ear lobe, through the shoulder joint; then through the greater trochanter of the
hip, just in front of the knee joint; and finally slightly in front of the lateral mal-
leolus of the ankle before it reaches the floor. Williams and McClay reported that
the plumb line method had a good intra-rater reliability for measuring postural
variables with an average ICC of 0.80 in both 10 and 90% of body weight bearing
scenarios in standing [10]. The standard error of the mean (SEM) reported was
between 2 and 5 mm for the lower limb indices and from 5 to 10 mm for patients
with a trunk list or lateral shift. List is defined as ‘the lateral displacement, in
millimetres, of a surface marking of the spinous processes of T12 from that of ST’
(McKenzie and May [25], p. 214). Furthermore, Hickey et al. evaluated the reli-
ability of using the plumb line to measure resting head posture in a large sample
size of 122 healthy volunteers (80 women and 42 men, ages 18-60 years) [26]. In
this study, all participants were screened for cranial, cervical and/or upper tho-
racic dysfunction. The results of this study demonstrated the plumb line method
to have high intra-rater reliability with ICCs ranging from 0.83 to 0.84 for the
measurement of resting head posture. Although the plumb line method has been
reported to have good intra-rater reliability and is a useful and easy to use instru-
ment for measuring posture, its limitations include the difficulty of minimising
movement error or postural sway [9, 27]. Additionally, this plumb line method
only measures one plane.

4.1.2.2 Radiography

Schwab et al. considers the radiographic method of spinal screening to be
the traditional and “gold standard” method for the assessment and screening of
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patients with spinal deformities [28]. Furthermore, Schwab et al. suggests that
radiography is an essential tool for the accurate diagnoses of spinal abnormalities/
deformities and accurately reveals the degree and severity of the problem [29].

In this method, an X-ray image is captured when a beam of X-ray light is passed
through the spine and the amount of radiation emerging on the other side is
recorded. Since the bones of the spine absorb the radiation and soft tissues allow
it to pass through, a clear image of the spine is captured. McVey et al. suggests that
the captured radiographic image provides essential information on spinal bone
structure, which can be used to analyse individual vertebrae and the overall contour
of the spine [30].

In addition to the assessment of spinal curvature, X-rays are also used to record
and monitor the progression of spinal deformities and dysfunction [31, 32].
Therefore, in adolescent patients it is performed every few months in order to detect
any changes in the progression of the spinal deformity.

The main drawback of the radiographic method of spinal assessment is associ-
ated with the increased radiation that has been found to increase the incidence
of cancer in later years [33, 34]. Doody et al. in their retrospective cohort study
estimated the carcinogenic risk and the patterns in breast cancer mortality among
female patients with scoliosis [35]. This study included a large sample size (5,573
female patients with scoliosis, or abnormal curves). The results suggested that due
to the high exposure to cumulative x-ray radiation of 10.8 cGy (from childhood
to adolescence), breast cancer risk increased by 70%. Similarly, Beir in his review,
reported that the exposure to radiation during periods of rapid growth, potentially
amplified the deleterious biological effects [36].

Due to its high cost and risk of exposure towards harmful radiation, studies
by van Niekerk et al. and Kiling et al., recommended using alternative non-
invasive methods for the assessment and screening of postural variables [37, 38].
In the next section, photogrammetry tools, together with methods to analyse
postural variables are discussed. As stated by Furlanetto et al., the simplicity and
convenience, has made the photogrammetry method very popular among clinical
practitioners [39].

4.1.2.3 Photogrammetric method

In the last two decades, the photogrammetric method of postural evaluation
and its applicability has been widely reported in the literature [9, 39]. Low-cost,
quantitative evaluation together with its use in reducing the exposure to radiation,
makes this method much more feasible for healthcare practitioners to use within
their clinical practice. The following research studies have assessed the reliability,
and validity of photogrammetry together and its application in different scenarios.
Souza et al. and Fortin et al. have proposed a number of diverse photographic
methods for evaluating postural variables and conducting postural diagnosis [9,
40]. Several authors [41, 42] have reported the use of photographic methods for the
quantification together with the reliability of measuring postural variables. Santos
et al. (2009) reported good to excellent inter-rater reliability (interclass correlation
coefficient [ICC] values were between 0.84 and 0.99) for the photographic mea-
surement of 33 postural variables in standing in 122 normal healthy children aged
7-10 years [41].

However, Souza et al. in their study on measuring 20 postural variables found
mixed results. The ICC values for inter and intra-rater reliabilities for trunk and
hip angle were found out to be 0.62 (p value was 0.12) and 0.56 (p value was
0.43) respectively. The level of reliability of these two angles was thus classified
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as not acceptable. The ICC values for lower leg postural variables (bilateral hind
foot angle) ranged from 0.74 to 0.86 (p < 0.05). This level of reliability was clas-
sified as good and acceptable. The interrater reliability for the remaining sixteen
posture angles reported excellent ICC values (greater than 0.90). Except for the
trunk and hip angles, the rest of the sixteen variables yielded non-repeatable
intra-rater values. The authors of this study concluded that frontal-view postural
variables, such as the alignment of the head, trunk and lower limbs, measured
using the photography method were reliable for measuring various postural
asymmetries.

Although numerous studies [9, 43, 44] have reported the photogrammetric
method of posture analysis, the most common limitation is the inconsistency used in
the data collection procedure. For example, the distance between the subject and the
placement of the camera varied between studies. The body segment length increases
or decreases depending on how close the camera is to the surface of the human body.
Additionally, from 2D photographic methods, it is very difficult to study deformities
which have a rotational component in the transverse plane [9, 45]. Similarly, in the
sagittal plane, there is a possibility that the muscle mass of the erector spinae can
obscures the median furrow of the back surface; thereby it is very difficult to study
the true spinal curvature [46].

In summary, two-dimensional spinal assessment tools do not provide a complete
description of the three-dimensional nature of the back and other spinal deformi-
ties. To obtain the detailed three-dimensional description of spinal deformities
together with the information of the 3D back surface, various three-dimensional
surface and posture measurements tools have been reported in recent years. In the
following section, three-dimensional measurement systems (both tactile and non-
tactile methods) have been used to assess posture and back shape variables. These
are reviewed below.

4.2 Three-dimensional analysis of posture and back shape

In the last decade, three-dimensional analysis of posture and back shape has
not only developed significantly, but its use in both the spinal research and clinical
environment has also been extended to include both tactile and non-tactile instru-
ments, which will be discussed below.

4.2.1 Tactile tools of measurement of spinal curvature
4.2.1.1 Posturometer-S

The Posturometer-S is a specially designed, electronic, objective, non-invasive
body posture measuring device [47] (see Figure 4). This tool consists of three
coupled systems: ‘P’ which is a pointer to indicate the position of a measured point
(mechanical), an element to compute the position of the pointer in a three-dimen-
sional space (electronic) and an ‘informatique’ which is used to analyse the results
obtained. This system not only enables a practitioner to visualise the curvature
of the spine in all three planes but also provides a quantitative description of the
postural parameters.

Previous research [47, 48] has demonstrated not only the reliability of the
posturometer but also its applicability in the assessment of posture in different
age groups. Lichota et al. using the Posturometer-S examined the postures of 46
athletes who were aged between 20 and 24 years [49]. A total of four sports groups
were examined, namely, handball (n = 16), athletics (n = 9), tackwondo (n = 5) and
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Figure 4.
Schema of Posturometer-S device (source: Stachoni et al. [47]).

volleyball (n = 13). In this study, the ‘Posturometer-S’ was used to describe various
angles of the spine, for example, lumbar lordosis, thoracic kyphosis, upper thoracic
segment (« angle), the thoracolumbar segment (p angle) and the lumbosacral seg-
ment (y angle). The highest values for a angle, p angle and y angle were reported in
volleyball (15.2°), athletics (12.6°) and taekwondo (14.0°) groups, respectively. The
lowest values for the a angle, f angle and y angle were observed in athletics (12.4°),
handball (8.8°) and handball (8.0°) groups, respectively. The authors contended
that posture was affected by the specific type of sports training and that the type of
sport influenced the type of posture. The main limitation the authors reported in
the study was that the Posturometer-S was not user-friendly, consumes more space
in the room and requires a thorough understanding of the equipment together with
training before it can be used.

4.2.1.2 Ultrasound

Cheung et al. demonstrated the use of a radiation-free three-dimensional
ultrasound system for the assessment of spinal curvature in 29 scoliosis patients
[6]. Similarly, Kowalski et al. used an ultrasound-based volume projection imaging
method to compare the lumbar lordosis and thoracic kyphosis angle in patients with
scoliosis as well as normal subjects or other people with spinal disorders [50]. In this
volume projection imaging method, the 3D representation of the spinal anatomy
was generated using the ultrasound images together with the corresponding 3D
spatial information (see Figure 5). The structure of the spine anatomy was recon-
structed from image data ranging from 16 to 96 MB in size [6]. The results of this
teasibility study showed good intra- and interrater reliability with ICCs larger than
0.92 (p < 0.001). The results also showed that the spinal curvature obtained by the
new method had a good linear correlation with the X-ray Cobb method (r* = 0.8;

p < 0.001).

Although these results suggest that the ultrasound volume projection imaging
method can be a promising approach for the assessment of spinal deformity, there
were still a number of factors that contributed to errors. For example, the ultra-
sound system and its data were susceptible to the distortion of the electromagnetic
field, leading to a system offset/counteract or transient jitter in the spatial and
orientation data. Therefore, precaution must be taken especially if the support-
ing frame is made of metal. The additional limitations of using the ultrasound
volume projection imaging method were as follows: (a) heavy to carry around,
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Illustration of 3-D ultrasound system for the measurement of spinal deformity [6].

(b) expensive, (c) relatively dependent on the skilled operator [51, 52], (d) only
measures the spinal curvature and not the whole back and (d) time-consuming for
the assessment of the whole spine. Therefore, this suggests that it is not an appro-
priate tool for clinical practice.

In summary, the main disadvantage of all tactile posture measurement systems
is the error produced due to electromagnetic and patient interference during data
acquisition process. This is because it is difficult for patients to maintain a static
standing position for a long time.

4.2.2 Non-tactile tools of measurement of spinal curvature

In the following section, non-surface measuring systems, such as 3D radio-
graphic imaging systems and inertial measuring units, will be discussed. This
is followed by various surface measurement tools, such as Moiré topography,
integrated shape imaging system, laser triangulator system and the Kinect sen-
sor system.

4.2.2.1 Non-surface measuring systems
4.2.2.1.1 3D radiographic imaging

Cheriet et al. demonstrated the use of biplanar X-ray images for the reconstruc-
tion of the three-dimensional spine and rib cage [7]. These images are useful in
evaluating patients with spinal deformities like scoliosis. In this method, the recon-
struction of images is based on a direct linear transformation technique (DLT),
which requires the explicit calibration of an object with known 3D coordinates
(see Figure 6). This method produced accurate 3D reconstruction of six manually
identified anatomical landmarks per vertebra (centres of superior and inferior
vertebral endplates and the tips of both pedicles). Similarly, the absolute differences
between the Cobb angle obtained with the standard DLT and the explicit calibra-
tion methods were as low as 0.3 + 0.42°. The absolute differences of the frontal and
sagittal balance were 0.15 + 0.15°and 0.37 + 0.25°, respectively.

Using 3D X-rays for clinical or research purposes has the same motion and radia-
tion issues as the use of 2D X-rays. Additionally, most of these tools are complex to
set up, are heavy and only can be applied in laboratory environments.
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Calibration Frame

Figure 6.
Biplanar X-ray (posterior anterior (PA) and lateral view) acquisition system with calibration apparatus
(Cheriet et al. [7]).

4.2.2.2 Inertial sensors

The recent advancement and application of electronic systems and sensors,
namely, accelerometers, gyroscopes, flexible angular sensors, electromagnetic
tracking systems and sensing fabrics, have enhanced the quality of clinical prac-
tice. Godfrey [53] and Fathi [8] all reported the use of sensors in the evaluation of
human posture. The following section reviews their clinical applications, together
with their problems and limitations.

An inertial measurement unit (IMU) is an electronic device that primarily
contains accelerometers, gyroscope and magnetometer sensors. All these sensors
are based on measuring and converting the global position of human body segment,
momentum/inertia or changes of path length. An accelerometer is a sensor which
measures a specific force and acceleration. In this context, an accelerometer is used
to determine the orientation of the spinal segment in relation to the Earth’s gravita-
tional field. A gyroscope sensor measures the rate of change of angles. Using these
sensors, a three-dimensional (3-D) position together with displacement data is
calculated by combining inertial sensors orientation data, together with its known
distance between the sensors [54, 55].

Kent et al., in their randomised controlled study, used dorsaVi’s hardware
(which contains two IMU movement sensors) (see Figure 7) to measure posture
and movement in subacute and chronic low back pain patients (n = 58) [56]. The
results not only demonstrated that the procedure was suitable for posture measure-
ment but also demonstrated its applicability in providing postural biofeedback.
Similarly, Fathi and Curran demonstrated the effective application of wireless IMU
sensors to detect the curvature of the spine with 85-95% accuracy in ankylosing
spondylitis patients [8].

Other portable, non-invasive sensors used in the assessment of posture are
e-textiles. Many studies [57, 58] have reported the use of textile sensors to detect
the curvature of the spine. The specially designed fabric contains an inductive
sensor, a circuit board and a piezoelectric actuator (a component of a machine
responsible for moving and controlling the piezoelectric system) (see Figure 8).
Any change in posture and spinal movement is calculated by a change in the
length or position of the sensors together with the percentage of change in
electrical resistance.

Sardini et al. compared the e-textile output data with an optical motion
system (Vicon) [58]. The trials performed on four subjects obtained on differ-
ent days demonstrated that the wireless wearable sensor described in this paper
is capable of producing reliable data compared with the data obtained with the
optical system.
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Figure 7.
ViMove wearable motion-sensor system with IMU sensors and surface EMG electrodes (Kent et al. [56]).
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Figure 8.
E-textile with inductive sensors [58].

As the above IMU and e-textile tools were low-cost, portable and easy to use, it
might be appropriate to use these for monitoring movement. The reliability of the
above tools for measuring spinal curvatures or other back parameters has not yet
been reported. The potential limitation of the IMU and e-textile tools is that their
interaction with metal in the environment could affect the sensor data extraction
due to its capacity to distort electromagnetic waves. In addition, these tools do not
provide back surface and whole-body data.

4.2.2.3 Surface measuring systems

Berryman et al. detail that back surface observation and measurement methods
have been widely used by both clinicians and researchers for the evaluation of
posture and spinal curvature in patients with spinal disorders [59]. The following
section aims to review both the qualitative and quantitative studies that describe
skin surface measurement tools.

4.2.2.3.1 Moivé topographic methods
Moiré topography and rastereo photography systems are the most valuable and

widely used non-radiographic tools in the measurement of posture/back surface.
Additionally, these instruments are also used for screening three-dimensional

31



Spinal Deformities in Adolescents, Adults and Older Adults

spinal deformities and furthermore for quantifying the progression of the 3D spinal
curvature.

The above topographical systems work on the basis of projecting a structured
light onto the back surface. Based on the reflection of the structured light from
the subject, Moiré topography images are produced (see Figure 9). The contour
map image helps to visualise back asymmetry and record the spatial information
of the subject’s three-dimensional back shape and posture. The quantification of
Moiré fringes typically involves the derivation of quantitative angular and/or linear
measures by comparing the left and right side back surfaces.

Numerous authors [60, 61] have described the use of the Moiré topography
method to evaluate back shape and spinal deformity. The main limitation of the
Moiré topography method is that the measurement depends on the absolute order
of Moiré fringes.

A Moiré pattern is a low-frequency line image produced from two high-
frequency line images or grids. For example, by projecting a high-frequency grid
onto an object and viewing the reflection of this projected pattern through another
high-frequency grid is called Moiré fringes [62]. The formation of the Moiré
fringes depends on a patient’s position. A slight change in the patient’s position
or movement can produce considerable changes in the Moiré topogram. Thus, a
direct inspection of Moiré fringes may be misleading. Further Stokes and Moreland
states that the data analysis is a complex procedure, requiring much expertise [63].
Additionally, Nissinen et al. also reported that the correlation of Moiré topographs
with X-rays is poor and ranges from r = 0.24-0.45 [64].

4.2.2.3.2 The integrated shape imaging system 1 and 2 (ISIS1and 2)

The Integrated Shape Imaging System (ISIS) is a widely used optical scanning
system for the measurement of human back shape and posture within a clinical
environment [65, 66]. The ISIS system consists of an optical scanner (A), which
projects a horizontal beam of structured white light onto the patient’s back (B). The
camera (C), mounted below the projector, captures the position of the light blade
on the back from different perspectives (see Figure 10). Based on the geometry of
the illumination/camera system together with the coordinates of the blade of light,
the three-dimensional shape information is derived.

The validation of this system was carried out in the late 1980s and early 1990s
[67, 68]. Although the reliability and validity of this tool was good to excellent for
clinical use, the original ISIS system was getting old and data acquisition was slow
which led to potential movement errors. The system was modified and redesigned

Figure 9.
Example of Moiré topographic images of a subject with scoliosis (veproduced from Kotwicki et al. [60]).

32



Posture and Back Shape Measurement Tools: A Narvative Litevature Review
DOI: http://dx.doi.org/10.5772/intechopen.91803

" = Optical

scanner (A)

Patient's
back (B)

Camera (C)

Figure 10.
Integrated shape imaging system (ISIS2) (reproduced from Porto et al. [73]).

by Berryman et al. with the new addition of a clinical parameters and renamed
ISIS2 [59]. This automated non-invasive surface topography system measures three-
dimensional shape of the back with improved speed, accuracy, reliability and ease
of use [69].

Berryman et al. [59] described the data collection procedure, involving palpation

and marking bony landmarks on the subject’s back with small coloured stickers.

A digital camera is then used to take a photo. The projector then projects a grid

of horizontal black lines onto the patient’s back. The pixel size is approximately

0.5 mm with fringe frequency of approximately 0.16 fringes/mm. Fourier transform
profilometry is used to convert the distortion of the reference grid lines into a three-
dimensional surface map of the back.

The data processing with ISIS2 takes only 40 s, compared to 10 min in
ISIS. Knott et al. [70] suggest that by reducing the duration of data collection, the
error due to natural postural sway of the body decreases, thereby increasing the
accuracy (1 mm). The results are stored in a database so that the data of the par-
ticular patient can be recalled at any given point of time. ISIS2 helps in the screen-
ing and monitoring of the development of spinal deformity over time [71, 72].

Zubovié et al. [69] carried out a study to validate the ISIS2 system against X-rays.
They reviewed 520 ISIS2 scans on 242 scoliosis patients not only for quantifying
postural variables but also to assess their validity. The average number of scans per
patient was 2.01 with a range of 1-10 scans. The median values and 95% CI were
reported for the linear, angular and volumetric asymmetry of scoliosis patients. The
results of this study showed no statistically significant differences in their investiga-
tions between ISIS measurements and X-ray images.

Similarly, Berryman et al. [59], in their study on measuring three-dimensional
back shape in scoliosis patients, also found good correlations (r = 0.84) between the
Cobb angle and the lateral asymmetry of the ISIS scans.

As seen in Figure 11, the ISIS2 system provides additional data to simple radio-
graphic examination, describing the three-dimensional characteristics of the back
surface [59, 74]. Previous studies [71, 72] have demonstrated that the ISIS2 produces
reliable, valid and accurate data that can monitor the progression of spinal deformi-
ties. Berryman et al. [59], Frerich et al. [75], Sadani et al. [76], Brewer et al. [77]
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Illustration of data processing and a sample report of ISIS2 method [74]. (A) the reference frame with
calibration markers; (B) example of patient image with fringes projected onto the back; (C) vepresentation of
symmetry line analysis in frontal and sagittal planes to obtain lateral deviation, kyphosis and lordosis angles;
(D) back height map with rib hump, contour plot (representing the shape using contour lines and colour; blue
lowest to ved highest); and (E) example of ISIS2 report with representation of contour plot and quantification
of curve in all planes.

and Knott et al. [33] suggest that the additional advantage of ISIS2 is to reduce the
exposure to radiation.

However, Fortin et al. [9] and Bettany-Saltikov et al. [46] identify the ISIS2 sys-
tem as being very heavy, is not easily moved and requires skilled clinicians to operate
it. In addition, Berryman et al. [59] suggests that identifying the bony landmarks
for marking spinous process is more difficult for patients who are extremely obese
or have heavy musculature. Similarly, the above authors also found it difficult to
mark bony landmarks in patients with congenital curves that had little rotation.
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The main limitation of the ISIS2 system is that it can only measure back shape and
not the whole body. Non-contact optical imaging techniques for the assessment

of back shape and posture has also been achieved by using the laser triangula-

tors method.

4.2.2.3.3 Laser triangulators

Celan et al. [78] and Poredos et al. [79] used the laser triangulation method to
evaluate the three-dimensional human spine curvature. The main purpose of these
studies was to estimate the spatial bend of the thoracic and lumbar spine curvatures
in all three planes. The laser triangulation imaging system used in Poredos et al’s study
consisted of two basic elements: a greyscale camera (A) and a laser line projector (B)
(see Figure 12). The spinal path or region of interest (ROI) of the human model is
manually marked by the palpation of the subject’s bony landmarks. The laser projector
illuminates the light onto the subject’s back, and the intersection of the laser line with
the spinal path or ROI provides the intersection curve, which is then measured using a
greyscale camera. The distance between the laser projector and the camera is known.
The intersection angle in 3D space is calculated using the triangular method [80].

The laser scanning triangulation method was assessed for both validity and
repeatability. Using a point-to-point analysis, the average error (+1 mm S.D) (dis-
tance between markers) for a regular shape (cylinder) was as low as 4.99 + 1.56 mm,
versus 6.91 + 2.29 mm for an irregular shape (mannequin) [81]. Research by Majid
et al. [82] demonstrated the performance of the 3D laser scanning system. In this
laboratory-based study, craniofacial measurements of mannequins demonstrated
that the photogrammetric/3D laser scanning system had an accuracy of +0.7 mm (1
standard deviation [SD]).

The same measurement in human models demonstrated an accuracy of
+1.2 mm. This decrease in accuracy was due to facial movement during data
acquisition.

However, this method also has limitations. The manual spinal path determina-
tion is also likely to cause palpation errors. This limits the usage of the system
to only experienced healthcare practitioners who have good palpation skills.

Manually determined spine path

Camera

Intersection
curve

Transverse |
plane

Laser projector

" Frontal plane

Sagittal plane

Figure 12.
Illustration of one-laser-plane triangulation method in all planes (reproduced from Poredos et al. [79]).
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Figure 13.
Microsoft Kinect sensor.

Additionally, this tool is capable of only measuring the shape of the human spine
and not the complete back or human body.

4.2.2.3.4 Kinect sensors

Microsoft kinetic sensors are currently being used in a range of disciplines from
biomechanics to clinical applications [83, 84]. Castro et al. [85] described the use
of the Microsoft’s Kinect™ to measure back surface and posture. The Kinect sensor
consists of two cameras, a colour camera (RGB camera) (A) and a depth (infrared
IR) camera (B), and a projector (C) (please see Figure 13). These cameras do not
require passive markers to determine anatomical landmarks. By measuring the
deformations of the projected speckle pattern, a 3D map of the dorsal skin surface is
created by using the appropriate software.

The results from previous studies have demonstrated that the depth sensor is
valid in measuring 3D back surface in patients with scoliosis and in healthy volun-
teers [85, 86]. The Microsoft Kinect™ system had comparable intertrial reliability
(ICC difference = 0.06 + 0.05; range, 0.00-0.16) and excellent concurrent validity
against a benchmark reference, a multiple-camera 3D motional analysis system,
with Pearson’s r-values >0.90 for the majority of measurements (r = 0.96 + 0.04;
range, 0.84-0.99).

Whilst the Microsoft Kinect™ is inexpensive, portable and offers good repeat-
able of the 3D map of the back surface, it also has a few limitations. The measure-
ments are limited only to the back surface and not the whole body. Additionally, the
Kinect system software is mainly restricted to the Microsoft operating system and is
not applicable to any other mobile applications.

5. Conclusion and requirements for a novel system

A number of different techniques for the assessment of posture and back shape
within clinical practice and research have been described above. Most are expen-
sive, are difficult to use, need specialised training, are heavy to move or cannot be
used for regular clinical use (Fortin et al. [9]). When considering a new system, the
following requirements are necessary:

1. A novel tool needs to be simple, portable, low-cost, easy to use and less
time-consuming for the purpose of using within clinical practice. This can be
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achieved by innovatively using a mobile low-cost scanner, such as the Structure
Sensor™ together with freeware software. This has previously been used in the
construction and fashion industry [87, 88].

2. The most conventional photographic systems, used in clinical practice at pres-
ent, do not provide the three-dimensional information of patients’ posture and
back shape. A novel portable system providing three-dimensional information
of patient’s posture and back shape would help to better understand the three-
dimensional nature of spinal deformities.

3. Most existing systems described in this review provide information on either
back shape or spinal posture and not the whole body. A system providing
information on the whole body and its relation to spinal posture would yield
more information on the relationship between the orientations of the extremi-
ties to the trunk.

4.Technological advances in imaging and computerised image-processing led to
the development of new 3D image acquisition techniques. There is a demand
for bridging the gap between technological advancement and medical practice
for the assessment and treatment of spinal disorders [89, 90]. The continuous
increase in 3D imaging technology provides opportunities for the development

of a novel system that provides reliable and valid results for assessment of
whole-body posture and back shape.
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Chapter 3

An Anatomical and Pathological
Classification of Thoracolumbar
Adjacent Segment Disease

David Christopher Kieser and Niels Hammer

Abstract

Structural failure of the spine adjacent to the level of a previous spinal fusion
is commonly observed. It may be defined by the radiologic degree of adjacent
deformity, often termed junctional level kyphosis, proximal junctional kyphosis or
junctional level failure, or the symptomatic failure of the spine above the level of
an operation, termed adjacent segment disease (ASD). ASD can be further speci-
fied according to its anatomical location of failure, which provides insight into the
specific pathological cause of failure and the optimal subsequent management. This
chapter describes the anatomical and pathological classification of ASD in order to
help clinicians understand the cause of failure and thereby reduce its rate and offer
a treatment algorithm if it occurs.

Keywords: adjacent segment disease, thoraco-lumbar fusion, pathological cause,
junctional level kyphosis

1. Introduction

Adjacent segment disease (ASD) is the symptomatic structural failure of the spine
or sacrum adjacent to an area of previous operative intervention, most notably fusion
[1]. Internationally, the numbers of spinal fusions being performed is increasing.
Within the USA approximately 457,500 adult spinal fusions and 38,000 paediatric
spinal deformity corrections are performed annually, with similar rates per capita
reported worldwide [2]. Of concern is that more than 20% of patients undergoing
lumbar deformity surgery will develop ASD within 8 years, most of which occurs
early with 40% requiring revision within 6 months [3-9]. This has a significant clini-
cal effect on patient outcomes, with pain, neurological, emotional, social and occupa-
tional concerns, but also carries a large financial burden, with an estimated cost in the
USA for revision being $77,432 USD per patient [10, 11]. This would suggest that over
500 million USD is spent annually on the surgical treatment of ASD. Yet, a complete
understanding of the aetiology of this problem has not been compiled.

It is believed that the cause of ASD is multifactorial [12]. These causes can be
separated into non-modifiable, potentially modifiable and modifiable risk factors.

Non-modifiable risk factors include patient age and expected baseline motion
segment degeneration that cannot be modified with current known treatments
[13, 14]. These factors are particularly pertinent in the adult population where
their index procedure is often related to degeneration which itself renders patients
at higher risk of degeneration at other levels.
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Potentially modifiable risk factors include bone density, which may be amenable
to medical treatment [15]. Others include fusion without instrumentation and
limiting the fusion length, however the pathology often dictates the length of fusion
and implant requirement [13, 16].

Modifiable risk factors include intraoperative surgical techniques, notably
motion preservation to reduce the adjacent segment load, avoiding circumferential
fusion of the most cranial segment that increases the stresses on the adjacent level,
ensuring spinal balance, avoiding extensor musculature and ligamentous damage,
protecting the adjacent facets, endplates and intervertebral disc (IVD) [13, 14].

While multiple classification systems and definitions have been proposed, none
have attempted to group these into anatomical or pathological considerations. Our
classification broadly categorises ASD into five groups according to the anatomical
region of failure which can then determine the likely pathological cause and offer
treatment direction.

2. The Kieser and Hammer classification system
2.1 Type 1: global failure (implant pull-out)

This form of ASD is seen when metalware pulls out of the vertebrae (Figure1).
This failure is not seen in anterior interbody constructs, unless supplementary
posterior or lateral instrumentation is utilised. This is because it is recognised as
persistent spinal malalignment, which requires interconnected rigid implants to
remain in one position and the spine to displace from the rigid instrumentation.
However, with lateral implants (plates, stapes, etc.) and a failure to restore coronal
balance or posterior implants and a failure to restore sagittal balance, the metalware
can pull out of the bone producing a type 1 failure.

This failure is therefore almost always due to malalignment, but can be sub-
classified into:

la. Bone failure: osteoporosis.
1b. Implant failure: insufficient fixation.
1c. Combination.

In type 1a, the bone quality is insufficient to hold the implanted device in a

given configuration, with the effect that the metalware pulls out. Similarly, in type
1b the implant configuration is insufficient to stabilise and anchor in the bone and

Figure 1.
Type 1 (global failure).
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Figure 2.

Antero-posterior X-rays of a patient with a previous L4-S1 fusion who developed type 44 ASD of L3/4 causing
foraminal stenosis and therefore underwent a lateral interbody fixation and plate (a. immediate postoperative)
but with failure to completely restore coronal balance and insufficient fixation resulting in implant pull-

out and progressive covonal imbalance with recurvence of symptomatic foraminal stenosis (b. 6 weeks
postoperative). Therefore supplementary percutaneous pedicle screw insertion to augment fixation and bracing
was undertaken, which vesulted in sufficient fixation to permit definitive fusion (c. 6 months postoperative).

therefore it pulls out (Figure 2). In most cases it is a combination of both poor bone
stock and insufficient implant fixation.

In an asymptomatic patient without skin compromise, the practitioner or sur-
geon advises bracing to prevent further progression until the fusion has developed.
In contrast, in symptomatic patients or those with progressive failure amendable
to operative intervention, the treatment of type 1 failure is revision surgery with
restoration of spinal alignment and supplementary bracing until fusion has devel-
oped. In addition, for each sub-classification we advocate.

1a. Bone supplementation with medical management of osteoporosis (e.g. cal-
cium, vitamin D, bisphosphonates, etc.) and increased fixation (e.g. cemented
screws, HA coated screws, sublaminar bands, etc.).

1b. Increase fixation of the operative levels. May require extension of fusion if
adequate fixation of the operative levels is not possible.

1c. Both.

It should be recognised that bone supplementation takes a prolonged period
of time to achieve clinical benefit and most of these patients require semi-urgent
surgical intervention. Thus, in symptomatic patients with deficient bone quality,
increased fixation should be provided in addition to the medical management of
osteoporosis. Furthermore, bracing should be considered to supplement the spinal
stability provided by the surgery until fusion has occurred.

2.2 Type 2: adjacent bone failure (failure of the cranial or caudal
uninstrumented vertebrae)

This form of ASD occurs when an adjacent, uninstrumented vertebrae fails, typ-

ically with a compression type fracture (Figures 3 and 4). This is most commonly
caused by poor bone quality and/or malalignment and is therefore subclassified as:
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2a. Poor bone stock.
2b. Malalignment.
2c. Combination.

Most patients have a combination of malalignment and osteoporosis but are pre-
dominantly affected by their poor bone quality. Unlike type 1 failures, these patients
are rarely in need of an urgent surgical intervention. Therefore, a conservative
approach can be initially trialled. Bracing as well as vertebroplasty or kyphoplasty
should be considered to avoid progressive collapse and deformity. However, the
clinician should recognise that vertebral body cementation may affect subsequent
extension of fusion if necessitated, particularly if pedicle screws are considered
necessary. Therefore, surgeons treating these patients should consider alternative
fixation techniques, such as cortical trajectory screws, in the cemented vertebrae if
extension is subsequently required. In those that become asymptomatic these frac-
tures should be treated as osteoporotic compression fractures. In those that remain
symptomatic and are amenable to operative intervention, the treatment should be:

2a. Bone supplementation + bracing until fracture union is achieved. In a
globally aligned spine with union of the fracture, no operative intervention is
required.

