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The purpose of this s;u&y was to ekamine thebvariability inithe shape off
body'surfaces.reeuiting from three gommon patieﬁt postioﬁiﬁgkoractices whichf‘
are usedviﬁ conjunetion with Moire topography. Moire topographs were'obtained

by means of a Cl1n1ca1 Shape Monitor (CSH)

In Stage I of the study three normal subJects were randomly posltloned
ten times 1n each of three posztlons and Moire topographs were taken. Four
premarked'cross~sectlons on each Moire topograph wete digitized us1ng a semi-

automated sysrem. Digitiied data were anelyzed‘osing a shape analysis

P

program. ’ ' _ ‘ ’ i : o
| An assessment of the Clinical Shape Mon1tor by‘the Nat1onal Researeh
Council, determ1ned that its accyracy was within +2.7 mm,

'T, Analysis of  the repos:t1on1ng data ualng the normai—scores correlat1on ‘
test showed that tventy-elght of the fotty*f1ve data ‘sets were normally
d1stributed. Consequently it vas‘not possible to compare the poslt1on1pg

methods on the basis of their average coefficients of variation because of. unequal -
< . . - PR ) ; R
" numbers of variables per position. -

e
=

The coefficients of variation were ranked by'poﬁitioning procedure,
. 3 ) :

subject and variables measured. There was no one method of poéitioning which

wvas clearly less var1ab1e than any other. Ranklng by var1ab1es showed that

o

the least variable parameter measured was arclength ratlo..

In Stage ITI of the study one subjec¢t with a‘splnel deformity was
reoositioned‘ten times in each of the three positions. The‘noroal-scores
correlation test of the measurements for each positioo was done.wfleven of

fifteen data sets were normally distributed. Each positioning proeedure was

- iii -
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. I8

ted by determinipg the coefficlent of va:iation;ofvthe normally distribuped4i

gﬁriablea.<The least variable method of positipﬁing was free EQaﬁding
(CVaverage/100 = 0.043, n = 4), ‘while the next was inclined positioning

-

.‘;;p . ’ ' . , - » . ) o
(CvVaverage/100 = 0.250, n = 3) and finally seated positioning-(CVaverage/100

= 3.538, n = 4).

N

A clinical case stugy'vas»condhcced‘concurrently. A gcoliotic patient

was monitored using inclined positioning over -a period of 1.42 years.

Predittions of changes in the scoliotic curve were made using the five

. variables (lateral deviation, arclength ratio, hump height, rib hump -index

i '

‘and ﬁump angle) used in Stage I. Predictions of curve increases and decreases ‘

mada from the abovevfiVe variables did noﬁ correepoed with eﬁ}.oflﬁhe Cobb
angle measurementebfrom.the redioéraphs. .'> .

Until ‘the inhefent variability ofitopographical measurements is reduced,
it is notvpossible to assess whether skeletal changes are reflected in
cﬁanges of topography which.relate te‘the cosmetic-aspect of the‘pépdition..

‘In COnclusion,‘the/gteatest improvements in the reliability of ciinical‘

shape monitoring will result from the improvements in procedures for patient

positioning.

- iv -
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INTRODUCT 10N : )

. A desire tb'esfabi%%ﬁ a staﬁdardized clini;al;prééeJUre of pﬁdfbgrqphins'T
Sﬁadév Hoiré,Tgpographs has been expréssed'af botﬁ ihe First (1980) and the
éﬁ@g&? (1982) International Symposia on HOire Fringe Topogtaphy and Spinal
Deformities. In these symposia it vas—claimed that Shadou Moire Topography
is an ingxpensive and accurate method of recording*;hape. However, the

variability of recording the shape of human subjects remains in question.

The procedures for patient positioning which are currently followed are based ;

cn the researchers” biases from experience and previous practices.

_In order to determine the variability of positioniﬁg grocgaurea, the
investigator has examined three methodaibf'positioning in a syétematic,
“empirical m;nnef. Conclusions base; on gata collected in different pdaitiona
rshpuld be Qieﬁed critically. That is, Qignificant variability of the back
shapeloccura from one method of positioning to another. Thus data collected
using different ppsitiéning techniques should not beldirectly cogpafed. As 8
result of this c:udy'recc;unendations,£or.standatdized proceﬁh{esrfoxrbhewiﬁﬁ—g—
evnluazion of spinal deformities have been made.

One of the objectives of this work was to establish aﬁprOCedu:z by which

to monitor the shape of the back of an individual who had been diagnosed and -

was undergoing treatment for idiopathic scoliosis. This procedure was = -

formulated and used to monitor the Casé Study patient.

OBJECTIVES




3

the assessment of the changes of itfig_sb!Mei’tp increases or decreases

e

of spinal curvature and/or rotation. Specifically, this research was aimed

at: —

l.. quantification of the variability of three patient positioning

procedures L ' ' T

2.” specification of a procedurerfoi assessing topographical shape
changes of the back and : »ﬂ':‘ . N

3. reporting of the observed changes of the back surface shape of a
scoliotic patient vho underwent a 1.42 year period ;f3observation and
treatment during tbé collection of data for this study.

« REVIEW OF LITERATURE

Q

In the treatment of sgoliosis, the early detection of spinal curve
progression is very important. Moe et al. (1978) make this observation.‘ﬂi;h
early deteétion the treatment prognosis is good. Structural changes of the
vettébral column are examined with the aid of radiographs. Currently,
associated changes of shape of the body are noted‘by clinical observation
aided with crude tools which have limited ieliability.

Personal observation indicates that in order to examine internal
structural changes, radiographs may remain an important techmique. However,
data or obaérvation from radiographs are not clearly related to the gxternalr
changes of the sh;pe of structures which are attached to and affected bj the
‘thnges of the shape oflthe spine. . : B

' Ré%eafchers began to ;tudy the use of the Shadow Moire Topographic

technique for this purpose. The first conference to draw_these researchers



together was held in Vermont imp 1980. The topics of concern includép

instrunent?tion, school screening, Moire Contburograpﬁy.dndbquantitatiVe

: measuréﬁ?nts as vellras contourography and the ébmputer. - ;
A brief reviéw of scoliosis, Shadow Moire Toé;giapby, and the problem;

encountered with each follbv#. This wiil demonstrgte the need for fhg

information derived from this study.
Scolipsis - ' . o _

The vertebral column performs three main functions:

1. it supports the head and trunk and transmits their weight to the lower

extremities through the. pelvic arch -

3

2. it protects the spinmal cord

-

3. it allows considerable movements by the intervertebral joints and discs.

'Essentially the spine cbmpris;s 24 stacked vertebrae., Large three-

dimensional displacements and interconnections with numerous ligaments and

muscles make the spine an extremely complex structure. Interactions with ribs,

trunk and the extremities further;comhlicate the mechanics of the spine.
During gtowﬁh and aging the components of the spine theméelveS‘chénge as well
as theirvintérgcﬁioﬁ with the othet'elements (Moe, Winter, Bradford, Lonstein,
1978) .- o . » ‘ , L
Scoliosis is the laterai bending and associated axial rotation of the
vertebraLﬂcglumn (Dorland”s Illustrated Medical Dictionary, 1981). The
geverity ofvthe gcoliosfs can vatylgteatly. It is possible for untreated
spinal curvature to increase in angulation to the point that secondary
physiological complication; become li'f"érthteatgning. For this reason, the

medical field is investigating assessment procedures which will aid in the



early detection of 'the syppfons of;thgidiggaggl
Idioﬁgéhic scoliosisvis one type- of scoliosis. As thé péme implies,-its
cause is unknown. This type can ﬁe further classified by age at which fhe>
deformity was first observed. The cufve which is o?served may react in one
éf three ways at some time dufing the person’s maturaiion as follqu; -
the curve can 1, remain the same
2. spontaneously correct its alignment or
3. increase in magnitude (Moe, Winte;; Bradford,
SR 7 Lonsteiﬁ; 1978).
Cu;rently there are ﬁo measurements which;;éiiably ﬁ;e&ict which curves will

react in each of these three ways (Lonstein, Carlson, 1984)..
Clinical Characteristics

_lg-is important for the orthopaedic surgeon to perform a completé
evaluation on the initial visit of patients with spipal deformities.
Documentation of the patient’s physiecal condition and complications arising
as a result of the deformity (pain, respiratory capacities and :murological
signs) is necessary. This information isfsital to determine the correct
diagnosis and t6 reevaluate a patiént at a‘future date.

A number of characterisfics should be noted during the physical
examinmation. In the general evaluation sitting height and standing height,
arm span and weight are measufed. Flexibility qf the spine_is‘evaluated ﬁs}ng
bending tests. The patient is asked to flex at the hips, extend, and bend to
both the right and left sides. The rangé-of motiop during these bending

tests, especially side bending, is indicative of the flexibility of the

curve. A favourable response to treatment would be an arrest of a progressive



curve- v1th a cosnetlcally acceptable result.

Ibe forward bendlng test is an evaluatxon vhlch is dome in scolxosxs

screening and c11n1ca1 evaluation to. check for a r1b dump. K"flb‘hump

,. Y

rndlcateq vertebral rotation and thus the presence offs qtructuialeUrve.
Patients bend forward allowing theirv§rms and head to hang; Koees should  be
stfaigh;. Evalua;ionbbf the~sébje§t in. this s;gndardizéd position is
important so(that-it is_possiﬁle t; see if-there‘is é,lgtera%7prominencgv;n
the upﬁéi thoracic or-lumbqsacrgl area.‘if’a curve is pfesg@f, its.location,
length and éhafgpess:should be qoted. Chéractefistica}ly,;gﬁtﬁorqcicAcﬁ}ve
will be ;ccentuate&'by the presence of a rib hump promiﬁence; 1f the-Curvg is
in the lumbar region fhere may be pfominence';f'the iliaé crest. on the side

oflthe concav1ty of the curve.(h:forward bendxng there w111 appear to be a
minent area on the convex side of the curve due to ‘the rotatlon of the

pr
vertebral bodies.

