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Abstract

Background. Few studies have discussed the dynamic effectspimfals orthotic
intervention on patients with adolescent idiopatkenliosis (AIS), nor have they
investigated the motion adaptation on them.

Objectives. The objectives of this study is three-fold: 1) @valuate dynamic and

static balance between AIS patients and normaksts)j 2) to investigate the dynamic
and static balance effects of spinal orthotic weation in the AIS patients during
investigative periods of immediate in-brace wearsmgd after four-month in-brace

treatment; 3) to evaluate the motion adaptatiter &bur-month brace treatment in the

AIS patients.

Design. A prospective cohort study was performed for thigestigation.

Participants. Fifteen adolescent females with AIS with Cobb angfe20 to 50
degrees and fifteen age-matched healthy femalésipated in this study.
Interventions.  The intervention treatment for the females with Algas a
custom-made total contact thoracolumbar spinalosith

Methods. The gait kinematic data and the standing centr@ressure (COP) data
were collected. For each AIS patient, data werkected for the following four
conditions—pre-brace, immediate in-brace, after-foonth of brace treatment data

without the brace, and after four-month of braeattment data in the brace. Normal



subjects acted as the control and participateaiinagalysis just one time.

Main outcome measures. The dynamic variables of temporal-distance pararsgete

walking smoothness with harmonic ratios, and tergiooffset of central segments

during gait were calculated. The static variablesluded COP sway, postural

orientation and head decompensation in static signdere also calculated for all

subjects and conditions.

Results. The walking smoothness measured by harmonic ratass reduced in AIS

patients compared with healtligenagers, especially in the vertical directiontioa

head (p=.001), trunk (p=.001) and pelvis (p=.005)veell as the antero-posterior

direction on the segments of the head on pelvidgs) and the trunk on pelvis (p=.01).

For the four-month effect of bracing, bracing negdy affected the smoothness in the

medio-lateral direction on the head (p=.001), i global reference, but the smoothness

was not changed on the body reference in AIS patienMoreover, the effect of

bracing restricted the pelvis motion during gaithe frontal plane causing the limited

motion on the trunk on pelvis. For the four-montbtion adaptation, brace treatment

promoted the walking rhythm and smoothness in #rical direction on the segment

of the head on pelvis (p=.026), but decreasedemikdio-lateral direction on the head

(p=.018).

Conclusion. AIS patients before the brace treatment exhibitgphificantly poor

iv



walking symmetry compared with age-matched girl&lS patients had abnormal
segmental offset during gait and abnormal segmentahtation in standing posture.
Bracing stiffened the range of motion on the bodidid not disturb walking rhythm in
on the body reference in the four-month brace vetetion. Brace treatment yielded
motion adaptation for walking rhythm in the bodyerence in the four-month brace

intervention.

Keywords: adolescent idiopathic scoliosis, spindghasis, brace, harmonic ratios,

walking rhythm, balance, center of pressure, toiEioffset
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Chapter I. Introduction

1.1 Foreword

Adolescent idiopathic scoliosis (AIS) is the thdieensional deformation of the
spine, notably a laterally deformed curve. Pasienith AIS usually display trunk
asymmetries, balance dysfunctidris* gait deviations® and neurological
abnormalities. In general medical practices, spinal orthoticatireent has been
regarded as a valid way to reduce the spinal cproegression or the incidence of
corrective surgery in individuals with idiopathicasiosis®*°**** However, the
global function of the spinal orthotic treatmentsitdl not clear except for the static
correction of three-dimensional deformed spine. clinical practice, orthotists design
and modify spinal orthoses to improve static cofaw®viations, i.e., the reduction of
Cobb angle, the decrease of curve span, and tenadint of the inion or C7 positioned
on the central sacral vertical line, according tee tmeasurements of standing
posterior-anterior roentgenogrart’ However, in accessing the dynamic movement
during activities, orthotic practitioners can only on their clinical observations to
justify the functional improvements within the sgirorthosis.  Until now, few studies
discussed the static and dynamic effects of cust@de spinal orthotic interventions or

investigated the motion adaptation induced by #resary facilitation of custom-made

spinal orthotic intervention and by the accommamanf biomechanical feature from
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the bracing. This research investigated the dyoagfiects of the spinal orthotic
intervention and the motion adaptation after fownth orthotic treatment in AIS

patients.

1.2 Literatures Review
1.2.1 The Comparison between AlS Patients and NomhSubjects
1.2.1.1 Definition and Incidence of AIS
AIS is the three-dimensional lateral deformation tfe spine that causes
body-contour changes in the trunk and rib céigeAlS is defined as a spine lateral
deformity happening at age ten years old or lgfenerated during the growth spurt in
the teenage years. There is a high correspondence between AIS andegenOne
literature related to the incidence of scoliosisCanada reported that the girl-to-boy
ratio is 1.25: 1 in general, but the ratio is largs the deformed curve became more
severe® In lesser curves of 6 - 10 ©, the girl to boyardg 1:1 but it is 5.4:1 for curves

of more than 20 °.

1.2.1.2 Gait Asymmetry in the AIS Patients
There are a few gait studies related to idiopaghaliosis Table 1.2.1.). Barrack

et al'’compared the walking velocity, cadence, stride tleramd single limb support

2



time of patients with AIS and healthy subjects &mehd that there were no significant
differences in any of these parameteriakas et al.revealed AIS patients have
similar ground reaction forces (GRF) gait pattenmgsime domain compared with
normal subjectsand Chen et dlfound the kinematic and temporal-spatial parameters
are also similar compared with normal subjectdowever, in the mean frequency
characteristic othe GRF, patients with AIS emerged with asymmetriesinduthe
stance phase of gait in only the medio-lateralatioe of GRF (Figure 1.2.1.3. In
Kramers'study’® the found the free moment in AIS patients wasrasgtrical, and
less symmetry of free moment is likely to be a ltestithe torsional deformity of the
spine.

In the study of Lao et af"’ they used the test of posterior tibial nerve sasesory
cortical evoked potentials (PTN-SCEPS) to clasify AIS patients into subgroups of
normal and abnormal, the abnormal PTN-SCEPs ledh& impairment of the
somatosensory pathways may cause poorer dynanaicdeatontrol in AIS patients.

In Lenke’s reference studi/kinematics of the lower extremities are similarce
AIS patients in pre-surgery, one year after spingion, and two year post-surgery
conditions. However, they found a decrease of abhemion—pelvis angle in the
transverse plane and decompensation in coronaé @tar spinal fusion surgery in the

study’s thirty AIS patients.



In studies to this date, the dynamic change afigra$ orthotic intervention for AIS

patients has been unclear.

Because the few dynaaraeneters might not be sufficient

to differentiate the performance between the Alepés and control group during gait,

another variable used to evaluate the dynamic walki AIS patients was needed.

Table 1.2.1.1 Studies related to Gait evaluatiomithe AIS Patients

Participant count Parameters Results
and grouping
Barrack et [ ] 17 AIS (mean Cobb Time-spatial [ ] Similar gait pattern between AIS and normal groups
al., 1984 27°) parameters
° 12 normal
Giakas et [ ] 20 AIS (Cobb to examine ground [ ] This study showed that AIS patients have normalmsgtric gait for GRF time domain
al., 1996 25-62) reaction forces (GRF) parameters
° 20 normal in the time domain and | ® Significant bilateral asymmetry for AIS group wé®wed in the frequency domain of
in the frequency the medio-lateral of GRF
domain
absolute symmetry
index
Chen et [ ] 19 1S (King | &I, Time-spatial [ ] Normal>IS: cadence
al.,19984 Cobb:22-67 deg) parameters ° Hip, knee, and ankle flexion during gait were sanibetween AlS and normal groups
° 15 normal Sagittal kinematic
Kramers et 10 AIS Free moment [ ] Free moment was asymmetry
al., 2004° Segmental rotation in ° The asymmetry of free moment is likely to be a ltesithe torsional deformity.
gait and standing ° The shoulder was more rotated to left relativelodbal parameter and to the pelvis
during gait.
° The magnitude of the rotational offset during gaitrelated to the standing posture.
Lenke et al., 30AIS Preoperative, 1-year, ° Kinematics of the lower limbs were not significandlifferent in the pre-surgery, 1 year
2001° and 2-year post-op after spinal fusion, and 2year post-surgery coouiti
Kinematics of the
lower limbs
Lao et al., [ ] 8 AIS showed Kinematics symmetry [ ] Asymmetry in abnormal SCEPs AIS (R>L)
2008%° abnormal 1. First peak of vertical ground reaction force
PTN-SCEPs(Cobb 2. Second peak of vertical ground reaction force
25+10) 3. Minimum hip joint moment
° 10 AIS showed 4. Maximum knee joint moment
normal PTN-SCEPs 5. Maximum ankle joint moment
(Cobb 24+7) [ ] The AIS patients with abnormal PTN-SCEPs led toitigairment of the
° 8 normal somatosensory pathways may cause poorer dynanasindeatontrol.

*PTN-SCEPSs: posterior tibial nerve somatosensortica evoked potentials
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Figure 1.2.1.1 Asymmetry index (%) of the mean frguency feature in the
medial-lateral direction of the ground reaction forcesin stance phase of the gait for AIS
patients (left) and control groups (right) (Cited from Giakas et al., 1996).

1.2.1.3 The Measurement of Smoothness on Head, fiklu& Pelvis

In many review articles, the harmonic ratio (HR)ais index of global walking
stability that is measured based on the rhythmcoelerations of the body and can be
examined in the vertical, anterior-posterior, anedio-lateral directions which lower
HR is understood to indicate poorer stability*“***** A stable and rhythmic gait
pattern should involve physical patterns [kinemd&ta], such as acceleration, velocity
and motion etc., which are repeatable in eacheswidgait. There was a method to
decompose the initial physical data in the timeesewithin one stride into individual
harmonic numbers by using of a Fourier transform(Figure 1.2.1.3. The HR is
calculated by the sum of the amplitude values efeten harmonic numbers divided by

those amplitude values of the odd harmonic nhumbetfe antero-posterior and the
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vertical directions. However, in the medio-latedakction, HR was calculated by the
sum of the amplitude values of the odd harmonic lmens divided by that of the even
harmonic numbers.

Smoothness of walking has been used in a few stugheindividuals. In Menz’s
study, smoothness was defined as walking on regslafaces resulting in larger
harmonic ratios measured at both the pelvis and bempared to the smaller harmonic
ratios of irregular surface. In other studies, elderly subjects with a higtk of falling
show less rhythmic acceleration patterns of theipetrunk and head compared with
the elders with low risk of falling“° In addition, other studies showed that patients
with Parkinson’s diseasé,and patients with diabetic peripheral neuropdtiaye less
rhythmic in acceleration patterns in walking thagalthy older adults. Until now,
there was no study using harmonic ratios to evaltla walking smoothness in the AIS

patients.

o/\v Aw»/\vmw -
g T

1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
harmanic num ber

0.10

amplitude

0.05

a. Vertical acceleration at the pelvis over the course of two steps (one stride). b. Amplitudes of the first twenty harmonics.

Figure 1.2.1.2 (a) the vertical acceleration of pelvis in one gtle of the gait in
time domain. (b) the vertical acceleration of pelhd in one stride of the gait in
frequency domain. The sum of the amplitudes of theven harmonic numbers was
larger than that of the odd harmonic numbers in thevertical acceleration of pelvis.
(cited from Menz t al., 2003%)



1.2.1.4 Standing Balance Dysfunction and Malposterin the AIS
Patients (Table1.2.1.2)

Various research had noted that AIS patients haar palance control compared
with normal subject$?®*° The sway areas of the center of pressure (COREhvis
defined the COP excursion, are greater in valugeanAlS patients compared with the
control group in static standing. Last, the CORywensity curv& showed a longer
distance between each stabilization zone and lésseispent on each stabilization zone
in AIS patients, owing to more frequent COP shgticompared with normal
subjects:”>*

From a biomechanics perspective, standing postoaédnce is accomplished by
maintaining the COP within the base of support. uslthalance is carried out by the
integration of the proprioceptive, visual and Maskar systems in the central nervous
system and then through the alpha motor neuronsake the muscles perform the
postural adjustments. AIS patients could pass all the simple and stadiance tests
such as stable somatosensory input, with or witheatd turning, and with or without
visual input® When the somatosensory, visual, and vestibulstesys are interfered
simultaneously, AIS patients have higher failuree rdhat is, an inability to maintain
standing balance compared with the control suhjec#other study of Sahlstrand et

al** found the standing balance for the treatment ginupS is insufficient compared
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with normal control in eyes closed condition. Tdessearchers concluded that as AIS
patients in the situation rely proprioception inghey display more imbalanced.

Still another study revealed that AIS patients sladlwmormal posture in which the
scapular in the global coordinates rotates to rightl the scapular in local pelvis
coordinates rotates to rigfitand the acromion rotates to right, the acromiorpelvis
rotates to right. Another study that noted spinal curve pattemsAliS patients with
thoracic curves, their thoracic kyphosis are l€sséand their lumbar lordosis are
significantly smaller than those of the healthy jeats® Allard hypothesized that
poor standing balance in AIS patients was that eérasory integration problem related
to morphologic changes in the trunk and an abnorpwateptive reference body
system:’

Allard et al.’s report demonstrated that the bodgmatotype influences the standing
posture equilibrium in adolescent healthy subjéttsEctomorphic subjects, or the
relative thinness and tallness of the body in pessdisplay 72% more COP sway than
endomorphic subjects (the relative fattiness oflibdy). Allard et al. also found the
endomorphic AIS girls have a larger COP sway dnaa their able-bodied counterparts,
and this was explainable for the greater stabitityhe healthy subjects rather than for
greater imbalance in the AIS patients.

Owing to the unclear effect of spinal bracing omnsling balance, our study
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investigated the subgrouping of different somatesypn AIS patients after brace

treatment by administering a standing balance wagk the sensory interference to get

insight into the standing balance effects of theamrthotic treatment.