2b. Deformity correction with extension of fusion and increased fixation.
Increased fixation is necessary because the bone has shown evidence of weak-
ness, even in the absence of global osteoporosis, and therefore increased fixation
is necessitated.

2c. a + b: Bone supplementation and bracing if the global malalignment is
acceptable OR bone supplementation and deformity correction with extension
of fusion, increased fixation and bracing if the malalignment is unacceptable.

2.3 Type 3: endplate failure

This is one of the most common forms of ASD and it occurs when the most
cranial instrumented vertebral body collapses (Figures 5 and 6). It can occur with
posterior or anterior/lateral implants and its causes can be classified as:

3a. Poor bone stock.

3b. Devascularisation of the endplate.
3c. Excessive endplate load.

3d. Combination.

Figure 3.
Type 2 (adjacent bone failure).
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Figure 4.
A lateral standing full spine x-vay of a patient who had undergone an L2-S1 fusion with a failure to correct

sagittal balance who developed an adjacent compression fracture of L1 that accentuated the spinal imbalance
and over a 6-year period, despite attempted compensation with pelvic retrolisthesis and thoracic hypokyphosis,

they developed a progressive anterolisthesis of T11/12 causing thoracic myelopathy.

Figure 5.
Type 3 failure (endplate failure).

49



Spinal Deformities in Adolescents, Adults and Older Adults

Figure 6.

Lateral standing X-rays of an obese osteoporotic patient who had previously undergone an L4/5
circumferential fusion complicated by global sagittal imbalance, pedicle screw malposition causing right
Ls radiculopathy and dysfunction as well as progressive type 44 ASD of L3/4 causing critical central
stenosis (a). They underwent revision of their instrumentation with L3-S2 fusion and correction of their
sagittal balance, supplemented with cranial vertebroplasty (b). However, the patient developed type 3d
ASD (c).

Most are thought to occur because of poor bone stock and therefore mimic
osteoporotic compression fractures. However, end-plate devascularisation,
either from a direct injury to the end arteries of the endplate by subcortical
screws or by damage of the nutrient vessels to the endplate by anterior dissection
can occur [17]. Similarly, with interbody devices the excessive load induced by
rigid constructs can surpass the endplates’ biomechanical tolerance and induce
fracture.

Treatment depends on the severity of symptoms and the degree of compression
of the vertebrae. In asymptomatic patients bracing to prevent further compression
and bone supplementation may need to be considered if there is poor bone stock.
In symptomatic patients amendable to operative intervention, treatment should
consist of:

3a. Treat as osteoporotic compression fractures. Bone supplementation + brac-
ing. If metalware protrudes into the adjacent IVD consider deformity correction
with increased fixation.

3b. Bracing. If metalware protrudes into adjacent IVD consider deformity
correction. While the cause is endplate vascular compromise, there is to date no
evidence that changing the surgical technique for the extension of fusion will
reduce the risk, however surgeons should consider avoidance of cranial endplate
compromise if possible (e.g. cortical trajectory screws, sublaminar bands or
hooks).

3c. Deformity correction with extension of fusion and avoidance of a rigid
interbody device at the most cranial fusion level.

3d. Treat as osteoporotic compression fractures. Bone supplementation + brac-
ing. If metalware protrudes into adjacent IVD consider deformity correction
with extension of fusion and avoidance of both cranial endplate compromise
and a rigid interbody device at the most cranial fusion level.
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2.4 Type 4:1VD failure

This is a common form of ASD and is most commonly seen as a late complication
of fusion (Figure 7). It may be related to inherent disc degeneration that would have
occurred whether fusion was performed or not. However, it may also be caused by:

4a. Acute hyper-load which presents as an acute IVD prolapse.
4b. Diffusion insufficiency and/or chronic excessive loading which presents with
progressive IVD desiccation.

Hyperload is caused by the rigidity imparted by the fusion. Typically, with
circumferential fusions at the most cranial level this causes acute hyperload and
acute disc prolapse. In contrast, isolated posterior or isolated interbody devices
cause chronic overload as the fusion develops and micromotion of the fusion con-
struct reduces. This causes progressive disc failure of the adjacent level (Figure 8).
Similarly, implants that induce rigidity of the end-plates, such as subchondral
pedicle screws limit the usual motion of the endplate. This motion, which mimics
that of a trampoline, aids diffusion of nutrients into, and waste products out of the
IVD. Thus, limiting its motion affects disc health by affecting its nutrient supply.

Figure7.
Type 4 failure (IVD failure).

Figure 8.
Sagittal (a) and axial (b) MRI sequences of a type 4b failure above a L4/5 circumferential fusion. The IVD
prolapse caused central stenosis and neurogenic claudication.
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The treatment of this form of ASD depends on the symptoms and is the same for
both 4a and 4b:
a.If neural compromise without instability: decompression alone.
b.If neural compromise with instability: decompression and single level fusion.
c.If discogenic pain or instability: single level fusion.
In patients with malalignment, deformity correction should be considered.
2.5Type 5: facet failure
This form of ASD occurs when the facets joints fail, usually through hypermo-
bility in the early stages and degeneration in the later stages (Figures 9 and 10).
Hypermobility may occur in anterior procedures due to excessive stretch from
oversized interbody devices, but this affects the motion segment that is fused and is

therefore rarely a symptomatic problem once fusion occurs, but may cause long-
term symptoms in disc arthroplasty.

Figure 9.
Type 5 failure (facet failure).

Figure 10.
Sagittal (a) and axial (b) MRI of a patient with a previous L35 postero-lateval fusion with left facet dysfunction
causing a dynamic votational deformity and unilateval vetrolisthesis of L2/3 causing foraminal stenosis.
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Type 5 failure is therefore predominantly seen with posterior instrumentation.
The cause of type 5 failure is usually multifactorial and is classified as follows:

5a. Extensor mechanism dysfunction.

5b. Malalignment.

5c. Devascularisation and denervation of the adjacent facet joint.
5d. Metalware impingement on the adjacent facet joint.

5e. Combination.

To understand type 5 failure, one needs to appreciate the anatomy of the pos-
terior spine. The extensor musculature acts to lordose the spine and is a dynamic
control of spinal posture. It is innervated by posterior branches of the dorsal ramus,
which run with the posterior vascular supply of these muscles, adjacent to the pars
and is therefore at risk with the lateral dissection necessary for posterolateral fusion
and standard pedicle screw insertion.

The extensor ligaments, namely the interspinous and supraspinous ligaments,
and ligamentum flavum act as static restraints to kyphosis. In contrast, the inter-
transverse ligaments predominantly restrain lateral flexion. The facet capsule
restrains excessive motion of the facet joint, particularly kyphosis. The facet joint
itself is innervated and supplied by nerves and vessels that run with the dorsal mus-
cular supply and are therefore at risk during posterolateral fusion and the dissection
necessary for the insertion of standard pedicle screws.

We believe extensor mechanism dysfunction is caused by dysfunction of the
dynamic or static restraints to segmental kyphosis. Dynamic restraint damage is
caused by direct posterior musculature trauma and/or denervation and devascu-
larisation of the paraspinal musculature most commonly induced by multi segment
posterior dissection. This causes extension weakness, which results in adjacent
segment kyphosis with load. Static restraint dysfunction is caused by transection
of the cranial inter- and supraspinous ligaments or most cranial spinous process
during the index procedure. The adjacent segment then relies on the ligamentum
flavum and facet joint capsules as static restraints. Thus, adjacent flavectomy or
direct capsular injury further disables the static restraints. Damage to the adjacent
intertransverse ligaments is rarer, because the ligaments at risk are usually incor-
porated into the fusion, and the lateral IVD capsule offers significant restraint to
lateral flexion. However, if a cranial transverse process fracture occurs the adjacent
intertransverse ligament is affected and that increases the load on the lateral IVD
capsule and may predispose to coronal failure.

Malalignment, particularly sagittal imbalance, puts excessive strain on both the
dynamic and static restrains. This is particularly important if there is already dys-
function of the extensor mechanism, as the additional load induced by malalign-
ment needs to be compensated for by the extensor mechanism.

The facet joints themselves are also commonly injured with posterior instru-
mentation. This is caused by the dissection necessary to insert posterior instru-
mentation, particularly standard pedicle screws through a midline approach, which
involves far lateral dissection with stripping of the soft tissue from the posterior
facet capsule and exposure of the pedicle entry point, which damages the neurovas-
cular supply of the facet joints and extensor musculature.

Percutaneous insertion of the most cranial posterior implants is therefore prefer-
able if possible, because this limits the degree of dissection necessary for insertion
of the metalware, reducing the risk of neurovascular injury to the extensor mecha-
nism and facet joints.

Metalware impingement on the adjacent facets is also common with pedicle
screws, with estimates of up to 60% of pedicle screws breaching the facet [18-20].
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Furthermore, even without facet joint breach, impingement can occur of the
adjacent inferior articular process on the pedicle screw or rod with spinal extension,
driving the adjacent level into kyphosis.

The treatment of asymptomatic patients or those not amenable to operative
intervention remains non-operative. However, the treatment of symptomatic
patients amendable to operative intervention is as follows:

5a. Single level extension of fusion, with protection of the extensor mecha-
nism. This may involve the use of interbody fusion from anterior or lateral
approaches, or a posterior approach with cortical trajectory screws or percuta-
neous insertion of cranial pedicle screws, with protection of the ligamentous
restraints to kyphosis.

5b. Deformity correction and extension of fusion.

5c. Single level extension of fusion, with protection of the adjacent facet, often
with anterior or lateral approaches, or a posterior approach with cortical trajec-
tory screws or percutaneous insertion of pedicle screws.

5d. Dependent on facet function

* Facet non-functional: single level adjacent fusion.

* Facet functional: remove or reposition metalware depending on fusion of
instrumented levels.

Se. Deformity correction with extension of fusion and avoidance of extensor
mechanism and adjacent facet injury.

This classification broadly classifies ASD into anatomical and pathological
groups, in order to further our understanding of its aetiology and treatment.
However, as with any classification, it has limitations. Some patients with ASD fit
more than one category and others fail in an atypical way. In such cases, the causes
may be multifactorial and therefore the treatment may differ from those proposed
in this classification system. Clinicians should be aware of these nuances and treat
patients accordingly.

Understanding this anatomical and pathological based classification system
allows treating clinicians to limit the modifiable risk factors for ASD after thoraco-
lumbar fusion. By optimising bone quality preoperatively, the surgeon reduces
the risk of bone failure, such as type 1a, 1c, 2a, 2c, 3a and 3d. In addition, ensur-
ing spinal alignment and balance, reduces the risks of all failure mechanisms.
Furthermore, ensuring adequate fixation at the time of operative intervention sur-
geons will reduce the risk of type 1b and 1c failure. However, this must be achieved
without complete rigidity, which imparts excessive load through the cranial end-
plate and adjacent IVD motion to type 3c and type 4 failure. In addition, posterior
dissection should be limited to avoid type 5a, 5c and 5e failure and the most cranial
implants should avoid damage of the cranial endplate causing type 3b failure and
the adjacent facet causing type 5d failure. Abiding by these principals reduces the
risk of ASD, but does not prevent ASD because there remain non-modifiable risk
factors for the condition.

Similarly, if ASD does develop, the clinician should critically appraise the causes
of the failure, to ensure that optimal treatment is provided. In the setting of bone fail-
ure, bone supplementation should be provided, however, these alone fail to resolve
the problem and therefore bracing or further surgical intervention is necessary. In all
revision procedures, spinal alignment and balance should be considered. Abiding by
the same principals as discussed above, clinicians will reduce the risk of recurrence.
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Lastly, this classification is the first to describe the pathophysiology of ASD and
therefore provides a framework on which further work can expand the prevention
and treatment of this increasingly common condition.

In conclusion, this anatomical and pathological based classification system
allows treating clinicians to limit the modifiable risk factors for ASD, under-
stand the causes of ASD and offer a treatment algorithm for ASD. Furthermore,
understanding this classification and the causes of failure allows clinicians to
not only diagnose and treat ASD, but also offers a clearer understanding of what
modifiable factors should be addressed during the index procedure. In addition, it
illustrates that new technologies to eliminate modifiable risk factors are necessary,
which should stimulate research and industry to find solutions to this common
problem.
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Chapter 4

The Use of a Dynamic Elastomeric
Fabric Orthotic Intervention

in Adolescents and Adults with
Scoliosis

Martin Matthews and James Wynne

Abstract

The use of dynamic elastomeric fabric orthoses in the non-surgical management
of scoliosis has been growing over the last 20 years in the paediatric populations and
has now started to be used in adolescent and adult patients as well. The concepts
of treatment concentrate on the use of movement and changes in the neurological
pattern generation, to reduce scoliosis curve Cobb angles and pain that is sometimes
experienced due to an altered positional sense. This chapter introduces research,
including recent computer modeling, to demonstrate the effects of the combina-
tion of two different layered textiles which enable improved comfort, aesthetics
as well as scoliosis clinical management. The textile combination enables a total
body suit to use 3D scoliosis brace knowledge to assist in developing new orthotic
interventions for adolescents and adults with both neurological and idiopathic onset
scoliosis, for several different presentations.

Keywords: dynamic elastomeric fabric orthoses, spinal decompression,
spinal translation, spinal tone management, pain relief, proprioception, exoskeleton

1. Introduction

There are different presentations of scoliosis, including genetic spinal deformi-
ties, neuropathic and idiopathic onset scoliosis, that develop in two to three percent
of the population (depending on the research report) during skeletal development.
Sometime this can cause complex management issues which can present at any
age and continue well into adulthood and throughout the geriatric years. These
presentations at times require differing orthopaedic, physical therapy and orthotic
interventions to improve symmetry and pain management.

Rigid and semi-rigid bracing has been in existence for thousands of years. One of
the earliest examples being an orthopaedic corset of a tree bark that was discovered
painted in cliff dwellings of pre- Columbian Indians circa 900 AD (Figure1) [1].

Furthermore, a number of interesting historical, almost medieval (by today’s
standards) devices have been designed to counter the deformities utilising complex
metal designs to force the spine into a required position. A number of researchers
have incorporated thigh fixation as described by German orthopaedists in the 19th
and early 20th centuries (Figure 2) [1].
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Figure 1.
Drawing of an orthopaedic corset of tree bark from the pre-Columbian Indians cliff dwellings Circa 900 AD.
Colorado State Historical Museum (Denver).

Shoulder straps fixed to top of posterior -
stem, with right shoulder compression
band to provide shoulder compression to

counter the thoracic curve
|~

Right side thoracic fabric corset to push the
scoliosis curve towards the left side
therefore reducing the severity and

deformity

Pelvic band fixation ensures the vertical
posterior stem does not move to the right

Thigh cuff to fix the pelvic band to stop
it riding up over the waist and pull the
left leg towards the centre

Figure 2.
Scoliosis brace with thigh attachment (Redrawn from an early print).

In 1971, the Boston modular rigid (Figure 3) and semi-rigid plastic spinal brace
system was developed and has been used (and evolved) for over 40 years [2],
becoming the stalwart of scoliosis management of both neurological onset and
idiopathic scoliosis around the world.

Rigid bracing has been proven to be effective in preventing curves from pro-
gressing to the point of needing surgery and in some cases, have helped to reduce
the curve magnitude [3]. The “Dose”, the amount of time the patient wears the
brace, has proven to be vital to bracing success. An international, partially random-
ized control trial (BRaist study) showed that if patients wore their full time brace
an average of 12.9 hours per day or more, they had a 90-93% chance of not having
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Figure 3.
Original Boston Brace made with 15 degrees of lumbar lovdosis, fitted with compression pads and cut out to
provide spinal asymmetry.

their curve progress to the point of requiring surgical intervention [4]. Wearing the
brace for less than 6 hours per day, equated to a 42% chance of surgery requirement.
The opposite is true for neurological onset scoliosis, where a child with cerebral
palsy (for instance), would wear similar corrective cast bracing. Spinal bracing would
require “anniversary” casting (annual corrective brace casting) to ensure the brace was
fit for purpose. The curve, however in neurological cases generally continues to worsen
until the child reaches maturity in late adolescence and requires surgery to correct
the spine. This happens even, with self-reported compliance. When compared to the
natural history of neuromuscular scoliosis, bracing does not prevent the rate of curve
progression [5], however there are reports that bracing improves seating [6], standing
and walking postures as well as other benefits for people with neurological disorders.
Both idiopathic and neuropathic onset scoliosis presentations use the basic brace
concept of marking up an x-ray to show the left/right lean and rotation of the ver-
tebra at each level to inform the positioning of pads or pressure required to provide

Figure 4.
Bston Brace 3D-custom fabricated from scan, built in asymmetry.
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the corrective force on the body, known as “blue printing”. Blue printing also informs
the position of the cutaway areas of the brace. Figure 4 illustrates the result, using
computer aided design and manufacturing (CADCAM) to carry out this role.

2. Scoliosis presentations

Scoliosis presentations are due to numerous causes and include genetic changes
and omissions to the bony structures; neurological dysfunction to the muscles that
support and stabilize the spinal structure; hypo-mobility disorders (Ehler Danlos
Syndrome); degenerative scoliosis and dysfunctional learnt patterns of movement.
All learnt functions like sitting and walking is a learned pattern of movement,
which rely on movement through error based learning to recalibrate a particular
movement and altered position awareness [7]. In children, with cerebral palsy (CP)
their image of self is different to reality due to the difference in their internal model
of self [8]. This shows in sitting, where they feel they are sitting straight, however in
reality they are sitting to one side. This loads one side of the spine and sets up a dys-
functional pattern, which they learn and understand as normal. This results in the
complex scoliosis cases we see in adolescents and adults- particularly when requir-
ing wheelchairs. Most of these issues are generally identified during childhood,
however, they can affect adolescents and adults of all ages with scoliosis, whether
idiopathic or neuropathic in origin. Bracing is therefore a major intervention in ado-
lescents and adults who cannot or do not want to follow the surgical route. Although
there are several different scoliosis causes, this section will concentrate on the two
main causes of scoliosis in adolescents and adults, which require bracing: idiopathic
onset scoliosis (I0S) and neuropathic onset scoliosis (NOS).

Idiopathic onset scoliosis is defined as a lateral curvature of the spine, that is
greater than or equal to 10 degrees with no known cause. It is further defined by the
age of initial presentation, infantile (zero to 3 years), juvenile (3-9 years of age)
and, adolescent (1017 years of age). Progression is related to growth, so patients
are most vulnerable to curve progression during periods of rapid growth as occurs
during the adolescent years. The Boston Brace, which introduced the concept of
using a symmetrical form to fabricate the original modules which then, depending
on the patient’s x-ray analysis (blueprint) and physical presentation, is trimmed
and had strategically placed pads added to make it asymmetrical. Numerous studies
have shown this method to be effective [3, 9]. Recently, through the advent of
scanning and CADCAM technologies, a custom fabricated asymmetric model of the
patient is used to fabricate the brace rather than the symmetrical form. The Boston
Brace 3D (Figure 4), the ARTbrace and Rigo Cheneau - type braces, are examples
that utilise three point triangular sideways movement (known as translation)
viewed from the posterior using x-rays of the back, re-aligning a small number of
vertebra causing a localised positional change {segmental moulding [10]}. They
included the combination of forces for regional and local de-rotation to achieve
corrective balance and physiological alignment in the sagittal plane [11] Figure 5.

These coupled with physiotherapeutic scoliosis specific exercises (PSSE) like
Schroth physiotherapy work to keep the spine mobile [12], but are also held physi-
cally by a brace, which encourage the re-alignment of the spine during wear.

Neuropathic onset scoliosis (NOS) typically appears in early childhood, par-
ticularly in children with cerebral palsy (CP), and continues into adulthood due to
the dysfunctional loading on the spine which causes vertebral and rib remodeling.
Twenty five percent of people with CP will develop scoliosis curves and range from
5% incidence for bilateral spastic to 74% in people with quadrilateral- spastic pre-
sentations due to the imbalance of muscle pull, and brain damage [13]. Most curves
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Figures.

Diagrammatic representation of X-ray blueprinting for dynamic elastomeric fabric scoliosis suit- identifying
the three points of pressure (yellow arrows), distraction (orange arrow), downward compressive force (pink
arrow) and de-rotational shoulder compression force (Red thin arrows).

present as a single thoracolumbar or lumbar “C” shaped curve associated with pelvic
obliquity and hip dislocations, often seen in gross motor function classification scale
(GMEFCS) [14] Level 4/5 presentations.

The gross motor functional scale is a way of identifying what level of function a
child with cerebral palsy can achieve and is divided into 5 levels.

Level 1 identifies children who can walk at home, school and in the community
including outdoors with limited coordination, speed and balance when running and
jumping.

Level 2 identifies children who can climb stairs holding on to a support rail,
however they can experience difficulties in balancing and walking when on slopes
and rough ground particularly when in crowded or confined areas.

Level 3 identifies children who need hand-held walking and mobility aids in
doors and need supervision when climbing stairs. They will also tend to use self-
propelled or powered wheelchairs for longer distances.

Level 4 identifies children with require physical assistance or powered mobil-
ity in most settings If physically assisted they can walk short distances around
their homes and will often require powered wheelchairs and body weight support
walkers. A self-propelled wheelchair or powered chair will be used whilst at school,
outdoors and in the community.

Level 5 identifies children who are transported in manual wheelchairs in all
areas. The children have a limited ability in maintaining head control and trunk
posture [15]. They also have trouble with arm and leg control A classification at the
age of 6 is unlikely to change level during adolescence into adulthood.

Therefore level 4 and 5 indicates that the child/young adults will be requiring
wheel chair support, with basic or complex design dependent on severity [14].

A classification at the age of 6 is unlikely to change level during adolescence into
adulthood. Twenty percent of scoliosis curves develop as a “S” shaped curve with
balanced, symmetrical thoracic kyphotic and lumbar lordotic curves [13], normally
associated with idiopathic scoliosis see Figure 6a, b.
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(b)

Figure 6.
(a) A typical “C” shaped curve to the left. (b) A typical “S” shaped curve with a left lumbar and right
thovacic curve.

Adolescents with GMFCS Level 4/5 are dependent on wheelchairs for mobility,
which due to a neuropathic or neuromuscular disease, have a 90% increased risk
of progressive spinal deformities due to the impairments in postural balance and
motor control [16]. There is also an increased risk of flexed sitting patterns due to
hip flexion contractures, encouraging spinal deformity due to the loss of the protec-
tive lordosis and atypical loading patterns. These can lead to pain and discomfort
leading to increased decline in the patients quality of life (QOL) [17].

Ehlers Danlos Syndrome is a group of disorders that affect the connective tissue
that supports the tissues and human body organs, blood vessels, bones and skin [18].
The signs include extremely loose joints, which can sublux completely, coupled with
extreme pain. In recent years, this connective tissue disease has been linked with young
women presenting with scoliosis [19]. The women are often in their mid-thirties, fol-
lowing pregnancy and present with extreme pain, often due to nerve compression.

3. Elastic scoliosis bracing

Rigid and semi- rigid (foam based) spinal orthoses have been the common
bracing option for adults, however the developments in dynamic elastomeric fabric
orthoses (DEFO) using form fitting elasticated orthoses, have shown promise in the
clinics based on the authors’ clinical use. The use of “elastic” orthoses has become
an additional bracing option, alongside rigid and semi-rigid scoliosis braces.

There are two variants of DEFOs that have evidence for use in scoliosis manage-
ment, namely SpineCor® and Dynamic Movement Orthoses (DMO®). There are
other Lycra suits, but they are mainly used in juvenile (less than 9 years of age)
patients. As this chapter is concerned with adolescents (10-17 years of age) and
adults (18 years of age and older) with scoliosis, they will not be discussed.
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SpineCor® has a resemblance to an early somewhat simple, but controversial
idea of using “Oblique and Spiral bandage” utilized by Richard Barwell of London
in 1868 that purported to assist in scoliosis management (Figure 7).

An eminent surgeon of his time, Henry Bigg in 1877 [1], questioned the validity of
this bandage. However, in recent years the use of diagonally activating compressive
force correction now supports the early thinking behind the bandage type orthoses.

The SpineCor® brace has had some success in younger patients with idiopathic
scoliosis, utilizing the compressive and de-rotative effects of strong elastic bands
fixed to a bolero shaped vest and either a plastic anterior and posterior shell held
in place by webbing straps, or shorts which enable fixation of the corrective straps.
The original prospective observational study on the effectiveness of the SpineCor
brace, used a standardised criteria proposed by the Scoliosis Research Society
(SRS). The study included 170 patients (158 girls and 12 boys). Thirty-nine partici-
pants required spinal surgery, 12 withdrew and 14 participants were weaned out of
the treatment as curve progression was deemed to be stable. Of the 105 remaining
participants, 47 completed the 2-year brace follow up [20].

A more recent retrospective study evaluating the effects of the SpineCor brace
that also followed the Scoliosis Research Society criteria for brace management
of adolescent idiopathic scoliosis reported that the SpineCor® brace treatment
could increase the risk of curve progression, when compared to the Boston Brace.
Scoliosis curve progression occurs in the spine due to changes occurring naturally
in the vertebra and intervertebral discs. If left without treatment the curve will
increase exponentially [21]. The use of correctly fitted and function spinal brace
will reduce the rate of curve progression and in most cases reducing the Cobb angle
indicating curve regression. In the SpineCor brace study, a total of 243 patients were
treated with either the Boston brace (146) or the SpineCor brace (97) with scoliosis

G.H~
Figure 7.
Oblique and Spiral bandage utilised by Richard Barwell of London in 1868. (Page 182 Orthopaedic Appliances
Atlas, Vol.1 1952).
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curve progression recorded across the group. The average curve progression for

the SpineCor cohort was 14.7° +11.9°, compared to 9.6° + 13.7°. The proportion of
patients reaching 45° was 51% (SpineCor) and 37% (Boston Brace), however the
proportion of patients referred for surgery was 39% (SpineCor) and 30% (Boston
Brace). The paper concluded that the odds of reaching a > 45 was 2.07 times greater
when using a SpineCor brace [22].

Further comparison studies showed that the SPoRT (Symmetric, Patient oriented,
Rigid, Three-dimensional, active braces) was more effective than SpineCor® [23, 24].
The SPoRT concept provides evidence of effect and is shared in three types of rigid
braces. The Sforzesco brace joins two previous brace designs (Sibilla & Lapadula), to
provide a new spinal concept which avoided the need for casting the worst scoliosis
presentations. Brace compliance was a key driver for the new treatment journey and
included mechanical efficacy, the active brace principle, versatility, and adaptability
coupled with teamwork and patient compliance. Scoliosis correction is provided
through the shape of the adjustable rigid body envelope, mechanical” pushes” encour-
aged the spine to move into a predetermined void, that adapted and remodeled body
shape to unwind the scoliosis curve presentation (Figure 8).

A randomised controlled trial compared the SPoRT rigid concept with the
SpineCor dynamic brace to identify the treatment effect over time. Using a retro-
spective controlled study, two groups were reviewed using clinical and X-ray evalua-
tions. Data was recorded at the beginning and end of the study to record the scoliosis
curve angles for SPoRT braces (20 patients) and SpineCor braces (41 patients). Both
brace interventions proved to be effective in improving the aesthetics of the defor-
mities, however the SPoRT brace was found to be more effective than SpineCor in
avoiding scoliosis curve progression [23].

There is evidence that the SpineCor® brace relieves pain by improving posture
following the reduction of mechanical strain on the neuromuscular system in
adults. The brace enables spinal joint off-loading by reducing the misalignment of
the spinal segments. Pain perception data from Marcotte [25] which reviewed the
effect of SpineCor spinal braces used for between 18-28 months from 30 adults
(26 females/4 males), which showed 77% overall improvement in pain recorded.
Half of the patients reported total pain relief, although there was no significant
reduction in spinal curvature in adults. This outcome may have been similar to the
reasoning in the original designs in the 18th century.

Figure 8.
The Sforzesco brace- the most recent addition to the SPoRT scoliosis management concept.
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Dynamic Elastomeric fabric orthoses (DEFO) were first reported in 1960. The
authors described the use of crepe bandages wrapped around a child with athetoid
cerebral palsy. This caused reduction in the muscle tone in his arms and legs which
then enabled more stability and less fatigue [26].

In 1995, an Australian paper describing the use of custom “UPsuit” Lycra® suits
on children and young adolescents, with semi-rigid reinforcement to provide stabil-
ity to the spine and to improve sitting balance [27]. Management of the scoliosis
was provided by metal spiral boning stitched in fabric pockets to provide rigidity
and apply resistance to stretch - providing areas of higher resistance to stretch [28].
However, there is limited scoliosis management using Second Skin suits (Figure 9).

In 2007, a study from the United States introduced a basic base Lycra® short
and pants with shoulder straps called the “Stabilizing Pressure Input Orthosis”
(SPIO) [29]. The study stated that significant functional improvements to balance,
improved postural control and muscle readiness were found, however as an obser-
vational and discussion report, the only evidence provided was photographic pre
and in-intervention images. It was postulated that there were deep sensory changes
which could account for the reduction in athetoid movement and the improved
stability of the spine in children presenting with low tone [30].

In 1999, Rennie et al., in a repeated measures study of 8 children (7 children had
cerebral palsy and 1 with Duchennes muscular dystrophy), used laboratory gait
analysis to report on the outcomes of a long arm, long legged suit made by Camp
Ltd., in the United Kingdom (Figure 10). Five participants showed a reduced root
mean square error (RMSE) scores indicating improved postural stability, confirm-
ing the findings of Blair [28] and Hylton [30]. However, the improved postural
stability only positively affected the distal stability in three participants, which
could have been due to the short 6-week duration of the trial.

Compression at the pelvis in DEFO shorts [31, 32] can reduce the pain experi-
enced by adults with intellectual disabilities, who experience high rates of falls and
have gait and balance issues. The reason for this may be because the DEFO suits
and shorts reduce the amplitude and range of movement in the spine and pelvis,

o
s

Figure 9.
Back view of a postural suit. https://www.secondskin.com.au/Products/postural_splint
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Figure 10.
The original basic Lycra® long legged and armed suit used in the Rennie study.

therefore providing pelvic stability [33] which consequently enhance the quality of
life in both children and adults.

Scoliosis suits were first reported by Matthews and Crawford in 2004 [34]
in a single case study using a DEFO to treat a child with a tumour on the spine.
The tumour had previously been excised at the age of 7 yrs. The tumor extrac-
tion operation caused a 33-degree Cobb angle scoliosis to appear at the tumour
site T9 (Figure 10). The child, did not want a rigid brace due to the rigid brace
appearance [34]. The orthotist prescribed a non-invasive vest top suit to control
the curve, based on experience, with children presenting with hypotonic cerebral
palsy with scoliosis.

The suit applies a tight fit at the hips and thighs to prevents the suit from rid-
ing up and therefore a resistant force is applied to the shoulders. The suit uses
the principle of pressure applied to the shoulders to facilitate an improved sitting
posture, as seen when neurodevelopmental physiotherapists place their hands on
the shoulders of children with low spinal muscle tone and retract the shoulders
coupled with downward pressure to facilitate an extension of the spine in sitting.
The compression of the suit also enables the patient to become more aware of their
bodies position in space through heightened proprioception.

Elastomeric fabric sideways translation reinforcement panels, which were
designed to reduce the scoliosis Cobb angle were added, using the patient pre-
intervention x-rays and blue printing process (Figure 11a and b), as described
in the Boston Brace clinical manual. The manual describes how to use the patient
X-rays to identify the vertebra levels, position of the spinal curve and rotation [35]
to guide prescription. The addition of, overlying a “V” shaped translation panel
(see yellow arrows on Figure 11b) to the convex side of the curve ensured a lateral
force was applied below the apical vertebra as close to midline as possible - this
provided a long low pressure on the ribs which encourage the patient to move away
from the pressure point into the comparative void of no reinforcement on the right
side. A further shoulder compression panel (see red arrows on Figure 11b), extends
upward posteriorly over the left superior border of the scapula and over the anterior
shoulder, before continuing downwards until clear of the axilla and then continues
diagonally anteriorly across the anterior ribs to finish at the right greater trochanter.
The left shoulder compression, spinal derotation panels were so efficient, that the
suit required the addition of touch and close fastening over the left shoulder to
allow for the left shoulder to rise to accommodate the right compression, so assist-
ing curve reduction.
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(d)

Figure 11.