If spinal curvature is.guspected ;s a result of the initial clinical
?qaluat1on the orthopaedlst proceeds to apec1fy the amount of curvature by

radiographic evaluation (Personmal communlcatlon Dr. S. Iraduell 1980)-L

lRadiagfaphic Evaluation

Radiographs yield information about the spinal deformitytincluding
location, size and flexibility of the curve, the prgsénce of vertebral
anomalieé, along with bone age of the patient.

The standard series of radiogréphs taken to supply the above intormation

e

for scoliosis inciudes standing anteroposterior, latersl, supine, and

£

right7/left bending views., A radiograph of the left hand and vrist is also

taken to determine bone age of the pa;iént (Moe ‘et al. 1978).
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" The luplne radlographs show the allgnnent of the splne with the effects

of gravity removed. If the curve measurement is comparable in standmg and‘

supine poutronn, the curve is probably structural in natuge. Treatment w111

still aim to arrest progression of the curve. >

Side-bending fﬂilns‘ are used to determine the flexibility of the curve.
These are takeh with theapatient supiné.-n..,‘Active Bending illustretee bthe
.ability of the n;uscles to correct the deformity. The amount of correction
vguned ;7 determined by co:nparmg these films wlth standing and other suplne.
fllms. In some institutions these are done a8 part. of the routlnei
radiographic assessment while in others they are ueed ogly as a pre—surgery
eiamination». : ' S |

'I"he positioning of the patient for each radiograph rlust be done w_i.tﬁ
care, A patlent with a flenble curve can easlly exaggerate it either by
mov1ng or by bearlng weight unequally.. The measurement of the- spnml'
curvature could also be inaccurate if the film'is taken with any degree of
obliquity (Blount, ‘Moe, 193)) o

In-hpuse studles done in the Spinal Deformltz.es Clinic, Chlldren 8
Hospltal Vancouver f‘ound an intrameasurer variability of + 4 deugrees forA
measurement of a scollotlc,curve (P_ereonal communrcatlon Dr. S. Tredw_rell,
1980)., This eouipares positiveiy to the measﬁrement veriability reported by
others. Cechran and Nachemson (1985) reported intermeasurer variability’."of +

-

4 degreesv for the measurement of anteroposterior radiogravphs.

Radiographic Dosages

Radiographic exposure is an invasive data collection technique. Many

- efforts have been made tc minimize both the exposure and therefore the risk



L .

. .

of this type of evaluation. Nottage, Waugh & flc}laster (1981) me’as'ured the

exposure directly which their patients were receiving. The mean gonadal doses

were 19 mrem in males and estimated at a maximum 95 mrem in females. The mean
entrance skin dose was 174 mf;;; There was a lack of uniformity of
r#diographicrtéchniqueg betveén techniciéns. The dosageé,received were uithiﬁ
acceptea annual lﬁmits. The a;;;;ge dose ;eéeived.by the genera} public per
vear from the environmeq; is 100 mrem (Nottage, Waugh & McMaster i981); —_—
‘.Radiographic exposure in EB;VEhildren’s Hospital q;bﬁioiogy Deﬁartmgnt B
. for a standard énteroposterior‘fadiographbof a sﬁoliotic patient has beeﬁ
measured at an avérage gonadal dose of 3.38;mrad'(1 m;ad is approximate}y
equal to lrmrem, Children’g Radiology Debt., Personal Communication,
1985)(McDormand & Pel,: 1985), It should.Béknoted that both of these
facilities;are large vell—eguipped specialized centres. Smaller assessment

centres may not have the same ability to minimize radiographic exposure.

Curve  Measurement

The location of the curve is classified.as ce:vical, thofacic or lﬁmﬁhr
depending on the position of its apex. It is also ciass;fied as right-of left
by its conve#ity.

:Typically the curve is mearured accdrdiﬁg to nggij/sgthod. Thé‘end
verteb;ae of the curve are determiﬁ;d. These are the last vertebrae which are
. tilted into tbejconcavity of'tbé/;urvevbéing ﬁeaspred. A line is drawn along
the end-plate of the upper end of the most craniql rtebra in the curve.'A

second line is drawn along the end-plate of the lower end of the most caudal

vertebra. Lines are drawn perpendicular to the end vertebrae lines. The angle

formed by these two lines is the angle which is measured._?igute'l



illustrates the tilﬁing which is referred to. N : .

. —r— . -
N R

Figure I Curve identification and meésurement by Cobb’s method. The ahgl.e of

Cobb equals the angle subtended by the arc of the curve.

One method of classifying vertebral rotation is according to a sjstein of

grades, The shadows of the pedicles are examined to determine thé grade of

N



'rotationL,The grgding,ajstem»is illustrated hélaﬂ,lﬂaxh_andguoef4l969)-

¥

D

 Grade 0 Grade I Grade II Grade III ~  Grade IV

Figure II Classification method of spinal curve rotation.
. . .

, s

The Children’s Hogpital clinic now grades rofatipn bj me#suring the
surface rotatioﬁ of the back when the patient is in a forward bend position
(Bunnell 1983), and by meaauringéghe spinal rotation using a nomdgram,
degalpped through the Alfred I'Dupont Instifute and sold by Hetron;c NeﬁroL
to measure the apical vertebral rofation'ofAthe spine.

o
Once the curves have been identified, ‘the end vertebrae, which have been

N
-

specified, are used throughout the course of treatment for reevaluation of

s

the sizes of the curves.
Incidence

Organized screening prograﬁs'are conducted in North Amefica, Europe and
Japan to identify children suépected of having spinal curvature, éommonly,.an
incidence of 5% of the population is estimated to have avpersiqten;;small
flexibie curve, In areas which do intensive screening_prog;ams the incidencg

is reported to be higher (Moe, Winter, Bradford, Lonstein, 1978). In Japan

where Shadov.Hoire Contourography and Low Dose X-rays are employed, the




§

incidence has been reported to be as high as 9;52 (Ohtsuka, Shinoto, Inoue,

1981). The difference iﬂ‘tﬁef r’igdur of the scr'eening in thege. areas could'\
#ccount for the ldiscrep;ncy: of the rei;ox:te'd'.incidences.

The clinical ’incidencg of.cu—rve's ten deérees or greater is 23 per
‘thousand of the mfulatiom The élinicai incid’e‘ncé of curves thirty degrees
or greater is 2 i:er ‘thousand. of the population (Lonstein, Carlson 1984)."

The incidence in the population, at maturity compared to the degree, is

shown in the following graph.

Degrees

S 8 8 88
——?""
o

1 5 10 15 20 25 ‘
Incidence . , o
no. / 1000 populatio ,

Figure III The relatiqﬁshi:p betwegn the degree of curvature and its incidence

at maturity.

]

Curves below thirty degrees will cause neither back pain nor pulmonary
~complication in adult life. Curves greater than forty degrees tend to
progress in adult life and may cause significant medical problems. Clinically

it is important to prevent curves from progressing to greater than thirty

degrees. A non-invasive method 'of monitoring is importamt so that the non-

S
g
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progresgive group will not receive a high exposure to i—tays.

.

Etiology
The etiology -of the disease has remained elusive since its first
observation. Diet, muscle activity of the paravertebral muscles, metabolism
and alterations of metabolism of connective tissue, joint tendon and
ligamentous elasticity, structural disturbances of the bones, discs or

ligaments as well as enzymatic and genetic factors are among these examined

in the search for the cause(s) of scoliosiqﬁﬂ
Moe, Winter, Bradford and Lonstein (1978) showed Zorab’s (1970) work on
simul taneous acceleration of spinal curve angulgtion and growth (Figure IV).

To date the role of hormonal changes on spinal curvature remains unresolved.

|
' |
] ! 0 !
9 |
! - _
- | 8 > i
m l ~ _—
e ™| 7§
g,, [ ]
= T\ & 2z
o 5 §
o]
< 40 a4 >
L ’ s
® 30} 3 3 -
5 o
O 20 2 . o
B 10 1
15 20

10
AGE (years)
Figure IV The relationships of both angulatibn and vefocity of growth to age

(Zorab, 1970).
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, After the bones of the vertebral column have matured the curvature which

K exists céﬁ'notrggh;éaﬁced.by~;£§ means other than surgery. The'law'bﬁ

asynngtzical’epiphyaaal growthﬁp;rtiaiiy>EXplaiﬁs%lhe resui;ingﬂBony<~———
deformity which exists in égoliosis.  That is, vertebrgﬁ growth is infﬂu%nced
by the aﬁount of pressure exertgd oh each vertebral bodé.‘On the concave gide
"of the curve, t;é vertebral'bodies are in contact, rétardiﬁg,the ;ateaof
3rdwth on that side. Conversely;'on'the cbniéx siée of the cufﬁeithe
vertektral borders Are beparated and ﬁéné growth fesuits in vedginé of ;he

vertebral bodies. Early treatment and observation are desireable to limit‘ihe

increases of spinal curvature which would occur if allowed to progress

_-——aaturally (Moe, Winter, Bradford, Lonstein, 1978).

)

Muscular Implications

Increasing curvature changes the 6rientation of -the skeletal components
;o that there is an increased mechanical demand@bp the system. Concurrently,
muscular effectiveness is decreased. As the spine bends laterally, the
tension about the facets, discs and ligaments is distorted in a way tﬁat
causes;the vertebrae to rotate, Rotatidn:contributés to decreased muscle -
ieverages. Changes in alignment incre&se the’amount of force rgquiréd to
effect movemeﬁt. As the components of the spine fall out of lime, their ovh

"weight perpetuates malalignment.