Table 1.2.1.2 Studies related to Standing BalanceyBfunction and Posture in the AIS Patients

Participant count and Parameters Results

grouping
Chen et al. [ 30 IS, Cobb angle of 22-67@ COP parameters [ Scoliotic patients has poor standing balance:
19984 deg 2. Increased sway area, radius, medial lateral aretianposterior areas ML, AP

15 normal
Zabjek et al., | o 22 AIS (Cobb 21 +14) | e T1 & S1 sway [what is . AIS > normal:
200528 ° 18 normal this?] 4. increased range of T1 & S1 sway in A/P anteriottgrisr direction
° angular and linear position 5. scapulars rotated to right
of global and relative body | 6. scapular on pelvis rotated to right
segment parameters
Naultetal.,, |e 43 AIS, mean Cobb 30 deg| ® COP parameters ° AIS > normal:
2002° . 38 normall . coMm 6.  Swayarea COP & COM
The head, trunk, and pelvis 7. COP_AP mean position 1.2 cm posterior
orientations 8. COP- COM_AP(mm)
9. in Frontal plane: Acromions SB to left
10.  in Horizontal plane:  Acromions Rot. right, Acromipelvis Rot. right
o Standing imbalance was related to altered bodyupegarameters measured in
the frontal and horizontal planes
[ A larger COP—COM difference was attributed to ageeneuromuscular demand
to maintain standing balance in AIS.

Beaulieu et L[] Observation group: 23 AIS| ® COoP ] Scoliotic patients of pre-brace group has poorditanbalance:
al., 2009%° (Cobb 18t 7°) ] sway density plot 2. Increased Sway area , mean distance, mean peak

° Pre-brace group: 26 AIS (2 [ Pre- brace> normal & observation > normal

+16°) 2. Increased COP_ML & AP ???

o Normal: 53 ] Pre-brace scoliotic patients might be related éosémsory integration disorder as
showed by an increase of mean distance and a decvéanean peak of the COP
trajectory which meant the poor balance.

Simoneau [ ] 8 AIS (mean Cobb 45°% ] COoP [ ] poor balance in AIS
etal., 2006 | e 9 normal . sway density plot 2. greater COP range, COP RMS velocity, MD [what isR&hd MD?)
31
ByI etal., [ 24 1S (Cobb 10~69Q o Falling rate in balance test | ® When the somatosensory, visual, and vestibulaesystvere challenged,
1997% . 24 normal subjects with idiopathic scoliosis had more praiparto fail.
Sahlstrand et | o 57AIS: 48 single + 9 doublg ® COP parameters . AIS > normal:
al.,1978%* curves ° Eyes open and eyes closed 2. COP_AP & ML
o 32 normal ] AIS_treatment > normal
° AIS subgroup: observation 3. eyes open: none
(Cobb<20) & brace 4. eyes closed : COP_AP, ML, area
treatment groups ] AIS_observation > normal
3. eyes open: COP_ML
4. eyes closed : COP_AP, ML, area
Allard et . Normal:36 ° cop . Endomorphic AIS patients had a larger sway area tiealthy counterparts
al.,2004%" Endomorphs/Mesomorphs/

Ectomorphs= 12:8:16

o AlS:38

Endomorphs/Mesomorphs/

Ectomorphs= 11:8:19




1.2.2 The Effects of Spinal Orthotic Treatment inlhe AIS Patients

The custom-made, total contact thoraco-lumbo-samtalbsis (TLSO) was used on
patients with adolescent idiopathic scoliosis wiaol lsurve apex below T8 by Watts’s
team’>® This orthosis was fabricated from thermoplastiaterial wrapped and
positioned over the trunk and pelvis. The orthasigrected the deformed spine by
directing forces on the apex of the cuiVe.To this day, spinal orthoses are still the
primary non-surgical intervention of decreasingalissis deformity and decreasing its
progression. As recommended by Scoliosis Rese8uattiety, spinal orthoses are
generally suggested to the AIS patients with a Caffie between 25 and 45 degrees.
Their primary function is to prevent the scoliosigve from continuing its progression
and also to allow some curve correction. Spintiaiic treatment had been shown to
reduce the incidence of surgéry.

Two hundred eighty six girls with a thoracic or thcolumbar curve of 25 to 35°
were followed 4 years to determine the treatmeriéces of the spinal orthotic
intervention, electrical stimulation or just obsaien in a study by the Scoliosis
Research Society. Treatment of the spinal orthotic intervention wasccessful,
defined as avoiding 6 degrees of progression oremotil the patients were 16 years
old, in 74 percent of the cases after four yeammpared to observation only and

electrical stimulation which had a successful rate34 percent and 33 percent,
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respectively. Gabos et difound that of the 55 AIS patients who completedarse

of orthotic treatment, and followed up by a meanetiof 14.6 years, only seven patients
(13 percent) had a curve progression more thangseds. In this curve progression
group, no one had curve more than 17 degrees gfgssion when compared to the
initial deformity. The authors concluded that m@dS patients with a curve of
20-45°, who successfully complete a course of tidhieeatment, can be expected their
curves to maintain stable into adulthood.

Some researchers suggest the overall spinal balanite orthotic management in
AIS patients was also an influence on spine stgbiliThe coronal plane deviation
needs to be addressed too, such as head deconmperigitgure 1.2.2.). Winter
and Carlsoff indicated that, if the decompensation happeneduge of a trochanteric

extension and add pads until the orthosis tilts @rdects the head to the central sacral

line.

Figure 1.2.2.1 Out-of-orthosis and in-orthosis posterior-anterio radiographs.

The vertical line was the central sacrum line. (Ci from Smith, 20043
11



In Chow’s study,' they found when AIS patients closed eyes to stanthe solid
base, there was no significant difference in thiare function between the in-brace
and without-brace condition&igure 1.2.2.3. Their results were an immediate effect
of spinal orthotic intervention on the balance parfance in the AIS patients. It is
still unclear about the spinal orthotic effectstba balance performance when the effect
of pre-brace condition is compared with that ofgdarm in-brace condition. In
Sadeghi’s study’ after four months of spinal orthotic treatmenidls patients, spinal
deformity was found to be reduced from an averdg@lodegrees to 9 degrees in the
orthosis. In their study, there was similar in te@ay area, medio-lateral, and
anterior-posterior of COP displacement betweenrth®ace and out-of-brace condition
in AIS patients after four months of orthotic intention. The authors thought that the
spinal orthosis restrained the lateral deviationtled spine without disturbing the
standing balance of AIS patients. It is importémtnote that these researchers just
used the four-month in-brace condition comparech wite condition of four-month
bracing without brace. After four-months of spioalhotic treatment, one can reason
that patients could have the motion adaptationihegatb no significant differences in
COP parameters in that study. It is doubted thatperformance in the condition of

four-month bracing without brace is similar withathin the pre-brace condition.
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Therefore, in this study, time factors includingazenonth and four-month in- and out-

brace conditions will be utilized to confirm tharsg orthotic effect in AIS patients.

(o]
o

75 - 35 4

€ 3 = — .
g E g E ' Figure 1.2.2.2 (Left) To compare the
L 65 2 50 € a0- = . . . .
g | 2 i £ 5 medial-lateral sway in AlIS patients standing
E 11 = S 5 | ] % . . .
S s Wi A on solid base and foam base combined with
H I g g 8 , . :
§ & g & 20 = in-brace and out-of-brace while loading
2 1 s G 5] s °l,  different backpack weights. (Cited from
o g 2 g s |2
gl 2 g L L 2 Chow et al., 2007
0 10 4 — 0 44—

0 0
B Solid base wearing brace ® Foam base wearing brace
0O Solid base without bracs O Foam base without brace

1.2.3 Motion Adaptation after bracing in AIS patients

Whatever the causes of AIS could be, it is of edeérif treatments based on
biomechanics or neural control are interrelated immhe or both could have a major
role in rehabilitation of postural deviations iretAlS patients. According to Ridding
and Rothwell’> motion adaptation of the trunk posture requirderaft input to the
central nervous system. They believed that folhmyia yet identify-able neurologic
dysfunction in the AIS patients, the ‘intrinsic’ fafent input feedback could be
decreased resulting in poor proprioception or sansdnsation. In Lao’s study, they
concluded that the impairment of the somatosengatiyways may cause poor dynamic
balance control’ Other researchers also concluded that the tramfiguration is

perceived predominantly by somatic sensationFor human beings, the arms are
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under the visual control, but the posterior truskai hidden from our visual view.
Therefore, most people do not have a clear undefstg of their back posture.
However, when humans see their back posture inreomithey can identify body
deviations which are not usually perceived in tleaity life.

Researchers proposed that spinal orthoses may afferent stimulation of the
somatic sensation causing augmented sensory fdedbathe trunk’ To attain
automatic self-correction of scoliotic curves, thegmented sensory feedback might be
important in the rehabilitative treatment of AlSTherefore, spinal orthoses could have
different roles, as a biomechanical device to airtbe spinal curve and also as an
instrument to offer continuous somatic sensory w@ktion and to improve the
perception of abnormal body postures in the reliabtile program. Motion
adaptation can be evaluated by assessing the Aikh{sa performance of a movement
to define the integration within the nervous sysifter spinal orthotic intervention.
However, there has been no study to date to corthemmotion adaptation effects on
spinal orthotic treatment in the AIS patients.

1.2.4 Purposes and Hypotheses

Since few studies have addressed brace effect manag and static balance for AIS

patients, the purpose of this study was threeft)dto evaluate dynamic and static

balance between AIS patients and normal subjedibe dynamic variables included
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the walking rhythm and rotational offset, and statiariables consisted of COP
excursions, the segmental orientation, and headnggensation; 2) to investigate the
dynamic and static balance effects of spinal orthiatervention in the AIS patients in
the conditions of the immediate, four-month in-leramnditions; 3) to evaluate the
four-month motion adaptation with the brace treatimia the AIS patientsHigure

1.2.4.). In this study, it is expected to discover thahon-smooth walking pattern
might exist in AIS patients. In addition, it isgmble to find the global perspective of
the functional effects of spinal orthotic treatmemtthe AIS patients in addition to

eliminating the Cobb angle.

Motion adaptationin

AIS V.S. Normal Bracing in AlS AlS

Dynamic parameters

Static parameters

M |
| I 1

Segmental
Harmonicratios rotationrange cop
and offset

Postural Head

orientation decompensation

Figure 1.2.4.1 A diagram describes the study purEes
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Our hypotheses were 1) the walking smoothness hwthm as well as standing

balance would be disturbed in AIS patients. 2)img might improve the walking

smoothness and rhythm as well as standing balamcAl$ patients in the post

four-month brace intervention. 3) motion adaptattould be yielded to promote the

walking rhythm and standing balance without brater dour-month brace intervention.

Measurements such as the level of deformity, gai, posture analysis are important

parameters to assess outcome of management. HoweWee clinical practice, only

static radiographic measurement of the degree mbtwre, such as Cobb angle, is used

to evaluate and re-evaluate the AIS patients betord after treatments. It is

anticipated that other dynamic parameters coulplaysthe dysfunction in AIS patients

and can be used in the clinical evaluation andrreat of patients with AlS.
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Chapter I Materials and Methods

2.1 Subjects

The two subject groups were the AIS and controupgsorespectively. The AIS
subject group were 15 females with Cobb angle ot@®0 degrees, without other
spinal deformities, unsteadiness, numbness or vesakof limbs, tinnitus, headache,
vomiting dysfunctions or surgeries of the spindaaver extremities that could disturb
their gait. In addition, orthopedic or rehabilitet doctors had recommended the
spinal orthotic intervention to these female suisjgo halt the progression of their
scoliosis. They had not received orthotic treatintefore, and were the ages between
10 to 16 years old. These AIS patients were rentuin this study for more
comprehensive understanding of the dynamic posteffdcts of spinal orthotic
intervention Table 2.1.). Control subjects were fifteen age-matched abelet girls
without any known disorders and injuries that cadikturb their gait.

Ethical assent for this study was awarded by theméluResearch Ethics Committee
in the Mennonite Christian Hospital in Hualien, Wan. The research procedures were
clearly explained to each case and their guardiad,a written informed consent was

received from each subject and her guardian poipatticipating in the experiment.
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Table 2.1.1 Details of the anthropometry and curvare patterns in AIS patients

No. Age Height  Weight AIS curve pattern Cobb angle Apex Cobb angle
(years) (cm) (kg) Pre-brace level with brace
(degrees) immed.
(degrees)
1 10.5 152.5 39 R thoracic/L lumbar 45/27 T8-T9/L2 35/21
2 13.5 162 50 R thoracic/L lumbar 35/40 T8/L2 24/28
3 14.8 167 50 L thoracic/R lumbar 35/26 T7/L1 27/22
4 14.1 153.5 45 R thoracic 24.5 T9 20
5 11.9 156 46 R thoracic 30 T7-T8 20
6 13.2 155 46 R thoracic/L lumbar 38/37 T8/L1 33/34
7 12.3 142 29 R thoracic 24 T9 14
8 12.3 150.4 39.8 R lumbar 24.5 L2 18.6
9 12.8 160 56 R thoracic/L lumbar 37.6/36 T8/L2 26.5/24
10 12.7 157 49 R thoracic/L lumbar 30/37 T8/L1 23.6/30
11 11.3 158 41 R thoracic/L lumbar 32/27 T8/L1 26/22
12 12 147 38 L lumbar 22 T12-L1 7
13 11.6 146 35 R thoracic/L lumbar 48/39 T8/L1-L2 30/30
14 14.4 155 45 L lumbar 48 L1 40
15 13.2 167 48.7 R thoracic/L lumbar 31.5/36 T8/L2 21/31
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2.2 Study design
2.2.1 Experiment procedures

Each normal subject was evaluated by the gait magioalysis and the standing
balance tasks. The AIS subjects were instructetha@&e three visits to experiment
sites and research procedures were describedawsgolFigure 2.2.7)
(1) The first visit:

a) The degree of their deformity (Cobb angle) wasasared by the experienced
orthotist. Maturity (age, Risser’s sign and mehaj¢c body height and weight of
each patient were also recorded.

b) Then plaster impression of each AIS patient taken by the experienced orthotist
for the modification and fabrication of an custoradm, vacuum formed high
temperature thermoplastic, total contact thoracoblar-sacral orthosis (TLSO)
(Figure 2.2.2.

c) Each AIS patient was evaluated by the gait nmo@malysis and the standing
balance tasks without TLSOGait analysis).