(a) Before Suit X-ray shows 32.7° thoracic curve convex to the left. (b) The blueprinting which includes 3
point force (yellow) arrows, red full and dotted shoulder compression and de-rotation effect, and the upward
shoulder movement (orange arrow) The two downward pink arrows indicate the counter force on the legs and
hips that applies the pressure to the shoulders. (c) The scoliosis suit shows the lateral translation curve “V”
shaped pane. The shoulder de-rotation and compression panel on the right of the photograph coupled with the
touch and close over the shoulder pressure relief fastening. (d) In-suit X-vay shows 15° curve a reduction of 17.7
degrees, which was held for 2%2 years. Note dual zips of suit.

The patient was provided with a 18 mm heel raise to accommodate the pelvic
tilt, but this had no effect on the scoliosis. Throughout the next 2.5 years the patient
was provided with three suits to accommodate natural growth. The suit was worn
23 hours a day. The in-suit x-rays (Figure 11d) showed that the curve was held at
15° Cobb angle, a reduction of 45%. The tumour re-occurred after 2 %2 year and was
again removed, with additional surgery to staple the vertebrae above and below the
tumor site to prevent a re-occurrence of the scoliosis.
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Matthews & Bridges [36] reported a single case study of a 5-year-old child,
presenting with myotonic dystrophy (a genetic disorder affecting muscle function),
coupled with pectus carinatum (a chest wall deformity in which the breastbone
pushes outward instead of being flat), and a left 70° Cobb angle thoracic curve,
apex T8 with a vertebral rib angle difference greater than 20° and therefore very
likely to worsen (Figure 13a and b). The x-ray provided the blueprint for a vest top
scoliosis suit to be prescribed and supplied. One year later, routine x-rays showed
that the curve had reduced to 35°, a 50% Cobb angle reduction in suit and the
vertebral rib angle difference had reduced to under 20° and meaning that the curve
was unlikely to get worse (Figure 12).

Although it is not normal to expect a 50% reduction in Cobb angle, this result
proved that scoliosis suits could treat higher angle curves, than rigid braces success-
fully. This result also highlighted that the shoulder on the convex curve side should
extend down over the upper arm to prevent the shoulder protraction (shoulder
moving anteriorly) around the edge of the vest segment (Figure 13c).

In 2016, Matthews et al. [23] reported on an audit of 180 children and
adolescents with, or at risk of developing scoliosis from five centres in the south
of England, UK. The study reported on 121 subjects who had been supplied
with DEFO suits and scoliosis suits within three centres. The centres used local
protocols to use DEFOs to treat children identified as GMFCS Level 4/5, who
were primarily wheelchair ambulators, starting to develop a small lateral body
shift and were at risk of developing scoliosis prophylactically. Fifteen years of
scoliosis suit management experience by the clinical team had indicated that
patients with GMFCS level 4/5 had reduced surgical interventions due to early
suit provision. The audit also reported the noncompliance in the use of rigid
braces in this sample. It is understood that rigid brace use in neurological onset
scoliosis is difficult to wear due to the rigidity and lack of movement within
the orthosis. There is no convincing evidence in the recent literature to suggest
that rigid spinal orthotic management in neurological onset scoliosis is effective
[37], which was also confirmed in the audit data.

Over the years, the children who had DEFO scoliosis suits were followed
through their peak growth rates as adolescents. As the scoliosis development
was identified early, the clinical team were able to observe and develop an

“

Figure 12.
This diagram shows the vertebral rib angle difference. If over 20° the curve is considered to get worse. https://
boneandspine.com/rib-vertebval-angle-in-scoliosis/ #how-to-measure-the-vib-vertebral-angle.
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Figure 13.

(a) Pre suit X-ray. (b) X-ray in scoliosis suit. (c) The child in suit. “V” shaped translation panel is clearly seen
originating from vight hip to left waist and back to under right axilla. Note: shoulder protracting around the
vest segment.

understanding of which scoliosis curves were at high risk of progressing. The clini-
cal team understood that during growth, peak growth occurs during early adoles-
cence and continued throughout adolescence. Scoliosis- specific DEFO suits were
shown to maintain the corrections in Gross Motor Functional Classification Scale
(GMFCS) level 4 and slow the curve progression for those patients in GMFCS
level 5 throughout adolescence.

It is recognised that most of the research in this field is in paediatrics, however
there are now papers in preparation on an adult male using the DEFO scoliosis
suit management. The N = 1 single case study (currently in press) reports on the
changes to an adult male with ataxia telangiectasia (a rare inherited disorder that
affects the nervous and immune system resulting in difficulty with coordinating
movement from early childhood) with poor head control and issues with poor
control of posture and extrapyramidal movements. The design included baseline
pre-intervention gait laboratory data collection of the patient sitting, carrying
out a routine hand function, the quality-of-life task of taking a drink to his mouth
and reach to touch function. This was repeated in a postural scoliosis design suit,
which included bilateral enclosed shoulders and standard strength paneling, and
then again in a stronger, higher specification paneled postural scoliosis suit with
interesting outcomes [38].

Ehlers Danlos Syndrome (EDS), an inherited condition that affects connective
tissue is characterised by hyper-elasticity of the joints and fragility of the skin
[39]. There is anecdotal evidence of patients with scoliosis, where pain is a major
problem due to the connective tissue lack of rigidity that allows joints to dislocate.
Serious pain is often experienced in women with EDS caused scoliosis, often from
the age of 30 years, preventing or making their activities of daily living difficult.
They also have increased reliance on strong pain medication. The use of DEFO
scoliosis suits for this client group has produced improved posture with similar
results to the adult use of SpineCor brace. The effect on the scoliosis angle was
minimal, but effective, because pain was reduced due to the improved positioning
and stabilisation of joints [25]. Therefore, the improved quality of life often leads to
reduced pain relief medication.
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4. Concepts of treatment

The DEFO scoliosis suits use different mechanisms to correct scoliosis in

comparison with rigid or semi-rigid braces and it is important to understand the
fourteen concepts.
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1. Compression of the trunk provides a bracing effect due to the circular sup-
port normally associated with a rigid brace. Circumferential pressure provides
some compressive stabilisation to the spine [26] and can reduce pelvic pain
due to pelvic force closure [40], resulting in an improved level of comfort and
quality of life. The compression on the trunk is a maximum of 26.9 mmHg
(2 layers of fabric) — well below the level required to risk skin damage caused
by restriction of blood flow or ischemia. If additional elastomeric layer of ma-
terial are added on top of two layers, the pressure applied is reduced due to the
“bridging effect” seen were three layers of material do not expand and contract
on a local basis, due to adhesion to the other overlaid layers [41].

2. Upper body counter de-rotational reinforcement panels applied to the base
suit design to compress the thoracic curve [34]. This reinforcement panel
enables containment of the shoulder complex (including the upper arm and
distal clavicle) with downward pressure applied to the convex thoracic curve
coupled with rotation to unwind the mobile scoliosis (See Figure 11b and c).

3.Dampening effects on external dynamic forces acting across joints may
contain overshooting of specific movement and reduce unwanted movements
due to restriction and compression of the orthosis. The use of compact com-
pression orthoses show a reduction in uncontrolled movement-patterns [42].
This is often seen as extreme uncontrolled upper and lower limb movement
in patient with spastic athetoid patients. Circumferential pressure applied to
the trunk, arms and legs provide a heightened idea of body position in space
via the sensory nerves which help the brain to understand where the body
parts are. This can reduce the excessive movements seen in some cerebral palsy
presentations.

4.Enabling the brain to update the internal model of self to formulate motor
plans for movement is well recognised in patients with cerebral palsy, to pre-
dict the best muscle synergy to achieve the required motor goal [8]. Due to the
brain damage in patients with cerebral palsy the brain’s image of self is differ-
ent to reality and is seen clearly in unilateral presentations (hemiplegia) or one
affected side. Therefore, if a patient with unilateral upper arm involvement
reaches out to reach an object, it is highly likely that they will miss the object
by approximately 25 mm. If they carry out the same task but wearing a glove
specifically designed to turn their hand upwards (to supinate), they will be
more able to go reach out directly to the object without missing it. This is due
to the change in sensory information going from the hand to the brain and the
ability to alter the resultant movement requirement to react to this sensation.

5. An Exoskeleton provides reinforcement to weaker muscle and skeletal biome-
chanics as the support and dynamic panels enable clinicians to provide biome-
chanical assistance the weaker muscles, like supination to adult with cerebral
palsy or strokes. For instance, patients who present with unilateral upper limb
weakness due to the brain damage and cannot supinate their forearm (rotate
their palm upwards). Diagonal panels are built into the arm section of the
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glove which can put tension on the arm and resulting in derotation of the fore-
arm to provide a functional position in supination rather than pronation (hand
turning palm downwards). See Figure 14 [43, 44].

A similar affect can be seen where DEFO suits will provide compression to
stabilise the trunk and additional scoliosis specific panels can initiate lateral
and/or rotational movement of the spine (See Figure 15).

6. Improved motor control treatments are valuable in improving long term
outcomes such as seen in chronic low back pain [45].

7.Low level continual pressure guides rather than forces positional changes
by encouraging movement or gradual muscular localized stretch of muscle
sarcomeres [46]. Physiotherapists use a long low pressure stretch to gain move-
ment in stiff limbs as this allows different muscle fibres to give and lengthen
with the gentle pull. A hard pull would cause the body’s damage limitations
mechanisms to activate and resist the pull strongly as muscle damage might
occur, which makes the outcome worse.

8.Proprioception, often referred to as (kinesthesia) and often thought of as
the “six sense” [47] is the knowing of where your body is in space [48], when
your eyes are shut. This is built up over a time of learning specific motor func-
tion patterns, utilising feedback from sensory receptors within the muscle,
skin and joints (feedback) and central signals from the brain to the muscles
(feedforward), which is related to motor output. This enables the individual to
combine other sensory information to judge limb position and movements by
learnt patterning and continues whatever the age [44].

9.Reduction of pain as seen in children with cerebral palsy [17], and chronic low
back pain where pain impacts the quality of daily life [45].

10.Reduction in time for sequential movement planning due to feedback/feed
forward system enables the improved ability to develop an effective motor
plan for desired action [8], If you think about lifting your arm upwards with a
weight, you will find your brain has to set several actions in progress prior to
the movement. Firstly, the spinal muscles will be put under tension to stabi-
lise the thorax before you can even extend your arm out to pick up the weight.
Once you reach the weight you must further activate your spinal and now up-
per limb muscles to enable the weight to be lifted. If you failed to do this, you
would find that the weight was not moving at all and there is a likelihood that
you would already have fallen forwards due to the weight of your arm only.
The process of preparation is a sequential movement. People with cerebral
palsy therefore would find this task extremely difficult. Wearing compression
orthoses again enables them to plan the task quicker.

Figure 14.
Shows the diagonal reinforcement built into the DMO long sleeved glove to provide a supinatory in-built
rotation causing the wrist to be held in supination.
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Figure 15.

The scoliosis blueprint for a scoliosis suit showing the translation panel with angulated yellow arrows on the
left, representing the resultant force expected from the positioning of the two (upper and lower yellow arrows)
on the right side of the image.

11.Retraining of the motor control patterns by repetition of sensation and
movement have been used in rehabilitation of sports injuries particularly in
patellofemoral pain and shoulder stabilisers, often after strength training has
been unsuccessful in pain reduction [49, 50].

12.Translatory reinforcement to create a lateral shift to counter a lumbar or
thoracolumbar curve [34].

13.Truncal postural control is an important determinant of motor function
with a precise relationship between the control of the individual trunk seg-
ments and resultant effects on gross motor function and mobility [51]. In some
very young children with cerebral palsy, they are unable to eat solid food as
they are unable to move the food across their mouths due to the amount of
energy, they have to use to hold their head ups as they are so floppy due to the
cerebral palsy. However, if you stabilise them in a neonate suit or full height
standing frame that allows the child to just concentrate on holding their head
up and not the whole spine. They can often find that they are can start to eat
solid foods after 6 weeks as they can learn to hold their heads up enough to
move the food across their mouths so they can chew.

14.Understanding the 3D nature of both idiopathic and neurological onset
scoliosis [11] is key to outcome expectation. The blueprinting principles
(See Figure 5) used for the manufacture of the traditional Boston modular
Brace and Boston 3D custom Brace apply to identify the correct vertebral
level to treat and understand the vector forces required to reduce the curve
and improve sagittal balance. The blue-printing process described in the
clinical training manuals ensures the clinicians are totally focused on each
vertebral level and fully understand the angle of inclination and the rotation
of each vertebra.
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5. Discussion

The criteria for using suits designed specifically for a person with scoliosis is
like the use of rigid bracing, in that best outcomes are achieved in early interven-
tion when children have good spinal mobility. When used in older adolescents and
adults, it is sensible to encourage the patient to complete a course of physiothera-
peutic scoliosis specific exercises (PSSE), which includes auto-correction in 3D,
training in activities of daily living (ADL), stabilising the corrected posture and
patient education. These exercise protocols have level II evidence, both for indepen-
dent use and in conjunction with spinal bracing in patients with curves less than 45°
Cobb angles and are also suggested prior to surgery to help improve outcomes [9].

In a testimonial, one patient reported improved balance, upright standing and
patient confidence. The use of PSSE, combined with an enhanced power scoliosis
DEFO suit provided a mechanism to ensure maximum vertebral movement,
combined with the unique proprioceptive and long term low level force, known to
be the most effective for muscle stretching [46]. When the suit was first applied
the patient reported loss of balance, which indicated that the suit was having the
desired effect and her mother reported a reduction in the pain she was experiencing
[52]. After 3 years, the suit reduced the scoliosis progression and scoliosis surgery at
the end of DEFO treatment was no longer required (Figure 16).

Figure 16.
Sixteen-year-old lady in structural scoliosis suit.
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Improvements in walking have shown that improved proprioception and provi-
sion of a flexible supportive exoskeleton can improve image of self, reduced hip
sway, hip force closure and to reduce the known mechanisms of increased lordosis
to lock the spine, enabling smother movement [33, 40, 53]. People with scoliosis can
learn a new sitting position by the mechanism of continual motor learning carried
on throughout life. This can be initiated by external forces including poor sitting
position, spinal injuries, strokes as well as left or right-handed wheelchair controls.
The use of dynamic orthoses, therefore, have an important role to play in centralis-
ing the spine without the use of rigid force.

The mechanisms utilised in DEFOs dynamic orthotics became more objective
than subjective, with more research and reports of use. It is important to under-
stand the mechanism for the changes observed in the patients and their reaction
to the intervention. For a number of years, the outcomes detected were put down
to improved patient stability from the compressive forces on the hip and shoulder,
coupled with the distraction of the shoulders as seen in proprioceptive neuromus-
cular facilitation (PNF) [54]. There is evidence that PNF on the trunk can reduce
chronic low back pain in adult women, if applied in the sitting position [55]. There
are two commonly used exercises. Rhythmic stabilisation training (RST) which
uses isotonic (muscle working within normal contraction range) contraction of
the agonistic (opposing) muscle patterns which results in co-contraction of the
antagonists. The isometric contraction of the muscles is provoked into working by
pushing or pulling an immovable object. This prevents muscles shortening in length
and improves fitness and builds up strength. It is used where weakness is a primary
factor. The combination of isotonic exercises (COI) is used to evaluate and develop
the ability to carry out purposeful and controlled movements, involving alternating
concentric (circular), eccentric (non-circular) and isometric movement to treat
strength deficiency and range of motion. Four weeks of RST and COI propriocep-
tive neuromuscular facilitation have shown increased muscle endurance, decrease
in back pain intensity, as well as improved functional ability.

There are several different mechanisms that appear to be working together to
provide the DEFO’s positive reported outcomes and therefore it is important to
understand the different concepts of treatment. The orthoses initiate change where
the effect is likely to be constrained by the linear range of elasticity of the fabric or
“dynamic” [56]. The fabrics are designed to grip the skin while allowing air and
moisture through without slippage. A DEFO uses these properties by griping onto
the skin and therefore transfers the torsional resistance from the different reinforced
fabric layers, which are designed to have different linear orientations. These forces
are conveyed through the skin and soft tissue directly to the muscles and skeleton
beneath with set movements expectations. For instance, if there is a long spinal curve
to the right, set pattern options are applied to the left side of the trunk to resist stretch,
therefore providing a stiffer area in the suit resulting with less of a lean to the right.

It is understood that slight compression of the trunk rather than distraction (as
used in rigid and semi rigid spinal orthoses) can provide a stabilising effect on low
core stability in children presenting with cerebral palsy. The same effect can be
initiated in adults.

New innovations are signaling that the use of textile fabric materials can have
positive spinal correction. Computer modeling has been developed to geometrically
model scoliosis through finite element modeling (FEM). It is a numerical technique
used to perform finite element analysis (FEA) of any given phenomenon (https://
www.simscale.com/blog/2016/10/what-is-finite-element-method/). The use of
2D x-ray clinical data on appropriate textile materials, measuring physical and
mechanical properties were used to determine the performance of the textile brace
in terms of Cobb angle through FEM simulation. The results showed that textile
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materials with banded parallel fabric layers provide good softness and air perme-
ability (key for compliance in hot climates). There was high capacity to provide a
14.4% Cobb angle improvement, when used on a teenage patient with adolescent
idiopathic scoliosis presenting with a 62° typical double curve [57]. This provides
some medical and biological engineering evidence of the orthotic effect.

This study also highlighted the need for cosmetic appearance and the effects
on patient compliance. Rigid braces have been proven to be effective in reducing
scoliosis progression [4], however there have been issues with compliance particu-
larly from discomfort caused by the brace and psychological stress from the visual
impact. Patient involvement in brace design and aesthetics have shown improved
compliance [58], so the use of elastomeric fabrics will further enhance this patient
based involvement and provide scoliosis suits which are more comfortable in both
adolescents and adults alike thereby improving activities of daily life.

There is evidence for the use of DEFO scoliosis management in neuropathic
onset scoliosis and early indicators that the same orthoses can be effective in
adolescent idiopathic scoliosis. The key thing to remember is the need for flexibility
of the spine to be able to use dynamic movement to facilitate a spinal scoliosis
angle reduction, vertebral rotational control and improved cosmetic outcome. The
most effective treatment plan would be to combine PSSE with the use of scoliosis
specific DEFO suits to start the treatment early in the onset rather than wait for
the 25° Cobb angle starting point, that has historically been suggested. This high-
lights the need for early intervention and further research on this specific scoliosis
presentation.

6. Conclusion

The use of scoliosis DEFO suits have shown that specifically designed paneling
can provide scoliosis curve reduction based on tried and tested clinical evaluation
and design to provide cosmetic orthoses which are discrete and robust. The onset of
dynamic elastomeric fabrics has provided both proprioceptive and mechanical means
to change body movement and function for all age groups. The continuing research
provides an insight into the future of orthotics and provision of patient involvement
are assisting in improved outcomes offering new areas of use. The case study dis-
cussed earlier within this chapter, also shows the possibility of using DEFO structural
scoliosis suits for adolescent idiopathic scoliosis, which provides a further orthotic
option for treatment and research, particularly in the early stages of the disorder.

Compliance with the DEFO suits is presumed to be improved due to the less rigid
orthotic structure and improved cosmesis, coupled with the use of low-level con-
tinual pressure to gradually encourage the patient to relearn motor pathways. These
orthoses achieve improved sitting and standing posture, which results in the reduc-
tion of the scoliosis curve Cobb angles and pain for adolescents and adults. Dynamic
elastomeric fabric orthoses have shown that orthotics do not need to be rigid to
provide a lasting neurophysiological effect combined with the enhancement of
continual motor learning and reprogramming of the brain and movement patterns.
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Acronyms and abbreviations

ARTbrace asymmetrical rigid torsion brace

ADL activities of daily living

Boston 3D Boston three dimensional scoliosis brace
CADCAM computer aided design and manufacturing
COlI combination isotonic exercises

CP cerebral palsy

DEFO dynamic elastomeric fabric orthosis

DMO Dynamic movement orthosis

EDS Ehlers Danlos syndrome

FEA finite element anaylsis

FEM finite element modeling

GMFCS gross motor function classification scale
I0S idiopathic onset scoliosis

NOS neuropathic onset scoliosis

PNF proprioceptive neuromuscular facilitation
PSSE physiotherapeutic scoliosis specific exercises
QOL quality of life

RMSE root mean square error

RST rhythmic stabilisation training

SPIO stabilising pressure input orthosis

SPoRT symmetric, patient oriented rigid three-dimensional
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Chapter 5

A Mixed Methods Study of the

Experiences and Effectiveness
of a Soft Brace for Adults with
Degenerative Scoliosis

Adam Park, Josette Bettany-Saltikov and Jonathan Ling

Abstract

This chapter details a mixed-methods investigation of the experiences and
effectiveness of a soft brace for adults with degenerative scoliosis. Study 1 explored
patients’ experiences of living with scoliosis, together with the pain and quality of
life they experienced as a result of scoliosis. The secondary aims of the qualitative
aspect of the study were to explore patient perceptions of wearing the soft brace
together with the overall functionality and practicalities of the brace design. We
found the main experiences of living with scoliosis in people over 50 were one
of constant pain and limited activity. The interviews also identified the benefits
of wearing the brace along with design issues associated with the comfort and
practicalities of wearing the brace. Study 2 investigated the quantitative effects
the brace had on adults with degenerative scoliosis. The quantitative questionnaire
results were compared with those from the control group who did not receive the
brace. Overall, we found that patients in interviews reported improvements in their
quality of life, although these improvements were not reflected in the quantitative
results. Implications of our findings for the treatment of adults with scoliosis by
bracing, and directions for future work are discussed.

Keywords: scoliosis, degenerative, soft brace, experiences, quality of life, disability

1. Introduction

Surgery is the only form of treatment currently offered by the United Kingdom
National Health Service (NHS) as standard care for adults who develop scoliosis.
However, this treatment method has associated risks, such as trauma to the body,
substantial blood loss and a high complication rate [1]. Operative treatment for
adult lumbar scoliosis has a complication rate ranging between 56 and 75% with an
18-58% re-operative rate [2]. Compared to adolescents, adults and older adults who
develop scoliosis have a greater risk of suffering from surgical complications due to
age, as degenerative scoliosis predominantly develops in older adults.

An alternative method of treatment to surgery is bracing. There are several types
of braces used to treat adults with scoliosis; the most frequently used brace is the
thoracolumbar-sacral orthoses (TLSO). This type of brace is a two-piece plastic
brace that is required to be worn full time [3]. One type of TLSO brace is the Boston
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brace. This brace is made from prefabricated polypropylene material and is used
to treat deformities that range from spinal regions T5 to L4 [4, 5]. Most braces are
made up from at least one rigid component that affects the overall comfort and
hence the efficacy of the brace. Additionally, most braces require a wearing time in
excess of 12 hours, which has the potential to have an impact on wearers’ lives.

This mixed methods study evaluated both the subjective patients’ views of the
effectiveness of the soft brace as well as the objective results of brace effectiveness
[6]. The brace encourages corrective movements in the spine through manipula-
tion using soft flexible bands, which are altered on a regular basis depending on the
progress of the individual. The brace is made up from three individual sections: pelvic
shorts, a body jacket and elastic corrective bands. The pelvic shorts act as an anchor
and attachment point for the elastic corrective bands with the jacket acting as the sec-
ond attaching point. The bands are designed to encourage spinal correction by reacti-
vating (pulling the muscles back into the correct position and training the muscles to
stay in that position) the spinal muscles. Furthermore, the brace aims to improve the
patients’ coronal and sagittal plane balance through the use of the corrective elastic
bands as past research has indicated that an improvement in the coronal and sagittal
plane can lead to an improvement in pain and/or functionality [7, 8].

To our knowledge, this is the first study to explore the experiences of wearing a
spinal brace in a group of older adults with degenerative scoliosis using a qualitative
design as previously this type of brace has only been used on adolescents [9-12].
The practicalities of the brace design for adults were unknown. Therefore, the
use of a qualitative data collection method allowed for this new information to be
gathered. For these reasons, it was decided that semi-structured interviews would
provide a deeper understanding of the issues faced by patients with scoliosis than
quantitative data by providing a much richer in-depth account and would allow the
participants to give detailed descriptions of their experiences of living with scoliosis
and wearing the brace [13].

Only two previous studies have examined the views of patients regarding the
impact of scoliosis on their lives. Schwab et al. [14] in 2003 reported a self-assess-
ment of 49 patients, 22 of whom had adolescent onset scoliosis and 27 patients
who had degenerative scoliosis. Participants had a mean age of 63. The main aim of
their study was to investigate the impact scoliosis had on health. They found that
when comparing the SF-36 questionnaire data between patients with adult scoliosis
against adults who experienced lower back pain, those with scoliosis had signifi-
cantly higher perceptions of their health than those who had lower back pain. One
of the main limitations of this study was that 22 of the patients had adult idiopathic
scoliosis and their analysis did not differentiate between the two groups.

The second paper investigated individuals’ self-assessment of their health-
related quality of life when living with scoliosis [15]. The scores on the SF-36 and
the Walter Reed Visual Assessment Scale questionnaires (WRVAS) were collected
on 71 individuals who had an age range of 17-66, with a mean age of 33. They
concluded that on both the SF-36 and WRVAS, older adults reported more pain
than younger ones. However, one of the main issues with the study was that no
Cobb angle measurements were taken; this is a limitation as previous research [16]
has shown that there are correlations between an individual’s Cobb angle and self-
assessment. The second limitation is related to the ratio of gender in the sample: of
the 71 participants, only 13 were male.

All other papers we found focused upon adult idiopathic scoliosis or solely
operative management methods to treat scoliosis and therefore were not relevant
to this study. Although the two papers described above did not present qualitative
accounts, they are based on the self-assessment of living with scoliosis. The primary
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aim of this study was to explore patients’ experiences of living with scoliosis using
a qualitative approach. The secondary aims of the study were to evaluate patient
perceptions of wearing a soft spinal brace and to explore the functionality and
practicalities of wearing this type of brace.

2. Study 1: qualitative investigation of patients’ experiences of living
with scoliosis and using a soft brace.

2.1 Method
2.1.1 Participants

For participants to be eligible for this part of the overall study, they were
required to wear the brace for 6 months. This time period was selected as clinicians
felt it would be where the most noticeable changes in the patients’ health and pain
scores would be observed. Furthermore, 6 months gave enough time for any initial
teething problems with wearing the brace to be identified and resolved, as well as
allowing the patients to reflect on their experiences of wearing the brace over a
reasonable period of time. In total, eight participants, 1 male and 7 female, aged 55
and over were eligible for the semi-structured interviews.

2.1.2 Ethical approval

Ethical approval was granted by the NHS and the university research ethics
committee of the first author. All participants were provided with a participant
information sheet which provided a detailed explanation of the purpose of the
study. A consent form asked participants to confirm that they had read the informa-
tion sheet and fully understood what was being asked and whether they were happy
to take part, if they met the inclusion criteria and did not match any of the exclu-
sion criteria. Potential participants were also informed that the interview would
be audio-recorded and that they had the right to withdraw their data up to 2 weeks
after participating, after which time the data would be anonymised.

2.2 Interview schedule and procedure
2.2.1 Interviews

In this study, participants were asked about their experiences of living with
scoliosis before they received the brace and once they had received the brace. From
the overall larger themes that were generated from the participants’ answers, sub-
themes were then extracted [17]. Braun and Clarke [17] recommend that thematic
analysis should be seen as the foundation method for all qualitative analysis. They
describe thematic analysis as a method for identifying, analysing and reporting
patterns and themes within data. No specific interview schedule was used when
carrying out the interviews; however, a list of overall questions was used to ensure
consistency throughout all the interviews.

Semi-structured interviews are a common technique used in qualitative research
as the method allows flexibility for both the researcher and the participant in regard
to the fluidity and structure of the questions [18]. For this study, the semi-struc-
tured interview transcripts were analysed using thematic analysis [17]. Thematic
analysis was adopted as it allows flexibility with regard to how the participants’
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answers are organised, analysed and grouped [17]. Furthermore, the aim of the-
matic analysis is to obtain and extract themes from the written transcripts generated
from the interviews.

An interview schedule was prepared at the beginning of the study. However, as
the interviews were semi-structured, the schedule was only a guide, and based on
the responses from the participants, further questions were also asked. The main
areas covered by the interview schedule are related to the participants’ lives before
they received the brace and whether the brace had changed the individuals’ quality
of life. The questions were focused on gaining an insight into any changes to the
participants’ scoliosis that they thought were due to wearing the brace. The third
set of questions focused on gaining an insight and understanding into the patients’
feelings towards the brace. These questions asked the participants if they would
change any aspect of the brace’s design, and what if any problems they encountered
(if any) whilst wearing the brace.

Participants who dropped out of the study were also interviewed, but with a
slightly different interview schedule. Instead of the final set of questions focus-
ing on satisfaction, the questions focused on the reasons why the participants
dropped out and what could be improved in the future to stop this from occurring.
Participants 1-6 continued with the trial, whilst participants 7 and 8 dropped out of
the trial shortly after the interviews took place.

2.3 Results
2.3.1 Themes and sub-themes

From the interview transcripts, four major themes emerged as follows: the
persistence of pain, the impact of the brace on pain and daily living, problems with
the device and trial satisfaction.

2.4 Persistence of pain

The overall emerging theme reported by participants was the persistence of
pain as a result of their scoliosis. This replicates earlier work that has found that for
patients who have a form of degenerative scoliosis, lower back pain is the most com-
mon presenting symptom [19, 20]. Further work has found that older adults with
degeneration believe they are in more pain than both younger adults and adults with
standard lower back pain [7, 15]. This research study has highlighted the severity of
pain that older people with degenerative scoliosis experience. When the researcher
asked the participants questions about their pain and how much pain they were in,
they reported a number of difficulties in carrying out everyday activities as a result
of the severity of their pain as seen below:

Some days I cannot move the pain is that bad, it takes me over 40 minutes to do my
hair. [ wet it, I sit down, I put gel on, I sit down, I brush it and I sit down. (Patient 3)

Further analysis indicated that the pain the participants were living with had
substantial limiting effects on both their activity levels and the activities that they
could participate in; these activities were virtually limited to home-based stationary
activities such as watching TV. Furthermore, household tasks were also limited to
very basic chores such as folding, washing or drying dishes:

No nothing, I can do nothing (P8)
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I cannot clean the floor and I cannot even stand to do my ironing (P6)

Participants also identified problems with sleeping before they received the
brace, stating that the constant pain they experienced due to their scoliosis signifi-
cantly disrupted their sleeping patterns.

I could not move, and I could not be touched, even the bed covers could not be on
me (P4)

I did not sleep very well at all, because if 1 moved anywhere, I was, I was erm,

I was woken up by the pain, I could not get veally comfortable, the pain also had
a huge impact on my social life, I ended up with no social life at all, people use to
come and see me for a while, but you know, over a year that drops off (P5)

Other individuals also echoed that before receiving the brace, their activity
levels were minimal as a result of their scoliosis.

I could not walk very far at all. Its affected my life a lot as I used to be dancing all
the time, and now I cannot even stand up for a while let alone dance (P6)

It’s cut off my social life a lot as I cannot play badminton like I used to (P4)

In essence, pain was a central theme of the patients’ experiences of living with
scoliosis: all participants explained that they were in constant pain as a result of
their scoliosis. From the responses the participants made in relation to living with
scoliosis, it was apparent that pain had a substantial effect on all aspects of their
lives and on a daily basis. Upon further analysis, a sub-theme emerged which
focused on how the pain limited participation in activities, with some reporting
only being able to carry out essential household tasks (P6), to the basic challenges
of sleeping (P5). Furthermore, the participants’ answers to the questions also gave
the researcher a base for comparison before they started the trial and once they
received the brace.

2.5 The impact of the brace on pain and daily living

The next theme that emerged from the researcher’s questions indicated that the
patients experienced a small reduction in pain whilst wearing the brace, which in
turn led to a positive impact on their activity levels. When the participants were
asked if the brace had allowed them to be able to participate in any additional
activities or participate longer in activities they could already do, the participants
gave answers such as:

Well I can walk further with my walkie frame (P1)
If anything, it’s helped me going up and down the stairs as it keeps me more
upright, I used to go up and down stairs on my hands and knees but the brace keeps

me more upright instead of crawling (P4)

Further quotes revealed the brace reduced the level of pain that participants
reported whilst walking or carrying out everyday tasks.