Theorétical'célgulations d;mbnstrate that the centre of gravity of the
upper body is in line with the abical vertebra until thé cqrve.réaches 40
degrees. Aa'4O degrées'is aéproaphed'tpere ig an increasing bend;;g moment.,
Beyond 4Q*degree§, the céntre of gravity fﬂllé within the concavity of tﬁe E

curve. At this point it is only the temsion of theviigaments and ‘tendons on

i)
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the convex slde of the curve whlch are . support1ng it. As the spine bends

lateraiiy, the tensions about;ihe facets; d;scs,andvllgaments are distorted

in a way that causes the vertebrae tov:otate. The veftebraiVBGEI;;}Jtthe
curve tend ‘to move tovards the convex s1de of the curve, pulllng the ribs

wlth them. The rlbs follov the~vertebral body as it rotatea. As the

curvature increases the heads of the r1bs are«less dxrected towards the .

vertebral body. The ribs also change from théir nOtmq{‘dovnward>angle to a

&

more vertical position (Moe, Winter, Bradford, Lonstein, 19]8);

s

s Deformatioh of the thorax eliminates the corrective capabi1itie8 of the
muscLes; Lateral leverage is lost as the liﬁés_of\fqétz begin to cross the
cent;#l ;xis of spinal moeéoﬁ. In fact; mudcles which normhliy have
pdrrectfve‘aétioﬂs‘could Eécome contributors to the deformity (Moe, Winter,
‘Bradfoxd, Lonstein, 1978). The folloﬁing conclﬁpions were dr#wn frpn the
theoretical analyses of the biomechanics of écolidsis*correction By means of

trunk muscle stimulation (Schultz, Haderspeck, Takashima, 1981). Their

findings indicated that chariges in: the lateral curve, sagittal curve and

1 N . o -

relatién about thevlongitudinallaxis generally take place*independently‘of
each other. If the muscle spans:fhéléonvex or the conégve side of a curve, if
will correct or increase that cﬁfve resﬁécﬁively. If the muscle is antet{pp
or postefior to the spine, its contra?tion will.decrease or increahg a lumbar
lordosis and increase or decrease a thor;cic kypﬁoaia, respectively. These
authors noted that it-was difficult to predict'from elementary considerations
.wh1ch change about the longitudinal axis v111 occur and what v111 happen when

several°d1fferent muscles contract at the same t1me to produce a balaneed

upright trumk. _ -

13



Treatment

n/ Purpose of Treatment | 7 » o : - 7 -
The purpose of treat-eni is ﬁo'identify the group:ihich faces the risk

of spiisl curve imcrease and to arrest the spinal curvature. The reason fotb
this is twofold. Pirst, spinel curvature vhich is allowed to incresse to as
extreme will become life threatening by disrupting puinohary”anﬁ'?isthlar
!unctioniég (Moe, Winter, Bradford, Lonstein, 1978). gécond,,cogmetic

appearance has s definite effect on the patient’s personal body image and}

thersfore hit!hgr’socill_intetactién {Kshanovitz, Snow,'Pinter, 1984).

Types of Treatment
- - It is possible for a young flexible curve to correct spontaneously.: If

" this does not occur, treatment must attempt to arrest the progression of the
%

]

curve (Moe, Winter, Bradford, ‘Lonstein, 1978). Thteevtreq:uent alte;nativeé

tur;ently exist:
1. bracing
2. electrical stimulation’
3. and the fina! alternstive - operative intefvcnfiom
_6thc} son-medical sources of treatment include ;;turoﬁatht, thitopraQtors and

scupuncturists.

1

- The most common treatment for spinal curvature is by orthotic
) nsunget*nt. Bracing supports the body ahnpe and telxes on correctxon to come

" from the yc:xent exercises both in and out of the brasce.. ‘Several common

orthoses which vre used at Children‘s‘ﬁospitll in Vancouver are the Milwvaukee r\”’;

Y

Erace, the Thoracolumbar Sacrsl Orthosis (sowetimes referred to as s Boston

Brsce) and adaptaticas thereof. . ' : o

P

14
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Electrical stimulation offers an alternative to orthotic management.

rElectricalfttimulation eiiﬁits theié;;t;;;;ioﬁ of specifié muscle groups
‘vhich straighten the spine by a preqcribe¢ﬂémount.‘ There are fiﬁ'féitéa” """
apptoachea. One uses subcutaneous elecffodé# next to the spine while the.
other uagk cutaneous electrqdes 1located lateral to the sping (Bobechko 1972,
- Axelgaard lgﬁ}}f' - 7 ‘ ‘ | |
Qperativepintervgntion is only used when the size of th; spip;i curve

hai become so large that the spine begins to collapse. Without stabilization

of the spine,fgonplications arising from its collapse are inevitable.
Prescription Criteria

\

Brace treatment is recommended in the case of increasing spinal

curvature of t?enty-five degrees or mpié with associated vertebral rotation
(Dr. S. Tredwell, Personal Communication 1980). .

The Scoiiosis Clirpic ;f Childr;n’s_ﬂospital, Vancouver commonly
prescribés the Milwaukee hraqe for cases in which the curve is located in the
high thﬁracic region ;ndlor is diffiCulL:to control. The Ihotgcolumbar.Sacxal —

Orthose (TLSO) is c&mmoniy used for the control of lumbar curves. It is also

used for some thoracic curves which it is able to stabilize.

> Tréatment Effectiveness Studies

Studies have compared the effectiveness of treatment on the basis QEL
correction of the spinal curve (measured in degrees or percent correction),
decﬁnpenuation of the rib hump (méasured in centimetres or percent
deconpen?ation) or a percieved cosmetic appearance (on a subjective;scalek

A long-term follow-up study 6f 85 patients treated with the Milwaukee

Brace was reported by Cochran and Kechemson in 1985, Copelusive data to



. , .
- . - " - —
R ?
-y - -

o - ) - . » ’ - - ) :
suggest that the Milwaukee Brace always acts in a predictable manner were not P

P produced. Agbin previous studieg, it seemgﬂ_to funct;on sometimes as a
———corrective device aqd sometipes'as é'hoidjng device. Overall results Qefe B
called "successful® since few cut§§s”progr§sged beyond fifty degrees. Rudicel':_
> ahd Renshaw measured fhe decompéﬂsation achieved using the Mily Brace.
Following treatment, decompensation ranged from 0 to 3.1v éentimetres. The
study concluded thﬁt'in spite of compliant brace treatment the results vere
unpfédi;table. |
Beporté of the effectivéﬁess of bracing with the TLSO suggéht that it is
most'effectiﬁé in the treatment of curves with an apex at the eighth thoracic
vertebra or lower (Laurnen, Tupper, Mullen 198; Willner & Petterssoﬁ 1983;

Jonasson-Rajala, Josefsson, Lundberg, Nilsson 1984). These studiés did not

deal with the predictability of the results of curves treated with the TLSO.

Moire Topography
Principles v : '

Moire topography utilizes a simple photographic technique in order to
create a three dimensional map. The expression "Moire Fringe" is used for a

striped pattern that occurs when two or more different types of patterns are

overlapped.

Moire is not a new technique. It was known to the field of stress
analysis as the oblique shadowllnefhod. The high curvature which ig-
characteristic of some regions of the human body have presented spe;ific
problems for medical applications of the Moire metﬂod (Takasaki 1981).

It is possible to create Moire patterns by several methods. In each .

16 - | /



case theﬁinterrelationship of the giatingJahdmixsgshadoggis—ﬁniqué%y———f—f

determined by the geometry of the system.

"

Figure V Illustration of theAprincipie of th& formation of fringes (Takasaki

1981).

A curved object is illuminated by a point source of light, L. It is
observed from point C. The region illuminated by the light source through the
grating and the region which can be observed from point C through the grating -

are shown by sets of lines fanning out from points L and C. The two sets of

stripes project two «sets of curved lines on the object’s surface. The

-
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intersection points of these two sets are seen from C as bright spots., These

spots form a set‘of Moire friﬁges vhich look like contour lines (Takasaki,

1981)-. ’

Other Hoitg,techn@ques iﬂCIude a projection techniques,develpped by the
Fujinon Corporation and tﬁe;projection‘me;ﬁod which ;s based on that of Milgf__
and Speight (1975). -

The Fujinon FM40 is a grating projection éyétmm whi;h.is‘Beﬁ af;aiS ﬁmﬁ'~f
fringe intgrvgl. It uses a 650 watt Halogen light ;Qurce, And Fuji MA 3SX
camera.vAdaptatiqps can be made to attach an instamatic cameré..Thesé ﬁnit5.
haﬁe been used widely in Japanese échool scrééning programs,

Thelprojectfan system,described by Miles & Speight (1975)'involvé;
photographlng a specially prepared grid which is prOJected onto a flat
reference screen. Each patient is then photographed wlth the grld progected
on thelr back. The reference grlégénd patient grid are then printed onto
lithographic film. On aligniné the reference grid ordinary Moire contour
fringes are proéuced. |

Ia addition to Moire topography techniques thére is rasterstereégraphy,'
holography and stereophotogrammetry (Heirholzer, Frobin 1981; Windischbauer
‘ i981).

There are problems with the Moire method. These shortcomings includef

~ the necessity for precision of the geometry of the §§stem ‘
‘= noise created by two gypes of fringe diffusion

- changing fringe interval with increasing fringe number

- problems with measuring a living "squxrmlng" body

- 1dent1f1cat10n of convexity and concavxty is not possxble without

prior knoWledge of the shape (Moire ?ringe Topography and Spinal Deformipy'—

Proceedings of an International Symposium 1981).

18



Medical Applic#tiqn | : I

The examination of new techniques, and the rgfineﬁent of old techniques

to describe spinal deformities continues to be done. In my opinion this is an

indication that techniques currently used either do not give a true picture
of a three dimensional spinal deformity or are too complex to ugse clinically. ..