(2) The second visit:
a) Appromiately two weeks after cast impressionsewaken, the custom-made

TLSO was delivered to each patient and whole sppusterior-anterior
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radiographies of each patient while standing witaxing spinal orthosis were
taken. The static Cobb angles, vertebral rotatm$ decompensation from the
vertical central sacral line were measured andrdect® (Figure 2.2.3.

b) Each AIS patient was evaluated for the immed#fects of the TLSO intervention
using the gait motion analysis and performing ttending balance tasks with
TLSO (2 Gait analysis).

The AIS patients were instructed to get accustotagle spinal orthosis within the first
month, and had to wear the spinal brace about 28l day, taking rest for one hour
only for bathing and/or physical exercises.

(3) The third visit: (remove TLSO 24 hours befdnestevaluation)

a) After four months intervention of the TLSO, eakls patient was evaluated the
four-month motion adaptation without the orthosgng gait motion analysis
while performing standing balance task&’ (Bait analysis). Next, the subject
wore their orthosis for one-hour, and then testedttie four-month effect of the
brace using gait motion analysis while performihg standing balance taskéh(4

Gait analysis).
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Resea rch Procedures- AlS patients

..............................................
- ®
,

Non-orthosis i In-orthesis

start
a) To plaster cast of each
patient
b) The 1= gait motion a) TLSO fitting & x-ray following
0 month analysis b) The 2™ gait motion analysis
i with TLSO
1~2 weeks
off brace 1 day!
h The 3™ gait motion H The 4t gait motion analysis
WU analysis without TLSO : d with TLSO

Figure 2.2.1 Research procedures for AlS patients

Figure 2.2.2 (left) The thoraco-
lumbar-sacral orthosis (TLSO) was
custom-made by orthotists of
Rehabilitation Department, Mennonite
Hospital, Hualien, Taiwan and of
Rehabilitation Engineering Research
Center, National Taiwan University.
Left photo is an anterior view, and right
is a posterior view.
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(a) Without TLSO (b) With TLSO

Figure 2.2.3 Standing radiographies of a eleven-geold female patient (No. 13)
with adolescent idiopathic scoliosis showed (a) 884degree main thoracic curve
with apex on right T8, and a 39 degree lumbar curvevith apex on left L1-2 before
orthotic treatment and showed (b) a 30 degree maithoracic curve, and a 30
degree lumbar curve within a custom-made thoraco-lmbar-sacral orthosis
(TLSO)

2.2.2 Instrument

An AMTI force platform was used to measure the GQ@es with sampling rate at

200 Hz (AMTI, Newton, MA,USA) Figure 2.2.4. Three-dimension motion was

captured using Optotrak® Certus™ capture systerh saimpling rate at 50 Hz from

Northern Digital Inc., CanadaFigure 2.2.5. Each position sensor was embedded

with three cameras to sense three-dimensionaliposibf LED markers. Five rigid

bodies Figure 2.2.9 each of which had three LED built-in markers wetaced at
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selected locations on both feet, the pelvis, theeuprunk and the head of each subject.

Note that each rigid body had three LED marker# an that a local coordinate system

of one segment can be generated. The digitizetharks were as follow: bilateral

calcaneous, which defined the phase of the galerttee bilateral ASIS and right PSIS,

which defined the orientation of the pelvis; thiataral acromions and spinal process of

the first thoracic vertebrae (T1) which defined dnentation of the upper trunk; and the

bilateral tragus of the ear and the inion whichrdedt the orientation of the head. The

digitization method was designed to use the stfffigure 2.2.7) to locate the desired

anatomic landmarks relative to the rigid body ofss®.

Figure 2.2.4 One AMTI force platform (AMTI, Newton, MA,USA)
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Figure 2.2.5 The position sensor used in this exp@ment was OPTOTRAK
CERTUS from Northern Digital Inc., Canada. Each paition sensor was
embedded with three cameras to sense three-dimens& positions of LED
markers.

Figure 2.2.6 Five rigid bodies were placed at seled locations. Each rigid
body with three LED markers on it generated a localkoordinate system of each
segment.

24



Figure 2.2.7 Using the stylus to locate and digie the desired anatomic
landmarks relative to the rigid body of sensor.

2.2.3 Protocol design
2.2.3.1 Gait motion task

Gait data was collected by each subject walkindy witoes along a 6-m walkway at
their self-selected walking speeéfiqure 2.2.8. The results of five trials were

averaged for each subject.

Figure 2.2.8 (Left) Walking task with shoes
along a 6-m walkway at their self-selected
walking speed.
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2.2.3.2 Standing balance task

Standing postural balance was tested using an AlITEe platform (AMTI, Newton,

MA, USA) with eyes open and closed. Each subjexg iastructed to stand quietly on
the force plate with Romber standinigiqure 2.2.9. They were asked to keep their
vision on a target placed at eye level, 3 m ahe#d their arms relaxed by their sides.
Each subject completed three trials of 60 secoramth.e Prior to the start of the

experiment trials, several initial tasks were perfed which allows subjects to become

familiar with the study procedures.

Figure 2.2.9 Romber standing on force plate.
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2.2.4 Data analysis
2.2.4.1 Gait analysis
The vertical (Z), anterior-posterior (X), and mddaeral (Y) motion data of the

head, the trunk and the pelvis were collected fame stride of each walking trial.
The raw motion data was filtered by a fourth-ordero-lag, low-pass Butterworth filter
with a cutoff frequency of 25 Hz prior to furthemadysis. The gait cycle was defined
by the heel sampling data from motion capture syste The parameters were
calculated as followed:

A) Locomotion Parameterd/elocity (m/s), duration of the stride (ms), g&ilength

(m) and step width (m) were measured during thetgals.

B) Harmonic ratio (HR)Harmonic ratios were computed by the decomposticihne

velocity values in the frequency domain via Fourigansformation Kigure

2.2.10.

N/2
2T 21
F(t) = by + Z:[an sin (n T t) + b, cos(n T t)]
n=1

Where N equals the numbers of fame

(Cited fromGiakas et al., 199§
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In this transformation, F(t) represents the fumctof velocity of the body with
time. a, &,a,&,...,ay2 and B, by, by,bs,by,...,ln2 are harmonic coefficients, n was

the harmonic number, T was the periodic time ofdniele duration and t is time.

The amplitude (F) of each harmonic number was the root of the stimomonic
coefficients’ squared.

P,= fanz +b,?
For the vertical (VT) and antero-posterior direcidAP), the harmonic ratio (HR)
was defined by the summation of the first 10 evamtonic amplitudes divided by
the summation of the first 10 odd harmonic ampkgd  For the
medio-lateral(ML) direction, the harmonic ratio waefined by the summation of
the odd harmonic amplitudes were divided by the mation of even harmonic
amplitudes. Higher harmonic ratio values were esentative of increased

smoothness in the walking pattern and for thisystigfined “smoothness®.

Amplitudesof evenharmonics

For the VT and AP directions : ;
ZAmplltudesofoddharmonlcs

> Amplitudesof oddharmonics

For the ML direction - .
> Amplitudesof evenharmonics
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Figure 2.2.10 (a) The vertical displacement of th&unk with time domain in
one stride. (b) The vertical velocity of the trunkwith time domain in one stride.
(c) The vertical velocity of the trunk in the frequency domain in one stride.

As authors from the review articles described oty HR data from an
accelerometer instrument in the frequency domaa Rourier Transformation, they
used the acceleration of the body segment to destne rhythm of body and to provide

a view of global walking stability’*?**°

Instead of using the accelerator, this study’s
equipment was able to capture the motion data ttirecin this perspective, all the
motion, velocity and acceleration of the body colled used to demonstrate the

characteristics of subject’s gait pattern. It isderstood that these parameters are

periodic functions in each stride, except the aotposterior motion of body, which is a
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linear motion and must be processed before usingiéfoTransformation. Note that

in this study we chose velocity signal to calcul#te harmonic ratio. In fact, our

study had also considered the acceleration datahwivias calculated by twice the

differentiation of the raw data of motion, but theyere not used because the

acceleration data in frequency domain exhibited ynamise interferences in the larger

harmonic numbers.

C) the peak-to-peak ranges and offset of segmentadjuotyl and rotation during

walking. To measure the peak-to-peak ranges and offgaedfiead, trunk, pelvis,
segment of the head on pelvis, and segment ofrtimk ton pelvis obliquity and
rotation during walking, the following formulas veeused:
Peak-to-peak range=maximal. rotational angle —mmhrotational angle
Offset= (maximal angle + minimal. angle) /2
Positive offset value in the frontal plane was dedi as an obliquity to right side and
negative value was to the left. On the other hgmukitive offset values in the
transverse plane were defined as the rotationftpdad negative values were to the
right.
2.2.4.2 Standing balance tasks
The center of pressure (COP) describes the poititeofesultant vertical forces of the

body mass applied on the forceplate. The excussainthe COP defined subject’s
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stability,* which was also thought of as the neuromusculatrebof the COM?®  The

raw data from the force plate was filtered by fowstder Butterworth low-pass filters

with the cut-off frequencies of 2.5 Hz**

A) Global posturographic parameters, which estimageaverall "size" of the sway
patterns.  The calculations of parameters wefell@sv.

a) The COP excursiont was measured from the ground reaction foreesrmoments

collected from the force plate in the stance baatask. The formulas are as

followed:

COPpp = (—Myy + Fapd)/Fy

COPyyp, = (Map + Fymrd) /Fy

where F was force, M was momenj. was medio-lateral directiony,p was

anterior-posterior direction, was vertical direction and d was the height otéor

plate from origin.

b) The mean antero-posterior position of the centgoressure (¥: The mean CORB

displayed the magnitude of the subjects’ forwarmahieg in the sagittal plane, the

anterior direction was defined as a positive value. The x equation is

1

_1yN
Xe = 3 2i=1Xi

where x was the position of the i-th COP in the anteriosterior direction, and N

was the total number of data points.
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c) The mean medio-lateral position.XyThe mean CORR displayed the magnitude of

the lateral leaning of subjects where the left sides defined as a positive value as

collected by the force-plate coordination systemThe y equation is

1
Ve =3 Zit1 Vi

where y as position of the i-th COP in the medio-latera®dation, and N was the

total number of data points.

d) Path length per second ( Pac&his parameter was a measurement of veldéity.

It was the average distance traveled per secondgitire time period of one sample

and was defined as

f N—
P = EZi:ll \/(Xi+1 Tx)f B — ) ;
where f was the sampling frequency per second, 8ltha total number of data points,
Xi was the position of the i-th COP in the anteriosfgrior direction, ywas position of

the i-th COP in the medio-lateral direction.

e) The sway area per secondThis parameter is defined as the integrated ardan

two continuous immediate COP and the pointsafd ¥ ). (Figure 2.2.1) The

equation is given as

1 _
AA =~ YK Vit + Xiz1Ye + XeYi) — Kip1 Vi + XeYVig1 + xi¥)| /60
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(X¢,Yo) X

Figure 2.2.11 The sway area was the summation did triangle area within two
continuous instant center of pressure and origin duang the span of the task. (Cited
from Chen et al., 1998

B) Structural posturographic parameters, which attethgb decompose the sway
patterns into individual elements.  The formulatad parameters were as follows.
The sway density plot was measured by calculatiegiumber of continuous samples,
for each time instant, falling inside a circle wathradius R and the instant COP as the
circle center®*****{Figure 2.2.13. The sway density curve was filtered with a
fourth-order Butterworth filter. The sample numbeas divided by the sampling rate
producing a time unit (second) for the ordinatesaxiThe sway density curve (SDC)
was a time-versus-time curve to display the timéhef COP trajectory inside a moving
circle of radius R, which we chose as 2.5 Mifi. The “peaks” of the sway density
curve represent the time instants at which the C&®€selatively steady and “valleys”

are instants at which the COPs are relatively aaiste

(@) Mean peak (MP): The mean value of all peaks was defined as thennpeak.
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MP represents the average sway density at allivelgt steady instants and

estimates the degree of steadiness and balanaelocohmands variability.

(b) Mean distance (MD): It is the mean value of all distances between trsequent

two peaks. The MD represents the average ampla@id@OP trajectory from one
relatively steady instant to another and is exg@sss balance control commands
amplitude.
An increase of mean distance and a decrease of pean were representative of
insufficient postural balance control because t#PGways larger and stayed less time
in each center of stabilization in the COP trajsctd

C) Postural orientations in static standii®pstural orientations were obtained by the

segmental obliquity (in the coronal plane) and tiota(in the transverse plane) of

the head, trunk, pelvis, segment of the head ovigpednd segment of the trunk on

pelvis in the static standing position. Segmeakdiquity (in the coronal plane) to

right sidewas defined as a positive value, and segmentaiontén the transverse

plane) to left side was defined as a positive v@figure 2.2.13.

D) Head decompensatioihis parameter was defined as the maximal perpelad

distance from the vertical line passed throughcr@er of ears to the vertical line,
which was passed through the center of bilaterdlSA$ static standingFigure

2.2.19.
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Figure 2.2.12 (a)COP trajectory, dotted with samphg rate (50 Hz). “N” meant

the numbers of dots within a circle of 2.5mm radiusn that instant of time. (b)
sway density cure with 10 seconds period and pealoints with ‘x’ markings.

Frontal plane

Transverse plane

(b)
Figure 2.2.13 Postural orientation (a) the valuefdhe orientation in the frontal
plane on the pelvis is negative, which means tiltgnto left side (b) the value of the
orientation in the transverse plane on the pelvissinegative, which means rotation
to right side



Figure 2.2.14 Head decompensation to lef

2.2.5 Analysis design

If the walking rhythm was different between AIS ipats and the control, the
different curve patterns of AIS patients could b&tegorized into subgroups to
compared with the control.

The standing balance could be influenced by they lsminatotype in adolescerifs.
In our study, each participant was subdivided byheaght-weight index [height
(cm)/cube root of weight (kg)] to determine their thinness. Although the more
commonly used classification of somatotype usessiiefold thickness of particular

body, the breadth of particular bone, and the giftimbs, this study opted to the more
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simplified height-weight index. Based ¢ime raw anthropometric data from Allard’s
anthropometric dati and Dupertuis 's report, this study used the score of 44 of
height-weight ratios as the cut point and clasdiftee thin group as height-weight ratios
less than or equal to 44 and the non-thin groupeaght-weight ratios greater than 44.