My pain has improved yes, especially when I'm sleeping or doing household chores (P5).
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Yea, it helps, it veally helps, it helps to get me out, it gets me moving. (P6)
I have got totally active again since receiving it. (P4)

However, it emerged a reduction in pain was not the belief or views of all the
participants, as other participants did not believe they received any benefits from
the brace, to the extent that one participant even believed wearing the brace was
leading to an increase in their pain.

Yea my back has stavted to get worse. (P7)

It’s affected my sleeping; my sleeping has got worse it feels as if it pulls me into
painful positions. (P8)

In summary, the participants generally indicated that the brace was having a
positive impact in terms of improving their quality of life and their overall activity
levels. With regard to participants 7 and 8, both dropped out of the trial shortly
after this interview.

2.6 Problems with the brace

Patients reported several design problems with the brace that limited the
amount of time the participants were able or willing to wear the brace. This was
particularly problematic as previous research has shown that bracing is only
effective when worn for the recommended time (Rowe et al. and Maruyama et al.)
[21, 22]. Participants indicated that they were not adhering to the 8 hours a day,

7 days a week, minimum recommended wearing time that was required to achieve
maximum efficiency. They gave a number of reasons for this. When asked how
long they were wearing the brace, the participants answered:

Well approximately 4 days a week, but it rveally depends on what I'm doing. (P6)

T wear it when I'm in the house, but I cannot wear it whilst I'm out as I cannot get

it off. (P2)
Further probing revealed the main reason the participants were not keeping to

the recommended wearing time was the brace’s practicality and functionality with
regard to using the toilet, due to the design of the shorts.

I find it’s really difficult to take it off so I do not when I'm going out. (P2)

Because I find the use of the toilet very difficult if we are going to the theatre or
places like that. (P5)

It’s a bit awkward to get it off, if you were to need the toilet. (P6) The only problem
is going to the toilet. (P3)

Furthermore, additional problem participants identified, as a reason for not

fulfilling the recommended wearing time, was the cosmetic appearance of the brace
under their clothes.
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You know, I cannot wear my clothes properly because of that bump in my shoulder
from the shoulder strap, in fact it not the strap, it’s the back of the jacket thing that
comes acvoss the back of my neck, well it always shows, no matter what I wear. (P4)

In summary, participants reported several design issues with the brace, which
limited the amount of time they could wear the brace for. As a result of these prob-
lems, the optimum recommended wearing time was not achieved, which would
have reduced any benefit of the brace. The main reason reported for this noncom-
pliance wearing the brace was toileting as a result of the design of the brace shorts, a
problem that was exacerbated by the fact that several participants could not remove
or fit the brace independently.

2.7 Trial satisfaction

From the final set of questions, the theme that emerged was that participants
were happy with the format of the brace trial. This was in regard to the fre-
quency and duration of the clinical visits and the questionnaires the participants
had received.

No, 1 think they the questionnaires ask the right thing really, they are simple to
answer, I have not found them simple to answer as I've been in a lot of pain last
month with my IBS but normally, I'm ok with them. (P4) The questionnaires are
simple really; they ask sensible questions and the number of visits is fine also. (P2)

The answers from the remaining participants who reached the 6-month treat-
ment point also indicated they were happy to continue with the trial. Participants
gave generally brief responses to these questions; they did not expand or give any
extra information to the questions asked. Participants indicated they were happy
with the format of the trial and felt the questionnaires were appropriate; they also
indicated they were happy to continue with the trial.

2.8 Interviews with the participants who had withdrawn from the trial

The interviews with the participants who had dropped out of the trial were
carried out over the telephone and recorded with their permission; consent forms
were sent out in the post prior to the interview. The interview schedule followed
the same progression as the treatment group, with the initial questions focused on
the participants’ life before they received the brace. The participants indicated the
primary complaint of living with scoliosis was their persistent pain.

Erm, very bad, well to my mind it was very bad, but I'm sure there must be people
who are worse. (P7)

Yes, yes I cannot, I can no longer go shopping for example, Christmas shopping

for example is an absolute nightmare really, erm, you know the weekly shop, my
husband has to do it now, the only time that I'm alright is if I'm pushing the trolley,
it almost like I can run then. (P8)

The next set of question focused on why the participants dropped out of the

trial. Participants provided answers identifying the primary reasons being the
fitting of the brace.
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I could not wear it because I take diuvetic tablets and I could not get the brace off
and I kept needing to go to the loo all of the time. If something like that could be
devised and designed with erm, with easier fittings because I need to have somebody
to help me get in and out and quite often, they could not understand it either. (P7)

Furthermore, one participant indicated the reason they dropped out of the trial
was due to the bracing causing them even more pain.

I did not wear the brace for any length of time because it hurt my body, that might
sound silly but it actually hurt; it hurt my stomach for example, it just seemed
altogether too tight and pulling me, although when it was on for a short length of
time it was quite good. (P8)

In summary, it was apparent the design of the brace and its practicalities were
the main factors for these participants dropping out. Furthermore, the brace also
led one participant to believe their pain increased; however, as stated earlier in this
study, this participant was only included due to the small study numbers and at the
specific request of the consultants.

2.9 Discussion

The primary aim of this study was to use a qualitative approach to explore the
patients’ experiences of living with scoliosis. Furthermore, the secondary aims of
the study were to obtain rich and in-depth qualitative information with regard to
how the brace affected the scoliosis, together with the functionality and practicali-
ties of the brace design. The results and themes generated from the semi-structured
interviews indicated that the primary experience of living with scoliosis is one of
persistent pain and limited activity, with all participants who were interviewed
identifying these two factors as the main issues. Furthermore, the results from the
interviews also identified and highlighted design problems and limitations with the
brace shorts that were previously unknown. As the brace has previously only been
used on adolescents [9, 23, 24], the problems experienced by adults with regard to
the design of the shorts were previously unknown. It is unclear why older women
had a problem with the design when this issue has not to our knowledge been
reported elsewhere.

An additional result from this study was the identification that the literature
on adults’ experience of living with scoliosis is very sparse. The data obtained
from this study contributes significantly to the gap in knowledge with regard to
the experiences of living with scoliosis and its effectiveness. From the responses
participants gave, the brace did offer a reduction in the participants’ reported
pain and allowed them to take part in a wider range of activities. However, for a
more definitive conclusion and indication as to how successful the brace has the
potential to be, this study would need to be carried out on a larger sample size.
Furthermore, the participants would need to be willing and able to wear the brace
for the recommended time and would need to fully match the study criteria.

Furthermore, as the interviews provided a greater reflection of the experi-
ences of living with scoliosis, it is suggested that each participant should receive
a minimum of three interviews in any future trial. The first interview would be
scheduled at the beginning of the trial, one in the middle and one at the end of
the study. The implementation of three interviews would also allow for a more
in-depth comparison to be obtained, as the interviews would be more frequent
and the participants would be able to give more detailed descriptions of their
experiences of living with the brace.
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The information obtained from the qualitative interviews allowed for a greater
understanding of patients’ experiences of living with scoliosis that the question-
naires failed to capture, such as problems with the brace and the extent to which
the brace was helping with their pain and activity levels. Furthermore, Participant
4’s answer to the set of questions regarding trial satisfaction also showed how some
patients found it difficult to that they experienced was due to IBS or scoliosis. This
qualitative study also revealed that patients’ experiences of pain had a limited effect
on the amount of activity they could do due to their degenerative scoliosis.

3. Study 2: exploratory (pilot) randomised control study (RCT)
3.1 Research design

The study was initially going to be carried out as a randomised control trial
(RCT) for 24 months. The RCT study design is considered to be the highest level
of scientific testing as it minimises patient control bias [25]. However, halfway
through the recruitment process, it became apparent that the numbers required
to achieve an RCT would not be met due to a number of factors that were out of
the control of the research team. These factors included a drop in patient referrals
due to a reform in the referral process from primary care into secondary care,

a lack of engagement by treatment centres in terms of not fully understanding
which healthcare professionals could refer patients into the trial and a small num-
ber of eligible participants who matched the study inclusion criteria. Therefore,
after the discussions with the consultants, brace clinicians and research team,

it was decided that the best solution to these problems would be to continue the
trial as a prospective study with a control group for 6 months. There are several
reasons for the reduction in the trial time scale. Firstly, it took over 13 months
to gain NHS ethics; secondly, the participant referrals dramatically decreased
after the first 12 months due to NHS reforms, and therefore any new entries into
the trial would not have finished their treatment program before the scholar-
ship of the primary author concluded. Therefore, recruitment was halted after
18 months. As a result of this, the data presented in this work are from 6 months
of data collection.

3.2 Recruitment of participants

The participants for the study were recruited and identified by consultants,
physiotherapists and spinal nurses when they attended their regular orthopae-
dic clinics. When attending these appointments, the patients were screened by
their consultants to ensure they were suitable and matched the study criteria.
Participants for the study were initially going to be recruited from three different
treatment centres; however, only one referred any participants into the trial. Once a
participant was referred into the trial, they were randomised into either the treat-
ment or control group; this was done through a computer randomisation program.
Participants in the treatment group received the soft brace in addition to the
standardised assessment tools described below.

3.3 Participant inclusion/exclusion
To ensure that appropriate patients were recruited for the trial, after a number of

discussions amongst the research team, brace manufacturers, surgeons and physio-
therapists, a set of inclusion and exclusion criteria was drawn up. This was to ensure
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that the participants would be able to fully partake in the trial without having any
additional problems or issues placed upon them as a result of participating.

3.4 Inclusion criteria
Patients were included from the study if they had any of the following:

* Patients were required to be 50 years old or over, of either gender, to ensure the
scoliosis was that of a degenerative origin and not a missed case of adolescent
idiopathic scoliosis.

* Patients whose scoliosis had a Cobb angle of >20° with associated vertebral
rotation, previously confirmed on a full spine standing posterior anterior
X-ray. The reason for this was because it was thought if the brace could reduce
the pain in patients with a large Cobb angle, it should be able to ease the pain in
patients with Cobb angles of over 20°.

* The curve needed to have an apical vertebra (situated at the apex) level at T12
or below (this included double and triple curves) to ensure the scoliosis was
degenerative.

* Participants were required to have an ODI score of >32 to allow minimal
changes in ODI scores to be detected.

3.5 Exclusion criteria
Patients were excluded from the study if they had any of the following:

* Leg pain that was linked to lumbar spine pain, as a number of additional health
problems could have led to the development of leg pain

o If the participants were unable to fit the brace on their own or did not have
someone to help with this process

o If the participants were not ambulant, as the brace was designed to treat
patients who were not confined to bed

* If the participant had already received instrumental thoracic or lumbar surgery
as the brace was designed to delay the need for surgery

3.6 Study instrumentation used in this study

The following study questionnaires were used to measure and monitor the
effectiveness of the brace. Three questionnaires were used. The first questionnaire
that was used to assess pain was the Oswestry Disability Index Questionnaire v2.1a
(ODI) [26]. The second questionnaire that was used to assess the patients’ qual-
ity of life was the EQSD-5L [27]. The final questionnaire was used to assess the
patients’ mental and physical health, the Short Form-36 Version 2 (SF-36v2) [12].
The participants in the control group received the questionnaires together with the
standard NHS treatment; this comprised a yearly follow-up appointment with their
regular consultant to assess whether the curve had progressed to the point where a
surgical approach was required.
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3.7 Oswestry Disability Index (ODI v2.1a)

The ODI v2.1a questionnaire is one of the most commonly used questionnaires
to assess lower back pain. The ODI is one of the most valid and reliable outcome
measures with regard to the patient’s perception of the ‘pain they feel today’ [28].
The ODI comprises of 10 sections; each section has six statements (see example
below; Table 1). Responses are made on a five-point scale. As shown in the example
below, the first statement is marked 0, and the last statement is marked 5. All
additional statements are scored according to rank, with the highest score being
taken if more than one box is marked in each section. Once the questionnaire is
complete, the score is then calculated using the following formula: ODI % = Total
score/5 x number of questions answered x 100. Therefore, if the ODI score is 40
based on the participant answering 4 for all 10 sections, the percentage of disability
is determined: 40/5 x 100 = 80% disability. Since the initial publication, the ODI
has been widely validated [29] and deemed to be a reliable measure for detecting
small reductions in pain and disability before and after treatment [30].

The ODI correlates positively with the SF-36 and EQ5D questionnaires. In
essence, a reduction in pain attained from the ODI correlates with an improve-
ment in mental and physical health on the SF-36 questionnaire and an improve-
ment in quality of life from the EQSD for patients who had lower back pain
[31, 32]. Wittink et al. [32] compared the outcomes of 424 patients with chronic
pain who had been referred to a multidisciplinary pain centre where each patient
was required to complete the SF-36, Multidimensional Pain Inventory (MPI)
and the ODI before or on the date of their first appointment. They found that
the MPI, SF-36 and ODI had good psychological measurements. The study also
concluded that the ODI had the least amount of respondent burden and was
easier to score, although the questionnaire does not provide as much detail as the
MPI or the SF-36.

3.8 EQ5D-5L

The EQ5SD-5L is a widely used generic measurement of health-related quality
of life that requires patients to self-report problems with regard to five elements:
mobility, self-care, usual activities, pain/discomfort and anxiety/depression [33].
The questionnaire is split into two parts with the first part containing five questions
that explore different elements of health, with each of the five questions containing
three levels of severity, no problem, some problem or extreme problem, allow-
ing patients to be classified into 1 of 243 states [34, 35]. An example question (see
Table 2) from the EQ5D questionnaire is seen below:

Section 2: personal care Score

I can look after myself normally without causing extra pain 0

I can look after myself normally but it causes extra pain 1

It is painful to look after myself and I am slow and careful

I need some help but manage most of my personal care

I need help every day in most aspects of self-care

v | AW N

I do not get dressed, wash with difficulty and stay in bed

Table 1.
Example ODI questions.
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Please mark accordingly

I have no problems in walking about

I have slight problems in walking about

I have moderate problems in walking about

I have severe problems in walking about

I am unable to walk about

Table 2.
Example EQ5D questions.

From these 243 health states, a time trade-off (TTO) is calculated; this TTO is
used to represent a person’s quality of life. A value of 1 represents full health and a
value of 0 represents being dead [36]. For this research study, the TTO scores were
calculated using the software provided by EuroQual who designed the question-
naire. The second part of the EQ5D-5L requires the patient to indicate how ‘good’ or
‘bad’ their perception of their own general health is by marking a visual analogue
scale (VAS). A VAS is a measurement tool that aims to measure an attribute of
health that is believed to be on a continuous range across a continuous value. The
scale ranges across a horizontal line that starts at O representing no pain and moves
gradually to 100 representing extreme pain. The line is 100 mm in length and words
are placed at the start of the continuum (0) representing no pain, and at the end of
the line al00mm line representing extreme severe pain (see Figure 1 below).

The validity and reliability of the EQSD questionnaire have previously been
confirmed by Brazier et al. [37] who compared the results of the EQ5D to the SF 6D
(a development from the SF-36). Brazier’s research study [37] found that on a data
set of 2436 patients with a wide range of medical conditions ranging from lower
back pain, chronic obtrusive pulmonary disease and irritable bowel syndrome,
the questionnaire showed signs of being sensitive to change and having a strong
coefficient of internal consistency.

3.9 SF-36v2

The last questionnaire used in this study was the SF-36v2. This questionnaire is
a multidimensional, non-diagnostic-specific measure of pain that consists of eight
health scales: physical functioning (10 items), role limitations—physical (4 items),
bodily pain (2 items), general health (5 items), vitality (4 items), social functioning
(2 items), role limitations due to emotional problems (3 items) and mental health
(5 items) [38]. The scale is directly transformed into a 0-100 scale based on the
assumption that each question carries equal weight. The lower the score, the greater
the disability; in essence, a score of 0 is equivalent to a maximum disability, and a
score of 100 is equivalent to no disability. The SF-36v2 has been reported to be both
areliable and valid measurement of health and has been shown to be sensitive to
changes in health conditions [39].

0 100

No pain Extreme severe pain

Figure 1.
Example of a visual analogue scale.
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3.10 Procedure

Medical staff including consultants, physiotherapists and spinal nurses were
the primary recruiters for participants for the study. Participants were recruited
when they attended their regular orthopaedic clinics. Once consent was attained,
the participants were then randomised into either the treatment or control group
by a computer randomisation program. As part of the standard NHS procedure, on
arrival the participants received a routine clinical examination. This included the
measurement of the Cobb angle and pelvic/shoulder tilt, in addition to a posterior/
anterior X-ray using the soft brace X-ray protocol. The soft brace X-ray protocol was
used for all clinical visits as it provided a standardised foot position, which in turn
kept the patient’s posture natural and standardised from visit to visit. The protocol
also allowed for direct comparison of frontal and lateral X-rays and increased the
inter-session reliability. If the participant fulfilled the study criteria, they were
offered the opportunity to participate in the trial; if they declined, they then
continued along the standard NHS treatment pathway.

If the patient chose to participate in the study, they were given the participant
information sheet (PIS) together with the series of questionnaires described above
to complete (ODIv2.1a, EQ5D-5 L and SF-36v2). Further information about the trial
and details of future clinical appointments were also included in the PIS. The infor-
mation sheet gave details about future clinical appointments, how the trial would
run and what was expected of the individual with regard to their participation
(such as being able and willing to attend the clinical appointments, adhere to the
8 hours wearing time and complete the questionnaires on time). The lead researcher
then explained to the patients that they would be randomly allocated by a computer
program into either the treatment group where they would receive the brace and
questionnaires or the control group where they would follow the standard NHS
treatment and also receive the study questionnaires. If participants were placed in
the treatment group, they were given an appointment where the brace was fitted by
a trained soft brace clinician.

The baseline questionnaire data were then administrated and collected by the
lead researcher. A follow-up appointment was also made 1 month into treatment
where an additional in-brace X-ray was taken as specified by the study protocol.
This additional X-ray was not part of the standard NHS treatment; however, it
was deemed necessary to assess whether the brace was having any immediate
effect on the shape and position of the spine. This extra dose of radiation that
the patients received as a result of the additional X-ray was deemed to be accept-
able by the research ethics committee. Patients were also informed that they
would be required to attend future appointments at 1, 3 and 6 months. This was
in addition to their standard clinical appointments to see their regular consultant
at 12 months to assess the long-term effects of the brace. Upon attending these
routine clinic visits, the brace was adjusted by the soft brace clinicians if it was
deemed to be too loose or ill-fitting as a result of any changes in their shape and/
or posture.

The brace is recommended by the manufacturer to be worn for 8-12 hours per
day for the first 3 months and then adjusted to the individual’s requirements after
this. These adjustments included changing the wearing time and/or adapting the
position of the bands if they had become loose or ill-fitting. Apart from the first
appointment, which lasted approximately 90 minutes, each follow-up clinical visit
lasted no longer than 40 minutes. The first appointment was slightly longer as this
was where the participants were fitted and measured for their brace, whilst also
providing them with the opportunity to ask the chief investigator (CI) or clinicians
any further questions regarding their participation in the trial.
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The participants in the control group received the ODIv2.1a, EQ5D-5L and the
SF-36v2 questionnaire at home at months 1, 3 and 6 months, in addition to their
standard treatment pathway. A follow-up yearly X-ray together with an appoint-
ment with their consultants was also made to see if surgery would be required due
to curve progression. Both groups of participants were asked to complete and return
all documents to the first author’s University in a prepaid envelope. If individuals
decided they did not want to participate in the trial or if they decided to have surgi-
cal treatment, they were followed up at 12 months by their consultant with an X-ray
to assess if any curve progression was apparent.

If patients chose to enter the trial, they were told that they could withdraw at
any stage without giving a reason and it would not affect their future treatment.
Participants were then provided with a participant information sheet and offered the
opportunity to discuss the study with their consultant or a member of the research
team. If patients agreed to participate in the trial, the consultants obtained signed
consent. These completed forms were then passed on to the researcher who contacted
the individual to verify they were still interested in participating in the trial (with at
least a 24-hour gap after completing the slip). Once the patients confirmed they were
still interested in participating, it was at this stage of the trial that they were informed
which group they had been randomised into. At this point if the participants decided
not to participate in the trial, it was explained they would follow the standard NHS
treatment pathway. Each participant was also informed that if they did participate,
all data they provided would be kept confidential and anonymised.

3.11 Sample size

A sample size of 102 for this study was originally calculated based on literature
from previous back pain studies. An attrition rate of 10% was also added to the
sample size [40], meaning a total sample size of 112 participants was required.
Due to recruitment issues, this number of participants was not achieved. In total
only 15 participants were recruited to the study. However, as randomisation took
place before the research team had the opportunity to meet and screen the poten-
tial participants, two participants who were included by the consultants did not
meet the inclusion criteria and were therefore not eligible, ultimately resulting in
only 13 participants being involved. Given the low sample size, it is important to
establish that the appropriate analyses (and therefore appropriate conclusions)
were applied to the data. Research [41] has shown that even with a sample size
of two people in a series of fake t-tests, the Type 2 error that occurred did not
surpass the acceptable value of 5%; this has also been confirmed in studies by
[42, 43]. Therefore, the small numbers in this study should not have any effect on
the validity of the results generated from the questionnaires, although of course
the small study numbers must be recognised in the interpretation of the results, as
it is possible that the participants may not form a typical cross section of patients
with degenerative scoliosis.

3.12 Statistical analysis

All study data were anonymised and analysed using a two-way repeated measure
analysis of variance in SPSS [44]. The two-way analysis of variance (ANOVA) was
used as it allows the differences between group means and their treatment methods to
be compared over several time points [45]. The treatment group was compared against
the mean data from the control group for each of the three time points to determine
whether any significant differences were present. In-group comparisons were also
calculated for both groups to see if any significant in-group changes occurred.
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Any missing data or data belonging to participants who withdrew from the study
were analysed based on an intention-to-treat (ITT) basis. It was important to use
ITT as the main problem researchers find when using an RCT study design is that
participants do not always follow the instructions or they drop out of the trial [46].
The benefits of using ITT are that the analysis still reflects clinical situations and it
gives unbiased estimations on the effectiveness of the proscribed treatment [47].
Furthermore, the use of ITT maintains the original sample size; if dropouts were
excluded from the overall data set, a reduction of statistical power may occur.

3.13 Outcome measures

The primary outcome measure for this study was a change in the participants’
ODI scores over the 6-month duration. Secondary outcome measures were any
changes in the EQ5D-5L and SF-36v2 scores.

3.14 Results
3.14.1 Oswestry Disability Index

The baseline data in Table 3 show that the treatment group had a higher mean
ODI than the control group upon initial consultation, although this difference was
not statistically significantly different. Furthermore, a greater standard deviation
was also present which indicated that a larger variation from the mean score was
present within the treatment group. After 3 months, the mean ODI calculated from
the treatment group’s data showed a reduction of 9% in the ‘pain they feel today’
from baseline, in comparison to a 6.25% increase from the control group, although
the standard deviation remained similar for both groups.

At the 6-month stage of the trial, the treatment groups’ mean ODI decreased by
a further 1.6%; this indicated a decrease in pain. This is in contrast to the control
group, who as a group had a mean ODI change from data collected between months
3 and 6 of the study of 19%. The scores represent an overall decrease of 10.6%
from the treatment group over the 6-month trial compared to an overall increase of
25.25% over the course of the 6-month trial from the control group.

Group Mean Std Deviation N +/-
Treatment 52.50 16.39 g -

0ODI Score MO Control 41.60 12.97 5 -
Treatment 47.75 5.66 8 9%
ODI Score M3 Control 44.20 10.83 5 +6.25%
Treatment 47.0 1412 8 -1.6%
ODI Score M6 52.60 22.32 5 +19%
Control

IMO represents the baseline mean ODI scores, M3 represents month 3 mean scores and M6
represents month 6 mean ODI scores. The +/- column represents score changes between months.
Treatment represents the treatment group and control represents the control group

Table 3.
Analysis of ODI scores over 6 months.
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1MO represents the baseline mean ODI scores, M3 represents month 3 mean
scores and M6 represents month 6 mean ODI scores. The +/— column represents
score changes between months. Treatment represents the treatment group and
control represents the control group. Furthermore, there was no significant dif-
ference between the treatment and control group over the course of the 6-month
study (see Table 3). Also, there was no significant difference or in-group interac-
tion amongst the groups between the treatment time points.

3.14.2 EQ5D

The data presented in Table 4 show that at baseline, the control group’ reported
health state appeared worse than the treatment group. As the score gets closer to 0,
the closer the individual feels to a state of death. The control group had an initial
TTO 22.2% higher than that of the treatment group even before receiving the brace,
which means that they felt less well than those in the treatment group. The mean
TTO data from month 3 showed that both groups’ health state changed, with a
21.4% increase coming from the control group, and the treatment group’s mean
TTO score improved by 10.62%.

Data from the 6-month collection point presented a further increase for the
treatment group with an improvement in score of 7.69% and with an overall
increase in score of 18.31% over the duration of the study with regard to their TTO
health state. Furthermore, although no change in score was found for the control
group in the final 3 months, over the full duration of the study, a total improvement
of 22.2% was calculated. From the EQ5D questionnaire, it was also found that over
the course of the 6-month study period, no statistically significant differences were
found between the groups’ TTO scores or in-group interaction.

3.14.3 SF-36 mental health scores

The results from the initial month’s questionnaires show that both groups of
patients had similar mean scores in terms of their mental health (see Table 5). After
3 months in the brace, the treatment groups reported mental health score decreased
by 8.26%. However, this change in reported mental health was smaller than that of
the decrease calculated from the control group questionnaires whose mean score
decreased by 11.84%. The results from the month 6 time point indicated that both

Group Mean Std Deviation N +f
TTO MO Treatment 35 35 8
Caontrol .28 14 S
TTO M3 Treatment .39 18 ] 10.62%
Cantrol 34 54 5 22 2%
TTO MG Treatment 42 ir ] T59%
Caontrol 34 49 5 0

o M0 represents the basehne mean scores. M3 represents month 3 mean scores and MG
représens month & mean TTO scores, The +/- colurmn represems $core changes between months
Treatment représents the reatment group and control re presents the cantrol group

Table 4.
EQ5D health states over 6 months.
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Group Mean Std Deviaton N +-
MHS MO Treatment 45.38 11.60 8
Contral 48.2 9.8 5
MHA M3 Treatment 41.63 12.32 8 -8.26%
Centrol 40.20 11.85 5 -11.84%
MHAME Treatment 46.50 12.54 8 +4.87%
Control 42 10.61 5 6.94%

TETMHS MO represents the baseline mean scores, M3 represents month 3 mean scores and M8
represents month 8 mean mental health sceres. The +/- column represents scere changes between
months

Table 5.
SF-36 mental health scoves.

groups’ mental health increased between the months of 3 and 6. The treatment groups’
mean scores increased by 4.87%, whilst the control group’s score increased by 6.94%.

3.14.4 SF-36 physical health scoves

The initial month’s mean SF-36 physical health scores show that the treatment
group had an inferior physical health score of 25% compared to the control group,
as the closer the score to 0, the lower the individuals’ physical health. Data col-
lected from 3 months into the study show that wearing brace for 3 months leads
to the treatment group having an increase in their scores of 16.95%. This was in
comparison to the control group, whose scores showed signs of their physical health
decreasing by 3.31%. The scores calculated from data collected between the months
of 3 and 6 show the treatment group’s mean physical health decreased by 3.67%.

Group Mean Std Deviation N /-
PHS MO Treatmemt 2263 5.18 8
Control 3020 10.01 5
PHSM3 Treatmenmt 2725 3.69 8 +16.95%
Control 29 20 6.14 5 -3.31%
PHSME Treatment 2625 4.65 B -3.67
Control 31.80 9.1% 5 +8.18

Mo IDHSMO represents the baselnag mean scores, M3 represents month 3 mean scores and MG
represents month 6 mean physical health scores.

Table 6.
SF36 physical health scores.
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The results also demonstrated that no significant differences or group interactions
were found between the treatment group’s physical health score and the control
group’s physical health score at 6 months (Table 6).

4, Discussion
4.1 Aims of the study

The primary aim of this study was to obtain both patients’ quantitative experi-
ences of living with scoliosis together with developing an understanding of the pain
they experienced and their quality of life. The secondary aims of this study were to
investigate the effects the soft brace had on adults with degenerative scoliosis. Another
aim of the study was to compare the questionnaire results from the treatment group
against the questionnaire results from adults who did not receive the soft brace.

4.2 Summary of main results

The study inclusion and exclusion criteria were designed to recruit individuals
who were at the end of the non-operative treatment pathway. For these participants
the next stage of treatment would be surgery. However, as discussed previously, due
to the complications and difficulties of the procedure, the need for a surgery should
if possible be delayed or avoided especially in those patients who have additional
underlying health conditions such as irritable bowel syndrome (IBS) and arthritis.
These dangers are further highlighted as the complication rates of surgery in older
adults range from 20% to as high as 80% [48].

The anthropometric data of nine patients (8 female, 1 male) in the treatment
group and six (all female) in the control group were as follows: the female patients
in the treatment group had an average weight of 75.3 kg with an average height of
155.4 cm; the one male participant had a height of 165.2 cm and weight of 84.7 kg.
This is in comparison to the six female participants recruited into the control group,
who had an average weight of 77.6 kg and average height of 153.8 cm. In comparison
to the average healthy individual who has an ODI score of 10.19 [49], the mean ODI
score of the individuals in this trial was 47. Moreover, the mean ODI score of 47 was
also substantially higher than the minimum ODI score of 32 outlined in the initial
study inclusion criteria. In comparison the control group showed an 8.18% increase
in ODI in comparison to the data collected between the initial month and month 3.

The results further demonstrated that there were no significant differences or
interactions between the treatment group’s physical health score and the control
group’s. The average healthy individual has an ODI score of 10.19 [49], whilst the
mean benchmark ODI score of the individuals in this trial was 47. Moreover, the
mean ODI score of 47 was also substantially higher than the minimum ODI score of
32 outlined in the initial study inclusion criteria. In addition to a higher mean ODI
score than the average healthy individual, participants also had a lower mean score
in terms of SF-36 MH and SF-36 PH than the average healthy individual. A healthy
individual’s SF-36 MHS score is on average 50.17 and PHS 50.1 [50].

The mean baseline mental and physical health scores of the patients in this trial
were 45.5 and 26.4, respectively. Additionally, a mean health TTO score of the aver-
age healthy individual is 0.94 [51] compared to the mean TTO score of 0.32 obtained
from those in this trial. Furthermore, the inclusion criteria required participants’
Cobb angle to be a minimum of 20. The average Cobb angle measurement of patients
in this trial was 43° (+/—12), again highlighting the severity of the degenerative
scoliosis our participants had. The questionnaire data showed that over the course
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of 6 months, patients treated with a soft brace had a reduction in their ODI score
regarding the ‘pain they felt today’ However, no significant differences or interac-
tions were observed over the 6 months of the trial. In addition to the change in the
ODI scores, changes in the TTO and mental and physical health scores were also
calculated from the treatment group’s data. However, again no significant differences
were found between questionnaire scores.

Like the treatment group, participants in the control group also showed no signifi-
cant changes over the course of the 6-month study period. Furthermore, as seen in the
tables above, the participants in the control group had a lower baseline ODI, EQ5D
and SF-36 scores than the average healthy individual. It was difficult to compare the
results of this study to previous work as little research has compared braced patients
with patients who received no or standard NHS treatment. Furthermore, although
several studies have been published [9, 52], these investigated the effectiveness of
bracing on adolescents which has a different aetiology to adult scoliosis.

5. Discussion

In this study, the treatment group’s data showed no significant difference in
changes over the duration of the trial for all questionnaires. This contrasts with
research [53, 54] which found a significant difference between the effective-
ness of a surgical approach and a non-operative method of treatment. Research
from Grubb et al. (1994) [53] examined the effectiveness of a surgery on 28
adults with idiopathic scoliosis and 25 adults with degenerative scoliosis. In
comparison to the 10.6% change in scores over the 6-month treatment period for
the present study [53], Grubb et al. found that patients who had degenerative
scoliosis and were treated operatively reported a decrease in their pain scores of
70% whilst patients with adult adolescent scoliosis reported an 80% reduction.
Furthermore, both sets of patients reported improvements in their health-
related quality of life in addition to improvements in standing and walking over
the 2-7 year follow-up period.