'Shadoé Moire Topography is a non-invasive technique which has been

investigated for the clinical analysis of spinal deformities.
When' using Shadow Moire Topography for the measurement of a human Bhapgv

there are two procedural problems which exist, The first and simplest
S . ) . . :
‘ > N » I3 \ - - -
problem to deal with is orienting the\P01re screen or projection to the
5 .

patient, The‘second, and more difficult pfoblem is duplicatiné the patient’s
posture. In order to‘userhoire Topographs for.compafatiQe studiés, ;he
: Topographsﬁmu?t be taken so that the patient”s posture can be reproduqedi
The three mefhods of ﬁatient positiqning which have been examined are
cu;rgntly being used by-regearchers in the.field of Shadow Moire ?ppography
and the'stu&y:of spinal defor@ifies: ‘ * ' .
'Illustrat?ons of thé three methods of positioning are included in

Appendix I which includes the standard instructions given to each patient

’

regarding positioning.
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" THE "STUDY

.

It was proposed that Shadow Moire Topography is a useful techpique for
assgssiﬁg changes in shape of the back which occur with progressive -

scoliosis.,

/Hypothesesv
. Thfeévhypothesés wvere tested:
1. Topographic méasurements of repeated Shadow Moire Toppgraphs are
repeatable to within?3_1.25>mm; |
2, .Cbaﬁges seen in tdﬁoggaphic measurementé are positively related tdv
curvé classification.
3. Patient positioning affects the variance of shape measurements of

live subjects by Shadow Moire Topography. v



" Equipment

—
Accuracy of the Cllnlcal Shape Honltor (CSH) was determlned by the

Department of Physics of the Natlonal Research Counc1l of Canada (NRC) ‘The

NRC test model de81gned to evaluate the performance of moire xnstruments,

was used to produce test‘photographs with the MERU-CSM. The test model
consisted of various sloping'surfaces and a nunher of control pointa-with
‘known XYZ coordlnates. The photographs Jé}e taken whxle the outside referencerj‘
»rsurface of the test model was parallel to the MERU-CSH and~practically'inE
contact with it. The calculated Values of the control points were compared
with the known coordinates of the control points to evaluate the performance.,
of thﬁre CSM. - " - - S

The_ClinicaldShape honitor (ééM) leon FE 35mm camera and V1v1tar jlash
(light diffuser removed), and’ Eodak PX 135 black & whlte f11m were used for
. -~
datavcollection.

Five by seven inch.photographa nere digitized usiné alSummagraphics Bit
Pad One digitizing tablet and Part I of the Shape AnalySLS Package (SAPI).

Part II of the Shape Analy51s Package (SAPII) was used to analyze the

raw data. Programs were»wrltten,ln Pascal and.run:on anoIMS_BOOO

microcomputer.

WY
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- . Method

Thisést&dy was conducted in two stages.

Stage I
In Stage Ivtwo:thinge were determined. First, the variabiiitpdof
measurements due to the operator’s error in‘digitizing the M01re Topographs
was deternined{ Second, the var1ab111ty of measurements due to-the
'positioning procedure was « determlned. |
A randomized block design was the‘experimental model used to determine

“the variehiiiti“due_to the positioning procedure used. The threenpositioning

methoda chosen were free standlng, ‘entire body 1nc11ned (to 10 degrees), and ,

seated. Three skeletally mature adulfs w1th no known spina ’0fm1t168 were

atudled.,Each subject was photographed using each of the three itioning
methods. A total of 30 Moire Topographs were taken of each patient, Ten

. Topographs were taken with the patient in,each'of the three positionst The 30

_Topographs were taken ih a randomized order within the span'of'onefhour.v

" Data Collection
Analysis of the data waera‘eemi-eutomated procedure. Five by sever Moire
topogrephs vere manually_digitiied nsing the SAPI;'Four horizontalﬁfeCtions
‘ eere digitized (at premarked locations on the body) These locationsfare
11Lustrated 1n F1gure VI The data for each subject was collected durlng a

31ngle session. Harker placement was maLntalned for the duratlon of the

?

‘repositioning study. :
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. | . I S
Figure VI Illustratiom of the

placement of body'surfJéS:matke:s

Data Analysis

The Shape Analysis Package (SAPII)‘vés used to analyze the raw data. The

SAPII was a pascal program which calculated’topograﬁhic»variables fromfthé

raw data. For each of the premarked locations, a sectional contour line was

defined.
The topographic variables calculated fof each horizontal contour were as

foilows: T . : o . '



1. hump height - the "R height difference of the two peaks -

, Figure VII A'cross-sectional view of the back surface where "h" repfesents

- the hump height.

~

J . ks . . B . . B ‘ ) . R )
2, hump angle - the angle formed by the line linkifg the two peaks and a
horizontal line
hump angle = ARCTAN (h/(a+b))

Figure VIII A cross-sectional view of the back surface where "' represents

. the hump angle.



3. lateral déi?ia,,tion - the ‘distance from the&entnehnutoﬁmdp%nti

of the lki';ne lvinking the two peaks

lateral deviatiom = (a-b)/2
_— '

Figure IX A cross-sectional view of the B_ack surface where "d" is the lateral

deviation.

When a peak existed on both the right and the I;ft sides of the back, a
vcalcu*lat"ion’of the laterai deviation of the spine was done. The cén_treli ne
was defined as the lvine between sevventh‘cervic-al _yer’tebrak (c? an& t,hé

gluteal fold. The distance between the peak and the centreline was called

"a", and the distance between the peak and the right side of the centerline.

was called "b". The height difference of the two peaks vas.cavl’cula'tevd and
called "h". When only 1 peak was détecte'd on either tﬁe left or right side,
the difference of height of the peak and a point in equal distance from the
centreline on the opp.osite side of the back was calculated and called "h".
However, sbmetimgs two peaks were selected on oﬁe sidEf In thﬁ case, the
peak whi’ch was near the centreline was automatically detected and made to be

the true huinp for use in calculation./
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4, rib hump index - measure of trunk rotation ‘ .

- rib hump index = (h/trumk widen) * 100~

. ’ . . ]
s I

e s 00 s v ev e

: %
““ >

; %
RO [TTT e

Figure X A cross-sectional view of the surface of the back where '"h" is the
hump height and 'w" is the trunk width. --
5. arclength - i) length of the éontour line to the left of the centre

ii) length of the contour line to the right of the centre
iii) quotient of the length of the left side and right

side of the contour line.

peae

:/'i\

4 e - e o o o vme = — - +

VFigure XI A cross~sectional view of the back surface where '"i" is the length

of the left side of the surface of the back and "ii" is the lemngth of the -

right side of the surface of the back.
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Two tables containing the patiénf;stlabu‘ date, name and all the -

topographic measurements were pro&uced with each analysis. A contour drawing'

ilustratiﬁg the cross-sections digitized was also produced. B

Normality of the Data

S

The normal-scores correlation test for normality was'used to check the

normality of the study data. Standard deviation, a8 a measure of variability,
depends on the normality of the data. The correlations of study scores to
normal scores were used to determine the level of significance of normality

of the study data.
Identification of Sources of Error

Digitizing Variability
The digitizing variability was determined from repeated digitizations of

a single Moire topograph. Two specified sections were digitized ten times.

This test was repeated on three separate days. The mean and standard ;f

deviation of the repeated measures of each topographic parameter were

calculated (Quenouille 1966).

Variability Due to Positioning Procedure Used
N ’

The standard deviation was calculated for each subject (3) in each of

7

the positions (3) for each of the measurement variables (5). The maximum'

value of each measurement variable, representing the maximum def ormity of the

3

four cross-sections digitized, was used to determine the standard deviation

°
[

of the measurement.

»

Subéequently, the coefficients of variation for each variable for each

27 \ .
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person anu each po.xxioa vere cq&cullted.

i -

Coo?fxcaent of Var;atxon (CVJ - 1002 (s/%)
vhctt'i "sttndtrd devistion X = wean vtlue
The coefficient of variation is used to compare the variation of d;fferent

samples, each with different srzthat:;c means (Fundamentals of Bio;ta:iati;s

1982). o | S

~Stage 11
Yariability Due to Positioning Procedure Used on a8 Scoliotic Patient
% . . b
The procedure for determining the variability due to positioning

described on the previods page was followed using a subject with a scoliosis.
_Case Study :

A cliniéal caie study was carried out. Four asse;:neuts of one‘patient
vere done over a~period of 1.42 years. Moire measurements were coupled witﬁ‘
thé Cobt angle measured from a radiﬁgtéph taken at the same asse;sment. Moire
_neasure-ént:'prtviausly describéd (hump height, hump angle, rib hump index,

latersl devisticn, arclength ratio) were calculated from each Mcire

Topo;rnph .
The vxabxltty of using :urfnce shape wmeasurements to predict changes of
spinal curvatuve was examined. The variables were recorded as increased,

decreased or uwnchanged. A concomitant change of three of the five measurement

parameters must have occurred for a prediction to be made.
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Results

Clinical Shape Monitor Perforﬁhﬁce
=
The Clinical Shape Monitor’s accuracy was assessed.by.the National

Research Council. The following results were obtained:

For an ;§erage‘fringe‘depth‘of 5.4 nnm., "Poinis on the vertical

surfaces, inclined towards the light source could only be read vifﬁ
difficulty. Errors are generally within 5.4 mm. (1 fringe) for 12

observed points ... Two sets of test photographs were méde
approxiqqtely two vgéks apart.. Compgrison ;f corrésponding
photographs indicatéd-that the results were ;bpeétable to within one
fringe. It should be noted that extreme care has to be taken to
install the camera and light‘and orientations with respec; to the
screen. We feel that a more positive setting of the camera and the
light source is éssentipl to obtain the necessary repeatability
'(Q.C. van wijk, Photogfammetric Resehrch,‘Divisiqn of Physics,
National Research Codpcil 1983)".