In addition, the postural orientation in standimgl @egmental offset during gait could
be related to the curve pattern in AIS patientshe AIS patients were sorted to three
groups--double curve of right thorax and left lumlsngle curve of right thorax, and
single curve of left lumbar. Each subgroup of Ad&ients was compared with the
healthy teenagers for the postural orientation segimental offset. If harmonic ratios
were different between AIS patients and controlS Adatients were classified in the

same way to compare with the healthy teenagers.

2.3 Definition of special terms

Bracing immediately causes the body to have an ddiate reflex and
biomechanical response from the orthosis. As #épmance of in-brace immediate
conditions was different with that of pre-brace dition, this study particularly noted
this condition and defined it @&lse immediate effect of bracing On the other hand,
four months of bracing with a spinal orthosis caus®tion adaptation on the body due

to the orthotic biomechanics. This ability to charand adapt in four-month in-brace
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condition compared with pre-brace condition, and ttondition was defined abfe
four-month effect of bracing. Four-month bracing without brace brought theybod
the motion adaptation. This condition was defineslthe four-month motion
adaptation if the ability was changed in the condition of fenonth bracing without

brace compared with the pre-brace condifieigure 2.3.J).

..............................................

Om

Immediately reflex

Pre brace 2 -
+ Biomechanics

Immediate effect of bracing

1
{ 4-month motion adaptation

4-month motion adaptation i o Broniechnics
|

Figure 2.3.1 Definition of special terms

2.4 Statistical Analysis

All the variables were tested by the normality riisttion priority. The value of
Shapiro-Wilk normality test was greater than .05Time-spatial parameters and
harmonic ratios in both control and experiment gowere passed the normality tests.

Therefore, independent t test was chose to comih@rehealthy teenagers and AIS
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patients. A 2 time x 2 brace two-way repeated psialof Variance (ANOVA) was

used to compare among 0-month and four-month inebend out-brace conditions.

The planned comparisons used paired-t test asw®llo Theimmediate effect of

bracing was compared pre-brace and in-brace immediate ttomsli  Thefour-month

effect of bracingwas compared pre-brace and four-month in-bracditons. Lastly,

the four-month motion adaptation was compared pre-brace and four-month out-brace

conditions.

Because the harmonic ratios, the range and offssggmental obliquity and rotation

during gait, postural orientation in standing aredh decompensation in each subgroup

(double, thorax and lumbar) do not fit the nornyadlistribution, Mann-Whitney U test

was used to compare the healthy teenagers and sdmjroup of AIS patients.

Friedman test was used to compare among zero-narthfour-month in-brace and

out-brace conditions just in AIS patients with dl@uburve due to few sample size in

groups of single thorax and single lumbar curve.ilc¥¥on test also was used to

compare the planned comparisons in AlS patientable curve.

A two group (AIS vs normal) versus two subgroupin(tl's non-thin) two-way

Analysis of Variance (ANOVA) was chosen for the C@pbal and structural

parameters to compare the healthy teenagers and#ti€nts. However, Friedman

test was used to compare among zero-month andnfoath in-brace and out-brace
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conditions in AIS patients by the subgroup dueht® few sample size. Wilcoxon test

was used to compare the planned comparisons ipatisnts.

Using the pearson correlation coefficient to telsé tcorrelation between the

segmental offset during gait and the postural ¢etgon in standing. A significant

level is set 0.05 with two-talil.
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Chapter lll Results
3.1 Dysfunction and impairment in AIS patients
3.1.1 Anthropometric data and spatial-temporal gaitparameters

Comparison of the anthropometric data results sdawat the height (healthy: 1.56
+ 0.05 m; AIS: 1.55 + 0.07 m), mass (healthy: 48:B5 kg; AIS: 43.8 £ 6.9 kg), or age
(healthy: 13.5 + 0.85 years; AIS: 12.8 £ 1.19 ypawere similar between healthy
teenagers and AIS patienfRable 3.1.1) The anthropometric data of each subgroup
(double, R't thorax and Lumbar ) of AIS patientsdamealthy teenagers were also
similar (Table 3.1.2) In the thin or non-thin group, the anthroponeettata was
similar between AIS patients and healthy teenageffie weight in the thin group was
lighter than the non-thin group (p=.04) and theghein the thin group was taller than
the non-thin group (p=.03Yé&ble 3.1.3.

Spatial-temporal gait parameters containing walkmetpcity (healthy: 1.03 + 0.14
m/s; AIS: 1.08 £ 0.15 m/s), walking period (healtiyl4 + 0.8 s; AIS: 1.10 + 0.1 s),
stride length (healthy: 1.22 + 0.14 m; AIS: 1.20.24 m), or step width (healthy: 0.06
+ 0.3 m; AIS: 0.04 £ 0.12 m) were similar in heglteenagers and AIS patienf&ble

3.1.4.
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Table 3.1.1 Data of the anthropometry between hetly teenagers and AlS patients (Mean + SD)

AIS (All) Healthy teenager Sig.
Numbers 15 15
Age (year) 12.75+1.5 13.51+1.16 p=.054
Height (cm) 155.23+7.1 156.6 +5.1 p=.547
Weight (kg) 43.8£6.9 488 +7.5 p=.069
Cobb angle in major curvej 349+8.5 -
In-brace correction percentage (%) 275+ 14 --

Table 3.1.2 Data of the anthropometry among the figroups of AIS patients-I
Median £ (upper/lower quarter)

AIS (Double)  AIS (R't thorax) AIS (Lumbar)

Numbers 9 3 3

Age (year) 12.2+(0.5/1.3) 12.3+(1.8/0.4) 12.@/0.3)
Height (cm) 158 + (6/4) 153 £ (2/11) 150 + (4/3)
Weight (kg) 48.7+ (1/8) 45+ (1/16) 39.8+ (5/1)
Cobb angle in major curvej 37.6% (4/1) 25+ (5/1) 24.5+ (23/2)
In-brace correction percentage (%) 22.2+ (7/4) @13) 20+ (4417)

Table 3.1.3 Data of the anthropometry among the figroups of AIS patients-II
Median = (upper/lower quarter)

Thin group Non-thin group
AIS healthy teenager AIS healthy teenager

Numbers 4 6 7 9

Age (year) 12.4 +(2/ 1) 13.4+(1/0.3) 12.8+(1.3/0.8) 13.1+(0.7/0.4)
Height (cm) * 162 + (4/13) 159 + (5/4) 155 + (2/1.5) 155 + (3/4)
Weight (kg) * 44.8+ (4/8) 455+ (1/5) 46+ (3/1) 53.5+ (3/10)
Cobb angle in major curve 36+ (9/3) -- 37+ (1/12) -

In-brace correction percentage 20.8+ (13/4) - 20+ (13/3) ~-

(%)

*: The comparison was significantly different betwen thin group and non-thin group, p<.05
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Table 3.1.4 Spatial-temporal gait parameters (Mear SD)

AIS Healthy teenager: Sig.
Period (sec) 1.10+£.1 1.14 + .08 p=.22
Stride length (m) 1.20+.14 1.22+.14 p=.77
Velocity (m/s) 1.09 £ .15 1.03+.14 p=.31
Step width (m) .04 + .03 .06 + .03 p= .46

3.1.2 Harmonic ratios on the head, trunk and pelvis durirg gait

In the vertical direction, AIS patients exhibiteidrsficantly smaller harmonic ratio
compared with age-matched girls on all segmenth@head (p=.001), trunk (p=.001)
and pelvis (p=.005) in the global reference, andtlm segment of trunk on pelvis
(p=.02) in the body referencd-iQure 3.1.1(a). In the antero-posterior direction,
harmonic ratios were significantly smaller on segteeof the head on pelvis (p=.025)
and the trunk on pelvis (p=.01) in the body refeeem AIS patients than the healthy
teenagersKigure 3.1.1(b). There were similarities in the medio-lateraiediions of
harmonic ratios at all segments both in the glarad in the body references in AIS
patients and the healthy teenagéiigijre 3.1.1(c).

In AIS patients with double curve, harmonic ratisre significantly smaller in the
vertical direction on head (p=.007), trunk (p=.Q0&)d pelvis (p=.005) in the global
reference view. The harmonic ratio was also sicgntly smaller in the
antero-posterior direction on the segment of thakron pelvis (p=.02) in AIS patients

with double curveTable 3.1.5.
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In the antero-posterior direction

In the vertical direction 15
6 = p=.025
p=09 -
. =001 p=001 " 3 i p=.01
g 8 2.5
5 £
=) c
€3 6 15
o p=.02 E
§ 2 -e-Normal é 1 -o-Normal
Ty OAIS 05 TAIS
D 0
head trunk  pelvis | headon trunkon head trunk  pelvis | headon trunkon
pelvis pelvis pelvis pelvis
Global reference Body reference b Global reference Body reference
(a) (b)
In the medio-lateral direction
4 p=.07
3.5
g 3
T 25
E 2
g 15
EL =o-Normal
T 1
T oAIS
0.5
0
head trunk pelvis | headon trunkon
pelvis pelvis
Global reference Body reference
(€)

Figure 3.1.1 Harmonic ratios (HR) between AIS pag@nts (pre-brace) and healthy
teenagers on the head, the trunk and the pelvis e global reference and on segments of
the head and the trunk in the pelvis body referenceluring gait. (a) HR in the vertical
direction; (b) HR in the antero-posterior direction; (c) HR in the medio-lateral direction.
The error bars represent 95% confidence interval.

In AIS patients with right thoracic curve, harmomatios were significantly smaller
in the antero-posterior direction on segments ef lead on pelvis (p=.002) and the
trunk on pelvis (p=.01) in the body reference viewhe harmonic ratio was also
significantly smaller in the medio-lateral direction segment of the trunk on pelvis
(p=.03) in AIS patients with right thoracic curvEable 3.1.5.

In AIS patients with lumbar curve, harmonic ratwesre significantly smaller in the
vertical direction on head (p=.028) and trunk (2F.th the global reference view.
Harmonic ratios was significantly smaller in thecheelateral direction on segments of
the head on pelvis (p=.02) and the trunk on pdj#s02) in the body reference in AIS

patients with lumbar curv@éble 3.1.5.
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Table 3.1.5 Harmonic ratios (HR) between each subgup of AIS patients (pre-brace) and healthy
teenagers on segments both in the global referenard in the body reference during gait

Healthy teenagers AIS (Double) AIS (R't thorax) AIS (Lumbar)
N=15 N=9 N=3 N=3
Median Median p Median p Median p
Head 1.2 8 1 1.4 2 9 .051
(0]
% £ Trunk 1.8 1.5 1 1.9 9 1.6 .06
° 3
© T Pelis 2.7 2.6 3 2.3 1 2.4 2
o
< Head on
_ 2.7 2.4 1 2 .002 2.2 5
8  pelvis
o & Trunkon
L _ 2.5 2.1 .02 1.6 .01 2.3 4
pelvis
Head 3.1 2.7 .07 3 9 2.8 .08
[}
T £ Trunk 3.1 2.8 .06 3 4 3 1
° 5
© @ Pelvis 4.4 2.5 8 2.7 3 2.2 1
3‘ Head on
_ 2.1 1.8 9 1.8 4 1.2 .02
8  pelvis
F 5
@ & Trunkon
L _ 2.1 2 2 1.5 .03 1.2 .02
pelvis
Head 4.2 3 .007 35 2 3.3 .028
(0]
8 £ Trunk 4.4 3 .005 3.6 2 31 .02
° 3
© T Pelis 3.3 2.4 .005 3.2 9 2.9 1
> Head on
_ 1.3 1.2 3 1.1 .07 1.5 8
8  pelvis
z &
& £ Trunkon
L _ 1.5 1.2 .08 1.1 1 1.4 5
pelvis

1. *> meant p< .05 between the subgroup of AIS pasianid healthy teenagers.
2. AP: HR in the antero-posterior direction; ML: HRthre medio-lateral direction; V: HR in the vertical
direction.
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3.1.3 Peak-to-peak range and offset of all segmental ofliities and
rotations during gait
There was similar on the peak-to-peak range fomeegal obliquities and rotations

during walking between AIS patients and healthyéggers Table 3.1.6).

Table 3.1.6 Peak-to-peak rang€’) of all segmental obliquity and rotation during wdking
between AIS patients and healthy teenagers

Healthy teenagers AIS (Double) AIS (R't thorax) AIS (L't lumbar)

N=15 N=8 N=3 N=2

Median Median p Median p Median p
Obliquity
Head 3.2 3.9 4 2.8 .6 4.5 3
Trunk 3.1 3.4 7 2.7 .6 3.1 1
Pelvis 8 7.5 7 6.3 3 8.3 .8
Head on pelvis 8.5 10 7 7.8 4 11.4 2
Trunk on pelvis 9.1 9.6 4 8.2 3 10.9 2
Rotation
Head 4.8 5.1 7 5.3 .6 4.3 9
Trunk 6.7 7 .8 7.9 4 5.8 4
Pelvis 8.1 6.9 3 8.6 .6 10.3 T
Head on pelvis 11.7 8.6 2 9.8 .6 11 9
Trunk on pelvis 9.9 8.9 5 9.5 1 10 1

p value shows the comparison of healthy teenagersabgroup of AIS patients

In AIS patients with double curve of right thoraxdaleft lumbar, offsets of the trunk

on pelvis was significantly oblique to left (p=.02nd trunk offsets showed a trend of

rotating to left side (p=.05&)uring gait Figure 3.1.2).

In AIS patients with single curve of right thoraffset of the trunk was significantly

both oblique (p=.03) and rotated (p=.02) to leftesduring gait. The trunk on pelvis
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was with a trend of tilting to left (p=.07) duriggit (Figure 3.1.3).