Li et al. [54] compared self-reported outcome scores from patients treated
operatively to those treated non-operatively. They found that patients who
received operative treatment reported significantly better self-outcome scores in
the EQ5D VAS and SRS-22, but not in the ODI or the SF-12. Although the results
from our quantitative work showed no significant difference over time for braced
patients, discussions between patients and clinicians gave insight into the benefits
of the brace. Patients spoke about how the brace reduced their pain, allowing
their participation in new activities or longer participation in activities that they
could already carry out. Some participants discussed how for the previous few
weeks their pain levels were low, but when the time came to complete the ques-
tionnaires, they were having a ‘bad week’, due to their scoliosis pain or pain from
other underlying health conditions. With a small sample size, the effect of ‘bad
weeks’ would have a substantial effect on the results obtained, with potentially a
Type 2 error where actual differences between groups may not have been detected.
Furthermore, from the questionnaire results, it would appear that the question-
naires may not have been sensitive enough to assess small changes for patients who
received the brace.

6. Conclusions

In conclusion this small pilot study has demonstrated that a soft brace has a
potential as a treatment for degenerative scoliosis. In interviews, patients who were
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given the brace reported an improved quality of life, although such improvements
were not detected in the questionnaire data. A larger, sufficiently powered, quan-
titative study is required to provide a clearer understanding of the effect of a soft
brace on pain and quality of life for older people with degenerative scoliosis.
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Chapter 6

Living with a Severe Spinal
Deformity: An Innovative and
Personal Patient Account of
Self-Management Using a Corset,
Postural Correction, and Exercises

Andrej Gogala

Abstract

Conservative treatment of scoliosis using brace and exercises usually ends when
growth stops. Scoliosis may, however, deteriorate in adulthood especially when
curves are larger. The author decided to try to help himself when he was 43 years
old. He had been diagnosed with juvenile idiopathic scoliosis when he was 7 years
old, but his treatment with a Milwaukee brace ended when he was 11 years old.
When his growth ended, the author had a severe scoliosis with a thoracic curve of
around 100° Cobb. In adulthood, a corset from fabric with steel reinforcements was
used for part of the day intermittently which also included days without wear. To
derotate the rib cage, pressure to the rib hump was applied from behind. After some
years it was obvious from photo documentation that some derotation had been
achieved. The rib hump is smaller; ribs can now be seen on the concave side where
they were not seen previously, and a skin mark which was located laterally before
moved to the front side. Curves to the side as seen in anteroposterior X-ray images,
however, did not improve. But the therapy proved helpful as marked cosmetic
improvement was achieved and curve increase was most likely prevented.

Keywords: self-management, conservative treatment, juvenile idiopathic scoliosis,
adult with scoliosis, derotation

1. Introduction

In the human being, the spine is curved in the form of two S letters because of
upright posture, if seen from the side. It is bent back in the thorax and sacrum and
forward in the lumbar and neck regions. If you look from behind, the spine is
usually straight when the body is upright. This is true for most healthy people, but
asymmetric growth in children can lead to bending of the spine in a sideways
manner. This state or condition is called scoliosis [1-4]. The name is of Greek origin,
meaning curvature, and was already used by Hippocrates centuries ago [5]. Galen
narrowed the meaning to a sideways curvature. Most often and seen from the back,
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the backbone is curved to the right in the thoracic spine and to the left in the lumbar
part. Vertebrae are also twisted, turned in their axis, causing a rib hump to develop
in the back [1-4].

Guidelines of the SOSORT Society for the treatment of idiopathic scoliosis from
2011 [1] and 2016 [2] indicate that the goal of conservative treatment is to halt
curve progression at puberty (or possibly even reduce it). Bracing is recommended
to treat patients with curves above 20 + 5° Cobb which are still growing. It is
recommended that braces should be worn until the end of vertebral bone growth.

Weinstein et al. [6] recently found that wearing a brace prevents curve progres-
sion in people with adolescent idiopathic scoliosis, if it is worn for up to at least 13 h
a day. Results are better, however, when the brace is worn over a longer time. 90%
of children who wore a brace for at least 13 h a day reached the end of the growth
period without the need for surgery. Further Aulisa et al. [7] reported that the brace
is also very effective in the treatment of juvenile scoliosis. Curve correction was
accomplished in 79% of patients, the curve stabilized in 16%, and only in 6% of
children did it progress. Juvenile scoliosis starts at the age of 3-9 years and can lead
to larger curvatures than adolescent scoliosis which starts between 10 and 17 years
of age [1]. Lusini et al. [8] further found that wearing a brace can reduce the
curvature even in patients with curve magnitudes over 45° Cobb, who had refused
to have surgery.

After maturity, most adult patients are left without any prescribed therapy. But
their scoliosis may worsen over time. Usually the curvature progresses slowly also in
adulthood. The linear rate of progression is about 1° Cobb per year, and this has
been demonstrated to occur in progressive adult scoliosis [9]. Curves larger than 50°
are associated with a high risk of continued deterioration or progression throughout
adulthood and thus usually indicate the need for surgery [6].

Scoliosis fusion surgery is generally considered the only means to stop the
progression of the spinal deformity in patients with adult idiopathic scoliosis. How-
ever, when patients with adult scoliosis progress, scoliosis-specific exercises can be
effective in order to obtain stability and in some cases to reduce the Cobb angles in
degrees. In highly progressive curves, exercises appear to slow down the progres-
sion of the curvature [10]. Using traction and massage, Brooks et al. [11] were able
to improve chest expansion and decrease thoracic curvature in an adult with idio-
pathic scoliosis. Negrini et al. [12] hypothesized that the improvement of adult
scoliosis that was achieved by one of their patients is a consequence of recovery
from a postural collapse without any changes in bone structure. The structural bony
component of scoliosis cannot be improved with a cast or other corrective measures
and can be seen in a radiograph of a person in the correction with a cast or a brace.
The postural collapse component of scoliosis can be seen as the difference between
the curvature on a radiograph taken while standing and the one taken while lying
down.

For adult patients with late-onset idiopathic scoliosis, cosmetic concerns and
pain are the main reasons for seeking treatment. Daily exercise and part-time
bracing can also potentially reduce pain in the adult scoliosis population [13].

Rigid braces for the treatment of scoliosis were first used by Ambroise Paré
(1510-1590). They were made out of metal. Among other things, he wrote that
bracing does not help when the skeleton matures and growth stops [14]. This
assertion has rarely been contradicted in the literature and is considered the “truth”
up to this day. Brodhurst [15] describes and provides figures of a fairly successful
treatment of an 18-year-old girl with his supporting device, which was the precur-
sor of today’s rigid braces and acted in the same way. It put pressure on the convex
side of the curve and lifted the shoulder in the concave side, just like a modern
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Chéneau brace made of plastic. His instrument (Figure 1), as he called it, consisted
of a frame made out of a pelvic hoop, upright crutches, and connecting dorsal band
placed at the superior extremity of the primary curve. The shoulder sling or loop
was placed on the shoulder which corresponded to the concavity of the primary
curve and was connected to the lever. The convexity of the primary curve was
supported by a large pad. The effectiveness of a combination of Schroth and SEAS
exercises together with wearing a brace in adult patients with scoliosis was reported
by Papadopoulos [16].

My scoliosis was discovered when I was around 7 years of age when I was treated
with a Milwaukee brace in the orthopedic hospital in Valdoltra. But when I was
11 years old, I experienced acute renal failure. The inflammation that followed left
lasting effects on my kidneys, and since 1978 when I was 16 years old, I had to
attend hemodialysis regularly. As this was a life-threatening condition, my parents
decided to stop the therapy of scoliosis which unfortunately was left unmanaged
since then. For a few years, I still grew and unfortunately over the years the back
curvature increased.

In 2005 I decided to finally do something about my scoliosis. I was 43 years old
at that time, and the predominant view was that after growth is completed, the
correction of scoliosis without surgery is no longer possible. The risk of complica-
tions in surgery in adults is very high, and long-term effects are questionable [17].
So I decided to take action by my own method.

From the archives of the Department of Dialysis of the Ljubljana Medical Cen-
tre, I got X-ray images showing my spine. I was able to measure Cobb angles, which
are used to measure the curvature and to estimate the severity of deformation. In
the images from the years 1997 and 2005, only the thoracic curvature is seen which
is equal in both images, so it did not deteriorate over this time period before the

Figure 1.
Brodhurst’s instrument for the treatment of scoliosis (Brodhurst, 1855).
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treatment. The image from 2010 shows both curves. The upper thoracic curve is
larger and measures 104°, while the lower lumbar measures 57°. Curves over 60° are
considered a very severe form of scoliosis, and in curves over 80°, it affects lung
function which is impaired. The vital capacity of my lungs measured 1380 ml in
2010, a value which is only 40% of the value that is estimated for a man without
scoliosis, for my height.

Early-onset scoliosis like mine can result in larger curves than more common
adolescent scoliosis because the unbalanced growth of the spine lasts longer. If
untreated, juvenile scoliosis can cause serious cardiopulmonary complications and
premature death [18]. In comparison untreated late-onset scoliosis causes little
physical impairment other than back pain and cosmetic concerns [19]. The progno-
sis for most patients with more than 100° curvature of the spine is generally death
in their 40s or 50s due to respiratory or heart failure, although there are exceptions
to this [20].

2. The therapy

I found that my spine is not bent forward in the lumbar area as found in the
lordosis of a person without scoliosis. It was only bent sideways. I assumed that the
sideways curvature would diminish, if I managed to bend the spine forward, as is
correct. I thought that this would also have a beneficial impact on the higher parts of
the spine. I decided to buy an elastic bodice from a shop that sold medical equip-
ment. I then stitched longitudinal metal braces to it, which I twisted to the form of
my own body. The one that crossed the hump had to be bent almost at right angles
to fit. With this corset I then carried out my activities of daily living; I also slept in it
and went for walks in the bodice. Three months later, in the spring of 2006, I
ordered an underbust corset of the waist cincher type on the Internet, otherwise
used by ladies to constrict their waists (Axfords C225, the firm ceased trading
since). It forced me into an upright posture and created a lumbar lordosis. I had to
take it off before lunch so I could eat, but then I put it on again before I go to sleep.
After some months I ordered a longer underbust corset, which grasped the pelvis
and ribs better, but since it was not custom made, it did not fit perfectly (Axfords
C229). When I received it by post, my mother showed me hers that was very
similar, only it was laced by the side, not the rear. She had scoliosis at a young age
too, and in that time (the 1950s) scoliosis was treated with corsets made from
fabric, like the one I was using. I walked a lot wearing the corset, also in the
mountains.

Flat back often accompanies scoliosis [1]. It has the same shortcomings as a flat
foot, so it does not allow much flexibility. The spine should ideally be slightly
curved, so the creation of a correct lordosis is very important. When the spine is
curved in the sagittal plane, curves to the sides may be reduced [21]. In people
without a lordotic curve, the head is not positioned above the pelvis, but in front of
it. The center of gravity outside the body axis then causes overload of the back
muscles causing pain.

When I lost hope that I would achieve anything with the corset that I had used
for a couple of years, I then stopped wearing it. After a few days, however, I was
surprised to find that there has been an improvement. Thus it was necessary to
interrupt my treatment with the corset. I found that I needed a corset that would
stretch all the way from the armpits to the pelvis and press the hump in order to
reduce it. It needed to be custom made, and I found a website where I could order
an overbust corset (reaching above the bust), made to my measures without too
much additional charge (Corsetcurves Venus, the website does not exist anymore).
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Figure 2.

Figure 3.

Extending to and hanging with the left hand on barely accessible holds has proven to be the most effective
exercise for stretching the spine. If a right convex scoliosis is caused by the predominant use of the right hand, it
may possibly be improved by the frequent use of the left hand in normal work and exercise.
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It fitted me much better, but behind the hump it lay sideways; this was inevitable
due to my rib hump (Figure 2). It was made from three layers of fabric with steel
reinforcements. I wore it from September 2008 to October 2016.

To successfully derotate my chest, I used additional manipulation and physio-
therapy. I pressed on the hump from behind and stretched muscles on the concave
side by improvements and overcorrections of my posture. My walks with a back-
pack in nature were not intended to be part of the therapy; they were part of my job
as a biologist, but they proved to be just that: therapy. The straps were forcing my
shoulders to be at the same height when wearing a backpack with photo camera
equipment. I also found that correcting my posture many times during the day was
also very important as this eliminated any unbalanced loading of my skeleton [3]. I
added occasional pressure to the hump from behind. This is similar to the treatment
recommended also when applying plaster cast as an effective treatment for scoliosis
in young children [22]. In order to stretch the spine and reduce side curvature, I also
included stretching exercises for the left side of the body into the therapy in 2013.
With my left hand, I pushed at the hip while standing or at the thigh while sitting
and stretched the left side. I lifted the body with my hands holding the handles of a
chair, and the spine stretched due to gravity. With my left hand, I stretched out to
reach a shelf above the door. The last exercise in particular has proven to be
effective, since the hump reduced during the exercise and the spine straightened
significantly (Figure 3).

3. Results
3.1 July 2011 until January 2012

From July 2011 to January 2012, I continued to alternate the days when I wore
the corset and days when I did not as I found this to be more effective than
continuous wear as far as derotation was concerned. The corset improved the
position of the ribs and arched my back, but it could not decrease the vertebral
rotation and therefore did not reduce the hump immediately. But after I have taken
off the corset, by pressing the hump from behind against the floor when lying or
against the backrest when sitting and with contractions of the back muscles, I could
decrease the hump slightly, moving the vertebrae slightly toward the correct
position.

The comparison of images taken in July 2011 and January 2012 documents a
substantial improvement. In side view from July, the hump was of a semicircular
shape and at a right angle to back. The skin of the chest and abdomen in the front
was loose and wrinkled as it was not supported by the ribs. On 10 January 2012, the
back was evenly narrowing toward the waist in side view. At the front, the ribs
supported the skin of the chest and abdomen. A skin mark which was located
laterally in the earlier image moved to the front (Figure 4).

3.2 March 2012

I photographed myself again on 23 March 2012. The view from the rear, in
comparison with the image taken in January, showed improvement on the left
concave side where previously the ribs were hidden as they were shifted forward
because of the rotation of the spine and chest (Figure 5).

If a line is drawn from the extremity of the curve to its upper and lower end, and
the angle measured that is formed by these lines, we find that the angle was 140° in
January and 150° in March: the apparent curve on the surface was reduced. In an
upright spine, this angle would measure 180°; a smaller angle thus means a larger
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Figure 4.

Th%’uicﬁ image was taken on 1 July 2011. The hump is of a semicircular shape and connects with the back at a
right angle. The skin of the chest and abdomen at the front is loose and wrinkled, because it is not supported by
the vibs. The right view was created on 10 January 2012. The difference is obvious. From the side the blade down
the back is evenly narrowing toward the waist. At the front, the vibs support the chest and skin of the abdomen.
A skin mark (pointed by the arrows), located laterally in July 2011, moved to the front side in January 2012.

Figure 5.

Comparison of the back, photographed in January 2012 (left) and March 2012 (right). The apparent curve
has been reduced in March, and on the left side of the body we see the ribs, which were not seen in January (left)
as they were shifted forward because of rotation of the spine in its axis. We can only see the wrinkled skin in the
place of ribs seen in the march image.
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curvature. Digital photographs can be taken without limitations as the body is not
exposed to radiation like in X-ray imaging. To measure the angles, the lines from
the photos were transferred to a picture of a protractor in the Adobe Photoshop
program. The apparent curve on the surface does not correspond with the curvature
of the spine, however. It is just a simple indicator used in monitoring the develop-
ment of the curve and is dependent of several factors. As proven in my case, it was
an indicator of the degree of rotation.

In side view, in comparison with January, the hump seemed to have increased
again at first sight. But a closer examination revealed that the scapula, which was
previously raised by the hump, was lowered. The ribs, which previously had raised
it, formed the curve of the hump. But the chest and abdomen at the front were
supported well and were not loose, as they have been in July 2011. This means that
the derotation, achieved between July 2011 and January 2012, was preserved.

3.3 April 2012

To find out the cause for a benefit of alternating days when wearing a corset or
not, I wore the corset for 5 days in a row during the day and then had my back
photographed on 6 April 2012. I found that in lateral view, the hump was reduced
and the scapula was lifted. The view from behind showed that the apparent curve
sideways measured 144°. Thus, it was more pronounced than in the previous image
taken on 27 March 2012 (151°). The next day, the curve measured 151° again. I
found that the corset could therefore temporarily increase rotation, but this was
rapidly corrected when corset wear was interrupted. The chest easily rotates to a
certain degree when the corset is tightened too much because of pressure to the ribs,
diminishing the circumference of the chest. Then it derotates again when the corset
is taken off. When this happens often, therapy should be discontinued for a longer
time to allow ligaments to stiffen and prevent rotation. Care must also be taken not
to tighten the corset too much.

3.4 June 2012

The apparent curvature (rotation) diminished over time during the therapy. The
exceptional case of the 6th of April cannot be considered because it was not
documented under the same conditions. On 10 January 2012, the curve was 140°;
23rd of March, 150°; 27th of March, 151°; and 14th of April, 154°. If a graph is drawn
on these data points, a straight line can be drawn through. However, on the 4th and
22nd of May and on the 9th of June 2012, the curve remained the same as in the 14th
of April. The limits of any possible derotation had probably been reached.

The imaging on the 9th of June 2012 showed an important change from the
previous state, however. My pelvis was no longer tilted as much as before, and the
analysis of the photographs showed a significant difference. The pelvic obliquity
may be the consequence of unequal leg length, but the pelvis could also be shifted
due to rotation in the lumbar part of the spine that is present in scoliosis. Scoliosis
can develop because of pelvic obliquity, but scoliosis also causes or increases pelvic
tilt. It is difficult to determine what occurred first. I linked the iliac crests on the
photos with a line and drew a line along the middle of the body (Figure 6). Then I
measured the angle between these lines. It would measure 90° if the pelvis was not
inclined as in a healthy person. In me, the angle at the right side of my body
measured 96° on 4 May 2012, but only 92.5° on June 9. A mistake due to changes in
posture was possible, so I waited for the imaging of June 22. The angle was the same,
so the pelvic tilt was actually reduced.
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Figure 6.
Pelvic tilt measured on 17 August 2012. Thumbs are put to the iliac crests of the pelvis to mark them. The angle
at the right side was 91°.

3.5 October 2012 and further

According to appearance, the scoliosis improved substantially since the begin-
ning of treatment. The hump was markedly reduced. However, it is important to
note that only X-rays can show the true state of the curves, so I was X-rayed on 8
October 2012. The comparison with X-ray image from 2010 showed that there was
almost no change in spinal curvature (Figure 7). I have achieved derotation of the
chest and improvement of the shape of the ribs as well as the lumbar lordosis. This
reduced the hump and led to better rib support of the right side of the chest in front
and left side in the rear (concave side). The changes had a positive effect on
breathing and possibly prevented further deterioration of the curves. Lung volume
reduction, which can be life-threatening, is not caused by curvature of the spine,
but by the rotation of the rib cage which becomes flattened. Radiographs from 4
March 2015 also showed that the curvature did not improve. In years to come, I was
still using the corset for at least some hours a week. I obtained a better corset in
October 2016, which was much stiffer acting almost like a true brace (Vollers Eye
Candy: https://www.vollers-corsets.com/eye-candy-made-in-england). But without
reduction of the curve, additional derotation and rib hump reduction were not
possible either.
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Figure 7.

At the left an X-vay image from 2010 with cobb angles measured. The thoracic curve measured 104° and lower
lumbar 57°. At the right the X-ray image of the spine from 8 October 2012. The same angles are inserted as on
the left image; there is almost no change.

I have never experienced back pain. Only when I started going on walks without
the corset after I wore it almost every day for some time that a muscle started to
ache on the left (concave) side of the back, which was shortened due to scoliosis and
weakened during corset wear. But I persisted. If the pain was severe, I stopped for a
rest and then went on. When the muscle strengthened again, the pain no longer
occurred. The curves of my spine seem to be quite stiff and not mobile as they do
not change between imaging sessions. But I do not have any problems with spine
mobility during my activities. I have reduced lung capacity, however, and was
never able to run over longer distances. With a long walk I had no problems; only
when walking uphill, I was slower than others.

4. Discussion

Although corsets from textiles in the nineteenth and the first half of the twenti-
eth century were sometimes used to treat or at least alleviate scoliosis, they were not
accepted by the leading physicians at the time. Albee [23] published a picture of a
textile corset for the treatment of scoliosis, but he recommended it only for the
immobilization of the spine after spine surgery. A textile corset is more comfortable
than a rigid brace as it adapts to the shape of the body. Since it is made of cloth, it is
permeable to the air and moisture. Also the feeling of a hug given by the bodice is
pleasant.

The corset should absolutely not be tightened too much, however. If it starts to
pinch, then this means the grip must be released by loosening the lace at the back.
This allows one to constantly adapt the corset to ones’ body state. The body changes
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its circumference with food intake and the degree of hydration. If the corset is
tightened too much, it forces the ribs to rotate the vertebrae and diminish the chest
circumference. It needs to be tightened only as much as is needed for good support
and pressure to the prominent angles of the ribs; it should not press on the concave
sides of the chest. Excessive tightening of the corset known as tightlacing or waist
training was probably the cause of the bad reputation of wearing corsets as stated by
medical experts in the Victorian times. The doctors cited corset wear in young
women of the higher social classes as one of the main causes of scoliosis.

Textile corsets embrace the whole body, but the strongest pressure needs to be
directed at the most prominent angles of the ribs to push them forward and inward
posteriorly and backward anteriorly. Since the bodice acts with the same force on
the ribs from the other side also, the ribs slowly get a more rounded shape, thus
gaining a better form. Consequently the deformation of the chest is reduced. How-
ever, since the corset does not have empty spaces where the chest can expand into,
treatment with a textile corset needs to be periodically interrupted.

After the corset is taken off, derotation forces directed to the back of the rib
hump forward can then be applied to the thorax to derotate it, pushing the ribs in
the opposite direction to the rotating forces. The hump needs to be pressed from
behind, not laterally as this flattens the rib cage. A similar type of manipulation was
performed to correct spinal deformities by Hippocrates and Galen millennia ago.
While extending the body, they pressed the hump with the leg, whole body or
with a plank, attached to the wall for leverage [5]. But pressing against the chair
backrest or the hard floor when lying is sufficient. In the days when the corset is
not worn, the chest can expand, and the muscles are more active and can be
strengthened.

Corset wear also has an important effect on learning how to correct the erect
posture. Patients with scoliosis have a distorted feeling of upright posture. When
the corset forces them into it, they learn to keep an upright posture even when they
are not braced.

While partial derotation was achieved with the help of a textile corset, the corset
was not effective in diminishing the side curvatures of the spine as it is symmetrical.
Modern rigid braces are far better at in-brace curve reduction, necessary for long-
term improvement. But rigid braces for side curves of about 100° Cobb do not exist
yet. In such cases we should be satisfied when deterioration is prevented.

The side curvature of the spine is always accompanied by rotation of the verte-
brae and rib cage. Ribs are connected by intercostal muscles and cannot spread
apart on the convex side when the spine bends. The curvature of the spine in the
thoracic region is not possible without rotation of the vertebrae and deformation of
the ribs. The ribs at the apex of the curve are pulled inward toward the vertebrae.
Intercostal muscles under stress pull them up and down, but the composite force is
directed toward the spine because the ribs at the apex of the curve are shifted
further from the midline than other ribs [24]. The side curvature of the spine
stretches the intercostal muscles like an archer pulls a bow string and the taut
muscles push the ribs like the bow string pushes the arrow.

With rotation of the vertebrae at the apex of the curve, which are compressed
between the ribs, the thoracic circumference diminishes, and the tension in the
chest wall is alleviated. The deformation becomes irreversible if new growth or
bone resorption and remodeling change the shape of the ribs and vertebrae or if the
ligaments are not firm enough. When the rib cage and vertebrae become structur-
ally rotated, the vertebrae lose the balanced support from the ribs from both sides.
Shear forces from the ribs turn the vertebrae further and push the vertebral bodies
toward the convexity (Figure 8). Continuous progression of scoliosis starts. With
therapy one is able to diminish only the excessive rotation, while some rotation is
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Figure 8.

In a rotated chest, forces transmitted by the ribs turn vertebrae and bend the spine sideways. Ribs on one side of
the vertebrae are not opposed by equal support from the vibs on the contralateral side, so ribs on the concave side
push vertebral bodies toward convexity, bending the spine [24].

necessary at a given curvature. The side curvature in the frontal view must be
reduced for further improvement.

5. Conclusion

Although the reduction of spine curvature developed in scoliosis is unlikely
during adulthood, therapy in this period of life is not without benefits. We can
achieve partial derotation of the chest leading to a significant improvement of
appearance. Deterioration of scoliosis may probably be prevented. Textile corset
may be more acceptable than a rigid brace for active adult patients as it is more
comfortable and not noticeable under clothing. Corset wear should be
complemented with other therapies, like postural correction, exercises, and physical
manipulation.
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Chapter7

Conservative Treatment of
Degenerative Lumbar Scoliosis

Shu Yan Ng

Abstract

Degenerative lumbar scoliosis (DLS) is commonly seen in people over the age of
50 years. The prevalence increases with age. Patients with DLS often complain of
low back pain and radiculopathy. Neurological complaints are rare. Current treat-
ments are generally targeted at pain relief. Effects are temporarys; this is understand-
able as the spinal deformities which are the cause of the pain are not addressed. A
few studies have shown that scoliosis specific exercises and lordotic bracing stabilize
or reduce the rate of curve progression in patients with DLS. Patients should also
be instructed in performing corrective movements in daily activities. In the pres-
ence of sarcopenia or decreased bone mineral density (BMD), resistance exercises
and nutritional supplements should also be prescribed, as reduction in paraspinal
muscle mass and BMD are risk factors of DLS. In the presence of neurological
involvement or when the symptoms are refractory to conservative treatment,
referral for surgery is required.

Keywords: degenerative lumbar scoliosis, adult scoliosis, scoliosis-specific exercise,
spinal brace, sarcopenia, osteoporosis

1. Introduction

Adult scoliosis includes adult idiopathic scoliosis as well as degenerative lumbar
scoliosis (DLS). DLS is a de novo scoliosis. It is defined as a lateral curvature of the
spine in excess of 10° and a sagittal vertical axis (SVA) of more than 50 mm. in an
adult over 50 years of age [1]. The sagittal vertical axis is the horizontal distance
from the vertical plumbline dropped from the centroid of C7 to the posterosuperior
corner of the sacral end plate.

The prevalence of DLS varies with different studies. The reported rate ranges
from 8.3-68% [2-5]. The marked variation in prevalence reported is possibly a result
of the differences in inclusion criteria of the different studies. Kilshaw et al. [6]
evaluated the prevalence of lumbar scoliosis using abdominal and kidney—ureter-
bladder radiographs on patients over the age of 20 years [6]. The study showed that
lumbar scoliosis is more prevalent in women and increases with age [6]. At the ages
of between 60 and 69 years, the prevalence was 6%, whereas at the age of 90 years,
the prevalence was over 30% [6]. It has, however, to be noted that the study did not
differentiate between adult idiopathic scoliosis and DLS and that the radiographs
employed were supine films, which might underestimate the Cobb angle and thus
the prevalence of lumbar scoliosis. Xu et al. [7] evaluated 2395 Han Chinese over
40 years of age for the presence of DLS, using dual energy X-ray absorptiometry
(DEXA) images. They reported a prevalence of 13.3%, with females more commonly
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affected than males. Also, the prevalence increased with age [7]. Prevalence was
reduced with increasing curve severity; over 80% of the patients with DLS had
curves in between 10° and 20° [7].

2. Etiopathogenesis

The causes of adult scoliosis are many. Aebi [1] classified adult scoliosis into
four different groups, based on their etiologies. Type 1 refers to primary or de novo
degenerative lumbar scoliosis. Type 2 refers to adult idiopathic scoliosis (ADIS),
and type 3 refers to adult curves with other primary causes. The last type includes
two subgroups. Type 3a refers to adult scoliosis caused by spinal or extra-spinal fac-
tors, while type 3b refers to those caused by metabolic bone diseases [1]. Thus adult
scoliosis patients are not a homogeneous population group. Our present discussion
would focus on DLS which is more prevalent than other types of adult scoliosis.

The pathomechanisms of DLS have not been entirely elucidated, though verte-
bral instability has been proposed to play a role in its pathogenesis [8, 9]. Kobayashi
et al. [4], in a study of the prevalence of DLS, proposed that lateral osteophytes
present at the endplate which are in excess of 5 mm together with an asymmetric tilt
of disc space >3° are risk factors for the development of DLS [4].

The factors initiating the vertebral instability, however, are unknown. Lumbar
paraspinal muscle atrophy; facet tropism, which is defined as the angular asymme-
try between the left and right facet joint orientation; and osteoporosis have all been
implicated in the pathogenesis of the condition [7, 10, 11].

Lumbar multifidus muscle atrophy (LMA) has also been postulated to contribute
to vertebral instability [10]. The multifidus muscle is the deepest and most medial
paraspinal muscle, adjacent to the facet joint. LMA is common in DLS, particularly
on the concave side of the lumbar scoliosis (Figure 1) [12, 13]. Conversely, hyperpla-
sia of the multifidus muscle is evident on the convex side of DLS [14]. Sun et al. [10]
investigated the relationship between LMA and various coronal and sagittal radio-
graphic parameters in 144 patients with DLS [10]. They showed that the LMA in the
upper and lower vertebral levels adjacent to the apex on the concavity of the lumbar
scoliosis correlated positively with the Cobb angle [10]. Conversely, the LMA on the
convex side correlated negatively with the lumbar Cobb angle [10]. Sun et al. [10]
postulated that LMA may cause vertebral instability and subsequent degenerative
changes of lumbar facet joints. Remodeling of articular processes, which includes
cartilage degeneration and bone erosion, generally lags behind LMA [10].

Facet tropism has also been postulated to increase the risk of vertebral rotatory
olisthesis (VRO) and degenerative lumbar scoliosis [11, 15, 16]. Vertebral rotatory
olisthesis refers to lateral and rotatory vertebral translation. Facet joints were found
to be more angled in a coronal plane on the convex side of VRO than those of the
control subjects without VRO [11]. More severe facet tropism is associated with
a higher incidence of VRO [11]. The asymmetric facet orientation causes uneven
stress distribution across the zygapophyseal tissues and brings about degenerative
changes and segmental instabilities [11]. An intraoperative biomechanical study
demonstrated that facet tropism contributed to lumbar vertebral instability [17].

The role of osteoporosis in DLS has been controversial, with some studies show-
ing that osteoporosis contributed to DLS, a number showing that DLS caused the
osteoporosis, with others showing no correlation between the two [7]. The lumbar
scoliosis brought about by vertebral instability may stabilize or progress [8, 9]. In the
presence of marked scoliotic wedging of one disc in the early phase of DLS, adjacent
discs may compensate by wedging in the other direction to maintain balance, with
resultant stabilization or even regression of the lumbar scoliosis (Figure 2) [8].
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Figure 1.

Lumbar multifidus atrophy. From the MRI, it is evident that there was marked asymmetric lumbar multifidus
atrophy at the level of L3/L4. The fatty infiltration area in the left multifidus was significantly larger than that
in the right multifidus.

In other cases, degenerative scoliosis may progress. The increased pressure and
shear stress on the facet joints cause alterations within the synovial surfaces of the
articular processes with subsequent facet hypertrophy, capsular degeneration, and
ligamentous hypertrophy [18]. Also, asymmetric loading of the lumbar facet joints
and intervertebral discs may result in spinal deformities occurring in three planes
[19, 20], particularly in the presence of decreased bone density. Depending on the
number of segments involved, this can also cause segmental or multi-segmental
vertebral instabilities. Further instability in the sagittal and coronal planes may
result in degenerative spondylolisthesis and rotatory olisthesis, respectively [21].
It has to be noted that rotatory olisthesis is present even in mild lumbar scoliosis of
less than 20° [21].

Lumbar VRO is prevalent in L3-L4, followed by L2-L3 and L4-L5. Of all the
VRO, L3-L4 laterolisthesis contributes around half of the prevalence [11, 22, 23].
Watanuki et al. [24] proposed that this was related to the mechanical stress at
the L3-L4 levels, as the lower lumbar levels are more fixed and the upper lumbar
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Figure 2.