A copy of this report has been included in Appendix III of thé“thesis.

>

Digitizing Variability

The digitizing variability was determined from repeated digitizations of
a single Moire Topograph. The means and standard deviations,- seen in Table I

were calculated for five Moire variables.



Table I Summary of the variability of calculated variables due to digitizing

errors
CALCULATED VARIABLES
lateral érclength hump rota{ion hump
deviat? ggtié height index ';;éie
(ém) a (em) - - (degrees) .
‘H"ean 1.510 1.238 0.570 1.672 1 3.178
Std.Dev. 40,081  +0.004  +0.000  #0.017  +0.028

L

{n summa:;,'the standard deviation incurred in repeated measurements of ’

Moire photographs was +0.081 cm (Std, dev. of the lateral deviation

measurement ).

<

Normality of the Data

The .normality of the repositioning data was tested using the normal

scores correlation test (Cryer, 1986). The correlation levels are presented
in Table II. In twenty-eight of the forty-five correlations normality.of the

distribution could not be rejected. Therefore there were seventeen which were

not normally distributed.

o
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Table II Normal-Scores correlation test for normalxty of lateral deviation,™

arclength ratio,. hump helght, rib hump 1ndex and humpmaaglef£ep~e&eh—subjee%—————f
.in each p081t10n '

Subject 1 = Subject 2 Subject 3 -
-Lateral Deviation
Position 1 0.971 . . 0.944 0.973
Position 2 8 0.963 0,851 *¥** 0.927
Position 3 0.942 9.970 0.924 .
" Arclength Ratio ' . _
Position 1 0.946 ' 0.949 : 0.966 = .
Position 2 =~ 0,958 1.000 0.988 -
. Position 3 1.000 0.918 ** 1.000
Hump Height
Position 1 0.974 0.950 0.975
Position 2 - 0.974 0.865 *** 0.862 ***
Position 3 0.873 *¥*% 0.79 **% 0.897 *x _
Rib Hump Index o :
"Position 1 0.964 . . 0.954 - 0.98
Position 2 0.905 ** 0.922 0.86 8 ***
Position 3 0.878 *%* 0.795 *%* 0.912 **
Hump Angle o
Position 1 ;0,865 *¥x 0.919 0.988
Position 2 0.893 *=* 0.904 ** 0.957-
“Position 3 0.892 *=* 0.751 ¥k 0.965
Note !

*¥** npormality rejected at p < 0.0l
**  pormality rejected at p < 0.05
~ (Cryer, 1986)

Position 1 = seated; Position 2 = standing; Position 3 = inclined

A

?jriability of Repositioning Normal Subjects

The normal subjects “were three male volunteers. They had no prior }
histofy of severe back pain or famili;?\spinal disorders. The subjects” mean
age was 29.1 years (range 25 - 32 years). Their mean height was 180.7 c¢m

(range 174 - 188 cu); mean mass was 79.5 kg. (range 74 - 88 kg.).

- -
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" The Nature of the Data

The nature of the data created two problems for the statistical
analysis., First, the measurement of lateral deviation depended on the
presence of a pfominence on both sides of the midline of the bgck.rlf two
prominences yet; not found the variable could not Percalculated and a value
of zero was assigned. Ihetefore when zero occurred it may have been an
assigned value rather than a measurement of the bgck% sy@metry. Sécond; the
vériables hump height, rotation index and hump angle reliédeon'the presenﬁe
of right/left asymmmetry. If the right and left sides were symmetrical there
was no rib hump and all these variables were equal to zero, In 461 of the
pasés the hump height, rofation index and hump angle measurements were zero
with the patiént'using the seated positioning procedure. These two problems
limited the use of some statistical treatments (e.g. log X transformationL

The percentage of occasions in which it was possible_to calculate a.
measurement for each variable is presented in Table II1I. The seatea position

was the only one for which there was missing data. Missing data was -common to

all subjects.

The test for normality of the data revealed that seventeen of the data
sets were not normally distributed thus eliminating’;hem from further
analysis. The comsequence of this was that the positioning procedures were
not pated.oh the basis of average coefficient of variation. The non-normal
data sets eliminated resulted in an unequai number of coefficients of

1

variation calculated for each positioning procedure. Comparison of the

average coefficients of variation based on unequal numbers of observations

could have been misleading.
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Table ;II'Percentage of occasions in which it was possible to calculatea

value for lateral deviation, arclength ratio, hump height, rib hump ihdex and

hump angle (based on 90 Moire Topographs of three normal subjects). i

POSITION standing (2) inclined (%) seated (%)

VARIABLE\

lateral deviation 100 100 Gf

arclength ratio 100 100 100 : o
hump heighi 100 100 100

rotation index 100 100 100

hump angle 100 ‘ 106 100

Visual Inspection of the Cross-Sectional Profiles

ES

Overlays of each patient;s cross—sectional profiLes are presented in the - %
e ‘

following pages. Qualitatively the profiles, of standing compared to inclined

compared to seated positioning, appear to be different. Standing and inclined

positioning appear to be less variable than the seated positioning profiles.

—

a b R ~
Figure XII Subject BJ a) standing; b) inclined; c¢) seated position
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Figure XIv S&:ject DC a) standing; b) inclined; c)seated postion
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Coefficient of Variation Findings

The standard.deviafioﬁ and ﬁean:of each variable'fo: each person in each
position is reported ip Appendix II., In'order to compare the Variabiiity 6f
differeni—Variables, each with different arithmetic means,igpg‘coefficient of_
variation has been calculated for.each variable for each subject.in eabh
posithE: The coefficient of variation aﬁd its standard deviation have been

summarized in Table IV.

Table IV Coefficient of variation (CV) and its standard deviation for each
variable for each subject in each position (each CV value has been presented
as a ratio of standard deviatiom divided by the mean value in the followlng
table rather than expressed as a percentage). -

Subject 1 " Subject 2 Subjédt 3

CV  Std. Dev. CV  Std. Dev. CV  Std. Dev.
Lateral Deviation - 7
Position 1 1.460 + 0.749 6,130 + 11.970 0.646 + 0.196
Position 2 . 3.590 + 4.150 *kk 0.287 + 0.069
Position 3. 0.808 + 0.274 3.700 + 4.400 - 0.248 + 0.059
Arclength Ratio
Position 1 0.010 + 0.002 0.019 + 0.004 0.009 + 0.002
Position 2 0.020 + 0,004 0.005 + 0,001 0.011 + 0.002
Position 3 0.007 + 0.002 Thkk 0.007 + 0.002
Hump Helgpt—‘~ . '
Position 1 0.814 + 0.28 - 0.636 + 0.191 2.980 + 2.890
Position 2 2.760 + 2.480 kkk k%K
Position 3 *kk 4 etk *hk
Rotation Index - ‘
Position 1 0.792 + 0.266 2.140 -+ 1.530 3.250 + 3.420
Position 2 Fkk ‘ 0.28 + 0.069 Tk
Position 3 *kk *kk 7 *kk
Hump -Angle
‘Pogition 1 *hk 5.670 + 10.260 2.959 + 2.850
Position 2 *tk * %k 0.336 + 0.08

+ 0.045

-Position 3 Ll *kk 0.194
*** data not normally distributed

Position 1 = seated; Position 2 = standing; Position 3 = inclined
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It was not possible to calculate the sum of the coefficients of

'va:iation (CV) for the three subjects in eachrpoeition, Seventeen of fertj-
five data sete were not normally distributed thus excluding them from
further analysls. It is of note that nine of the data sets which were not
normally distributed were collected using the inclined p081t10n1ng procedure,
seven the free standing procedure and one the seated procedur, |

The coeff1c1ents of variation of the normally distributed data sets were
ranked from lowest to highest. The graphs which follow illustrate the spread
of the ranking of the coefficiente'of variation by positioning procedure,
variables measured and by subject,

There was no positioging procedure which was clearly less variable than
the others tested. The ranking of the coefficients of variatibn by subject
showed .that variability existed within the meagurements made'on each subject.
That is rone represented the extremes of the variability possible. The
ranking clearly showed that arclength ratio vas the least variable parameter'

studied.

Legend for Figure XV on following page

Pos’n 1| = seated L. Dev = lateral deviation

Pos'n 2 = standing ' ACR = arclength ratio

"Pos'n 3 = inclined HH = hump height g

’ RI = rotation index :

: HA = hump angle '

Sub. 1~ = subject 1 :

Sub. 2 = subject 2

Sub. 3 = subject 3



Pos'n 1 _ k% kkk kkk kkk  hk
Pos'n 2 * Xk kkx Uk .
Pos'n 3 : * * * *
Sub. 1 ° x k% *kkk *7 *
Sub. 2 * * E * Xk k
Sub. 3 * k k  kk kk X k& k
L. Dev k k kX X Xk %
‘ACR A *i *kk kK
HH ‘ * * kX
RI * % % *
HA * * * *
4 8 12 16 20 24 28 32
) Rank
Figure XV Ranking of the coeffiéiénts of variation by

positioninig procedure, variable and subject (normal subjecrs)

Suﬁmary of the Variability of ﬁepositiqning Normal Subjeéts
In summary, in twenty—eight of ferty-five caggs, thejdata‘represented
normal distributions. The observation, from.visualrénspection of the dafh;
that stagpding andrinclined positioning profiles were less variable than
seated positioning profiles could not be confirmed statistically.

ratio exhibited the lowest variability of the parameters included in this

study. -

Variability of Repositioning Scoliotic Patient

The patient was 16.4 years of age, 162.5 cm tall, weighed 50 kg. and had
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 primary curve and had an associated Grade I rotation.