In AIS patients with single left lumbar, offsetstbe trunk on pelvis showed a trend

Offset of segmental obliquity

[ 2
2 0 -
= -2 O Normal
= —
~ 4 | AIS
Z -6 (double)
—
8 head trunk pelvis head on trunk on N=38
(a) = pelvis pelvis
=}
Offset of segmental rotation
& i5
g i
o 10 p=.056
g _ o I | T rF;
o= T .
L 0 I_l__1l[ ’_I' (—I— +T O Meormal
“EJ: =~ = i | 1 m AlS
E -10 (double)
E head trunk pelvis head on trunk on B8
(b) o pelvis pelvis

Figure 3.1.2 The offset (degree) of all segmentabliquity and rotation during walking
between healthy teenagers and AIS patients with th@ouble curve of right thorax and

left lumbar. (a) Offsets of segmental obliquity. Bsitive value was meant the orientation
tilted to right side; negative value was meant therientation tilted to left side. (b) Offsets
of segmental rotation. Positive value was meant therientation rotated to left side;
negative value was meant the orientation rotated taght side. The value was
presented by median + upper/lower quarter.
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Offset of segmental obliquity
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©
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Figure 3.1.3 The offset (degree) of all segmentabliquity and rotation during walking
between healthy teenagers and AIS patients with th&ngle curve of right thorax. (a)
Offsets of segmental obliquity. Positive value waseant the orientation tilted to right
side; negative value was meant the orientation téd to left side. (b) Offsets of segmental
rotation. Positive value was meant the orientatiomotated to left side; negative value was
meant the orientation rotated to right side. The alue was presented by median +
upper/lower quarter.
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Figure 3.1.4 The offset (degree) of all segmentabliquity and rotation during walking
between healthy teenagers and AIS patients with th&ngle curve of left lumbar. (a)
Offsets of segmental obliquity. Positive value waseant the orientation tilted to right
side; negative value was meant the orientation téd to left side. (b) Offsets of segmental
rotation. Positive value was meant the orientatiomotated to left side; negative value was
meant the orientation rotated to right side. The alue was presented by median +
upper/lower quarter.



3.1.4 Postural orientation in static standing

AIS patients with double curve of right thorax deft lumbar displayed statistically
significant pelvis tilted to right side (p=.017)dathe trunk on pelvis tilted to left side
(p=.04) in the frontal plane for the static stamdposture Figure 3.1.5 (a). This
subgroup AIS patients also had pelvic deviatiorotdition to the right (p=.007), and the
trunk on pelvis deviation of rotation to left (p81) in the transverse plane when
compared to healthy teenagerggire 3.1.5 (b).

Postural orientation in the Frontal plane

= B
f_n 4 > p=.017 . p=.04
(-4
2 51 _L R 'in|
3 " : ; O Normal
£ '
£ 4 B AlS (double)
v N=8
S head trunk pelvis headon trunk on
= pelvis pelvis

@ *

Posture orientation in the transverse plane

= 15 i
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5 5 ‘ .
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T 0 - ’—I“—{— ’—I_-_ 'T- O Normal
_*;:n = 5 B AIS
[ -10 {double)
2] N=8
g head trunk pelvis headon trunk on

(b) &= pelvis pelvis

Figure 3.1.5 The postural orientation between Al$atients and healthy teenagers in the AIS
patients with the double curve of right thorax andleft lumbar. (a) The orientation in the
frontal plane. Positive value was meant the orientaon tilted to the right; negative value was
meant the orientation tilted to the left. (b) Theorientation in the transverse plane. Positive
value was meant the orientation rotated to the lefinegative value was meant the orientation
rotated to the right. The value was presented by nakan + upper/lower quarter.



AIS patients with single curve of right thorax depged statistically significant the
trunk on pelvis deviation of rotation to the left=(01) in transverse plane when

compared with healthy teenageFsgure 3.1.9.

Postural orientationin the Frontal plane
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Figure 3.1.6 The postural orientation between Al®atients and healthy teenagers in the AIS
patients with the single curve of right thorax. (& The orientation in the frontal plane.
Positive value was meant the orientation tilted téhe right; negative value was meant the
orientation tilted to the left. (b) The orientation in the transverse plane. Positive value was
meant the orientation rotated to the left; negativevalue was meant the orientation rotated to
the right. The value was presented by median + ugw/lower quarter.
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AIS patients with single curve of left lumbar digpéd statistically significant the
trunk on pelvis tilt to right side (p=.03) in theohtal plane and the head deviation of
rotation to right side (p=.029) in the transverdanp when compared with healthy

teenagers for static standing posturgre 3.1.7).

Postural orientation in the Frontal plane
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Figure 3.1.7 The postural orientation between Al$atients and healthy teenagers in the AIS
patients with the single curve of left lumbar. (a)The orientation in the frontal plane. Positive
value was meant the orientation tilted to the right negative value was meant the orientation
tilted to the left. (b) The orientation in the transverse plane. Positive value was meant the
orientation rotated to the left; negative value wasneant the orientation rotated to the right.
The value was presented by media+ upper/lower quarter.
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3.1.5 Correlation between the segmental offset dung gait and the
postural orientation in standing in AIS patients

The following figures show the offset of trunk rate during gait correlated to the
trunk rotation (=.48, p=.009) and trunk-pelvis rotatiof<45, p=.01) in the standing

posture Figure 3.1.8.

15 r=.69 16
ri= 48 14 ¢ r=67
- 10 | ¢ p=.009 12 ¢ =45
£ L ¢ - 2 p=01
:5 - ¢ : /./ 0 % ) = 10 L P
2 3 31 S E‘ﬁ . 81 o
.E E 0 / L} 0 v i 5 ¢ /_,-" '
] : - E - /
c 3 0 " " g T s 4 b
; Ez ’ b+ ﬁ 9 74
5850 40 0 10 LN Lo
§56 ? 56 ¢
g e BE%220 a0 J%0 o« 10 2
s 2 J 10 £33, -4
5 & Offsetof trunk in walking (deg) g.s 5 Offsetof trunk in walking (deg)
(@) Rotto Right / Rotto Left (°) (b) Rotto Right / Rotto Left (°)

Figure 3.1.8 (@) Correlation between the offset adhe segment of trunk rotation (°) during
walking and the trunk rotation (°) in static upright standing (°). (b) Correlation between the
offset of the segment of trunk rotation (°) duringwalking and the segment of the trunk on pelvis
rotation (°) in static upright standing (°). Posiive value was meant the orientation rotated to
left side; negative value was meant the orientatiorotated to right side.
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3.1.6 Head decompensation in standing position
AIS patients, who had the double curve with righdrax and left lumbar, showed
significantly larger head decompensation to lefeqjp=.04). AIS patients with single

curve of right thorax showed significantly largesald decompensation to right side

(p=.03) Figure 3.1.9

Head decompensation
4 p=.04

3 I_
£ 2
-
l: 1 N O Normal
<. ] B\ SAIS (Double]
E - FIAIS (R't thorax)
£ -1 —t MAIS (L't lumbar)
22
p=.03
-3
-4

Figure 3.1.9 Head decompensation.The figure shows head decompensation from left to
right in the sequence of healthy teenagers, AIS pants with double curve of right thorax
and left lumbar, AIS patients with single curve ofright thorax, and AIS patients with single
curve of left lumbar. The value was presented by adian + upper/lower quarter.
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3.1.7 COP parameters in standing

For the non-thin group, AIS patients had a tendetlocghow a “poor” standing

balance control compared with the same somatotgadthty teenagers in eyes closed

position.

There was a trend of larger values f@PQoarameters for mean distance in

open eyes condition, and for COP pace, sway arghjreean distance in eyes closed

condition in AIS patients compared with healthy jegts in the non-thin group

(height-weight ratios 44) (Figure 3.1.10.
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Figure 3.1.10 The standing balance between AIS pants and normal subjects. Using height-weight
ratios ( =44) to separate thin group (height-weightatios>44) and non-thin group (height-weight
ratios<44) in AIS patients and normal subjects. Fom (a) to (d) were in open eyes conditions, and fmo

(e) to (h) were in closed eyes conditions. Errordss were represented half of 95% confidence intenta



3.1.8 Summary
Table 3.1.7 shows a summary for harmonic ratios during gaitAlls patients

compared with normal subjects.

Table 3.1.7 The summary of harmonic ratios (HR) dung gait in AIS patients

AIS compared with normal subjects

H T P H/P /P
AP O O U U
HR (All) ML O O
v 4 4 4 4
AP 4

HR (Double) ML (}) (V)

<
=
=
=
=

Dynamic parameters

AP 4 U
HR (R't Thorax) ML 2y
v O
AP (4 O
HR (Lumbar) ML (1) 4 4
v 4 4

° {: smaller values of HR in AIS patients comparechwivntrol (p<.05);
® O smaller values of HR in AIS patients compared withtrol (a trend);

® H: head; T: trunk; P:pelvis; H/P: head on pelvi®Ttrunk on pelvis

Table 3.1.8presents a summary of the offset during gait daddsng orientation in

AIS patients. A summary of the head deconpensation in statiadstgnn AIS patients

is also included iffable 3.1.8 Sample size in the comparisons on each parameter wa

showed onrable 3.1.9.
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Table 3.1.8 The summary of dynamic and static paraeters in AlS patients

AIS compared with normal subjects

T

P

H/P

T/P

Dynamic
Offset
parameters

Double

Tilt to left

Obliquity

R’t Thorax

Tilt to left

L't Lumbar

Double

Rotation

R’'t Thorax

Rot o left

L't Lumbar

Rot to right

Posture

orientation

Static

parameter

Double

Tilt to left

Obliquity

R’t Thorax

L't Lumbar

Double

Rot to right

Tilt to right

Rot to left

Rotation

R’'t Thorax

Rot to left

L't Lumbar

Rot to right

Decompensation

Double

Decompensatied to left side

R’t Thorax

Decompensatied to right side

L't Lumbar

COoP

Thin

Non-thin

Atrend of large values for COP parameters

H: head; T: trunk; P:pelvis; H/P: head on pelvi& Ttrunk on pelvis

Table 3.1.9 Sample size of AIS patients and normalbjects for various studies

Sample size AIS Normal
All 15

Double 9

Harmonic ratios 15
R't thorax 3

Dynamic
Lumbar 3
PATAMETErS = == = mm o o o o o o o o e e e e o e

Double 8

Range & Offset R't thorax 3 15
L't lumbar 2
Double 8

Decompensation &
R't thorax 3 15
Static Posture
L't lumbar 2
PAFAMETETS == s e o o o o o o o e e o e e e e e e e e e e e e e
Thin 4 6
COP
Non-thin 7 9




3.2 The effect of bracing and motion adaptation iAIS
patients
3.2.1 The walking rhythm for AIS patients

Analysis of the variance (ANOVA) of the harmonicioashowed no significant
interaction of time (0 month and 4month) x braae lfrace and out brace) in three
directions (antero-posterior, medio-lateral andigal) on all segments (the head, trunk
and pelvis in the global reference view; the heagelvis and the trunk on pelvis on the
body reference view).
3.2.1.1 In the Antero-Posterior Direction

The effect of bracing

Analysis of the variance of the harmonic ratio sedva main effect of brace on the

head (f[1,8]=9.8, p=.014) displaying larger harnworatio on the head in the in-brace

condition than in the out-brace conditidrigure 3.2.1 (a).

Analysis of the variance of the harmonic ratio shdwa main effect of brace on

segments of the head on pelvis (f{1,8]=9.4, p=.QF@ure 3.2.1 (d)and of the trunk

on pelvis (f[1,8]=19.5, p=.002)~{gure 3.2.1 (e), yielding smaller harmonic ratio on

segments of the head on pelvis and of the trungedvis in in-brace condition than in

out-brace condition. In the paired-t test, thent@mic ratio was decreasing on the

segment of the trunk on pelvis in 0-month in-braocedition compared with 0-month
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out-brace condition (p=.018), which was definedttss immediate effect of bracing.

However, the harmonic ratio was similar on the segnof the trunk on pelvis in

4-month in-brace condition compared with O-month-fmace condition, which was

defined as the 4-month effect of bracing.

Motion adaptation

Analysis of the variance of the harmonic ratio sedva main effect of time on the

segments of the head on pelvis (f[1,8]=16.5, p=)@#ure 3.2.1 (d)and of the trunk

on pelvis (f[1,8]=7.6, p=.025)Hgure 3.2.1 (e), yielding larger harmonic ratio on

segments of the head on pelvis and of the trungeivis in 4-month condition than in

0-month condition. In the paired-t test, the hammooratio showed no significant

difference but had a trend of increasing harmoatmron the segment of the head on

pelvis in 4-month out-brace condition compared widmonth out-brace condition

(p=.08), which was defined as 4-month motion adapta

3.2.1.2 In the Medio-Lateral Direction

The effect of bracing

Analysis of the variance of the harmonic ratio sedva main effect of brace on the

head (f[1,8]=9.4, p=.016), appearing smaller hanmoatio on the head in the in-brace

condition than in the out-brace conditibigure 3.2.2 (a). In the paired-t test, the
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harmonic ratio was decreasing with a trend on #&edhin 0-month in-brace condition

compared with O0-month out-brace condition (p=.058jich was defined as the

immediate effect of bracing. The harmonic ratiosveggnificantly decreasing on the

head in 4-month in-brace condition compared witimd@ith out-brace condition

(p=.001), which was defined as the 4-month efféttracing.

Analysis of the variance of the harmonic ratio sedva main effect of brace on the

segment of the trunk on pelvis (f[1,9]=6.4, p=.03@gelding larger harmonic ratio on

the segment of the trunk on pelvis in the in-braocadition than in the out-brace

conditionfigure 3.2.2 (e).

Motion adaptation

Analysis of the variance of the harmonic ratio sedva main effect of time on the

head (f[1,8]=6.2, p=.03), displaying smaller harmeomtio on the head in the 4-month

condition than in the 0-month conditidfigure 3.2.2 (a). In the paired-t test, the

harmonic ratio was significantly decreasing ontikad in 4-month out-brace condition

compared with 0-month out-brace condition (p=.01)jch was defined as 4-month

motion adaptation.

3.2.1.3 In the Vertical Direction

The effect of bracing
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Analysis of the variance of the harmonic ratio sedva main effect of brace on the

trunk (f[1,8]=7.1, p=.028), yielding smaller harmomatio on the trunk in the in-brace

condition than in the out-brace conditiéigure 3.2.3 (b).

Motion adaptation

Analysis of the variance of the harmonic ratio sedva main effect of time on the
head (f[1,8]=6.6, p=.03), displaying larger harnworatio on the head in the 4-month
condition than in the 0-month conditidigure 3.2.3 (a).