Mild intervertebral disc wedging in one level is compensated by wedging in the opposite direction to maintain
covonal balance. Mild disc wedging was evident in L4/Ls5 level. The wedging was compensated by disc wedging
above (L3/L4) in the opposite divection, balancing the spine.

segments are more mobile [24]. The smaller size of the L4 vertebral body may also
contribute to the higher incidence of laterolisthesis at L3-L4, as a reduction of 25%
of the vertebral cross-sectional area increases mechanical stress by 30% with an
applied load, contributing to vertebral instability [25].

To reduce the instability, the body reacts by growing osteophytes (Figure 3). The
spondylosis (osteophytes by the end plates) and the spondyloarthritis (degenerative
changes of the facet joints) that result, together with the ligamentous hypertrophy,
compromise the central spinal canal and the lateral recess and may bring about
claudication and nerve root compression symptoms [1].

Apart from bone and articular involvement, paraspinal muscle atrophy is preva-
lent in DLS. Sarcopenia, which is a reduction in skeletal mass, is commonly seen in
patients with DLS. Eguchi et al. [26], using DEXA scans to assess the appendicular
and trunk skeletal muscle mass, showed that sarcopenia was present in 46.6%
of the DLS patients [26]. Sarcopenia is defined as the appendicular skeletal mass
index of less than 5.46 kg/rn2 [27]. The appendicular skeletal mass index (ASMI)
is the sum of the arm and leg lean mass (kg) divided by square of the height (m?)
[27]. Studies have also shown that ASMI negatively correlated with pelvic tilt [26],
whereas trunk skeletal mass index (Trunk SMI) which is defined as trunk lean mass
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Figure 3.
The osteochondrosis at L4/Ls5 intervertebral level, together with the bridging osteophyte in the left of L3/Lg,
stabiliged the mild scoliosis curve and maintained coronal balance in this man aged 63 years.

divided by height® (m?) significantly correlated with the sagittal vertical axis, pel-
vic tilt (PT), and lumbar scoliosis [26]. Moreover, trunk SMI correlated positively
with bone mineral density (BMD), suggesting that reduction in trunk muscle mass
was associated with osteoporosis and sagittal imbalance [26], which is prevalent in
patients with DLS.

3. Clinical presentation

Patients are generally over 50 years of age. Clinical presentation is variable.
Onset is generally gradual, though it can be sudden, after a day’s work, repetitive
bending of the low back, poor sitting posture, or prolonged standing.

Most of the patients complain of low back pain, radiculopathy, and claudica-
tion [28]. Liu et al. [28], in a study of the clinical features of 112 patients with DLS
treated surgically, found that 77% of them complained of low back pain, 90%
complained of radiculopathy, and 48% complained of neurogenic intermittent
claudication. Only 3% of them had neurological symptoms [28]. The symptoms can
present singly or in combination [28].

3.1 Low back pain

Low back pain is generally diffuse. It is often located in the apex and concavity
of the curve and at the junction between two curves [28]. The severity of the pain
varies with different curve types, with thoracolumbar, lumbar, and lumbosacral
curves being more painful than thoracic curves. A compensatory hemicurve is the
least painful, except for the left compensatory lumbosacral hemicurve [29-31]. Pain
is also localized on the iliac crest and the coccyx, where the tendons of the lumbar
paraspinal muscles insert [1]. Rarely, the lowest ribs impinge on the iliac crest and
cause pain [1]. In the presence of a reduced lumbar lordosis or a complete loss of the
natural lumbar curve, the muscle pain is generally greater. This is not unexpected
as the lumbar paraspinal muscles have to contract continuously to maintain coronal
and sagittal spinal balance.

Whether the extent of the pain is related to the magnitude of the curve and
coronal balance has not been clearly elucidated as yet [29, 32]. A number of studies
have shown that Cobb angles in excess of 45° are associated with more pain [33].
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Other studies, however, have shown that the magnitude of the curve was not related
to the pain [29, 34].

The impact of coronal balance on low back pain is likewise controversial. Some
studies showed that a coronal imbalance in excess of 4-5 cm. is associated with
more pain and reduction in function in un-operated scoliosis patients [32, 35].
Further trunk shift is a predictor of surgery in patients with DLS [35]. Other stud-
ies, however, did not show such an association [36].

3.2 Radiculopathy

Radiculopathy is common in patients with DLS. Many studies have attempted to
investigate the relationship between the scoliosis curve, VRO, and the nerve roots
involved [28, 37, 38]. In a study evaluating 47 male and 65 female DLS patients
with a mean age of 54.7 years, Liu et al. [28] showed that L3 and L4 nerve roots are
generally compressed on the concave side of the scoliosis [28]. Conversely, L5 and
S1 nerve roots are more commonly afflicted on the convex side of the scoliosis [28].

Liu et al. [37] evaluated the site of nerve root irritation in 22 DLS patients [37].
They identified three zones (Figure 4) where the nerve root could be compressed or
irritated. These included the lateral recess zone, the foraminal zone, and the extra-
foraminal zone [37]. The lateral recess zone refers to the zone where the nerve root
passes from the thecal sac to the entrance of the foramen; the foraminal zone refers
to the interval canal beneath the pedicle, and the extra-foraminal zone refers to the
zone outside the lateral border of the pedicle [37]. They found that the L3 and L4
nerve roots are more commonly compressed in the foraminal and extra-foraminal
zones in the concavity of the scoliosis curve. Conversely, L5 and S1 nerve roots are
more commonly affected by a lateral recess stenosis on the convex side [37].

Gardner et al. [38] evaluated different patterns of lumbar spinal stenosis with
lateral subluxation in patients with DLS and had similar findings [38]. They showed
that the pattern of nerve root compression varies with the types of lateral sublux-
ation, viz., the open subluxation and closed dislocation. Open subluxation refers to
subluxation where the disc is open on the side where the vertebra above is slipping.
The wedge is open on the convexity of the curve (Figure 5). Conversely, closed
dislocation is present when the disc is closed on the side where the vertebra above is
slipping [23]. Gardner et al. [38] showed that open subluxation commonly affects
L3 and L4 levels. When present, it causes contralateral lateral recess and foraminal

Figure 4.

Thge magnified view of the spinal canal and the intervertebral foramina. Nerve oot irritation can occur in (a)
the lateral recess zone, (b) the foraminal zone, and (c) the extra-foraminal zone; (d) is the sagittal diameter
of the spinal canal. Spinal stenosis can result from narrowing of the sagittal diameter of the spinal canal or
that of the lateral recess, when they are known as lumbar spinal stenosis and lateval lumbar spinal stenosis,
respectively.
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Figures.

VRO was evident at L1, L2, and L3 levels. L1 translated tangentially to the vight, with no disc wedging. L2
similarly translated to the vight though to a smaller extent, with disc closing on the right, which was the
concavity of the lumbar curve. This is defined as closed dislocation. L3, on the other hand, slipped to the left.
The disc wedged open on the side of curve convexity. This is termed open subluxation.

stenosis. Closed dislocation, on the other hand, is generally seen on the concavity of
the curve, causing an ipsilateral pattern of stenosis [38, 39]. L1 and L2 are the most
frequently involved [38].

In a study of a cohort of 78 patients with DLS and spinal canal stenosis, Ferrero
et al. [39] demonstrated that foraminal and lateral stenosis were most frequently
observed on the concavity of the distal lumbosacral curve. L5 radicular pain
was significantly more frequent in the presence of compensatory lumbosacral
hemicurve [39].

In view of the different patterns of vertebral instability and compensatory curve
patterns, it is understandable that the clinical presentation of DLS varies. Nerve
root irritation may be single or multilevels, causing pain in different dermatomes
[40, 41].

It is interesting to note that the side of radicular pain frequently corresponded to
the side of coronal shift. Patients with right truncal coronal shift more frequently
present with right radicular pain; similarly, patients with left coronal shift more
commonly present with left radicular pain [39]. The mechanism involved was not
clear, though it was found that in 69% of the cases, the truncal coronal shift was
associated with the side of the lumbosacral counter-curve (i.e., C7 is shifted to the
convex side of the main lumbar curve) [39].
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3.3 Claudication

With progression of the condition, pain generally involves the buttock as
well as the leg, causing neurogenic claudication symptoms which are worse with
standing and walking and are relieved with sitting or stooping. The condition
is a result of lumbar spinal stenosis brought about by impingement of nerves
emerged from the spinal cord. Studies have shown that the symptoms vary over
time in different patients. Symptoms tended to improve in 15% of the patients.
In 40% of the patients, the condition tended to deteriorate during the initial
2-3 years of follow-up, and in 45% of the patients, the condition remained
stable [42, 43].

3.4 Neurological symptoms

Compression of nerve roots is common, with reported incidence varying from
47-78% [44, 45]. The incidence of cauda equina compression with apparent bladder
and rectal sphincter problems, however, is low [1].

Central spinal stenosis is generally seen at the junction between two curves. In
the study by Ferrero et al. [39], 70% of the cohort had central stenosis at the junc-
tion between the main lumbar curve and the lumbosacral hemicurve. Central spinal
stenosis also occurs in the concavity of the main lumbar curve and at the junction
between the main thoracic curve and the lumbar curve [39].

3.5 Curve progression

Many studies have shown adult scoliosis tends to progress, with the rate of
progression higher in DLS than ADIS [46].

DLS tends to progress irrespective of the magnitude of the curve (Figure 6)
[46]. A study reported the rate of progression of scoliosis in patients with DLS to be
1.64° per year (0.77-3.82°) [7], while another study reported an increase of 3° per
year in a cohort of 200 people over the age of 50 years [47]. The radiographic risk
parameters are similar to that of ADIS and include apical vertebral rotation > III, a
Cobb angle >30°, lateral vertebral translation >6 mm., and L5 above the intercristal
line, which is the line joining both iliac crests [9, 47].

Figure 6.

Progression of degenerative lumbar scoliosis in a postmenopausal woman 70 years of age. In the year 2003 (a),
the left lumbar scoliosis measured 30°. It increased to 35° in year 2009 (b). After the patient was prescribed
Fosamax by his medical practitioner, the curve stabilized, as can be seen in the radiograph in 2017 (c).
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4. Physical examination

The physical evaluation aims at the differential diagnosis of the condition as
well as to identify the nerve root(s) involved. The findings depend on the severity
of the condition and if there are signs of neurological involvement. In the presence
of neurological claudication, patients generally walk with an antalgic gait (gait to
avoid or reduce pain), with the trunk listing forward to widen the spinal canal and
to reduce the compression on the nerve roots. In more severe cases, the patients may
walk with flexed hips and knees [48]. With progression of the condition, the walk-
ing distance reduces. Not uncommonly, the patient reports a reduction in height,
which averages 4-24 cm. in 1-22 years [49].

Inspection from the back generally shows a hump in the low back with the
concavity on the opposite side. Generally pelvic obliquity occurs; Radcliff et al. [50]
reported a pelvic tilt in 87% of patients with DLS [50, 51]. Patients with a single
lumbar curve were more likely to have a higher pelvis contralaterally (79%), asa
compensatory mechanism to maintain coronal trunk balance [50]. Patients with a
lumbar curve and a compensatory lumbosacral hemicurve did not display consis-
tent pelvic obliquity compensatory patterns [50].

In the presence of marked pelvic obliquity or pelvic tilt, apparent leg length
discrepancy becomes evident, with the leg ipsilateral to the lumbar convexity
appearing shorter [50] and the posterior superior iliac spines being unlevel. The
coronal spinal imbalance can be determined by measuring the distance from C7

Figure 7.

Cogronal imbalance and sagittal imbalance ave evident in this man aged 62 years old. He complained of
radiculopathy localized to the right anterior thigh. The radiograph (a) showed a vight lumbay scoliosis with a
mild compensatory left thoracolumbar scoliosis. Though the sagittal imbalance was not significant (b), there
was a reduction in sacral slope and thoracolumbar lovdosis.
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to the vertical line extended from the gluteal cleft. The distance measured in mm.
represents the coronal shift (Figure 7). In the presence of a single thoracolumbar or
lumbar curve, the spine is generally decompensated to the side of lumbar convexity.

In patient with DLS, sagittal imbalance is more significant clinically than coronal
imbalance [52]. Loss of lumbar lordosis is generally evident with patients leaning
forward [48]. In cases with spinal stenosis, patients may flex their hips and knees to
compensate for the sagittal spinal imbalance. In long standing cases, contracture of
the hips may result, which can be assessed by the Thomas leg raise test [53].

The physical examination can also be used to identify the pain driver. Tenderness
is generally elicited at the junction between two major curves, including the junc-
tion between the thoracic and lumbar curves and between the lumbar curve and
the compensatory lumbosacral hemicurve. Also, pain can be elicited at the apex of the
thoracolumbar or lumbar curves [33] and on the iliac crest where the tendons of the
lumbar paraspinal muscles attach [1]. A neurological examination which consists
of the assessment of motor strength, reflexes, sensation, and gait also needs to be
performed, to assess the extent of neurological involvement and to rule out other
possible causes of back pain.

5. Radiographic examination

Radiographic examination usually involves taking erect posteroanterior and
lateral full spine radiographs. This enables the evaluation of the regional spinopelvic
parameters as well as global spinal balance. Sagittal spinal balance has been reported
to be positively associated with health-related quality of life (HRQOL) [32, 35].

5.1 Frontal spinal radiograph

A frontal radiograph generally depicts a thoracolumbar or lumbar scoliosis,
which is generally shorter than that seen in ADIS, involving only a few vertebral
segments. Additionally, vertebral body deformities are less severe than that of
ADIS [54]. Of interest is that the majority of lumbar curves with a convexity to the
right had apexes above L2 and those with convexities to the left had apexes below
L2 [55]. The authors, however, did not offer any explanation for the findings [55].

Depending on the degree of the DLS, radiographic features differ. In the early
stages, mild lumbar intervertebral wedging may be present, and compensation in the
form of wedging to the opposite direction may be seen in the upper vertebral levels [8].

With progression of the condition, vertebral instability in the form of a transla-
tory shift may be evident [39]. Very often, lateral vertebral translation or laterolis-
thesis is accompanied by vertebral rotation, when it is known as VRO. VRO most
often affects the L3 and L4 levels and less commonly L2-L3 and L4-L5. Of note is
that 50% of the VRO occurs at the junction between the main lumbar curve and the
compensatory lumbosacral hemicurve [39]. VRO also occurs at the apex of the main
lumbar curve and at the junction between the thoracic curve and the lumbar curve
[39]. Open subluxation tends to occur on the convexity of the main curve, while
closed dislocation tends to occur at the junction between the scoliosis curves [39].

In late stage DLS, osteophytosis may be seen in the vertebral end plates in the
concavity of the lumbar scoliosis. Large bridging osteophytes provide stability to
previously unstable vertebrae. Also evident are signs of disc degeneration, facet
arthrosis, and spinal stenosis [4]. The possibility of lateral recess stenosis and cen-
tral spinal stenosis may also be discerned from the frontal radiographs. The Cobb
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angle and the apical vertebral rotation need to be measured, as they are related to
the risk of curve progression and back pain. A lumbar scoliosis in excess of 30°, an
apical vertebral rotation in excess of 33%, and lumbarization increase the propen-
sity for curve progression and the incidence of back pain [34].

Pelvic obliquity is common in DLS [50]. From the radiograph, the coronal bal-
ance may also be determined. It is the distance between the vertical lines extended
from the mid sacrum (central sacral line, CSL) to mid C7. When it is in excess
of 4 cm, it is associated with deterioration of pain and function scores in adult
scoliosis patients [32, 35]. Of importance is that Ferrero et al. [39] reported that
the side of radicular pain corresponded to the side of coronal shift in 70% of the
subjects [39].

5.2 Lateral spinal radiograph

Lateral spinal radiography generally reveals a reduction of lumbar lordosis and
sagittal imbalance. This is important as regional spinopelvic parameters and global
spinal balance have been found to be associated with clinical outcome. A study
showed that pelvic incidence-lumbar lordosis (PI-LL) mismatch >10° and pelvic tilt
>22° were reported to correlate with disability [56].

Sagittal spinal imbalance is common in patients with DLS. One of the com-
monly used parameters is the sagittal vertical axis, which is the distance between
the vertical line dropped from C7 and the posterosuperior angle of the sacrum.

It is noteworthy that a SVA >7 cm. is associated with clinical symptoms [32]. The
finding was supported by other studies [36, 56]. In mild and moderate spinal
malalignment, patients with DLS tend to incline the trunk forward and tend to
develop a posterior pelvic shift to maintain balance and to provide relief from
neurologic symptoms, especially in the presence of concomitant degenerative
spondylolisthesis [48].

6. Advanced clinical imaging

In the presence of claudication and neurological symptoms, computed tomog-
raphy and magnetic resonance imaging (MRI) may be indicated for diagnosis,
monitoring, and follow-up. When decreased BMD is suspected, bone density
measurement using a DEXA scan or radiofrequency echographic multi spectrom-
etry (REMS) method is indicated. Computed tomography generally shows signs
of facet arthropathy and spinal stenosis, including central spinal stenosis, lateral
recess stenosis, and foraminal stenosis.

Magnetic resonance imaging of the lumbar spine is used to assess the soft tissues
of the spine, including the spinal cord and tissues within the spinal canal. It is also
useful for the assessment of the degenerative changes of disc and facets as well as
to assess the extent of spinal stenosis. Recent studies have shown that bone marrow
edema was associated with low back pain [57, 58]. In a study of 120 DLS patients,
Nakamae et al. [57] found that bone marrow edema was associated with low back
pain (Figure 8) and that the bone marrow edema score was positively associated
with low back pain severity [57]. Bone marrow edema was often seen in the concav-
ity of the curve [57]. Buttermann et al. [58] found that the painful scoliosis which
was located at the apex of the scoliosis curve or at the lumbosacral junction was
associated with a higher frequency of end plate inflammatory changes [58]. The
study showed that the end plate changes demonstrated a bimodal distribution, with
peaks at L2-L3 and L5-S1 [58].
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Figure 8.
Bone marrow edema is evident just below the inferior end plate of L2 and superior end plate of L3 in the left.

MRI may also reveal a reduction in muscle mass in the lumbar paraspinal
muscles in patients with DLS [59, 60] as paraspinal muscles are involved in the
stability of the lumbar spine; Barker et al. [59] suggested that their atrophy was
associated with lumbar instability [59]. The percentage of fat infiltration areas
in paraspinal muscles was significantly higher on the concave side than the
convex side. Further the asymmetry of the multifidus muscle change is positively
correlated with the lumbar curvature, lateral vertebral translation, and apical
vertebral rotation [60].

Studies showed that BMD was lower in DLS patients than normal controls [7].
Also, BMD was found to correlate negatively with the Cobb angle [61]. Patients with
DLS and Cobb angle >20° had lower BMD than those with curves less than 20° [7].
A low BMD was associated with increased risk of curve progression. Thus assess-
ment of BMD is of importance in DLS patients.

BMD can be assessed using either the DEXA or the REMS methods. Though
DEXA is the gold standard in the assessment of BMD, it has to be noted that DEXA
is prone to errors, which includes wrong inclusion of vertebrae and positioning of
patient [62]. In the presence of DLS, the spinal BMD could be falsely elevated [62],
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as the degenerative changes, such as aortic calcification, vertebral osteophytes, facet
degeneration, end plate sclerosis, and vertebral rotation, may all have artificially
elevated readings obtained from a standard anteroposterior lumbar DEXA scan
[63], causing errors in clinical management. A study by Pappou et al. [62] study
showed that the falsely elevated scores increased with Cobb angles in excess of

22.5° [62]. The viable alternative for conducting a BMD evaluation of patients with
DLS are the hip DEXA values [62]. Alternately, REMS measurement can be used. It
relies on a machine algorithm and takes into consideration the entire bony profile
including the vertebral microarchitecture, compact bone to trabecular bone mineral
density ratio, and collagen index, thus reducing the many errors that are associated
with the DEXA measurement [64, 65].

7. Body composition assessment

The body composition of the patient needs to be evaluated, when sarcopenia or
loss of muscle mass with aging is suspected. Recent studies have shown that 46.6%
of patients with DLS had reduced muscle mass involving the extremities and the
trunk [26]. The trunk SMI was found to be significantly negatively correlated with
sagittal vertical axis, pelvic tilt (PT), lumbar scoliosis, and apical vertebral rota-
tion, suggesting that the reduction in trunk muscle mass was related to the stooped
posture, pelvic retroversion, and lumbar scoliosis [26].

8. Treatment

Patients with DLS generally seek treatment for pain and disabilities, instead
of deformities [52]. Conservative treatment is generally indicated, and this often
involves methods to control or relieve pain, such as epidural injection, non-steroidal
anti-inflammatory drugs, analgesics, traction, electrotherapies, dry needling,
manipulation, mobilization, and deep tissue massage. These methods can generally
provide relief, though temporarily [66, 67]. A systematic review concluded that
there was only level IV evidence in support of the effectiveness of physical therapy,
chiropractic care, and bracing in the treatment of adult scoliosis patients and level
I1I evidence for steroid injection [66]. The long-term successful rate of conservative
treatment of symptomatic adult scoliosis was only 27% [68, 69].

The poor outcomes of the above interventions are not unexpected, as the
treatments were directed towards pain relief, but not the deformities and the global
imbalance that are causing the symptoms [69]. Treatment approaches that target
spinal deformities yielded better results in terms of reduction in pain and disability
ratings in ADIS patients [70-76]. Yet, it has to be noted that many of the studies
targeted younger cohorts who suffered from ADIS rather than DLS. Further for
patients who are in pain or have difficulties performing exercises, a spinal brace
may be indicated. It stabilizes the spine, improves the sagittal imbalance, and
reduces the load in the lumbar spine. de Mauroy et al. [77] have shown that a spinal
brace is able to stabilize progressive curves in 80% of the adults with scoliosis [76].

8.1 Scoliosis-specific exercises
Many case reports and case series studies have reported that scoliosis-specific

exercises (SSE) and multi-modal rehabilitation reduce pain, disability, and curves in
patients ADIS [70-76]. Yet, only a few studies have targeted patients with DLS. Daily
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side plank exercises on the side of curve convexity for 3-22 months were reported to
reduce the curves significantly in 30% of the patients with ADIS and DLS [70]. The
study, however, did not evaluate the impact of the exercises on pain and disabilities
[70]. A prospective pilot study by Ng et al. [72] showed that 9 months of scoliosis-
specific exercises at home reduced the thoracolumbar or lumbar curves in over

30% of the ADIS and DLS subjects [72]. Also, our unpublished study showed that

6 weeks of SSE reduced pain and disability ratings of subjects with ADIS and DLS.

While many studies have addressed the coronal curves in ADIS and DLS patients,
very few studies have addressed the impact of SSE on the sagittal profile of patients
[72]. The effects of SSE on the sagittal profile of this group of patients are thus
uncertain. Additionally while SSE may be indicated in the management of patients
with DLS, our experience has shown that many older patients had difficulties in
mastering the Schroth exercises or the scientific exercises approach to scoliosis
(SEAS). They had difficulties in coordinating breathing together with the corrective
movements needed. A number of patients encountered problems holding the spine
in an erect position, while other patients had increased low back pain soon after the
exercises, despite normal spine DEXA scores. This was possibly a result of the DEXA
over-estimating the spinal BMD scores when the patient was actually osteopenic.
Instead of focusing on corrective exercises, the patients may need to be instructed to
adopt corrective postures during daily activities as they are easier to master.

In the presence of a left lumbar curve, the patient can stand, with his or her right
knee flexed to lower the right pelvis. Alternately, the patient can raise the left heel.
This raises the left pelvis [78]. Either way, this lowers the right sacrum, in relation
to the left, and reduces the lumbar scoliosis. This may enable the patient to stand
longer. To further reduce the left lumbar curve or reverse the curve, the patients
could side shift to the left [78]. Conversely, in the presence of a right lumbar curve,
the patient should reverse the above postures.

Figure 9.

Contraction of the gluteus medius would level the pelvis. (a) The patient was standing naturally. The right
pelvis can be seen shifted to the right and was higher, with pelvis obliquity. (b) Contraction of the right gluteus
medius leveled the pelvis. The patient was instructed to learn walking in this corrected position.
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Figure 10.
This patient with left thoracolumbar scoliosis can derotate the left lumbar spine forward during daily activities.

Figure 11.

Pa%ient should refrain from faulty habitual postures, which would aggravate the scoliosis. (a) Frontal lumbar
radiograph showed a right lumbar scoliosis, with apex at L2 in a female patient with ADIS. (b) When
sitting on the floor;, he habitually flexed her left hip and knee, increasing the right lumbar scoliosis. (c) When
she flexed her right hip and knee, however, the lumbar curve reduced. Yet, the latter posture should also be
discouraged, as lumbar lordosis was not maintained.
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Yet, it is difficult to maintain the correct standing posture during ambulation,
unless the patient learns how to level the pelvis. Patients with a left thoracolumbar
or lumbar curve needs to contract the right hip abductor to bring the pelvis to the
midline and level it (Figure 9) while derotating the left lumbar curve forward [51]
(Figure 10). Similarly, patients with right thoracolumbar or lumbar curves need to
derotate the right lumbar curve forward while contracting the left hip abductors
[51]. The patient then learns to walk with the gluteus medius contracted.

When sitting, the patient needs to maintain the lumbar lordosis, as forced tho-
racolumbar lordosis was found to reduce double major curves [79]. In the presence
of aloss of lumbar lordosis, the patient may be advised to wear a wearable lumbar
cushion at all times, though its effects in single thoracolumbar or lumbar curve
have not to date been investigated. It is also crucially important that the patient
refrains from adopting postures or activities that reinforce the faulty scoliosis
pattern (Figure 11).

8.2 Sole lift

Functional leg length discrepancy is common, as compensation in patients with
DLS. Prescription of a sole lift, in the presence of an apparent LLD, but not anatom-
ical LLD, may induce a compensatory lumbosacral hemicurve, instead of reducing
the main lumbar curve [51]. Patients should preferably be advised to contract the
gluteus medius on the side of higher pelvis to level the pelvis [51], to flex the knee
on this side to lower the pelvis or to raise the heel of the leg ipsilateral to the convex-
ity of the lumbar curve [78] to raise the pelvis.

8.3 Spinal bracing

Spinal bracing has been advocated in the management of adult scoliosis,
to halt progression of curves, restore sagittal balance, and treat pain and dis-
ability. The effectiveness of braces, however, has been controversial [77, 80]. A
number of studies opined that spinal braces do not halt curve progression. Any
benefits of pain relief are offset by the deconditioning of the lumbar paraspinal
muscles [80].

Recent studies, however, have shown that spinal bracing is effective in reduc-
ing pain and halting curve progression (Figure 12) [77, 80]. A study which used
a lordosing bivalve polyethylene overlapping brace to treat 158 adults with spinal
deformities for over 5 years showed that 24% of the curves improved by >5°, 56% of
the curves stabilized, and 20% worsened by >5° [77]. The findings were supported
by a long-term follow-up study of 22 years [80]. It was shown that brace wear
reduced the progression of curves in both ADIS and DLS patients [80]. The yearly
progression for curves in patients with DLS reduced from 1.47° to 0.24° per year
[80]. de Mauroy [77] suggested that the brace treatment not only is palliative but
also helps to stabilize the lumbar spine in lordosis [77].

8.4 Increase paraspinal muscle mass

Apart from SSE to reduce the scoliosis angles, patients should be encouraged to
perform exercises to improve muscle mass, as sarcopenia is prevalent in patients
with DLS [26].

Many studies have shown that physical exercises, proper nutrition, and optimal
hormonal homeostasis are the three pillars to fight or treat (pre)-sarcopenia
[81, 82]. Physical exercises should consist of resistance and endurance exercise
training (50% resistance training and 50% endurance training). They should be
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Figure 12.

Thge man aged 73 years of age complained of vight anterior thigh pain with intermittent claudication. The
lumbar radiograph and MRI (a) showed a right thoracolumbar scoliosis (b) with a reduction in thovacolumbar
lovdosis (c) and mild sagittal imbalance. The patient was treated by exercises that increased the thoracolumbar
lordosis and a lovdotic spinal brace. (d) Despite that the patient was non-compliant and wore the brace only

at home for 4 hours daily, the brace treatment increased the walking distance from 10 minutes to around

30 minutes.

performed at least three times a week [83]. Resistance exercise training aims at
improving muscle strength, muscle mass, and BMD and optimizing the hormonal
milieu [81], whereas endurance exercise training targets at improving the cardio-
vascular function, increasing the insulin sensitivity and the anti-inflammatory
effects, as well as maintaining the endocrine milieu [81, 83]. Thus patients with DLS
should also be encouraged to take up a regular exercise program. Nourishment with
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optimal protein intake is also important. Patients should take 25-30 g of protein
with essential amino acids daily [82]. Supplements should include long-chain
omega 3 fatty acids and antioxidants (e.g., polyphenols such as hydroxytyrosol,
resveratrol, epigallocatechin 3 gallate, curcumin, quercetin) and vitamin D

[81, 84]. Ideally, vitamin D should be dosed to attain a serum level of 30 ng/L [82].
Depending on the hormonal level, testosterone and creatine may also be prescribed
to treat the (pre)-sarcopenia [82].

8.5 Osteoporosis management

Reduction in BMD is common in patients with DLS. A study by Eguchi et al. [26]
showed that trunk skeletal muscle mass correlated positively with BMD [26]. The
presence of sarcopenia would thus be indicative of osteoporosis [26]. Depending
on the BMD, treatment by medication and/or nutritional supplementation may be
required. Pharmacological agents are indicated in the presence of a moderate or
high risk of fracture. Common medications prescribed for postmenopausal osteo-
porosis include estrogen, estrogen + progestin, bisphosphonates, selective estrogen
receptors modulators (SERMS), the denosumab, calcitonin, and teriparatide. Each
of them has different indications and contraindications [85]. Whether these medi-
cations help stabilize or halt the progression of DLS has however not been studied
to date. Clinically, however, the author has seen cases of rapidly progressing DLS
controlled by administration of bisphosphonates.

Together with pharmacological agents, nutritional supplements such as calcium,
vitamin D3, vitamin K2, and silica and abstinence from alcohol and smoking are
indicated [86]. Recent studies have demonstrated that calcium supplementation
is associated with a low bone calcium content with a parallel increase in vascular
calcium content [86] and that low BMD is correlated with an increased cardiovas-
cular mortality [87, 88]. The calcium paradox is speculated to be related to vitamin
K2 deficiency [89]. It is thus prudent to advise patients with DLS and osteoporosis
to take vitamin K2 along with a calcium supplement.

8.6 Surgery

When conservative treatment fails to provide pain relief or control the symptoms,
the patient needs to be referred for surgery, particularly in the presence of neurologi-
cal signs and symptoms [90], as the outcome of surgery has been reported to be supe-
rior to conservative treatment [48], albeit with a much higher risk of complications.

9. Conclusions

When treating patients with DLS, we should not only target symptomatic relief,
but it is also necessary to address the underlying aggravating or risk factors of the
condition. Physiotherapy, manipulation, and needling can be used to treat pain,
together with spinal bracing. Scoliosis-specific exercises should be prescribed, and
corrective postures should be encouraged during daily activities to improve the
sagittal and coronal spinal imbalances. In the presence of sarcopenia and decreased
BMD, resistance exercise training and nutritional supplements are also indicated.
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Chapter 8

Restoration of Cervical and
Lumbar Lordosis;: CBP® Methods
Overview

Paul A. Oakley, Ibvahim M. Moustafa and Deed E. Harrison

Abstract

Low back and neck pain disorders are among the leading causes for work loss,
suffering, and health care expenditures throughout the industrialized world. It has
been extensively demonstrated that sagittal plane alignment of the cervical and
lumbar spines impacts human health and well-being. Today there are reliable and
predictable means through the application of extension spinal traction as part of
comprehensive rehabilitation programs to restore the natural curvatures of the
spine. High-quality evidence points to Chiropractic BioPhysics® (CBP®) methods
offering superior long-term outcomes for treating patients with various craniocer-
vical and lumbosacral disorders. CBP technique is a full spine and posture reha-
bilitation approach that incorporates mirror image® exercises, spinal and postural
adjustments, and unique traction applications in the restoration of normal/ideal
spinal alignment. Recent randomized controlled trials using CBP’s unique exten-
sion traction methods in conjunction with various conventional physiotherapeutic
methods have demonstrated those who restore normal lordosis (cervical or lumbar)
get symptomatic relief that lasts up to 2 years after treatment. Comparative groups
receiving various ‘cookie-cutter’ conventional treatments experience only tempo-
rary symptomatic relief that regresses as early as 3 months after treatment. The
economic impact/benefit of CBPs newer sagittal spine rehabilitation treatments
demand continued attention from clinicians and researchers alike.