-

*". a history of familial spinal deformity. She was diagnosed as having

idiOpathic scoliosis in May 1984.She had a right thoracic scoliosis (from

T6-10) and a left thoracolumbar scoliosis (from T11-L3) with the curves

measuring 14 and 17 degrees. The thoracolumbar curvelwas,diagnosed,as the

o

The Nature of the Data

Once again, as with the observations of normal subjects there were

certain conditions in which a measurement could not be made. In this case,
missing lateral deviation values .occurred in seven of ten observations with

the patient in the seated position. Therefore the standard deviation was

calculated for each variable for the scoliotic subject in each position.

“Table V summarizes the findings.

Normality of the Data

Normality of the repositioning data was tested using the normal-scores
correlation test (Cryer, 1986). The correlation levels are presented in Table
V on page 40. Eleven of the fifteen correlations, of the scoliofic patient”’s

data, correlated at at least the 0.05 level of significance with the normal

gcores.,

Visual Inspection of Cross-Sectional Profiles
Overlays of the cross-sectional profiles were drawn for the scoliosis
patient. Qualitatively, standing and inclined positioning profiles appear to

be less vafi;ble than seated positioming profiles.
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Figure XV Scoliosis subject KL a) standing; b) inclined; c) seated position

—

Coefficient of Variation Findings ’ N

The coefficients of variatibn were calculated for each variable for each
position for the scoliotic patient. The average of ihe coefficients of
variation of the data sets which were no;mally distributed were used to rate
the variability of each positioning procedure. An uneﬁual number ;f
measurements were normally distributed the different positions. The averages
must therefore be viewed critically. Sisuding was rated as the best method

(CVaverage/100 = 0,043, n = #)-;ﬁile inclined positioning was rated second

(CVaverage/100 = 0.250, n = 3) and seated positioning was rated. third

L
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(CVavretag'/eJIOOr,-l}éLB,r' n = 4). Table V presents the test of normality

- 5

results as well as the standard deviation of the original variable and
coefficent of variﬁtionf‘kfm' each measurement taken in each position for the

scoliotic patient.

-

0
i

Table V Std. deviation of the original vaflable, coefficient of variation and
normal-scores correlation of each item for the patient in each position

, Std. Deviation Coeff. of Var. ‘N-score Correlation
. Pogition 1 ' .
1. dev. + 0.16 2.01 0.94
arclength + 0.01 0.01 '1.00
hump height bl *k 0.8 **
rib h., index + 2.18 7.2 } __ 0.93
bump angle * 4.58 4.87 0.97
Position 2 - _ ,
1. dev. *% *% - 0.91 **
arclength 1 0.01 ‘ 0.00 , 0.96
bump height * 0.0 ' 0.01 0.99
.rib h, index + 0. 0.11 0.9
hump angle 0.22\ __ - 0.05 ‘ 0.98
Position 3
l.dev. * 1.10 ‘ 0.50 . 0.93
arclength z 0.01 : 0.01 . 1.00
huep height k. : L 0.91 **
rib h. index  *¥%x . %k 0.87 ***
hump angle, + 1.25 0.26 0.98 : ,

Note: ‘

*** pormality rejected at the p < 0.01 level
**  normality rejected at- the p < 0.05 level
(Cryer, 1986)

Position 1 = seated; Position 2 = st~anding’;' Position 3 = inclined

3.
\
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In addition, the coefficients of variation ueregranke¢4£ron—40¥£l%;{é——44’%—

highest., The graphs which follow iliustrate the spread oﬁ‘the rankingjof”tﬁe

coefficients of variation by positioning procedure and by variables measured.

The observatibn, from visual inspectibn of the data, that standing and
inclined positioning profiles were 1gséf§hriable than seaged positioning
profiles concurred with the observ#tibn of the normal profiles. These
obserQations coJid not be confirmed statistically. Arclg;éthifatio.ekhibited )

the lowest variability of the parameters included in this study for the. -

scoliotic patient as it did for the study of normal subjects.
: %

Py

.

Pos'n 1} * * k% .

Pos'n 2] *%* *ok % : : /’

Pos'n 3| * * 7

L. Dev * %

*

ACR ‘ * % -
HH ' *
HRI * *

HA l Tk % *

Rank

q

Figure XVII Ranking 6f the coefficients of vafeation by
positioning procedufe ang variable (patient stpdicd)

a
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Suzmary of the Variability of Repositioning & Scoliotic Subject

In summary, in eleven of fifteen cases, data represented normal

—

distributions. The observation from visual inspection of the data that
stending abﬁ inclined positioning profiles were less variable than seated
positionids profiles was confirmed yz;gbé determination of the average
coefficient of variation for each method, Due to :hevunequnl ;;;be: of
coefficients gf Qari.tion for each procedure the rgsults of this method of
rlnkiﬁg of piccedurgs should be viewed c;itically. |

iankingrthe coqfficients.of vnfiation illustrated that no one

posi’ oning brocedure'vai tlearly superior to another. It did show that

arclength ratic vas the least variable of the parameters included in this

study.

Recommendations for a2 Clinical Procedure

0f the three methods of positioning studied, one positioning procedure
é;nla not be recommended over another on the baais of the findings of this
study.A
lf lateral dévia:ion is regardéd as an important ciinical indicator of
;piggl-curve status the standing or inclined methods of positioning would be
superior to the seated positioming procedure. Absgnce>of a lateral deviat{on
value in 671 of the observations would make this variable umacceptable for
cliiical/decision making purpdsgs. | |
The arciength ratio was the least variable parameter used in this study.
Arélﬁngth fatio appears to be independent of the positioming procedure used.

It would be worthwhile to investigate the relevance of this variable for the

study of scoliosis.

42



* ) Ry

Case Study

The subject was 12.3 yeafé_of age‘at the onset of the study.:Her curve
was a left thoracplumbar curve of 32 degrees, as measured by Cobb”s method,
extending from T1O0 to L3. Her height was 137 cénﬁimetres. 0n5et of menarche

S e
had been 0.5 years previous-t6>the initial visit. She was monitored and
treated over a period of 1.42 feafé:“buring this time She was treated with
both a thoracolumarsascral orthose (TLSO) and a Miléaﬁkee brace (MB) before
her curvature required surgery to arrest the curve progression. Durimg this

same period her curve progréssed from 15 degrees to more than 44 degreeé.

Table VI summarizes the measurements made during observation of the patient.

Table VI Summary of the maximum topographic measurements of the patient’s
back as calculated from Moire topcgraphs.

CALCULATED VARIABLES

— T

\.\‘k\—-

Date Cobb Lateral Arclength Hump Rotation Hump Treatment _

d/m/yr Angle Deviation Ratio Height Index ~  Angle :
- (degrees) (cm) (==)- (cm) (-=) (degrees)

29/9/ 82 15 2.3 0.9 3.4 16.8 . 15

21/2/83 33 1.3 0.9 3.7 13.9 13 TLSO

16/5/83 33 1.9 2.4 4.7 16 .7 17 TLSO

20/2/ 84 44 2.5 2.3 4.7 17.3 17 -MB

--/6/84  Surgery - Harrington Rod Instrumentation '

Prediction of Curvature Increases from Surface Topography Calculations
rd .

A significant charnge in spinal curvature was predicted if a concomitant

change in three of the five topographic parameters occurred.
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There were no correct predictions made using surface topography.

calculations during thé study of;fﬁii”ﬁitient..The lack of predxctioﬁ may
resﬁIF.fron either_or'ﬁoth of two phenomna, Ffis:, the inherently large
coefficients of variatgon of some variables as seen in normﬁlAsubjects may
préclude dccurate prediction, Second, skeletal changes payrnot be feflected
in changes of topography. The second question can not be confirmed unless the

variability of topographital measurement can be reduced. Table VII details

the predictions made and the corresponding Cobb angle measurements.

Table VII Summary of the Cobb angle changes and increase/decréase predictions
from surface topography calculations, '

Predicted Increase Actual Cobb Angle Prescription

Yes No Same : (degrees) o
27/9/ 8 - - - 15 Observation"
21/2/83 x 33 TLSO brace
16/5/8 x 33 TLSO brace
20/2/ 84 x ‘ 44 Milwaukee brace

\
. : o
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DISCUSS IGN T S -

=

Topographic measurements of normal male subjects are affected by
repositioning. The pathological case studied reflected the same results.

Normality of the data was tested. In twenty-eight of the forty-five

correlations normality of the distribution could not be rejected. Of the

seventeen cases which were not normally distributed, the correlation levels
were high, |
. -

The coefficients of variation differed for each variable and each method
of positioning for the normal subjects studied., Determination of the best
procedure could not be done statistically because of the non-normality of
seventeen déta set?. | B

Ranking of the coefficients of variation by procedﬁre showed no
&ominance of any one positioning procedure. -

Ranking by measurement parameter did show that arclength ratio was the
least vari;ble parameter for both the normal group and the scoliptic patient
tested. The question remains if it is a useful measurement of surface shape
changes. Further examination of how the measurement would be affected by

surface shape changes 1is necessary.

These findings have implications for future work in this field. Further

v

basic studies into understanding positioning procedures is required.,

Positioning is important not only to the study of scoliosis but to all
imaging based data collection systems, Knowledge of the errors introduced by
positioning is essential so that they can be accounted for and &ata can be
interpreted correctly. 7 o .

Of the three proce&ures, free standing appeadred to be the léast

controlled positioning procedure. Bowever, it may take advantage of a
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habituatedApoature and the body”s righting,iresponse: The other positioning

procedures are aixbject to the patient’s conscious a{tre‘mpt to follow

3 - ’ . ) L3
instructions, with fewer cues from habituated patterns. The one scoliotic
patient”s measurements did concur with the normal group’s results. Once again
no one method of positioning was clearly superior. In addition the parameter

arclength ratio demonstrated low measurement variability, It has been

conjectured by Sahlstrand (1978) that scoliosis is due to a defect of
patients” balané’e‘ or righting response. In light of Sahlstrand’s research, a

scoliotic group should be studied to determine if the vafiability measures are
actually the same for this group. / - :

— In 672 of the reposition_irng'photographs lateral deviation could not be
measured. Calqculation of the lateral deviation depepded on the presence of a
prominenece on both ‘aidesﬁ:midline of the back. The measurement would
be of limited value for clinical studies if it can not be measured.