Analysis of the variance of the harmonic ratio sedva main effect of time on the
segment of the head on pelvis (f[1,8]=6.5, p=.@83playing larger harmonic ratio on
the segment of the head on pelvis in the 4-monthdition than in the 0-month
conditionfigure 3.2.3 (d). In the paired-t test, the harmonic ratio wagsicantly
increasing on the segment of the head on pelvigl-month out-brace condition
compared with 0-month out-brace condition (p=.02@)jch was defined as 4-month

motion adaptation.
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Figure 3.2.1 Harmonic ratios (HR) during gait in the antero-posterior (AP) direction in two time of
0-month and 4-month, and the two conditions of oubrace and in brace. (a) HR on the head; (b) HR orhe
trunk; (c) HR on the pelvis; (d) HR on the segmenof the head on pelvis; (e) HR on the segment of the
trunk on pelvis. The error bars represent 95% conidence interval

*. meant the comparison of 0-month out-brace condibn and 0-month in-brace condition (immediate effeicof bracing)

**: meant the comparison of 0-month out-brace condion and 4-month in the in-brace condition (4-montheffect of bracing)

***: meant the comparison of 0-month and 4-month inthe out-brace condition (4-month motion adaptatioh
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Figure 3.2.2 Harmonic ratios (HR) during gait in the medio-lateral (ML) direction in two time of
0-month and 4-month, and the two conditions of oubrace and in brace. (a) HR on the head; (b) HR orhe
trunk; (c) HR on the pelvis; (d) HR on the segmenof the head on pelvis; (e) HR on the segment of the
trunk on pelvis. The error bars represent 95% conidence interval

*. meant the comparison of 0-month out-brace condibn and 0-month in-brace condition (immediate effeicof bracing)

**: meant the comparison of 0-month out-brace condion and 4-month in the in-brace condition (4-montheffect of bracing)

***: meant the comparison of 0-month and 4-month inthe out-brace condition (4-month motion adaptatioh
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Figure 3.2.3 Harmonic ratios (HR) during gait in the vertical (V) direction in two time of 0-month ard
4-month, and the two conditions of out brace and ifrace. (a) HR on the head; (b) HR on the trunk; (¢
HR on the pelvis; (d) HR on the segment of the heaah pelvis; () HR on the segment of the trunk on
pelvis. The error bars represent 95% confidence terval

*. meant the comparison of 0-month out-brace condibn and 0-month in-brace condition (immediate effeicof bracing)

**: meant the comparison of 0-month out-brace condion and 4-month in the in-brace condition (4-montheffect of bracing)

***: meant the comparison of 0-month and 4-month inthe out-brace condition (4-month motion adaptatioh
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3.2.2 The peak-to-peak range of segmental obliquitand rotation
during gait for AlS patients with double curve
3.2.2.1 In the Frontal Plane

Nonparametric analysis of the peak-to-peak rangmgwgait, among four conditions
of 0-month out-brace, 0-month in-brace, 4-month-lmace, and 4-month in-brace,
showed significant differences on the head (p=.0@) pelvis (p=.002), and the segment
of the trunk on pelvis (p=.001) in the frontal ptaim AIS patients with double curve of
right thorax and left lumbaiTéble 3.2.1)

The effect of bracing

In the pairwise comparison, the peak-to-peak ramgehe frontal plane was

increasing on the head in 0-month in-brace conditiompared with 0-month out-brace

condition (p=.028), which was defined as the imratlieffect of bracingFgure

3.2.4(a)) The peak-to-peak ranges in the frontal planeevdercreasing on the pelvis

(p=.028) and the segment of the trunk on pelvis@p8) in 0-month in-brace condition

compared with 0-month out-brace condition, whiclswafined as the immediate effect

of bracing Figure 3.2.4(b)&(c)). In addition, the peak-to-peak ranges in thetabn

plane were decreasing on the pelvis (p=.028) ardsdgment of the trunk on pelvis

(p=.028) in 4-month in-brace condition comparedhwdmonth out-brace condition,

which was defined as the 4-month effect of bra¢kigure 3.2.4(b)&(c)).
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Motion adaptation

There was no motion adaptation, which was defiheddifference in the comparison
of in 4-month out-brace condition with 0-month duwace condition, for the

peak-to-peak range in the frontal plane during. gait

Table 3.2.1 Peak-to-peak rangef) in the frontal plane in AIS patients with doublecurve of right
thorax and left lumbar

0 month 4 month Friedman test p
Out Brace In Brace Out Brace In Brace
Median Rank mean Median Rank mean Median  Rank mean Median Rank mean

Head 4.2 1.6 7.9 3.8 4.2 2 6.4 2.5 X76,3]=9.8 0z
Ttk 36 3 38 3 36 21 27 18 X388 2
~ Pews 79 38 4 16 72 31 29 13  X{e3=154 007
 Headonpewis 107 26 11 33 103 23 84 16 X352 1

Trunkon pelvis  10.3 3.8 2.3 1.8 10 3.1 1.9 1.1 X7[6,3]=16 001

*. meant p< .05 among the 4 conditions (2 time x Brace) of the brace treatment in AlS patients withdouble curve
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Figure 3.2.4 The peak-to-peak range in the frontgblane on the head (a), on the pelvis (b), and ohe
segment of the trunk on pelvis (c), during gait inwo time of 0-month and 4-month, and the two condions
of out brace and in brace for AIS patients with dole curve. The value was presented by median £
upper/lower quarter.

*. meant the comparison of 0-month out-brace condibn and 0-month in-brace condition (immediate effeicof bracing)

**: meant the comparison of 0-month out-brace condion and 4-month in the in-brace condition (4-montheffect of bracing)

***: meant the comparison of 0-month and 4-month inthe out-brace condition (4-month motion adaptatioh



3.2.2.2 In the Transverse Plane

Nonparametric analysis of the peak-to-peak rangbertransverse plane during gait

showed significant differences on the trunk (p=.@8§l the segment of the trunk on

pelvis (p=.001) among the four conditions (2 tim@ krace) of the brace treatment in

AIS patients with double curve of right thorax defl lumbar [Table 3.2.9.

The effect of bracing

The peak-to-peak range in the transverse planede@gasing on the segment of the
trunk on pelvis (p=.028) in 0-month in-brace coiwtit compared with 0-month
out-brace condition, which was defined as the imatedeffect of bracingHigure
3.2.5(b)) In addition, the peak-to-peak range in the tvarse plane was decreasing
on the segment of the trunk on pelvis (p=.028)-meahth in-brace condition compared
with 0-month out-brace condition, which was defirsdthe 4-month effect of bracing
(Figure 3.2.5(b))

Motion adaptation

There was no motion adaptation, which was deftheddifference in the comparison

of in 4-month out-brace condition with 0-month dw&ce condition, for the

peak-to-peak range in the transverse plane duaitg g
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Table 3.2.2 Peak-to-peak range’) in the transverse plane in AlIS patients with doule curve of
right thorax and left lumbar

0 month 4 month Friedman test p
Out Brace In Brace Out Brace In Brace
Median Rank mean Median  Rank mean Median  Rank mean Median Rank mean

Head 5.2 3.1 5.6 3.1 4.2 1.6 4.7 2 X?[6,3]=6.6 .08
~ twk 72 33 73 28 65 25 58 13 X378 05
~ PeMs 78 26 74 25 72 33 57 15 X362 1
© Headonpewis 94 33 86 23 86 25 71 18 X342 2

Trunk on pelvis 10.5 3.8 3.7 2 8.7 3.1 3.2 1 X76,3]=17 001

*: meant p< .05 among the 4 conditions (2 time x Brace) of the brace treatment in AlS patients withdouble curve
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Figure 3.2.5 The peak-to-peak range in the transvge plane on the trunk (a), and on the segment offi¢
trunk on pelvis (b), during gait in two time of 0-month and 4-month, and the two conditions of out brae
and in brace for AIS patients with double curve. Tte value was presented by median + upper/lower
quarter.

*. meant the comparison of 0-month out-brace condibn and 0-month in-brace condition (immediate effeicof bracing)

**: meant the comparison of 0-month out-brace condion and 4-month in the in-brace condition (4-montheffect of bracing)

*** meant the comparison of 0-month and 4-month inthe out-brace condition (4-month motion adaptatiof
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3.2.3 Other parameters

Due to the few sample size or the no significasulteof nonparametric analysis
among the four conditions (2 time x 2 brace) of bn&ce treatment in AlS patients, the
results of parameters of segmental offset during, g2OP parameters in standing,

postural orientation, and head decompensation placed inAppendix C.

3.2.4 Summary

AIS patients had smaller harmonic ratios than nbsubjects in the antero-posterior
direction on the body reference view during galmong the four conditions (2 time x
2 brace) for AIS patients, the main effect of brages showed the attenuation on the
symmetry in the antero-posterior direction, butrtin effect of the treatment time was
showed the improvement on the symmetry in the argiesterior direction on the body
reference view during gaifTable 3.2.3 & Table 3.2.4) In the antero-posterior
direction on the body reference view, the immedettect of bracing was found the
walking symmetry decreased, but the four-monthcefté bracing was observed the
walking symmetry unchanged. In addition, the fowonth motion adaption was
showed the walking symmetry improved with a trend.

The bracing attenuated the walking symmetry on hikad in the medio-lateral

direction happened on the four-month effect of imgcand four-month motion
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adaptation(Table 3.2.3 & Table 3.2.4) However, the bracing improved the walking

symmetry happened on the four-month motion adaytat the vertical direction on the

body reference view during gdifable 3.2.4)

Sample size in the comparisons on each parameteshaved ofable 3.2.6.

Table 3.2.3 The summary of harmonic ratios in maireffect of the brace, immediate effect of
bracing, and four-month effect of bracing in all AIS patients

Main effect of the  Immed. effect of Four-month effect
brace in AIS bracing of bracing
patients

H T P HP  T/IP  H T P HP  T/P  H T P HP TP

AP ) 4 0 4
HR (All) ML 4 » O 4
v 4

4: Improvement (p<.05) {: Degeneration (p<.05%): Degeneration (a trend)
H: head; T: trunk; P:pelvis; H/P: head on pelvié? Ttrunk on pelvis

Table 3.2.4 The summary of harmonic ratios in maireffect of the treatment time and
four-month motion adaptation in all AIS patients

Main effect of Four-month motion
treatment time in adaptation
AIS patients
H T P HP  T/IP H T P H/P @ T/P
AP r A 1)
HR (All) ML 0 4
v 0 0 2

4: Improvement (p<.05) {: Degeneration (p<.05§): Improvement (a trend)

H: head; T: trunk; P:pelvis; H/P: head on pelvif Ttrunk on pelvi
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In-brace condition decreased the peak-to-peak rangte pelvis and the trunk on

pelvis in the frontal plane during gait, and deseshthe peak-to-peak range on the

trunk on pelvis in the transverse plane during @i@ble 3.2.5.

Table 3.2.5 The summary of peak-to-peak ranges dung gait in the immediate effect of bracing,
four-month effect of bracing and four-month motion adaptation in AlS patients with double curve

Immed. effect of Four-month effect = Four-month
bracing of bracing motion adaptation

H T P HP TP H T P HP TPIH T P HP TP
Frontal ) 1y 2| 4 4

Transverse 4 2y

Peak-to-peak range

a: Increased (p<.05) {: Decreased (p<.05);
H: head; T: trunk; P:pelvis; H/P: head on pelvié? Ttrunk on pelvis

Table 3.2.6 Sample size (numbers) for each paraneeton three comparisons

Immediate effect Four-month effect Four-month

Sample size _ ) ) )
of bracing of bracing motion adaptation
AlS AlIS AlS
HR  (All) 15 9 9
HR (Double) 9 7 7
HR (R’t thorax)
Dynamic
HR (L't lumbar) /
parameters —————————————————————————
Double 8 6 6
Range & Offset R’t thorax
L't lumbar
Thin
COP
Non-thin
Static @ == @—-— e - - - - - . . . S S T T O O S T O e e e e e e w
Double
parameters  pecompensation &
R’t thorax
Posture
L't lumbar
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Chapter IV  Discussion
4.1 Dysfunction and impairment in AlS patients
4.1.1 Smoothness of walking

In our study, the smoothness of walking signifitardecreased in AIS female
patients compared with the healthy female teenagsgpscifically in the vertical
direction in the global reference view, and in @&ero-posterior and the vertical
direction in the body reference view. The vertidakection in the global reference
view was sensitive to distinguish the walking snhoeiss between female AIS patients
and their healthy teenager counterparts. Thigndisdn also happened on the segment
of the trunk on pelvis in the body reference viewhe musculoskeletal system is
understood to be the main role at attenuating lirghuency oscillations prior to
reaching the head as shock transmission througheuiody during gait: The spinal
column attenuated the higher frequencies, generablipve 20 Hz. The force
attenuation in the vertical direction was primarndgpendent on the shock absorption
characteristics of the spine, associated soft éssand lower legs. Kavanagh et al.
argued that the trunk segment acts as a low-phss diuring walking?> Applying
their theory, thus, any abnormality in the stapibf the trunk and pelvis, the deformed
neuromuscular structure, or the non-rhythmic movemef the legs would display the

abnormal rhythmic velocity patterns at the headhkrand pelvis.
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This study showed that the antero-posterior dioecin the body reference view was
sensitive enough to distinguish the walking smoe#isnbetween AIS patients and
healthy teenagers. Mac-Thiong et &l.and O hlen et af® found that thoracic
kyphosis in AIS patients with thoracic scolioticrees is less than the normal kyphosis.
Their study showed that the lumbar lordosis in gagients with thoracic scoliosis
curves is significantly smaller than that of thealttey subject$® In addition, the
adjustment of the sagittal balance also involvasv@aacompensation from the lower
extremities and the cervical spine. In AIS paserthere is significant correlation
between the trunk hypokyphosis and the developneéntervical kyphosis’ The
abnomality in the spinal sagittal balance couldeetffthe walking rhythm in the
antero-posterior direction on segments of the fagelvis and the trunk on pelvis, in
the body reference perspective.  However, asstiidy results showed, there are no
significant influences for the walking smoothnesstbe antero-posterior direction in
the global reference view. It might be a stratefiydominant stability in the global
reference.