Keywords: cervical lordosis, extension traction, lumbar lordosis, sagittal alignment,
spinal subluxation, spine rehabilitation

1. Introduction

The Chiropractic BioPhysics® (CBP®) technique was invented in 1980 by
Donald D. Harrison, a chiropractor who was also educated in engineering and
mathematics [1]. After reading the 1974 paper by Panjabi [2] on the recommenda-
tion for the use of a Cartesian coordinate system to accurately describe the move-
ment of body joints as rotations and translations around an origin, he applied this
concept to upright human posture (Figures 1 and 2) [1, 3]. Instead of being applied
to a single joint, Harrison presented the displacement of the head, thorax and pelvis
as rotations and translations of the main masses of the body, with spinal coupling
patterns that occur within the corresponding spinal junctions between the adjacent
body masses for each particular movement/position.
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Human posture described as rotations of the head, thovax, and pelvis about the x, y, and z-axes of the
Cartesian coovdinate system (Courtesy: CBP seminars).
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Figure 2.
Human posture described as translations of the head, thovax, and pelvis along the x, y, and z-axes of the
Cartesian coordinate system (Courtesy: CBP seminays).

In an attempt to model the upright neutral sagittal spinal position, Don Harrison
along with his son Deed Harrison and other colleagues performed a strategic set of
studies. Although many research groups have attempted to model the shape of the
normal human spine in the sagittal plane, few have done so as comprehensively and
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systematically as the Harrison group [4-11]. Elliptical shape modeling of the path of
the posterior longitudinal ligament along the posterior vertebral body margins was
chosen due to the ease of clear identification of these spine landmark points and for
the ability to easily make measurements of spine segmental and total angle of curva-
ture on patient radiographs to compare patient measurements to model predictions.
Modeling was performed on radiographic samples of asymptomatic participants.
Computer iterations of spinal shape modeling was applied to determine best-fit
geometric spine shapes by fitting various ellipses of altering minor-to-major axes
ratios to digitized posterior vertebral body corners on samples of radiographs of the
cervical [4-6], thoracic [7, 8], and lumbar spinal regions [9-11] (Figure 3).

The Harrison normal spinal model (Figure 3) features a circular cervical lor-
dosis, and portions of an elliptical curve for both the thoracic kyphosis (more cur-
vature cephalad), and lumbar lordosis (more curvature caudad). Consequently,
features of the normal human spine reveal that the opposite thoracic and lumbar
curves meet together at the thoraco-lumbar junction being essentially straight;
the upper, deeper curve of the upper thoracic spine reflects oppositely at the
cervico-thoracic junction (between T1 and T2) and continues into the cervical
lordosis; the lower lumbar spine increases its lordotic alignment having two-thirds
of its curve between L4-S1 as it meets the forward tilted sacral base. The spine is
modeled as vertical in the front view. The spine alignment is easily quantified by
repeatable and reliable methods from measuring its position from standing X-rays
[12-16] (Figure 3).

The Harrison normal spinal model has been validated in several ways. Simple
analysis of alignment data on samples of the normal, asymptomatic population has
been done [4-11]. Comparison studies between normal samples to symptomatic
samples [4, 17]; as well as between normal samples to theoretical ideal models have
been done [4, 5, 8, 10]. The statistical differentiation of asymptomatic subjects from
symptomatic pain group patients based on alignment data has been performed [6, 11].
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Figure 3.

Left: The Harrison normal spine model as the path of the posterior longitudinal ligament in the sagittal plane.
Right: Harrison posterior tangent method are lines drawn contiguous with the posterior vertebral body margins
used to quantify subluxation patterns (Courtesy: CBP seminars).
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The demonstration of paralleled spine alignment improvements with reductions in
pain and disability, versus no change in untreated control groups in pre-post clinical
trials have been performed [18-23]. The demonstration in randomized clinical

trials that only patient groups achieving lordosis and sagittal posture improvement
(lumbar or cervical) achieve long-term improvements in various outcome measures
versus comparative treatment groups not getting spine alignment improvement who
experience regression in multiple outcome measures at follow-up have also been

done [24-35].

CBP technique is a full-spine posture and spine rehabilitation method that
incorporates mirror image® (MI) exercises, adjustments, and traction applica-
tions in the restoration of normal/ideal spine alignment [1, 36-38]. Chiropractors
and other manual therapists practicing CBP structural rehabilitation techniques
have used this spine model as a structural goal of care for over 20 years. It is
noted that this model serves as the baseline for generalized patient comparison,
however, specific patient comparisons must include patient-specific consider-
ations related to thoracic inlet parameters [39] as well as pelvic morphology [40]
as these may dictate a structural modification to the sagittal plane model for a
given patient [37]. There are software programs (i.e., PostureRay Inc., Trinity,
FL, USA) that aid in the ability for practitioners to assess spine alignment quickly
in daily practice (Figure 4).

Today the evidence supporting the CBP approach to the correction of cervical
lordosis and lumbar lordosis is substantial. There are now many randomized con-
trolled clinical trials (RCT) documenting the reduction of anterior head translation

Figure 4.

Tl'ﬁee patients demonstrating dramatically different spine alignment patterns. Left: Excessive lumbar
hyperlordosis, L4 anterolisthesis, and excessive anterior sagittal balance in a mid-aged female with disabling
low back pain; Middle: Excessive thovacolumbar kyphosis and early degenerative changes in a mid-aged male;
Right: Excessive thovacic hyperkyphosis in a young male with Scheuermann’s disease. Red line is contiguous with
posterior vertebral body margins; green line represents Harrison normal spinal model. (Courtesy: PAO).
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[24, 28-35], as well as the increase in cervical lordosis [24, 28-35], and the increase
in lumbar lordosis [25-27] in patients presenting with hypolordosis in each of
these spinal areas. These trials have also demonstrated that the postural and spinal
improvements are associated with improvements in various patient outcomes,
including: pain, disability, quality of life, range of motion as well as specific physi-
ological measures such as improved neurological central conduction times—the
ability of the brain to communicate with the body.

We will now address in different sections the CBP approach to the restoration of
cervical lordosis and then the restoration of lumbar lordosis.

2. Restoration of cervical lordosis

The first clinical trial using CBP methods for the restoration of cervical lordosis
was a non-randomized controlled trial (nRCT) published in 1994 [18]. This first
trial substantiated two trends: (1) Sagittal cervical alignment could be changed
routinely, in patient cohorts receiving extension traction; (2) Spine alignment does
not improve following spinal manipulative therapy (SMT) as a comparative group
receiving spinal manipulation had no improvement in lordosis. Two other nRCTs
were published in 2002 [20] and 2003 [21] confirming the results in the first trial
and demonstrated that follow-up of patients experiencing improvements in lordosis
by extension traction showed these improvements were relatively stable (small or
no loss) at 14 [21] or 15.5 [20] months follow-up. These two latter trials also docu-
mented pain reductions coinciding with the lordosis improvements [20, 21] versus
no improvements in untreated control groups.

More recently, Moustafa et al. [24, 28-35] has performed multiple RCTs show-
ing improvements in cervical lordosis with extension traction protocols as part of
physiotherapeutic treatment programs. These trials have demonstrated superior
long-term patient outcomes versus comparative patient groups who only receive
the physiotherapy minus the extension traction. In fact, there is now good evidence
substantiating CBP cervical extension traction protocols show long-term reduction
of anterior head translation (Figure 5), long-term improvement in cervical lordosis
(Figure 6), and long-term reduction in pain levels (Figure 7) versus treatments that
are ‘cookie-cutter’ for the purpose of pain-relief.

Anterior head translation rehabilitation shows relative
stability at 1-year follow-up (n=212 from 3 RCTs)
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Figures.

Data from 3 RCTs demonstrates patients receiving cervical extension traction as well as conventional
treatments have reduction of anterior head translation that is sustained for 1-year after stopping treatment
versus the comparative groups (controls) vemaining virtually unaffected by conventional treatments (Weighted
averages from Moustafa et al. [28, 30, 31]).
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Cervical lordosis rehabilitation shows relative stability
at 1-year follow-up (n=212 from 3 RCTs)
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Figure 6.

Dagm from 3 RCTs demonstrates patients receiving cervical extension traction as well as conventional
treatments have lovdosis improvements that are sustained for 1-year after stopping treatment versus the cervical
curve of comparative groups (controls) remaining unaffected by conventional treatments (Weighted averages
from Moustafa et al. [28, 30, 31]).

Cervical lordosis rehabilitation leads to better long-term pain
reduction 1-year post-treatment (n=332 from 4 RCTs)
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Figure7.

Dugta from four RCTs demonstrates patients receiving cervical extension traction as well as conventional
treatments have pain reductions that ave sustained for 1-year after stopping treatment versus comparative
groups (controls) who show a regression (increasing) of pain intensity towards baseline after stopping
treatment (Weighted averages from Moustafa et al. [28, 30, 31, 33]).

Table 1 summarizes the main outcomes from eight separate RCTs on CBPs
extension traction as part of physiotherapeutic treatment programs versus com-
parative groups only receiving the physiotherapy and not the extension traction.
Notably, and as demonstrated in Figures 5-7, pain-relief treatment programs (i.e.,
stretching/strengthening exercises, infrared irradiation, spinal manipulation, myo-
fascial release, TENS, mobilization, hot packs — not including extension traction)
do not improve the spinal parameters and only provide short-term pain relief that
regresses after the cessation of treatment.

2.1 CBP protocol for restoring cervical lordosis

The classic CBP “E-A-T” protocol includes Exercises, spinal Adjustments, and
Traction in a MI application. Corrective exercises for a cervical spine that is hypol-
ordotic/kyphotic includes cervical extension exercises (Figure 8). A new patient
may begin with head extension exercises in mid-air, and then progress to using a
resistance band placed at the mid/low neck at the apex of their curve abnormality.
Repetitions may vary but may begin at 25 and increase to 50 or 100. The patient may
be instructed to hold each repetition for 3-5 s [36, 37]. After the patient sufficiently
demonstrates proficiency, prescription for home exercises should be made.
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Table 1.

Summary of eight RCTs documenting vesults in cervical lovdosis improvements and reduction of anterior
head translation corresponding with various pain, disability, quality of life and physiological parameter
improvements.

Figure 8.
Cervical extension traction. Bottom right: Cervical extension exercises with resistance band (Courtesy: CBP
seminars).

The rationale for corrective exercises is to strengthen the weak muscles, and
stretch the shortened muscles as presumably the patient has had the spinal mis-
alignment for some time, usually many years, and the soft tissues will have, over
time, adapted to the poor posture [41]. It is generally accepted that exercises alone
will not lead to any substantial improvement in lordosis or decreased head transla-
tion, but are still important in order to provide stability to the spinal area as the
patient is being simultaneously treated with passive spinal traction as part of the
CBP rehabilitation program.

Although many CBP practitioners provide spinal manipulative therapy, the MI
approach to treat a patient having cervical hypolordosis/kyphosis includes cervi-
cal hyperextension drop-table adjustments. The rationale for the application of
these force vectors are to reset the tone of the postural muscles [42]. More often
patients presenting with cervical spine hypolordosis or kyphosis have accompany-
ing anterior head translation. For this reason, it is commonplace for the manual
therapist to place the patient in the prone position and elevate the head support to
position the patient in the MI. At the same time the patient can extend their neck
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backwards (i.e., look forward and place their chin on the head support) to further
place the spine into a hyperextended position. The manual therapist would place
their contact hand at the mid-neck and/or on the upper thoracic spine and provide a
force downwards to engage the drop-piece on a “drop-table.”

Spinal traction is applied to increase the cervical lordosis and the spine must be
placed in a hyperextended position (Figure 8). There are several extension traction
variations; each is specific to the actual cervical alignment. For example, a cervical
kyphosis with evident anterior head translation requires a posterior head transla-
tion and a “2-way” extension traction set-up [20], while a kyphosis without signifi-
cant anterior head translation could be sufficiently reduced using a “Pope 2-way”
extension traction without posterior head translation [21]. A patient having signifi-
cant AHT having hypolordosis (but no kyphosis) should have sufficient reduction
of AHT and increase in lordosis receiving extension-compression extension traction
[18]. Initially, traction should be performed for 3-5 min and progress to 10-20 min
per treatment session.

3. Restoration of lumbar lordosis

The first clinical trial using CBP methods for the restoration of lumbar lordosis
was a non-randomized trial in 2002 [19]. In this trial, 48 patients with chronic low
back pain (CLBP) were treated with SMT and extension traction to the lumbar
spine for an average of 36 treatment sessions over an average of 12 weeks. There
was an average of an 11.3° increase in lumbar lordosis from L1-L5 ARA (9.1° increase
from T12-S1 Cobb). A control group of 30 CLBP patients had no pain reduction and
no improvement in spine parameters. This trial demonstrated, for the lumbar spine
with CLBP patients having hypolordosis, that routine increases in lumbar curvature
is achievable; patients who get no treatment have no increase in lumbar curve and
remain in pain. Harrison et al. concluded: “This new method of lumbar extension
traction is the first nonsurgical rehabilitative procedure to show increases in lumbar
lordosis in chronic LBP subjects with hypolordosis.”

Since the original trial outlining the CBP extension traction approach for lumbar
hypolordosis, two more randomized controlled trials have documented that supe-
rior outcomes occur in mechanical LBP and sciatic patients receiving lumbar exten-
sion traction as part of comprehensive physiotherapeutic programs versus those
who receive the physiotherapy without the extension traction (Figures 9 and 10)
[25-27]. These results mirror the outcomes as found from the trials on the cervical
spine by CBP extension traction methods [24, 28-35]. Table 2 summarizes the two
lumbar trials [25-27].

3.1 CBP protocol for restoring lumbar lordosis

Low back disorder patients who concurrently have lumbar hypolordosis require
lumbar extension traction to increase their lumbar structural mal-alignment.
Figure 11 shows three different positions for the application of lumbar extension
traction. Although there is not yet enough research to suggest one method over the
other, the choice is up to the doctor/therapist. It is suggested that those having high
intensity pain and/or those who are older and frail and/or those with balance and
locomotor challenges perform lumbar traction in the supine position.

Similar to that discussed for the cervical spine, initial traction should be for
3-5 min and progress to 10-20 min per treatment session [19, 25-27]. Simultaneous
physiotherapeutic treatments, including SMT, are in order to provide initial pain relief
and improved mobility so that the patient is able to tolerate the traction [36-38].
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Lumbar lordosis rehabilitation shows relative stability
at 6-month follow-up (n=144 from 2 RCTs)
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Figure 9.

Dagm from two RCTs demonstrates patients veceiving lumbar extension traction as well as conventional
treatments have lovdosis improvements that are sustained for 6-months after stopping treatment versus the
lumbar curve of comparative groups (controls) remaining unaffected by conventional treatments (Weighted
averages from Moustafa et al. [26, 27]).

Lumbar lordosis rehabilitation leads to better long-term pain
reduction 6<months post-treatment (n=144 from 2 RCTs)
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Figure 10.

Dagm from two RCTs demonstrates patients receiving lumbar extension traction as well as conventional
treatments have pain reductions that ave sustained for 6-months after stopping treatment versus comparative
groups (controls) who show a regression (increasing) of pain intensity towards baseline after stopping
treatment (Weighted averages from Moustafa et al. [26, 27]).
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Table 2.

Summary of two RCTs documenting results in lumbar lovdosis improvements corresponding with various pain,
disability, quality of life and physiological parameter improvements.

4, Extension traction mechanisms

Spinal traction has been around for literally hundreds of years. The unique
aspect of CBP’s traction for the purpose of increasing the physiologic lordosis
whether for the cervical or lumbar spinal areas is performing traction in a hyper-
extended position. The key to significant structural spine alignment changes lays
in the viscoelastic creep properties of the intervertebral disk (and ligaments) and
myofascial tissues under therapeutic conditions [43].
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Figure 11.
Lumbar extension traction as preformed in the seated, standing and supine positions (Courtesy: CBP seminars).

Recently, Harrison and Oakley asked the question: How does lumbar extension
traction increase lovdosis? [44]. It was suggested that lumbar extension traction
creates a sustained visco-elastic deformation in the soft tissues (muscles, ligaments,
and discs) of the lumbar spine (or cervical spine). It is known that all soft tissues
including tendons, ligaments, and discs display visco-elastic properties [45]. It
is also known that when the soft tissues of the spine are subjected to a continu-
ous load, the tissues will undergo three processes, “creep,” “stress relaxation” and
“hysteresis.” Creep is the amount of deformation occurring in the tissues, stress
relaxation is a reduction in the amount of the internal stress found in the tissues
over time, and hysteresis is energy loss in the system from an exothermic reaction
likely from the breaking of hydrogen-collagen bonds [45-49].

It is presumed that hyperextension traction targets the anterior portion of the
discs, the anterior longitudinal ligament, and anterior column musculature spe-
cifically [36, 37]. Traction must be performed in a sustained and continuous man-
ner for creep-relaxation and visco-elastic deformation to occur [45-49]. Thus,
the biomechanical elongation of the anterior structures leads to a permanent
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structural tissue resting length change and when performed in a frequent manner
(i.e., daily or three times per week), a steady and consistent change to the spine
alignment will occur as has been demonstrated by CBP for increasing the cervi-
cal lordosis by an average of 10-18° [18, 20, 21, 24, 28-35] and lumbar lordosis

by an average of 7-11° [19, 25-27, 44] over the duration of 10-14 weeks. Note

that the amount of change in the cervical and lumbar lordosis were measured
radiographically on follow-up spine X-rays using standardized, reliable, and valid
measurement methods [18, 20, 21, 24, 28-35].

5. Extension traction protocols

Although strict CBP technique methods incorporate exercises, spinal adjust-
ments and spinal traction (E-A-T), these protocols have been discussed elsewhere
[1, 36-38]. We will outline the critical protocol parameters that apply specifically to
extension traction.

A patient must be screened for the presence of spinal hypolordosis in the cervi-
cal or lumbar spine by standard standing X-ray. External (non-imaging methods)
body measurements are not valid for the assessment of the magnitude, segmental
contributions, and geometric shape of a patient’s lumbar or cervical lordosis.
Furthermore, only direct spine imaging allows the visualization and quantification
of a patients pelvic and thoracic inlet morphologies which are known variables that
influence the magnitude of sagittal curvature that should be present and can be
achieved through rehabilitation [37, 39, 40]. In the majority of cases, all radiographs
should be taken with the patient in a standardized position, standing freely without
support, with arms fully flexed with the hands in the clavicle position [50, 51]. We
recommend the feet to be positioned hip-widths apart without any shoes as well as
the patient should have their eyes open and be staring straight ahead at eye level.
Although full spine 36-inch lateral views may be used, it is recommended that a
dedicated lateral cervical be taken to more accurately assess cervical subluxation as
the 36-inch view projects the head more posteriorly and the cervical spine flatter
[52, 53]. An obvious concern about routine X-rays is the exposure to radiation, we
address this issue in the next section.

Although various measurement methods may be used, we recommend the
Harrison posterior vertebral body tangent method as it is highly reliable (small
standard error of measurement; i.e., <2° for regional measures of C2-7 and L1-5)
[12-15]. Although C2-T1 absolute rotation angle (ARA) can be used, typically
C2-C7 ARA is standard for measuring the cervical lordosis and L1-L5 ARA for the
lumbar lordosis.

A patient may start traction for only 3-5 min initially. Increasing traction time
may progress by 1-3 min on subsequent treatments pending their clinical tolerance
and response. Total traction time should be between 10 to 20 min maximum. There
is no significant benefit to performing traction longer than 20 min as the majority
of visco-elastic creep deformation occurs in this time [48].

Typical treatment plans include seeing a patient three-times per week for
10-12 weeks prior to a repeat X-ray and analysis of structural improvement.

As outlined in previous works [36-38], a patient may require several rounds of
treatments to achieve a spinal alignment in the realm of normal/ideal; this is
particularly true for patients having gross spinal deformities, high pain levels,
and disability, as demonstrated in the treatment of non-iatrogenic flat back [44].
It is not untypical to treat a Patient three times per week, for 6-12 months in
these cases.
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6. Contraindications to extension traction

Generally, contraindications for extension traction protocols are the same as
contraindications for SMT. Although traction protocols may be used in these cases,
patients with a history of stroke, high blood pressure, bone spurring on the poste-
rior aspect of the spine, spinal stenosis or other space occupying lesions represent
potential high-risk, and therefore, extra caution should be taken to screen these
patients for tolerance to this type of traction.

Patient screening for the ability to tolerate spinal extension traction should be
performed for all patients. This typically includes assessing tolerance while laying
supine on an extension traction device (e.g., Denneroll). The patient should be
assessed for distress and/or an exacerbation of symptoms including the reporting of
nausea, dizziness or increased pain. Those with rigid spine deformities and/or spi-
nal osteoarthritis should have a stress view radiograph taken for flexion-extension
as well as lying supine over an extension traction device.

The following represent absolute contraindications to the application of spinal
extension traction [36, 37]:

* Pregnancy, especially in later stages nearing term;

* Infectious discitis and spinal tumors compromising vertebral stability;
* Abdominal aortic aneurysm;

* Severe osteoporosis and other bone diseases;

» Unstable vertebral fraction;

* Unstable segment under loading (verified by radiography) that cannot be
reduced with extension traction loading;

* Multi-level spinal fusion;

* Recent spinal surgery;

e Abdominal hernias for lumbar traction;

* Other conditions that would be contraindicated for spinal manipulation;

* Patient having hyperlordosis of the cervical or lumbar spinal areas where
extension traction is to be performed;

* Not having recent confirmatory standing X-rays of the spinal region to where
the extension traction is to be applied.

The following represent relative contraindications to spinal extension traction
that require diligent screening and clinical evaluation [36, 37]:

* Canal stenosis—although also proven useful for this [54];
* Spondylolisthesis—although also proven useful for this [55];

* Single-level fusions—to prevent hyperextension at the adjacent segment to the
fusion;
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* Hip replacement;
* Advanced osteoporosis;

* Locking (hyperextension) of the knees while in standing traction position—
this may limit blood flow and induce syncope;

* Lack of food/nutrition and/or water several hours prior to treatment—may
result in syncope;

* Extreme fatigue or illness or recently donating blood—may result in syncope;

* When pelvic morphology dictates a modification from ideal lumbar lordosis
or thoracic inlet angle dictates a modification from ideal cervical lordosis such
that the patient’s actual lordosis is more or less than expected [36, 37, 39, 40];

* Kissing spinous’s or Baastrup’s disease will inhibit segmental extension from
occurring.

When applying extension traction protocols, it is important to realize the
obvious notion that this applies only to those presenting with hypolordosis,
straightening, or kyphosis of the cervical or Lumbar spinal areas, not to those
with hyperlordosis. In such cases, different CBP traction protocols apply which are
beyond the scope of this brief review [39, 56]. Also, in the performance of assess-
ing patient tolerance to extension traction, the slow progression of increasing time
and transitioning to a more challenging extension stretch is found in the skill and
art of the hands of the practitioner. Fortunately, extension traction protocols have
been proven safe as no reports of deleterious outcomes have been reported in the
multiple RCT’s [24-35]. Further, this approach seems so safe that once thought of as
contraindications, for example spondylolisthesis, have been shown to be able to be
reduced by a special application of these methods [55]. Again, the experience and
confidence of the practitioner will dictate whether this approach is selected for dif-
ferent candidate patients with their corresponding varying levels of difficult spinal
conditions and case histories.

Concerns over radiation exposures during routine spinal X-ray imaging need
discussion. Although this topic has been thoroughly discussed elsewhere [57-60],
in brief, patient exposures from spinal X-rays are not harmful. First, the assump-
tion that radiation exposures from low-doses are carcinogenic is false; low-doses of
radiation (including X-rays and CT scans) stimulate the adaptive protection sys-
tems in the body to “over-repair” any genetic damage done, including DNA double
strand breaks by imaging [61]. Second, because of point one, there is no cumulative
effect; therefore, the only relative risk can be considered from a single session of
X-rays (i.e., 1-3 mGy) [57, 58]. Third, due to point two, the amount of radiation
from X-rays of 1-3 mGy is many times lower than the recognized dose threshold for
leukemia of 1100 mGy (95% CI: 500-2600 mGy) [57, 62] and therefore cannot be
carcinogenic.

7. Conclusions
Today there are reliable and predictable means through application of exten-

sion spinal traction as part of comprehensive rehabilitation programs to restore the
natural curvatures of the spine. High-quality evidence points to CBP methods as
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offering superior long-term outcomes for treating patients with sagittal plane spine
and posture deformities who present with various craniocervical and lumbosacral
disorders.
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Chapter 9

Brace Treatment for Children and
Adolescents with Scoliosis

Hans-Rudolf Weiss and Deborah Turnbull

Abstract

The aim of brace treatment in patients with scoliosis during growth is (1) to stop
curve progression and (2) to improve appearance/cosmesis. There is high quality
evidence available supporting brace treatment. According to recent publications,
the outcomes of different braces vary to a high extent. Although most of the sco-
liosis cases will not affect the patient’s health, the impact of braces on the cosmetic
outcome to date is not well determined. Standardised asymmetric braces (mainly
Chéneau derivatives) have better outcomes than symmetric compression braces
and may also lead to significant improvements of the deformity. For symmetric
braces, no evidence exists that these could significantly change the deformity.

Soft braces have no indication and the use of night-time braces should be largely
restricted due to poor outcomes when compared to current standards of full-time
bracing.

Keywords: scoliosis, deformity, progression, brace treatment

1. Introduction

Scoliosis is a three-dimensional deformity of the trunk and spine which may
deteriorate quickly during phases of rapid growth [1-3]. Scoliosis may be caused
by neuromuscular disorders and mesenchymal disorders, and it may be congenital
and caused by other rare conditions, but for most cases (80-90%), it is referred
to as idiopathic because no underlying cause has been identified [1-4]. Idiopathic
scoliosis is further distinguished by the age at the onset of the condition. Infantile
idiopathic scoliosis (IIS) is defined as starting at the age of 1.6-3 years, juvenile
idiopathic scoliosis (JIS) at the age of 4-6 years and adolescent idiopathic scoliosis
(AIS) at the age of 10-14 years old [1, 4]. The treatment of scoliosis consists of
observation, exercises, brace treatment and spinal fusion surgery [1-3]. When
considering surgery versus conservative treatment, high-quality evidence exists
for the application of pattern specific exercises (PSE for example, Schroth) [5, 6]
and spinal bracing [7-9]. No long-term evidence exists to support spinal fusion
surgery [10-14]. Further comparisons are not possible when there is a lack of
publicised surgical outcomes. High rates of complication have been reported in
the mid and long terms [15-18], whilst no long-term complications have been
publicised regarding PSE and brace treatment. AIS is a relatively benign disorder
in most cases [19, 20] and therefore the long-term complications of spinal fusion
surgery may outweigh the long-term consequences of the deformity [15-18, 21].
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Figure 1.
Many different braces as still applied today for the treatment of scoliosis.

Consequently, the indication for spinal fusion surgery in patients with AIS is
controversial [22] as is for most of the other scoliosis conditions [12, 23, 24]. When
comparing surgery versus bracing and PSE, there is evidence for conservative treat-
ment, but no published evidence for spinal fusion surgery for AIS.

It is well established in literature that pattern-based or pattern-specific exercises
do have a positive impact on the course of the disease [5, 6, 25-27]. Obviously,
general exercises or sport activities also reduce the incidence of progression in small
curvatures [28] or in patients with a low risk for progression [29]. However, there
is only one relevant randomised controlled trial (RCT) with an untreated control
group [5], whilst other RCTs involving PSE have major flaws (amongst other things
not providing an uncontrolled control group) and therefore would not contribute to
high quality evidence [30, 31].

Brace treatment is supported by high-quality evidence as well [7-9]; however,
the approach to bracing differs significantly in design (Figure 1). There are many
types such as symmetrical braces [7, 9, 32-35], asymmetrical braces [8, 36-49],
night-time braces [50-55] and soft braces [56, 57]. It has been shown that soft
braces have no advantage over hard braces [8, 58-60]. The authors and company
owners have published a body of literature [61], but independent high-quality
papers have concluded that soft braces in patients at risk of progression, will not
benefit from such treatment [8, 58-60]. Therefore, only hard braces should be used
in patients at risk for progression.

Purpose of this review is to discuss the best possible approach for bracing scolio-
sis patients with respect to (1) rate of success and (2) impact on the deformity.

2. Materials and methods

A literature review has been undertaken using the Pub Med database on June
27th, 2019 and a hand search identifying outcome papers on the topic of bracing
in adolescent idiopathic scoliosis containing data with respect to (1) rate of success
and (2) impact on the deformity. Search terms used were (1) scoliosis, brace treat-
ment, rate of success and (2) scoliosis, brace treatment, cosmetic outcome.
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3. Results

The results of the search; (1) 31 items have been found of which 14 were found
to be relevant reporting a rate of success [7, 9, 47, 52, 55, 62-70]; (2) 14 items were
found of which 3 reported upon cosmetic outcomes [71-73]. In the hand search
additional papers were revealed for search (1) [32-46, 48-51, 53-55, 74]. Hand
search for search (2) revealed a narrative review on the topic [75].

Success rates between less than 50% and more than 90% were found [7-9,
32-55, 74]. In one study, there was a success rate of 100%; however, only small
curves and only single curve patterns were included [42]. The latter study therefore
cannot be regarded as being comparable to the content of the other studies found
in literature.

More symmetrical braces (Boston style) have consistent success rates of just over
70% [7, 9, 32-35], whilst asymmetrical full-time braces show success rates between
50 and 95% [8, 36-49]. Night-time braces when compared to full-time braces seem
to have poor results (57.1%) [55]. Standardised asymmetrical braces may have suc-
cess rates exceeding 80% [8, 41, 46] even in curves of 40° and above [47, 74].

Most of the brace studies did not include any measures regarding the impact of
the brace on the deformity of the trunk. Only in a few papers, the measurement of
trunk deformity was reported [71-73] and in very few papers clinical and cosmetic
improvements after brace treatment were documented [75].

4. Discussion

Symmetrical braces (Boston style with dorsal or ventral closures) provide
success rates of 70% or little over [7, 9, 32-35] (Figure 2). Asymmetrical three-
dimensional braces (mainly Chéneau style) may have success rates between less
than 50 and more than 90% [8, 36-49]. There is a wide variety of outcomes used
in research, which may be related to the differing qualities of asymmetrical brace
adjustments and designs (Figures 3-5).

With a more or less symmetrical tube shape (Figure 2) brace construction is
more simple, whilst asymmetrical braces can only be constructed and adjusted well

-

- -
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Figure 2.

Visually almost symmetrical braces mainly correcting via trunk compression. (a) Boston brace made with a
little shift towards the thoracic concavity, (b) Boston brace from Denmark pushing the trunk into the main
thoracic curve and (c and d) symmetrical compression braces from Italy [34, 35].
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Figure 3.

Dz']g‘ferent Chéneau style braces all for a main thovacic curve to the right. (a) Rigo brace and (b) Gensingen
(GBW) brace clearly mirroring the deformity shifting the thoracic part of the trunk to the left. (c and d)
Hand-made Chéneau derivatives without obvious impact on the trunk deformity still decompensated to the
right in the brace. In a good asymmetrical high corvection brace mirroving of the deformity will always be
visible (a and b).

Figure 4.

Asymmetrical high correction brace (GBW) with a clear mirroving of the deformity in the brace and a
reasonably successful cosmetic improvement along with the in-brace correction as shown on the right. GBW
brace produced in May, 2019 with a thovacic curvature of 45°, lumbar curvature of 24°. In-brace X-ray,
thovacic 7°, lumbar 7° Cobb (courtesy of Xiaofeng Nan, Xi’an, China,).

with a very experienced and highly skilled technician/orthotist or by using well
calibrated and reliable CAD (computer-aided design, see Figures 3-5) series based
on certain classifications and proven reliable methods [76, 77].

It is not the name of the brace that ensures a good outcome; it is the brace
manufacture and adjustments based on standardised algorithms [76, 77]. It is
concerning that in many studies on brace treatment, an example of the brace
design is not presented in a picture [55, 78]; sometimes the brace design is not even
named [78].
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Figure 5.