Three sources of error -were identified in this study., First, error due
to fhe accuracy of the equipment (#2.7 mm.) was quantified by the Nationél
Research Council. Second, Stage ’I of this study determinmed the variability of
repeated digitizations by a single operator (standar_d deviation was +0,81
mm), 'Thi.s is well within the precision to which the Clinical Shape Monitor is
capafnle of. Efforts to improve the accuracy of the measurement of surface
shape therefore lay in.'cogllection of the data rather than its analysis.
Finally, the error due to re.positioning subjects was addressed. Since

digitizing error was negligible, variablity of the measurements of more than

+2.7 mm. should have been due to changes of the back shape when the subject
i s

o
POt

was repositioned.
The variability due to repositioning differed from subject to subject for

each procedure. For example, for the measure of lateral deviation of subject
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1l in the seated position the coefficient of variation was 1.42, while for

subJect 2 it was 5.75 and for subJect 3 it was 0.65. lgese d1ffetencea are
notable, In future atud1es it may be of interest to examine the differences
between subjects. It would be useful to hhve a method to choose the
appropr}até'meﬁhod of positioningﬁfor individual pﬁti%nts.

" Because of the predominance of femgles, as compared to males, who have
curvature of the spime future studies should include female subjects.

The clinical aaaeagment showed that whereas Cobb angle can show skeletal
changes, thesé are not necessarily reflected in chanées of topogrdphy whiéﬁ
relate to the cosmetic aspect of the'condition.Thg accuracy of predictihg
spinal curve increases and decreases in the,case atudy was (0.0 Z. Howéver, in
" the clinical situation the influences of uncontrolled variables warrant
examination. These influences include cpanging spinal curvature and ch;gging
treatment. The-subject of this clinical case study changed treatment three
times, from observation to a Thoracolumbar sacral érthosi; to a Milwaukee
brace. Each change of treatment occurred before the combined rédiograﬁhic and
topographic asses;ment. In the second and third examinations treatment had

been maintained. The increase in. curvature which had occurred on the second

examination was then identified on the third examination. The questiom, "Do

atients accomodate to imposed treatments?"”, cguld be asked. If so, would

prediction of curve changes be possible after accomodation to treatment had

occurred?
The subject studied in this thesis was an example of both initiating and

changing treatment as increases of spinal curvature occurred. She represented

a complex case under which to make spinal curvature progression predictions

from surface topography measurements.
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CONCLUS IONS

o

~

The hypotheses tested to examine Shadow‘Moire Topography as a useful .

K .
technique for assessing the shape changes of the back which occur vithr

scoliosis can now be answered. .
First, topographical measurements obtained by means of the Clinical

Shape Monitor are repeatable to withiﬁ + 2.7 mm as determined by the National

-

\\Besearch Council.

Second, curve éhaqges of the patiegf studied could not be relatea to the
calcglations made from Moire.topographs in the longitgdinal case study 6f
this thesis. Whereag Cobb angle can show skelet;l changes,”these are/po;
hecessarily reflected in changes of the burfaée topography.,

Third, a statistically éigéificant difference could not 'be calculated
for the patient positionihg_procedures. Ranking of thgﬁqoefficients of

variation by positioning procedure revealed no clear difference between

procedures.
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RECOMMENDATIONS

The following recommendations can be made to igvestigators in the field
of Moire Top@graphy'and Spinal Deformity:
1) investigations should be pursued to examine the reasons for the lack of

normality of repeated measurements; .

2) the measurement problem of assigned values and missing values should be

resolved before further studies are done;

3) useful variables which are independent of differences due to positioning

should be sought.
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APPENDIX 1

)

Patient Pos&tioning Instructions

General Information

The equipment which you see is used to create a contour map on your
back. In the same way as a geographical contour map cites the elevation of a
lapdécape a black and white photogfaph of your back will record tke ahéﬁe and
allow us to determine the height of the prominences on your back

While you stand in each of the positionfng'deviqes, which‘I will
. instruct you how to use latgr, the‘Clinical Shape Monitor (CSM)‘will bef;;ved
,quite'glose to the surfacé of your béck. This is important so that fhe
darkest possible comntour lines will be created.

In order to record your back ahépe your back must be bare from the neck
to the mid—buttocks region and‘its width, A total of 30 photographs will be

taken, 10 photographs using each of the three methods of positioning will be

taken.

Special Inmstructions for the use of each Positioning Device:

1. Standing - Two photographs will be taken with your heels on that line in a

LS ; ’
comfortable standing position. When you are standing there allow your arms to

hang lopsely at your sides, look straight ahead and breath normally. I will

remind you of these things when the pictdres are taken to ensure that the

_correct position is assumed.
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. bones rest against the upright bars and if possible your shoulders as well,

leans on the wall. To positidﬁ'your feet, place them between the upright bars
so that you can feel the horizontal bar at the bottom touch the fromt of your

ankles., Now lean forward against the upright bars. You should feel your hip

Let your arms hang locosely at your sides, look straight ahead, and breaﬁh

normally. j

3. Seated - Sit on the edge of the chair with your feet apart and knees

bent.‘Bend forward with your arms hanging. Now press your palms and fingers

together. Line your fingers up with the line on the floor and also look at

the line. Breath normally (Harada et. al 1981).

T 7
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APPENDIX II

Standard Deviation (8) and mean (X) values of each variable forreachABubjéét'

in each position

Lateral Deviation (cm)

Sub_ject—/l Subject 2 ‘ Subjéct '3
8 X 8 X 8 X
Position 1  #0.219 -0.15  +0.18 -0,03 +0.323 0.50
" Position 2 +0.682 -0,19  +0.470 0.42 +0.342 -1.19
Position 3 +0.646 -0.80 +0:924 0.25 +0.228 -0.92
Arclength Ratio
| Subject 1 Subject 2 Subject 3
8 X 8 X 8 X
Position 1 40.010 1.02 +0.018 0.97° +0.009 0.9
Position 2 40,020 1.01 +0.005 0.98 +0.0l11 1.02
Position 3 +0.007 1.03 $0.017 0.98 +0.007 1.02
Hump Height (cm)’ -
Subject'i Subjecf 2 Subject 3
8 X ‘8 X 8 X
Position 1 #0.448 -0.55  #0.356 -0.56  +0.328 ~0.11
Position 2  #1.020 0.37  #0.262 -0.8  0.589 L0.94
Position 3 #0.810 .11  +0.577 -0.47  +0.557 —0.42 "
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Standard Deviation (s) and mean (X) values of each variable for each

subject in each position continued ...

Rotation Index (—-)
Subjéct 1
8 X
Position 1 +1.220 —1;54
Position 2

Position 3 +2,310 -0.53

Hump Angle (degrees)

Subject 1
Position 1 +3,120 -2.49
Position 2 +4.,650 1.33

Position 3

43,300 0.77

Subject 2
8 X
+1.200 -0.56

#0.771 -2.70

J\

Subject 2

+2.610 —0.46

+1.110 -3.52

+3.910 -1,03 +2.500 -2.21

53

‘Subject 3
s X

+0.975 -0.30

+1.790 -2.71

+0.293 -1.85
Subject 3
42,160 ~0.73

+1.390 -4.20 ° -

+0.659 ~3.39
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MERU Shadow Moir& Clinical sEape Honitor (MERU-CSM)

The NRC test model deaigned“to evaluate the perfornance of moiré
instruments, was used to produce test photographs with the MERU-CSM. ' The
test model consists of zariowm;sloging surfaces and a number of eontrol--- -

~

' points vith kinown XYZ coordinates. “ The layout of the control points and E

their XYZ coordinates are shown on the attached sketch representing one

,quart .of the model surface. The same coordinate. values are applicable to

the corresponding points on the other three sections of the model.

The photographs were -taken while the outside reference surface of the,

" test. model was parallel. to the MERU—CSH screen and practically in contact .
with it. A Contax RTS camera with a 50mm Zeiss lens was used. The camera .,

was ‘focussed at 3u and a lens opening f:8 was used. The following

jdistances vere set between the ‘camera lens and the light source:

. Aphgto,#l d = 392. lmm _
_ #2- 457 . 2mm £
#3 , 548.3mm :
#4 .. -685.0mm
#5 . +  912.8om

In order to increase the depth'over which the fringeoicould be
identified, a slit, approximately 10mm wide, was placed in front of the

. electronic flash. The use of the slit increased the distance, over which a

satisfactory fringe image quality was obtained, to more than 30cm which was
adequate to cover the entire depth of the test model. Without the slit,
fringes could only be identified over a distance of about 20cm from the

. 8screen.

The fringe number, estimated to one tenth of the fringe interval was
read on the differeant photographs for twelve symmetrically located targets
of the test object (see photo #1). For targets with the same Z-coordinate
the readings were averaged in order to minimize the effect of a possible -
lack of parallelism of the screen with respect to the test object reference
surface. The averaged fringe values were used to calculate the distance
between the screen and the targets using the equntion'

hy = P8

N

with the given values for d, £ and s and the average recorded fringe value

N. The calculated wvalues were compared with the corresponding Z-
coordinates of the test object. The following results were obtained:

photo #1 A sétisfactory moiré pattern was obtained over the entire
(d = 392.1mm) depth of the test object (300mm). The errors are
generally within 2.4mm (% fringe) for 12 observed points.
photo #2 A satisfactory noiré pattern was obtained over the entire
(d = 457 .2mm) depth of the test object, although some difficulty was B
- ll'. 2
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experienced to read pointe oun the verticel surfacse which
-1is inclined towards the light source. . Errors are

‘photo #3 Poin:a on the vertical surface, 1nc11ned towards the
(d = 548.3ma) - 11ght source could only be read with difficulty. Errors
’ are generally within 5.4mm (1 fringe) for 12 observed
.o points.
photo #4 The image quality of the fringeo, on both vertical .
(d = 685.0mm) surfaces does not allow for a precise tdentification of

the fringes. For the horizontal surfaces the errors are
generally'within 3.9mm (1 fringe) for 6 observed points.

photo #5 The overall image quality does not permit a precise
(d = 912.8mm) 1dent1f1cation of the fringes.