Menz et af® and Brach et & found that walking speed affects smoothness of
walking and furthermore, self-selected walking spbbas the smoothest gait. In our
study, we did not adjust the harmonic ratios f@ value of walking speed owing to the

results showed no velocity difference between tioeigs.
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4.1.2 The peak-to-peak range and offset during waikg and the
postural orientation in standing for segmental oblguity and rotation

This study found no difference in the range of segtal obliquity and rotation
during walking between the AIS patients and healtbgnagers. This finding is
contrary to some studies that showed the rangeelwicprotation on transverse plane
was smaller in the IS patients® Still, there was another finding in the report of
Mahaudens et al.. They found that the ranges of shoulders and palliquities are
smaller in AIS patients compared to normal, buytthel not find a difference in ranges
in the transverse plane. And all of tHet’ explained this may be the reason that the
AIS patients need to limit body segments to keepasymmetry upper body in balance.

This study showed that for both subgroups of Al8ep#s with thedouble curve of
right thorax and left lumbaf and the single right thoracic curve, the offsethef trunk
during gait is rotated to left, and the standingmtation of the trunk on pelvis is rotated
to left*® In addition, just for AIS patients with tiuuble curve of right thorax and left
lumbar, the offset during gait and standing origataeof the trunk on pelvis are tilted to
left, and the standing orientation of the pelvisoated to right.

In our study, we found the offset of trunk rotatiduring gait is positively correlated
to the standing orientation of the trunk rotatiow drunk-pelvis rotation. In the study

of Kramer et al’? they discovered that the magnitude of the off§ehe trunk-pelvis
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rotation during walking is correlated to the oregrdan of the trunk-pelvis rotation in
standing. Even though our finding is not totalyeeable with results of Kramer et al,
the same inference showed the magnitude of thetodfigring gait is correlated to the
standing postural orientation. The offset duringlking is likely caused by the
abnormal postural orientation, resulting from tleéodmed spine. AIS patients seemly
had an abnormal body perception in the global esfez view and on the body reference

view.

4.1.3 Head decompensation in standing

AIS patients exist more head decompensation incstanding compared with
healthy teenagers. In our study, AIS patients with double curve ight thorax and
left lumbar has head decompensation to left sidé,patients with single curve of right

thorax appear head decompensation to right side.

4.1.4 The static standing balance

The results showed that non-thin group of AIS pasties with a trend of poor static
standing balance control compared with non-thinugrof healthy teenagers for COP
parameters of sway pace, sway area, and mean alistarthe closed eyes condition.

However, in the past research reports, they fourslgaificant deficit in standing
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balance exists in AIS patients***>**3" |n global posturographic parameters (sway
area and displacemeht}**’and structural posturographic parameters (mea@rtist
and mean peaky*" significant differences are also found between AlBh the
pre-brace and able-bodied groups.

The reason why our study did not show the significdifference between AIS
patients and healthy teenagers could be as followgstly, the small sample size
resulted from the subgroup of different somatotgpeld have rendered our data as
insignificant.  Secondly, we used a method to wngstish the somatotype, the
height-weight ratios, which has never been prowdoetvalid classification system. In
future study, other body anthropometry data shdwdgdte been collected to make
classification of the body somatotype. Lastly, Gaioal>* displayed the association
between abnormal somatosensory evoked potentiaBERS) and AIS patients
Abnormal SSEP was showed in 14.3% of AIS patieants, AIS patients with abnormal
SSEPs has significant insufficient standing balamtean eyes closed condition
compared to AIS patients with normal SSEPs or nbsubjects. In their study, the
balance performance was not different between Adftepts with normal SSEPs and
healthy subjects in an eyes closed condition. Ttieorized that proprioception
derived from the body motions and force betweensdingport surface and feet is a

superior sensory input for balance control undéidssurface conditions. The AIS
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patients with abnormal SSEPs has the interferettistg balance performance when the
subject needs relying on the proprioceptive sengomne eyes closed condition. In
our study, the results of the tibial nerve evok&EBs test in our AIS patients were
unknown. Future study of the SSEPs could be usedevaluate the balance

performance in AlS patients.

4.1.5 Brief summary

The deformed spine seemly interfered AIS patiemtalking rhythm, segmental
symmetry, postural orientation including the heataimpensation, and the standing
balance control. However, it is not clear the bgurformance resulted from the
biomechanical distortion, abnormal sensory integnator the defective perception and

motor control in the brain. It needs further staolyonfirm the cause and effect.

4.2 The influence of the immediate effect and foumonth
effect of bracing in AIS patients
4.2.1 Walking rhythm and smoothness

This study found that in the intervention of spinehosis, harmonic ratio of the head

decreased in the medio-lateral direction in immedyaand four-month in-brace

76



conditions in the global reference view for the Ap3tients. In the medio-lateral
direction, the trunk segment plays a main roleeigutating gait-related oscillatioRs.
However, the spine column, in in-brace conditioas la high tension on soft tissues
around the concave side of the spine, which arereékalts of the corrective force
applied by spinal orthosis. It may lead to moreratation on the shock absorption
properties and then influence the smoothness inntadio-lateral direction in brace
condition. In Lowry’s study’ although they measured the walking characteristics
patients with Parkinson’s disease, they showegtbsence of axial body rigidity could
have led to the smaller harmonic ratios. In oudgtin-brace condition also stiffened
the body, contributing less adaptive movementhiengelvis and trunk and secondarily
influenced the head movement.

For the immediate effect of bracing, the walkingosthness on segment thie trunk
on pelvis in the body reference view, wagsificantly decreased in immediate in-brace
condition compared wh the smoothness of there-brace condition in the
antero-posterior dir¢ion in AIS patients. The custom-made TLSO is giesd with a
reduction of lumbar lordosis applied during theticgsprocess. In Hubert’s study, he
found that after Boston brace intervention, a digamnt reduction of thoracic kyphosis
formed, 38 + 16 to 25°+ 14> Thereforeit may be the TLSO that causes therétic

hypokyphosis and lumbar hypolordosis may destrog Walking rhythm in the
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antero-posterior direction on segmdmtrunk on pévis, in the body reference view.
However, as time went by, for the four-month effecbracing, we found the walking
smoothnes did not changed compared with the pre-brace condition ie th
antero-posterior direction on the segment of tlhuakron pelvisin AIS patients. It
meant that the walking smoothness on the segmetiteafunk on pelvis improved
from the immediate in the brace to tfmar-monthin-brace conditions. W suppose
that the compensation mechanism in the antero-postéirection happened on the
segment of the trunk on pelvis to overcome theaiotisin of movements in the sagittal

plane from the brace.

4.2.2 Segmental peak-to-peak range and offset dugrwalking

Other studies noted, the spinal orthoses stiffertrilnk and pelvic movements in the
frontal and the transverse plar@s’ Our finding was showed the brace constrained
the pelvic motion in the frontal plane and stiffdrtbe motion of the trunk on pelvis in
both the frontal and the transverse planes durgig gln addition, in the transverse
plane, the brace did not stiffen the peak-to-peaition on the trunk and the pelvis.
The decreasing peak-to-peak range on the trunk emispwas the result of the
reciprocal pattern on both the trunk and the pddvesaking into a block.

In the in-brace condition, the peak-to-peak ranfjghe head obliquity increased
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during walking. One plausible explanation is thla¢ body used a compensatory

strategy to overcome the restricted characterisfitBe orthosis.

4.2.3 Standing balance

Owing to the few sample size in both AIS subgroofphin and non-thin somatotype,
the result of the standing balance after bracénresat in AIS patients was not presented
in this study. In Chen's studythey showed bracing may influence the balance
function in AIS patients, but only when the progpeptive and visual systems are
simultaneously disturbed. In their study, the diag balance is the same between the
pre brace and the in-brace immediate condition \heh subjects’ eyes closed. For
about the study of Sadeghi et ‘althey thought after four months brace treatmen, th
standing balance is similar between the four-momtfbrace and the four-month
out-brace conditions in AIS patients. It still deethe future study to make sure the

4-month effect of bracing for standing balance.

4.2.4 Brief summary
The immediate and 4-month effects of bracing in tjlebal reference were
degenerated the walking rhythm on the head in tedionlateral direction, but in the

body reference, no attenuation of walking rhythnswappened in the 4-month effect
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of bracing. Moreover, the effect of bracing reg&d the pelvis motion during gait in
the frontal plane causing the limited motion on thenk on pelvis. However, the
effect of bracing did not stiffen the motion on tinenk and the pelvis in the transverse
plane during gait, the motion on the trunk on pelwas limited resulted from the

de-reciprocal movement between the trunk and thaspe

4.3 The four-month motion adaptation of brace treatmen in
AlS patients
4.3.1 Walking rhythm and smoothness
For the four-month motion adaptation, the harmaateo of the head in the global
reference view decreased significantly in the medaieral direction from the pre-brace
condition to the four-month brace use, out-bractirig condition in AIS patients.
This decrease in smoothness is likely the effecthef brace biomechanics which
influenced the dynamic control in the medio-latedakction in the global reference
view. As we note that the most limiting movememwtni the spinal orthosis is in the
frontal plane and transverse plane, movements & fitontal plane involve
medio-lateral and vertical directions, and motiamshe transverse plane involve the
medio-lateral and antero-posterior directions. réfoge, the most restrictive

movement from the spinal orthosis happens in thdiorAlateral direction and leads to
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a negative motion adaptation.

For the positive values in four-month motion ad@pta the walking rhythm
increased on the segment of the head on pelvithanbody reference view, in the
vertical direction in the four-month use, testingt-of-brace condition compared with
pre-brace condition in AIS patients. Before ontoggs of idiopathic scoliosis, the
‘normal’ children learn to adapt their posturalemtation and movement using the
strategy of stabilization in the global referentcewand the strategy of stabilization in
the body reference view. The restrained construction of the rigid orthpsidich
fixed the trunk and the pelvis as one unit, streags the strategy of stabilization on the
body which may change the dominant strategy ofilstabon to the body reference
framework. Even though the disturbance arisingnftbe brace, AIS patients tried to
adapt and overcome it to acquire a familiar walknhgthm. In our study, these
patients had successfully adapted on their wallsnmgpothness and rhythm in the
vertical direction in the body reference view i thut-brace condition after four-month
brace treatment.

Moreover, the compensation mechanism in the argesterior direction, which
happened on the segment of the head on pelvis &scoawme the restrictions of
movements in sagittal plane from the orthosis, hattend to promote the motion

adaptation after the 4-month brace treatment.
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4.3.2 Standing balance

Owing to the few sample size in both AIS subgsowd thin and non-thin
somatotype, the result of the standing balance nfiotion adaptation after brace
treatment in AIS patients was not presented inshisly. It needs the future study to

understand the 4-month motion adaptation for stappdalance.

4.3.3 Brief summary
After brace intervention, in the body references positive motion adaptation was
happened on the walking rhythm and symmetry, btiténglobal reference, the negative

motion adaptation was showed on the walking rhythm.
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Chapter V Conclusion

AIS patients exhibited significantly poor walkinghythm compared with
age-matched girls. AIS patients had abnormal sataheoffset during gait and
abnormal segmental orientation in standing postuiiéhis study showed that the static
malposture has a correlation to the dynamic segmhasffset.  Although bracing
which stiffens the trunk is the temporary treatmimtAlS patients to stop the curve
continual progression in their growth period, fooonth bracing did not disturb
interfere the walking rhythm, except for head mddieral smoothness. In addition,
orthotic treatment allows motion adaptation for kuad rhythm in the body reference

perspective.
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Appendix B

The original design of the study contained an oweim in-brace and out-brace
testing analysis for the AIS patients. Becausthefsimilar test results of the in-brace
immediate and the pre-brace condition, the studihots were altered. See the initial
data of one-month in-brace and one-month out-btanditions as showed below.

If the data was significantly different in one-mbnin-brace condition when
compared to pre-brace condition, the study woulcel@ntinued. This data was to be
defined aghe one-month effect of bracing In addition, if the out-brace condition
after one-month brace treatment brought the botly imotion adaptation, the study
would have continued and used this data. This anoidaptation in the out-brace
condition after one month of brace treatment wdamee asthe one-month motion
adaptation.

1 One-month effect of bracing
1.1 One-month effect of bracing on the walking rhyitm for AIS

patients
In the antero-posterior direction, harmonic ratieexe significantly increased on the

head (p=.003), and decreased on segments of tldeomepelvis (p=.003) and the trunk
on pelvis (p<.001) in one-month in-brace conditioompared with the pre brace
condition Eigure 1).

In the medio-lateral direction, harmonic ratios &eignificantly decreased on the
head (p<.001) and trunk (p=.042) in one-month mebrcondition compared with the
pre brace conditiorFjgure 1).

1-month effect of bracing
1-month effect of bracing

In the antero-posterior direction

p=.01 p=.003 In the medio-lateral direction
s p=.04

3.5 p<.001
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Harmonic ratios
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head trunk pelvis ~ headon trunkon head trunk pelvis headon trunk
pelvis pelvis pelvis on
pelvis
Global reference Body reference
(b) Global reference Body reference
1-month effect of bracing
In the vertical direction Figure 1 One-month effect of bracing on the walkig
e rhythm on the head, trunk and pelvis in the global

N J— reference view and on segments of head on pelviscan
7 e the trunk on pelvis in the body reference view foAIS

——1m_w

head trunk pelvis head on trunkon
pelvis pelvis

HR in the medio-lateral direction. (c) HR in the

Global reference Body reference

vertical direction. The error bars represent 95%

confidence interval.

patients. (a) HR in the antero-posterior direction.(b)



1.2 One-month effect of bracing in segmental rotadins and obliquities
during walking for AIS patients

The peak-to-peak ranges of pelvis obliquity (p<@)0@nd rotation (p=0.04), the
segment of the trunk on pelvis obliquity (p<0.0@hd rotation (p<0.001) decreased,
and head obliquity (p=0.007) increased in one-mamibrace condition compared with

the condition of pre brace during walking in AlSipats Eigure 2).

Short-term effect of brace

Short-term effect of brace
Peak-to-peak of segmental rotation

Peak-to-peak of segmental obliquity
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o L ] I i i 0 i 1 i
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Short-term effetc of brace
Short-term effect of brace .
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o
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Figure 2 One-month effect of bracing in segmentaknges of obliquity(up-left) and
rotation(up-right), and offsets of obliquity(down-left) and rotation(down-right) during walking
for AIS patients. The error bars represent 95% coffidence interval.