Gzﬁl with a Risser stage of IV. The thorvacic curve initially was 34° and the lumbar 20°. After wearing the
GBW brace in-brace X-ray of the thovacic curve was 11° and lumbar 14°. Half a year later X-ray without the
brace (for over 24 hours) is 24° and lumbar 20° with a reasonable clinical corvection as seen on the right. This
case shows that also in the move mature patient significant cosmetic improvements can be gained (courtesy of
Xiaofeng Nan, Xi’an, China).

Figure 6.

X-ray of a patient with a main thovacic curve to the right (a). (b) No correction in a Boston style brace and (c)
reasonable correction of the curve in a GBW, after the patient changed her brace due to discomfort in the Boston
brace (courtesy of Dr Marc Moramarco, Scoliosis 3DC, Woburn, MA, US).

Outcomes with respect to Cobb angle: Landauer et al. in their retrospective study
[37] examined 62 adolescent female patients with right thoracic scoliosis (20-40
Cobb degrees) treated with a Chéneau style brace. Initial correction improvements
of >40% (p < 0.002) and satisfactory compliance (p < 0.004) gained a significantly
successful outcome (Figure 6). There was an average improvement of 7° in Cobb
angle, with patients with good compliance and with a significant initial correction.
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The authors concluded that compliant patients with a high initial correction can
expect a final correction of around 7°, whilst compliant patients with low initial
correction may maintain the curve to some extent. Bad compliance was associated
with curve progression.

Bullmann and colleagues in their study [38] had 52 patients with a Cobb
angle of between 25 and 40°. Prior to starting brace treatment with the Chéneau-
Toulouse-Muenster orthosis, skeletal age and flexibility of the curve (bending
films) were evaluated. The average follow-up after weaning of the brace was
42 months (36-78 months). Three years after weaning there was an overall
increase of the Cobb angle to 37° on average. The authors concluded that curve
progression was prevented in 58%. Prognostic risk factors were a young age at the
start of brace treatment, a thoracic curve, unsatisfactory curve correction in the
brace and a male gender.

Zaborowska-Sapeta et al. presented a prospective study using SRS and SOSORT
guidelines [40], including 79 progressive idiopathic patients (58 girls and 21 boys).
The treatment included a Chéneau brace and physiotherapy. And the patient group
included an initial Cobb angle between 20 and 45°, Risser 4 maturity at final assess-
ment and no other or previous brace treatment. The follow up results were outlined
that 25.3% improved, 22.8% were stable with no change in progression, 39.2%
worsened and progressed but below the surgical indicated level of 50° Cobb angle
and 12.7% worsened and progressed beyond 50°. Two patients out of the initial 79
patients progressed >60° Cobb angles. Progression concerned the younger and less
skeletally mature patients. The results of this study may indicate that this Chéneau
style and design of the brace used is more effective in reducing the incidence of
surgery, even when it is compared to the natural history (without treatment) of this
condition.

These are two studies with low quality Chéneau style braces. Both studies
indicate that less skeletally mature patients had worse outcomes than the more
mature patients. This seems the typical finding in low quality braces that patients
more at risk for progression have worse outcomes than the more mature lower-risk
patients [55, 70].

In studies with more high quality brace designs, the more immature patients
seem easier to correct and preserve better outcomes than the more mature patients
(45, 47,74,75,79, 82].

Aulisa and colleagues reviewed 93 patients with adolescent idiopathic scoliosis
(AIS) that implemented the PASB (Progressive Action Short Brace) and the Lyon
method [46]. The age range was wide, ages from 10 to 35 years old. Two groups
were separated according to their Cobb, less than30° and more than30°. The
follow-up was long, at a mean age of 184.1 months (+72.60) after treatment was
stopped. The pre-treatment mean Cobb angle was 32.28° (+9.4°), the post treatment
mean was 19.35° and then increased to 22.12° in the 10 years after the end of treat-
ment. No significant change was noted in the mean Cobb angle between the end of
weaning and the later follow up (p = 0.105). Patients prescribed a brace from the
beginning had reduced Cobb angles by 13° within the treatment period, which then
worsened by 3° after treatment ended. The group with Cobb angles >30° showed a
pre-brace mean curve of 41.15% then at the end of treatment, the mean angle was
25.85° and had worsened with a mean of 29.73° at later follow-up. The group with
<30° Cobb angle initially presented with a mean Cobb angle of 25.58° which then
reduced to a mean of 14.24°, but then worsened after treatment to 16.38°. There
was no significant change in the mean progression of Cobb angles between the
two groups. This paper concluded that scoliosis did not progress in 15 years after
treatment. The natural history of this pathology, at these levels of moderate sever-
ity, deems that normally a progressive but small increment will continue to worsen
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until skeletal maturity. High-quality bracing is a valuable and effective alternative
treatment method, demonstrated by successful long-term follow-up outcomes, even
with patients that initially present with moderate AIS.

In another paper with curves initially presenting at 40° and which included
over fifty-five participants [47]. Just under half of the participants had a minimum
follow-up of 18 months and an average of 30.4 months (SD 9.2).

The 25 patients had the following characteristics at their initial presentation:
Cobb angle of 49° (SD 8.4; 40-71°); 12.4 years old (SD 0.82); Risser: 0.84 (SD 0.94;
0-2). A statistical z-test was used to compare the success rate in this cohort to the
success rate in the prospective braced cohort from BrAIST (Bracing in Adolescent
Idiopathic Scoliosis Trial).

At follow-up, the average Cobb angle was 44.2° (SD 12.9). Two patients pro-
gressed, 12 patients were able to halt progression, and 11 patients improved. Angle
of trunk rotation (ATR), demonstrating cosmetic improvements, decreased from
over 12° to just over 10° in the thoracic spine (p = 0.11) and from 4.7 to 3.6° ATR
improvements noted in the lumbar spine (p = 0.0074). When comparing the suc-
cess rate to the BrAIST cohort with the success rate of patients in this cohort, the
difference was statistically significant (z = —3.041; p = 0.01). The Gensingen brace
was successful in 92% of cases of patients with AIS, whose patient group initially
presented with large curvatures and the improvements were significantly more
effective when compared to the BrAIST study results of 72%, whose patient group
initially had smaller curves comparatively.

Recently, a paper was published with the SRS inclusion criteria for studies on
bracing (Girls only, Age 10-14 years, Risser 02, Cobb angle 25-40°), the range of
Cobb angles was extended to curvatures of up to 45° in order to increase the amount
of participants in the study [79]. Twenty-eight patients from their prospective
cohort (12.5 years; Risser 0.8; Cobb 32.6°) were weaned off their CAD Chéneau
style brace (Gensingen brace). The results of this cohort were compared with the
BrAIST study by Weinstein et al. with the help of the z-test. Failure in both studies
was defined as a Cobb angle reaching or exceeding 50° Cobb.

The in-brace correction was 51.4%. Two out of the 28 patients (7.1%) from this
group reached or exceeded 50° Cobb angle at final follow-up making a success rate
92.9%. Comparative to the results of 72% in the BrAIST study, the improvement
was highly significant in the z-test (z = 2.58, t = —3,42, p = 0.01).

The authors concluded that the results as achieved with the Gensingen brace
were significantly better than the results as achieved with the Boston brace.
Therefore, the standards should be adapted from symmetrical compression braces
to asymmetrical high correction braces, maintaining improved standards by use of
a classification-based corrective system for most of the possible curve patterns.

These results show the high variability of outcomes with different asymmetrical
braces with very different qualities. Low quality asymmetrical braces seem to have
outcomes with insignificant effects to natural history, and high-quality asym-
metrical braces offer the advantage of improving Cobb angle and the cosmetic and
postural issues of the deformity [45-47, 74, 75, 79-82].

4.1 Clinical outcomes

In patients with AIS (80-90% of all scoliosis patients) rarely suffer severe health
problems [3, 19, 20]. The cosmetic outcome of brace treatment might be important
rather than the Cobb angle which is visible on the X-ray only. However, there is only
a small body of literature on brace treatment with a focus on cosmetic outcomes
[75]. For more symmetrical braces mainly correcting the curve via trunk compres-
sion (Figure 2) no clinical evidence exists, that these would significantly influence
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the trunk deformity. In one paper on a modified Boston brace changes of lumbar
ATR were detected, but in the thoracic region obviously no improvements were
obtained [72]. For asymmetrical high-quality full-time braces, there is evidence
that cosmetic improvements can be gained [46, 47, 73-75, 79-82].

Trunk deformity can be improved when using asymmetrical CAD libraries
[46, 47, 73-75]. This has recently been confirmed in another end-result study [79].
It has also been shown that improvements of the trunk deformity may stay stable
years after brace weaning [46, 82] (Figure 7).

In a study with more mature patients, cosmetic improvements have been
reported [71]. The treatment indication for these patients was to improve aesthetic/
cosmetic reasons and/or for curve reduction. Their Risser sign was 4-5 initially and
by the end of treatment 34 females and 2 males, age 16.2 + 1.6 years had a Cobb
angle of 27.6° + 8.9°. The Lyon or SPoRT (so called Symmetric, Patient oriented,
Rigid, Three-dimensional, active) braces were used as treatment. A brace wear-
ing prescription is of 18-24 hours daily, SEAS (Scientific Exercises Approach to
Scoliosis) exercises, rapid weaning (2-3 hours every 6 months). 39% of this cohort
improved and 46% of the group initially presented with curves over 30° cobb
angle. Only one patient progressed 6°. Results were successful; statistically sig-
nificant reductions of Cobb angle maximal (-4.4°), thoracic cobb angles (-6.0°),
thoracolumbar cobb angles (-6.6°), and further statistically significant improve-
ments for the Aesthetic Index outcome. The authors concluded that before 20 years
of age, even in skeletally mature patients, it is possible to reach radiographic and
aesthetic improvements, although it was not as significant as when during growth
spurts. In a recent review, a case series is documented with obvious clinical cor-
rections in patients treated with the Gensingen brace [75]. All patients from this
case series had curvatures of 45° and over at the start of the treatment, whilst
the patients were immature and were clearly recompensated after brace weaning
(Figures 8 and 9).

2005
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Figure 7.

Clinical and radiological improvement 5 years after weaning off a Chéneau light brace. Initially the patient
had 38° and a significant decompensation of the trunk. Five years without the brace the patients’ trunk seems
recompensated and the residual curve is 19° [80].
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Figure 8.

Male patients with a decompensated thoracic curve of 56° to the right. Slightly recompensated 2010 as the
intermediate vesult during the treatment with a GBW. Six months after brace weaning (2012), the posture and
X-ray are clearly compensated. The patients’ vesidual deformity is hardly visible although the Cobb angle is still
43° as shown on the right. This case shows that significant cosmetic improvements can be achieved with modern
asymmetric high-quality braces [75].

August 2011 March 2012 April 2013 September 2013

Figure 9.

Clinical changes from the start of treatment with a GBW (left) to 3 months after brace weaning (vight).
Initially, the patient is decompensated to the vight and at the end a mature woman is visible with a well-
compensated trunk [75].

In rare cases, it is possible that these braces can improve the trunk deformity sig-
nificantly, whilst the Cobb angle stays unchanged [75] or even shows a progression
[83]. Therefore, for patients with AIS, using CAD libraries and specialists should be
preferred [46, 47, 73-75, 79-82].

4.2 Outcomes of part-time bracing
As early as in 1997 in a meta-analysis, it has been shown that part-time bracing is
clearly inferior to full-time bracing [84]. Later, these findings have been confirmed

[37, 85]. But night-time braces are still widely marketed [54, 55] despite of the fact
that brace wearing time, along with in-brace correction determines the outcome of
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brace treatment [37, 84]. The low success rate of night-time bracing would not make
this a beneficial option. In the contrary, when the curve gets worse with night-time
bracing, the patient will lose trust in bracing and the compliance with full-time
bracing will probably be reduced. Furthermore, the bigger the curve and the more
mature the patient, the longer the treatment might last with less possibility of a
cosmetic improvement.

On the other hand, when brace treatment in the immature adolescent with a
moderate degree of curvature starts with a high-quality brace full-time in the most
important phase of growth drastic improvements can be achieved (see Figure 7)
and part-time brace wearing can be offered to the patients when the intermediate
curve is below 20°. It is logical to start with full-time treatment with an asymmetri-
cal high-quality brace in the immature patient at risk for curve progression as this
will usually lead to a final improvement of cosmetics and to the shortest possible
treatment duration.

With respect to patient compliance, the bracing service besides reliable in-brace
corrections should also offer braces with the best possible comfort. This means
the brace should be made as small as possible without compromising its corrective
effect. Compression effects in the brace should be minimised, whilst the corrective
movement (shift) should be maximised (Figures 3-5).

In patients at risk of progression and curvatures between 15 and 25°, however,
night-time bracing may be of benefit. In a paper by Seifert and Selle [69], 22 chil-
dren ranging from 5 to 12 years old were provided with a Chéneau derivate brace.
Patients with a Cobb angle of 20-25° and 15-19° in cases of progression, bracing
was indicated and provided in this study. Follow-up was 25 months and in the main
curves, a successful correction of 82.2% was attained. The mean Cobb angle prior
to brace treatment was 20.2°. At the end of brace treatment, it was 15.8° Cobb angle.
Three cases experienced Cobb angle progression measuring over the 25° limit and
then part-time bracing had to be re-adjusted to full-time bracing. In 86.4% patients,
either improved Cobb angle measurements or their halted progression and spinal
fusion operations were avoided.

4.3 The sagittal profile

AIS is a 3D deformity usually also compromising the sagittal profile of the spine
and trunk. Structural thoracic curves lead to a flatback or even a hollow back in
the thoracic region, whilst structural lumbar curves usually lead to loss of lumbar
lordosis or to a lumbar kyphosis [1-3]. Whilst the long-term consequences of a tho-
racic flatback are yet to be determined, loss of lumbar lordosis is clearly correlated
to non-specific chronic low back pain [86, 87]. Improvement of lumbar lordosis
can also improve the frontal plane deformity (Cobb angle) [88-90]. A feature of a
brace should also address the sagittal profile of the deformity [45, 47, 79, 91, 92]. It
is concerning that braces are provided which reduce lumbar lordosis and increase
thoracic flatback [32-35] (Figure 10).

4.4 Bracing in curves of 40° and over

There is some evidence that asymmetrical high-quality braces may stop curve
progression in patients with Cobb angles exceeding 40° [47, 74]. In addition, signifi-
cant clinical and radiological improvements have been documented [47, 75, 79, 82].
Considering that in patients with AIS, there is no long-term evidence supporting
spinal fusion surgery [10-14], and in view of its significant long-term complica-
tions [15-18], brace treatment for curves exceeding 40° should be of importance.
According to literature, asymmetrical high-quality braces offer success rates of about
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Figure 10.

Patient with a thoracolumbar curve pattern treated with a Boston brace (upper line of pictures) and later with
a Gensingen brace (GBW, see lower line of pictuves). For this curve pattern, the GBW is smaller compared to
the Boston brace. It is also observed that the Boston brace reduces lumbar lovdosis, whilst the GBW preserves
lumbar lordosis (courtesy of Dr Marc Moramarco, Scoliosis 3DC, Woburn, MA, US).

90% in this group of patients and can be regarded as the safest bracing approach for
curves exceeding 40° when worn full-time at the start of treatment (Figure 11).

4.5 Comparing outcomes symmetrical versus asymmetrical braces

There is a small body of literature comparing asymmetrical high-quality Chéneau
style braces to symmetric Boston style braces [45, 47, 76, 79]. It has been shown that
the outcome of Chéneau derivatives is significantly better with respect to the success
rate [45, 47, 79]. Whilst in-brace corrections in the Rigo brace (RCO) were compa-
rable to the in-brace corrections of the Boston brace [45], in-brace corrections in the
Gensingen brace (GBW) at average have been significantly higher [47, 76, 79].

In research that implements the Rigo brace (RCO) and compares the outcome with
a basic Boston-style TLSO brace (Thoraco-lumbar-orthosis) [45], a retrospective
study was published over 15 years, up until 2014. The initial major curves included
only those between 25 and 40° and included 108 patients (93 girls) with a mean
(xstandard deviation) age at brace initiation of 12.5 + 1.3 years. Thirteen participants
wore an RCO, and 95 participants wore a TLSO brace. Mean pre-bracing major curves
were 32.7 + 4.8° in the RCO group and 31.4 + 4.4°, slightly lower in the TLSO patient
group (p = 0.387). No RCO patient and 34% of TLSO patients progressed to spinal
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Figure 11.

Imgmature patient with a thoracic curve exceeding 70° treated with a GBW with an additional shoulder
retraction strap. Clinically mirroving of the deformity is clearly visible whilst the patient is decompensated to
the right without the brace on and an overcompensation to the left in the brace. After 9 months of full-time
treatment, a clear improvement (re-compensation) has been achieved [47].

surgery (p = 0.019). After treatment ended, the main curves of patients improved

by 6° or more in 31% of the RCO group and only 13% of the TLSO group (p = 0.100).
Patients were comparatively similar at baseline and had similar compliance of in-brace
time, but there was a significantly lower rate of spinal surgery in the RCO group [45].

5. Conclusions

Asymmetric high-quality braces provide the highest rate of success and the best
documented cosmetic outcomes. Symmetric braces correcting via compression
should be abandoned and their worldwide provision reconsidered.

There is no indication for soft braces.

There is no indication for night-time braces in the normal range of brace indica-
tions (curves of 25° and over).
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Chapter 10

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.

Thge sagittal realignment test (SRT) seen on the left and the de-lordosation test (DT) with patient in the
standing position. The sagittal vealignment 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 vesult on this test will present with an immediate veduction 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 dovsal
pressure should restore lordosis at the level of L2. Free space is necessary at the lower ribs while the pressure
areas ventrally ave located divectly caudal of the pectoral 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.

Figure 3.
Design of the sagittal ve-alignment brace as applied curvently.
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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

Figures.

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 relief 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 vesearched 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
corvection is achievable: (a) view from the rear, (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 move 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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The Functional Effects of
Adult Spinal Deformity and the
Effectiveness of Surgery

David Christopher Kieser and Michael Charles Wyatt

Abstract

The prevalence of adult spinal deformity (ASD) is increasing worldwide, driven
by changing patient demographics, as well as an increased capacity to diagnose and
treat this condition. ASD carries the worst healthcare burden of all chronic condi-
tions including arthritis, chronic lung disease, congestive heart failure, diabetes and
ischaemic heart disease. Recent advances in diagnostic and treatment modalities have
resulted in an increase in surgical intervention for this condition. To be successful,
however, a comprehensive understanding of the functional deficits caused by ASD
must be recognised by those clinicians managing such patients. This chapter provides
an overview of the functional deficits caused by ASD and its treatment.

Keywords: spine, function, deformity

1. Introduction

Spinal conditions are some of the most common health conditions affecting adults
[1]. Many spinal conditions do not affect spinal alignment, whilst others induce spi-
nal deformity. Adult spinal deformity (ASD) is an umbrella term for a complex spec-
trum of spinal conditions causing spinal deformity [2]. The most common causes of
ASD are degenerative disease and idiopathic (Figure 1). Other causes of ASD include
oncologic, traumatic, neuromuscular and iatrogenic. Whilst the exact incidence of
ASD is unknown, the rate of ASD increases with age with a reported prevalence of
32% of patients aged over 50 years and 68% of patients aged over 70 years [3].

Despite this prevalence, many patients have mild deformities and little or no
symptoms. Conversely some patients have marked spinal deformity with global
spinal imbalance causing severe disability [4]. The predominant reason for this
disability is that spinal imbalance prevents the normal economic resting posture of
the spine, whereby the centre of gravity runs in close proximity to the spine and the
head is centred over the hips. This therefore requires an increase in the physiological
demands of the spine and peri-spinal musculature which subsequently causes pain,
fatigue and disability. It is therefore perhaps unsurprising that the extent of spinal
imbalance directly relates to the degree of disability [5-8].

It is now recognised that the consequences of an imbalanced spine on a patient’s
function and quality of life (QoL) can be devastating [3, 5, 6, 8, 9]. In fact, com-
pared to all other common long-term disorders, such as arthritis, chronic lung
disease, congestive heart failure, diabetes and ischaemic heart disease, ASD has the
worst patient reported QoL [10] (Figure 2). Furthermore, because of its increasing
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Figure 1.
Lateral (a) and postero-anterior (b) standing X-rays of a 70-year old male with adult spinal deformity

predominantly affecting the sagittal plane. Note the compensatory mechanisms for his lack of lumbar lordosis,
notably thoracic hypokyphosis and pelvic retroversion, which vesults in a typical flat-back deformity.

Figure 2.

Lateral (a) and postero-anterior (b) standing X-rays of a 55-year old female previous athlete who is now
house-bound due to severe axial pain caused by her degenerative thoraco-lumbar spine, causing severe local
kyphosis. Note her attempted spinal compensation for the thovaco-lumbar kyphosis, notably pelvic retroversion,

lower lumbar hyperlordosis, thovacic hypokyphosis and cervical hyperlordosis.
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incidence, driven by multiple factors, ASD is the highest ranked disorder in esti-
mates of global disease burden [10].

In order to quantify the degree of disability and effect on a patient’s well-being
from ASD, multiple functional scores have been employed [11]. Some scores have
been specifically developed to assess spinal conditions, whilst others have been
developed for other conditions but offer a proxy for “well-being” in patients with
ASD. The most useful parameters available to understand the effect of ASD on a
patient’s well-being are pain, function and QoL. Thus, scores assessing these factors
are commonly used to report outcomes in patients with ASD.

In general, pain scores numerically rate a patient’s degree of pain (numeric
rating scale (NRS)) in specific anatomical locations through a visual analogue score
(VAS). For ASD, pain is usually separated into back and leg pain. In contrast, func-
tional outcome scores attempt to understand what specific functions or activities
are inhibited by a condition. In ASD, the most commonly used functional outcome
score is the Oswestry Disability Index (ODI) [12]. This score was initially described
to evaluate low back pain in a general population rather than evaluate the functional
outcome of patients with ASD [12]. However, it is now widely used to evaluate the
functional deficits induced by ASD and the response to treatment.

The ODI is a questionnaire that evaluates activities of daily living (ADL) that
offers a subjective score of the respondent’s level of disability. This index specifically
assesses pain, personal care, lifting, walking, sitting, standing, sleeping, sexual life,
social life and travelling [12]. For each domain the total achievable score is 5, with
zero being no disability and 5 being severe disability. The scores for each domain
are then summed and an overall percentage of disability is calculated. Whilst the
overall disability value is one of the most commonly reported values in the litera-
ture, within each domain of the ODI the degree of disability can be scored and used
to determine the effect of ASD treatment on specific ADLs.

QoL scores attempt to quantify the global effect that a condition has on the
patient’s life. The two most commonly reported QoL scores in ASD are the Scoliosis
Research Society 22 (SRS-22) and Short Form 36 (SF36). The SRS-22 is a composite
questionnaire of 22 questions developed specifically to determine the pain, function,
self-image, mental health, and satisfaction of patients with spinal deformity [13].

In contrast, the SF36, which comprises 36 questions, was not specifically developed
for spinal conditions, but does determine a patient’s physical function, pain, vitality,
social function, emotional effect, mental health and general health [14].

2. Discussion

To date a complete understanding of which factors independently affect
patient pain, function and QoL in patients with ASD remains unclear. In the
general population affected by back pain a number of factors are reported to
affect pain, function and QoL, with most factors contributing a variable amount
to the disability. Because of this multi-factorial affect a biopsychosocial approach
to understand the interconnected importance of each factor is appropriate.
Biologically, the more sinister the cause and the more severe the condition, the
more likely the patients are to be symptomatic. Similarly, the greater the spinal
load, particularly increased body mass index (BMI), but also physical workload, as
well as the more medical conditions affecting the patient the more likely they are to
experience back pain [5, 15-17].

Psychologically, the psychological profile and capacity to cope influence the
degree of back pain and dysfunction experienced by patients as does the patient’s
locus of control. A patient with an intrinsic locus of control (a patient who takes
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personal responsibility for their own outcome) as opposed to a patient with an
extrinsic locus of control (a patient who relies on others for their outcome) is

likely to experience less pain and dysfunction. From a social perspective, those
with a higher socio-economic status, greater supports, current employment and
non-smokers experience less pain and disability. It is also known that other factors
including geographic, and genetic factors influence back pain, function and QoL in
the general population [18-22].

Similar to that of the general population, it is likely that multiple factors affect
the pain, function and QoL of patients with ASD. However, only relatively few of
these factors have been analysed in depth. The most well recognised correlation is
that of sagittal imbalance. Sagittal balance can be described clinically as one’s sagit-
tal position of the skull relative to the hips, however, it is most accurately defined

Figure 3.
Representative standing lateral X-ray demonstrating the measurement of the sagittal vertical axis (SVA).
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radiologically as the sagittal vertical axis (SVA) which is the distance from the
posterior superior aspect of the first sacral vertebral body to a line drawn perpen-
dicular to the floor that runs through the middle of the C7 vertebra (C7 plumb line)
in a standing patient (Figure 3).

Glassman and colleagues were the first to study this parameter and its effect on
functional outcomes and found that an increase in sagittal balance directly affects
functional outcomes in patients with ASD [5]. This finding has been confirmed in a
number of subsequent publications [6-8].

Obesity has also been studied and shown to affect pain, function and QoL in
patients with ASD. Intuitively an increased load on a compromised spine would
affect a patient’s well-being, however, the exact mechanism by which obesity affects
these patients remains unproven. Furthermore, the effect of weight loss on the
improvement of symptoms is yet to be determined. That said, the fact that obesity
negatively affects the pain, function and QoL in these patients is of significant
concern considering the rate of obesity is increasing internationally [23, 24].

Despite the paucity of data on other factors affecting the disability profile of
patients with ASD, it is likely that there are multifactorial contributors that are yet
to be studied. These include the patient’s baseline requirements and ADLs, often
driven by age, occupation and social activities; the patient’s locus of control; the
location and cause of the spinal deformity as well as the severity and number of lev-
els affected; the degree of stiffness of the spine and hips and capacity to compensate
for the deformity, the degree of coronal imbalance and global tilt. The contribution
that each plays towards the patient’s disability is likely varied, but on-going research
into this area is warranted.

Similarly, the specific functional limitations induced by ASD have a likely
multifactorial basis, which makes specific treatments for specific functional deficits
limited. However, it is recognised that severe ASD can affect all ADL and severely
affect QoL [3, 6, 8]. Since Glassman’s correlation between the ODI and SVA, the
use of health-related quality of life scores (HRQLSs) to assess the success of treat-
ments in ASD has become routine [5, 25]. Unfortunately, there is a lack of published
material on the specific disabilities induced by ASD. In contrast, some information
is available on the specific functional benefits of the treatment of ASD.

The treatment of ASD is challenging. To date, non-operative treatment,
although used extensively, has not been shown to improve long term outcomes
for these patients, especially when significant anatomical abnormality and spinal
imbalance is present [26, 27]. However, core strengthening, aerobic exercise and
weight loss strategies are useful in the treatment of LBP in the general population
and are relatively cheap, easy, safe with patients gaining a degree of self-control
over their condition and gaining multiple other health benefits of such lifestyle
modifications. Pain management offers symptom control to alleviate pain which
may improve function, but often at the effect of sedation. Furthermore, long-term
symptom control is required with the development of medication tolerance and
reliance, with the associated expense and complications of long-term medical treat-
ment. Injection therapy with epidurals, nerve blocks and facet injections may offer
some temporary benefit. Bracing may offer short term benefit but defunctions the
paraspinal musculature which often worsens symptoms when the brace is removed.
Glassman and colleagues analysed the non-operative resource utilisation and cost
benefit of non-operative treatment in ASD. They identified a large resource utili-
sation and cost for patients with ASD, particularly those with severe symptoms,
but no improvement in the health status at 2-year follow-ups with non-operative
treatment [26, 27].

In contrast to non-operative care, operative intervention has shown long-term
improvements in pain, function and QoL in symptomatic patients, and this has
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fuelled the increased number of complex ASD surgeries being performed world-
wide [2, 28-31]. In the last decade the number of complex operations being per-
formed for ASD has doubled in many countries, including the USA and UK, which
contrasts with the 20% increase in all other spinal surgeries [2, 29].

The surgery for this condition can vary from a single level neural decompres-
sion to global deformity correction. However, there is growing evidence that most
patients with symptomatic ASD benefit from a restoration of their spinal balance
[7, 32, 33]. But, procedures to restore spinal balance are far more complex than
simple decompressive procedures. Furthermore, spinal realignment surgery is
expensive with the demands of a single case and impact on health services being
disproportionately greater than those of other elective procedures, such as total hip
joint replacement [28, 30, 31]. The average total hospital cost for a primary proce-
dure is estimated at US$103,143, and therefore the improvement in pain, function
and QoL needs to be justified [34].

Furthermore, despite the evidence that spino-pelvic fusion is associated with
excellent patient satisfaction and improvements in overall function, patients
increasingly require information on the specific functional benefits and limitations
induced by ASD treatment in order to make informed decisions and avoid inaccu-
rate patient expectations [14]. Kieser and colleagues reviewed the effect of primary
spino-pelvic fusion on the specific functional outcomes of ASD in a retrospective
review of 45 consecutive patients enrolled in the European Spine Study Group
database with a minimum 2-year follow-up [35]. Their study confirms that spino-
pelvic fusion significantly improves the overall ODI score at a 2-year follow-up for
patients with ASD. They identified a mean 13.5% overall improvement in disability,
with a reduction in pain and improvement in function and QoL.

When assessing the effect of ASD surgery on specific ADLs, Kieser and col-
leagues reported a variable degree of benefit for each ODI domain. Large improve-
ments were found for pain and sexual function, moderate improvements for
walking, sitting, standing, social life and travelling and minimal improvements for
sleeping, personal care and lifting [35]. No domains were found to worsen after
surgery at a 2-year follow-up. These results suggest that the pain relief, spinal stabil-
ity and balance offered by these procedures improve ADLs such as walking, sitting,
standing, travelling, social life and sexual function. However, the rigidity imparted
by the fusion limits the improvement in personal care and lifting, which often relies
on spinal mobility.

Conceptually, long-segment fusions should worsen certain ADLs such as personal
care. Yet the study by Kieser and colleagues revealed an improvement in these func-
tions but commented that this improvement was not statistically or clinically sig-
nificant [35]. They suggested that the pre-operative spinal mobility of patients with
ASD is usually poor, either from stiffness or pain, and therefore fusion carries a less
significant functional effect in this condition than in conditions with normal spinal
mobility. In addition, the minimal improvement in sleep has been postulated to be
due to the effect of gravity driving disability in the upright position being non-influ-
ential when lying down [35]. However, the study was limited by only assessing the
ODI without including other outcome scores and by the variance in underlying cause,
curve type, extent of deformity and preoperative symptoms of included patients.

Recognising that spino-pelvic fusion reduces the overall level of disability
in patients with ASD allows the surgeon to advocate for such procedures, but
understanding the large improvement in pain and sexual function, moderate
improvement in walking, sitting, standing, social life and travelling and lim-
ited improvement in sleeping, personal care and lifting allows patients to make
informed decisions with clear expectations, that empowers them to make the right
personal decision.
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Although the only study assessing the effect of ASD surgery on specific ADLs,
the study by Kieser and colleagues only assessed primary procedures [35]. To date,
no comparable study has been undertaken on revision procedures. However, Scheer
and colleagues previously identified that patients requiring revision deformity
correction have a worse longer-term outcome than those who do not require revision
[36]. This is important to recognise because ASD surgery carries a high complication
rate, with a reported major complication rate of 20% and 30-day mortality of 2.4%
[25, 37]. Therefore, when contemplating the first procedure, despite the potential
increased initial expense and risk involved in a comprehensive deformity correction,
itisin a patient’s and institution’s best interests to optimise the first procedure, to
optimise outcome and reduce the longer-term costs associated with revision surgery.
An approach to “getting it right first time” is therefore warranted [38].

3. Conclusion

Within the current literature there remain significant deficits in our understand-
ing of the functional effects of ASD and its treatments. It is clear that this condition
causes severe disability with significant pain, functional limitations with most
ADLs and poor QoL. Non-operative management options do not resolve the spinal
imbalance which appears to be the biggest determinant of improved patient out-
come and therefore little evidence exists for its efficacy. In contrast, operative inter-
vention has improved patient outcomes, but with high expense and complication
rates. Future treatment strategies should therefore focus on enhancing functional
outcomes, whilst limiting risk and expense. Furthermore, a holistic biopsychosocial
approach should be provided if all factors influencing outcome are to be addressed.
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