"Two sets of test photographs were made apprOxinately two weeks apart.
Comparison of corresponding photographs indicated that the results were
repeatable within one fringe. It should be noted however that extreme care
has to be taken to install the camera and the light in their correct
positions aid orientations with respect to the screen. We feel that a more
positive setting of the camera and the lightsource is essential to oktzin
the necessary repeatability. This is particularly important when the
instrument is to be used by different persons who not necessarily may have
the capability to adjust the various components of the instrument with a

sufficient degree of accuracy.

Ottawa, March 1983

3gnerally within 4. 3- fringe) for 12 ohsezxadégoince.ugrmw

M.C. van Wijk

- Photogrammetric Research
Division of Physics
National Research Council
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ot T . APPENDIX 1V

' B
Raw Data ~ the maximum value of each variable, representing the maximum

deformity of the four cross-sections digitized, was used to determine the

standard deviations, The maximum values are presented in the followxng table.
See the -author fot the complete raw data files.
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" RAW DATA ~ NORMAL SUBJECTS

Subject 1 - seated position

.Trial # L. Dev. Arclength Hump Height - Rib Hump Hump Angle

1 -0.15 1.04 © =0.55 - -1.53 -10.65

o2 -0.45 . 1.03 -1.08 -2.89 - 3.04
3 ©0.00 1.02 -1.12 -3.01 ° -2.77
4 0.00 1.02 0.00 0.00 0.00
5 0.00 1.02 0.00 0.00 0.00

6 0.00 1.04 0.00 0.00 - 0.00
7 0.00 0.98 . -0.55 -2.05 -2.36
8 -0.43 . 1,02 =0.55 " -1.51 -1.49
9 0.00 1.02 -=0.55 -1.48 - -1.53 L
10 -0.51 , 1.02 -1.09 -2.93 -3.10
Subject 1 - free standing position
1 -1.10 1.03 -1.63 " -5.94 -7.19
2 -0.65 __ 1.03 -0.52 -1.66 -2.73

'3 -0.54 1.02 1.06 2.93 ~5.33
4 - 0.46 1.01 -0.53 -1.73 -2.70
5 -0.36 1.01 " 1.06 ¢ 2.85 4,12
6 0.43 - 0.98 1.06 ' 2.81 4.72
7 —0.42 1.03 -0.53 ’ -1.69 -2.79
8 0.8l 1.02 1.06 2.88 T 4.41
9 0.51 0.98 1.58 4.35 © - 5.11
10 -0.99 - 1.03 1.06 : 2.87 4,97

Subject 1 - inclined position

1 -1.49 1.04 . -0.53 -1.67 - =2.72
2 -1.42 1.03 -0.52 -2.05 ~4,01
3 -0.58 . 1.03 -1.04 -1.65 -2.71
4 -1.09 " 1.04 -1.04 -3.25" ~5.50
5 -0.47 1.03 -0.52 -1.63 -2.76
6 -0.54 1.03° 1.06 2.91 4.81
7 -0.60 : 1.03 © =0.52 -1.65 -2.71
8 -1.54 . 1.02 -0.52 ~ -1.63 ~2.70
9 -0.90 1.04 1.03 . 2.60 "~ 5.09
10 0.61 1.02 1.04 2.71 3.79
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RAW DATA - NORMAL SUBJECTS CONTINUED | =

Subject 2 - seated posifion

Trial # L. Dev. Arclength Hump Héight - Rib Hump Hump Angle
1 - 0.00 0.98 -0.53 - -1.88 . -3.05
2 0.00 0.97 - - -0.52 -1.85 -2.31
3 0.00 0.98 - -0.51 -1.77 -2.91
4 ~0.00 0.99 0.00 0.00 : 0.00
5 0.27 - 0.93 "~ 0.55 1.68 5.93
6 0.00 - 0.98 0.00 0.00 0.00
7 0.00 0.96 - 0.00 0.00 ©0.00
8 -0.11 © 0,95 -0.51 o -1.77 - =2,23
9 C-0.48 0.98 0.00 0.00 0.00
10 0.00 0.98 ~0.00 0.00 - 0.00 )

. - i i :

Subject 2 - free standing position .
1 . -0.56" 0.98 -0.53 -1.81 -2.57
2 0.73 0.98 -0.53 -1.80 -2.49
3 " =0.46 0.98 -1.05 -3.63 -5.17
4 -0.43 0.98 -1.02 , -3.05 -3.34
5 ©0.39 0.98 -1.03 -2.97 -3.17
6 0.55 _ ©0.97 -1.06 -3.57 -4.95
7 0.70 0.98 -0.53 -1.81 -2.62
8 0.73 0.98 -0.54 -1.83 -2.54
9 0.78 0.98 ¢ -1.02 -2.90 -3.23
10

0.65 ‘ 0.97 =1.05 ~3.66 - -5.08

Subject 2 - inclined position

1 -0.36 0.98 -1.04 -2.82 , =-2.87
2 -1.40 0.99 -0.52 -1.77 . -2.64
3 -0.21 . 0.98 -0.53 -1.77 -2.83
4 1.53 0.97 -0.53 -1.78 -2.56
5 0.69 0.96 ~1:.05 -3.64 -5.39
6 0.95 0.97 ~0.53 -1.88 -2.46
7 0.52 0.97 1.05 2.64 4 .47
8 0.73 0.98 -0.53 -1.86 -2.¢1
9 -0.90 1.02 - =0.54 -1.91 -2.66
10

0.90 - 0.97 -0.52 . -=1.79 : -2.55
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RAW DATA - NORMAL SUBJECTS CONTINUED

Subject 3 - seated position

Trial # L. Dev. Arclength Hump Height Rib Hump Hump Angle
1 0.70 0.94 0.50 1.57 - 3.20
2 0.38 0.97 -0.55 -1.53 -4.07
3 ‘0.35 0.96 0.00 0.00 ) 0.00
4 0.47 0.9 0.00 0.00 0.00
5 0.38 0.96 0.00 0.00 0.00
6 -0.13 0.97 0.00 0.00 .. 0.00
7 0.31 0.97 0.00 0.00 - 0.00
8 0.85 0.97 -0.51 -1.52 ' -3.23
9 1.02 0.96 0.00 0.00 0.00
10. 0.63 0.9 -0.52 -1.53 . -3.19

Subject 3 - free standing position

1 -1.51 1.02 - -1.07 -3.34 -4.20
2 -0.95 . 1.01 -1.09 -3.50 -4.05
3 ~1.47 1.04 -1.04 ' -3.24 ~4.14
4 -1.36 1.01 v -1.05 -3.28 -4.18
5 -1.34 1.04 -1.04 -3.25 . —4.66
6 -1.06 1.03 -1.05 -2.20 _ -3.8
7 - -0.63 1.01 , -0.52 -1.63 o =2.24
8 -1.50 1.02 -1.56 -5.07. -6.72
9 -1.42 1.02 -1.53 -3.27 ~-5.78
10 -0.66 0.97 7 0.52 1.71 -2.11

Subject 3 - inclined positioning

1 -0.95 1,01 -0.53 -1.63 - -2.87
2 -0.86 1.02 ~0.53 -1.59 -3.01
3 -0.86 1.03 -0.54 -1.63 -3.02
4 -0.80 1.02 -0.54 -1.93 -3.91
5 ~0.77 1502 . -0.54 -1.69. - -2.48
6 -0.76 0.9  -1.07 -2.36 -4.44
7 -0.64 ¢ ©1.02 0.55 -1.86 -3.33
8 -1.34 1,03 ©-0.53 -1.61 -2.95
9 -1.30 1.02 -1.06 -2.36 -4.36
10 -0.91 1.02 0.55 -1.86 -3.54
L

59



RAW DATA - SCOLIOTIC PATIENT

Scoliotic Patient - seated position

Trial # L. Dev.

0.29
0.45
0.00°
0.05

- 0.00

- 0.00
0.00
0.00
0.00 .-
0.00 ——

O~ L W Nl;—'

Lol =]
o

Arclength

0.
0.
0.
0.
0.9
0.
0.
0.
0.

0.

97
94
95
95

93
95
%
93
96

Hump Height

-0.54
-0.53

0.57
=0.52
-0.55
-0.57

-0.58

-1.09

-0.56
0.00

Scoliotic Shbject - free standing positioning

1.07.
~0.48
-0.20

1.11

1.49

1.34

- =0.30

1.03
-0.36
-0.39

O NV W =

= O
o

F

Cooooco0O0OO

FRERIRRRR

Scoliotic Patient - inclined

-0.53
2.16
1.83

-0.61

-0.41
0.59
1.77

-0.39
0.95

-0.32

=0~V W

o

~ 0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

96
97
94
9%
95
93
95
9
95
95

position
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1.09
1.09
1.10
1.08
1.10
1.10
1.07
1.07
1.10
1.10

1.08
-1.61
1.63
1.10
1.08
1.62
1.10 -
1.10
0.55
1.09

PR LPLWLWWEP™PW

-1.68
1.9
2.03

-1.97
2.06

~2.07

-1.99

-3.46
2.09
0.00
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