1.3 One-month effect of bracing in standing balanctor AlS patients
In one-month in-brace condition compared with tbadition of pre brace, the COP

parameters were significantly increased for swaadp=.017) and for COP maximal
medio-lateral sway (p=.03) in static standing beéawith eyes open. Similarly, COP
parameters were significantly increased for CORe@s.03), for sway area (p=.03),
and for maximal AP sway (p=.08) static standing balance with eyes closed for AIS
patients. Therefore, the on-month effect of brgcoid not change significantly
enough in the standing balance performance in Algepts in the open eyes and the

closed eyes.
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2 One-month motion adaptation
2.1 One-month motion adaptation on the walking rhylim for AIS
patients

In all three directions, there were similar for tirrmonic ratio on the head, trunk and

pelvis, and segments of head on trunk and trunkpeais in one-month out-brace
condition compared with the condition of the prada(Figure 3).

1-month motion adaptation 1-month motion adaptation
In the antero-posterior direction In the medio-lateral direction
3 4
55 3.5
8 P L
7l € 25
o 9
t 15 c 2
g 1 4-Normal 215 i -4-Normal
- 19
2 oomwoe £ 1 -0-0m_w/o
L =&=1m_w/o 0.5 -A-1m_wj/o
0 0
head  trunk  pelis | headon trunkon head trunk pelvis headontrunkon
pelvis pelvis pelvis  pelvis
Global reference Body reference Global reference Body reference
(a) (b)
1-month motion adaptation
In the vertical direction
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0 35
E 3
225
g 2 -4-Normal
:';:‘E 1'? -0-0m_w/o
0.5 -1m_w/o
0
head trunk pelvis | headon trunkon
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(C) Global reference Body reference

Figure 3 One-month motion adaptation on the walkig rhythm on the head, trunk and pelvis in the
global reference view, and on segments of head oalpis and trunk on pelvis in the body reference for
all AIS patients. (a) HR in the antero-posterior drection. (b) HR in the medio-lateral direction. (§
HR in the vertical direction.  The error bars represent 95% confidence interval.
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2.2 One-month motion adaptation in segmental rotatins and
obliquities during walking for AIS patients

The peak-to-peak ranges and offset of segmentadjuotyl and rotation were not
significantly different between the condition oethut-brace condition after one-month
brace treatment and the condition of the pre biragdS patients [Figure 4).

short-term motor adaptation
Peak-to-peak of segmental obliquity
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Figure 4 One-month motion adaptation in segmentaianges of obliquity(up-left) and
rotation(up-right), and offset of obliquity(down-left) and rotation(down-right) during walking for
AIS patients. The error bars represent 95% confidace interval.
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Appendix C

The results of nonparametric analysis of the patarsgwhich were segmental offset
during gait, standing balance, postural orientatlmad decompensation and harmonic
ratios in AIS patients with double curve, for Al&tgnts with four-month brace
treatment were showed below.

1 Segmental Offset During Gait

The segmental offset was similar among the fouditmms (2 time x 2 brace) of the
brace treatment in AIS patients with double curieght thorax and left lumbar during
gait in the transverse plandable 1 & Table 2).

The brace did not alter the abnormal offset ofkrypelvis rotation®

Table 1 Offset in the frontal plane in AIS patiens with double curve of right thorax and left lumbar

0 month 4 month Friedman test p
Out Brace In Brace Out Brace In Brace
Median Rank mean Median  Rank mean Median  Rank mean Median  Rank mean
Head -.8 21 -.8 2 1.9 35 5 2.3 X?[6,3]=5 1
© Twk -6 21 1 25 -7 18 25 35 X356 1
~ PeMs 4 81 19 18 41 25 -5 25 X382 3
© Headonpewis -5 2 16 23 2 25 22 31  xb326 4
© Twnkonpews 26 16 33 3 13 23 34 3 X344 2

The unit was degree, positive value was meant theientation tilted to right side; negative value wasmeant the orientation tilted
to left side.
Table 2 Offset in the transverse plane in AIS pagints with double curve of right thorax and left lunbar

0 month 4 month Friedman test p
Out Brace In Brace Out Brace In Brace
Median Rank mean Median  Rank mean Median  Rank mean Median Rank mean
Head =l 2.1 .6 3 5 2 1 2.8 X?[6,3]=2.6 4
S Tk 44 21 42 26 32 28 37 23  xB3L s
C Pewis - 31 23 5 18 27 38 41 2 X327 4
 Headonpeis 52 25 68 33 -2 15 45 26 X362 1
© Tukonpews 41 23 73 31 57 18 77 26 X334 3

The unit was degree, positive value was meant theientation rotated to left side; negative value wasneant the orientation

rotated to right side.
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2 The standing balance
For AIS patients with the non-thin group, nonparaimenalysis of COP parameters

showed only significant difference in COP sway area&losed eyes standing (p=.03)
among two time of 0-month and 4-month, and the tenditions of out brace and in
brace Table 3). However, in the pairwise comparison, there waslar COP sway
area in closed eyes standing in the comparison-mbth in-brace condition with
0-month out-brace condition (immediate effect ofding), of 4-month in-brace
condition with 0-month out-brace condition (4-moeffect of bracing), and of 4-month
out-brace condition with 0-month out-brace conditi@-month motion adaptation)
(Figure 5).

Nonparametric analysis of COP parameters showesigmificant difference among
the four conditions in AIS patients with the thirogp (Table 4).

Table 3 Standing balance parameters in AIS patiestwith the non-thin group

0 month 4 month Friedman test p
Out Brace In Brace Out Brace In Brace
Median Rank mean Median  Rank mean Median  Rank mean Median Rank mean

Pace_open (mm/sec) 14.8 2 18.1 35 14.1 1.7 15.7 2.7 X%4,3]1=4.5 2
paceciose(nmsec) 183 15 258 37 212 2 211 27  X®3=w9 o7
Area_open(mnilsec) 384 15 609 35 503 2 482 3 . Xpds 1
Area_close (mrfisec)  66.2 12 1118 37 861 2 945 3 X387 03
 MPopense) 34 37 19 15 23 25 23 22  X043r63 09
 MPoose(e 2 385 13 15 15 27 13 22 X431 a1
 MDopen(mm) 23 22 25 3 21 15 24 32 X@3=4s 2

MD_close (mm) 2.8 2.2 3.5 3.5 3.2 15 3.2 2.7 X?4,3]=5.1 1

*:meant p< .05 among the 4 conditions (2 time x 2rhce) of the brace treatment in AIS patients with e non-thin group
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Figure 5 COP sway area in closed eyes standing cbion in two time of 0-month and 4-month, and the
two conditions of out brace and in brace for AIS p&ents with the non-thin group ([height (cm)/cube pot
of weight (kg)]<44). The value was presented by meuh + upper/lower quarter.

Table 4 Standing balance parameters in AIS patiestwith the thin group

0 month 4 month Friedman test p
Out Brace In Brace Out Brace In Brace
Median Rank mean Median  Rank mean Median  Rank mean Median Rank mean
Pace_open (mm/sec)  14.6 2 16.2 3.5 13.7 15 15.8 3 X?[2,3]=3 3
Pace_close (nmisec)  17.9 2 235 4 181 2 204 2 P33 3
Area_open(mrilsec) 384 25 428 25 394 2 51 3 Xpas 8
Avea_cose (miisec) 674 25 959 4 627 15 792 2 X322
 WPopen(e) 24 2 286 3 35 3 33 2 eIz 7
 MPdose(se) 2 3 15 15 3 3 29 25  x31s 6
© MD_open(mm) 21 25 23 3 2 15 22 3 Xa1e 6
 MDcosem) 25 2 33 4 25 2 27 2 Xa3e 3
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3 Postural Orientation in Standing

Postural orientations were similar among the famnditions (2 time x 2 brace) of the
brace treatment in AIS patients with double curivaght thorax and left lumbafTable
5 & Table 6).

The brace treatment did not change the posturahtaiion on segments of the pelvis
and the trunk on pelvis.The brace did not significantly reduce the rib huam
de-rotate the vertebrae:®

Table 5 Postural orientation in the transverse plae in AIS patients with double curve of right
thorax and left lumbar

0 month 4 month Friedman test p
Out Brace In Brace Out Brace In Brace
Median Rank mean Median  Rank mean Median  Rank mean Median Rank mean
Head 0 2.8 -1.6 21 -1.6 2.6 0 25 X?[6,3]=.8 .8
Tk 22 28 29 28 2 23 . 2 2 X318 6
C pewis 45 23 33 23 45 3 53 23  X@aFl2 1
© Headonpenis 42 25 26 21 58 28 31 25 X388
. Tunkonpevs 54 26 65 25 64 26 63 21 X636 &

The unit was degree, positive value was meantrileatation rotated to left side; negative value was
meant the orientation rotated to right side. w/ihout brace; w: with brace.

Table 6 Postural orientation in the frontal planein AIS patients with double curve of right thorax
and left lumbar

0 month 4 month Friedman test p
Out Brace In Brace Out Brace In Brace
Median Rank mean Median  Rank mean Median  Rank mean Median Rank mean
Head A 2.3 A4 2.3 15 3 5 2.3 X?6,3]=1.2 7
ek 14 18 8 31 9 2 18 3 X635 -
C pens 11 31 15 16 . 7 31 19 2 x{e365 08
© Headonpehis -1l 23 21 28 11 23 16 25  XWB36 . '
 Twnkonpews 2 15 25 33 22 18 39 33  xied66 08

The unit was degree, positive value was meantrieatation tilted to right side; negative value was
meant the orientation tilted to left side. w/otlvaut brace; w: with brace.
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4 Head Decompensation

Head decompensation was similar among the fouritond (2 time x 2 brace) of the
brace treatment in AIS patients with double curivaght thorax and left lumbafTable
7).

In our results, the head decompensation was naigeltbbetween pre-brace and post
brace conditions. In Hubert’s stutfyalthough they usethe angle between the line
linking T1 to L5 and the gravitational vertical dinin frontal plane to measure the spinal
frontal balance, their results were in agreed wiihs.

Table 7 Head decompensation (cm) in natural standg and upright standing in double curve and lumbar
curve of AIS patients

0 month 4 month Friedman test p
Out Brace In Brace Out Brace In Brace
Median Rank mean Median Rank mean Median  Rank mean Median Rank mean
Double curve 1 2.5 1.3 2.1 1.5 2.6 1 2.6 X?[6,3]=.6 8

The unit was centimeter, positive value was mdamhead deviated to left side; negative value weantthe
head deviated to right side. w/o: without braceywth brace

5 The effect of bracing and motion adaptation in AB patients with
double curve
The effect of brcaing

For the immediate effects of bracing, the harmeoaiims were significantly decreased
in the medio-lateral direction on the head (p=.02&) trunk (p=.028) in the immediate
in-brace condition compared with the condition lo¢ fore brace in AIS patients with
double curve. For the immediate effect of bracitige harmonic ratios were
significantly decreased in the antero-posterioeaions on segments of the head on
pelvis (p=.02) and the trunk on pelvis (p=.02) itBAatients with double curva@gble
8).

For the four-month effect of bracing, the harmoratio was significantly decreased
in the medio-lateral direction on the head (p=.0b&he four-month in-brace condition
compared with the condition of the pre brace in pt8ients with double curv@dble
8).
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Table 8 The immediate effect and four-month effecof bracing on walking rhythm for AIS
patients with double curve

Immediate effect of . Four-month effect of
bracing bracing
Pvalue P value
0 month_ w/o 0 month_ w 0 month_ w/o 4 month_ w
Median Median i Median Median
AP 8 1.2 051 | 8 1.2 1
Head ML 2.7 2.5 028 2.8 2.5 018
v 3 2.9 4 1 31 3 1
AP 15 1.7 5 15 2 2
Trunk ML 2.8 2.5 028 | 2.8 2.7 1
v 3 2.9 1 3.1 2.7 .09
AP 2.6 2.2 1 2.6 2.3 4
Pelvis ML 2.5 2.6 051 | 2.5 2.6 4
v 2.4 2.8 1 2.4 3.2 6
AP 2.4 1.9 02 | 2.4 2.3 4
Head on pelvis ML 1.8 1.8 4 2.1 1.8 1
v 1.2 1.3 2 1.2 1.6 3
AP 2.1 1.4 02 | 2 1.9 3
Trunk on pelvis ML 2 21 2 2 2.2 2
v 1.2 1.2 3 0 12 1.4 2

Motion adaptation

For the four-month motion adaptation, the harmorato in the medio-lateral
direction on the head (p=.018) significantly deseshin the out-brace condition after
4-month brace treatment compared with the pre bcacglition in AIS patients with
double curveTable 9).

For the four-month motion adaptation, the harmaai@s in the vertical directions
on segments of the head on pelvis (p=.04) andrthek ton pelvis (p=.01) and in the
medio-lateral direction on segment of the head @wip (p=.02) significantly improved
in the out-brace condition after 4-month bracetinegt compared with the pre brace
condition in AIS patients with double curveéaple 9).
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Table 9 The four-month motion adaptation on the wking rhythm for AIS patients
with double curve

Four-month motion

adaptation
p value
0 month_ w/o 4 month_ w
Median Median
AP .8 1 .8
Head ML 2.8 2.6 .018
% 3.1 3.3 A
AP 1.5 1.7 g
Trunk ML 2.8 2.8 a
% 3.1 3.3 2
AP 2.6 2.5 .8
Pelvis ML 25 2.3 2
\Y 24 2.7 4
AP 2.4 2.8 3
Head on pelvis ML 2.1 1.9 .02
\% 1.2 15 .04
AP 2 2.3 3
Trunk on pelvis ML 2 1.7 A
\Y 1.2 15 .01

In addition, for the four-month motion adaptationall AIS patients and AIS patients
with double curve, the harmonic ratios showed axdref improvement in the
antero-posterior direction on segments of the hmagelvis and the trunk on pelvis
(Figure 6).
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Figure 6 The effects of the brace (in-brace and ¢brace) and the treatment time (0-month and
four-month brace treatment) for harmonic ratios onsegments in all AIS patients (a)-(b) and in AIS
patients with double curve (c)-(d). The error barsepresent 95% confidence interval in (a)-(b).
The value was presented by median + upper/lower quir in (c)-(d). w/o: without brace; w: with
brace.
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