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Of bhack problems experienced in adolescence, scoliosis is  the

most freguent (Bradford et al. 19873 Lancard-Dusek et al,

19913, BSeveral studies have been conducted to determine the
affect of exercise on back pain. The results indicated that

certain regimes are more successful than others.

The purpose  of this eatudy was to determine wheathey i
corrective exercise  programme, which was intensively and
aguressively applied, will have & positive effect on

adolescent scoliosis subjects.

The subjects were divided, randomly, idinto & control and
rehabilitation group. The rehabilitation group followed an
elght week programme compyrising P4 sessions.  Both  groups were

avaluated at session zero (Q) and seassion twenty four (24).
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A t~test for homogeneity was done at day zero, between the two
groups  for the variables S to VB, The results indicated
homogeneity (F ’ﬁ Q.05) . A pailred t-test was done for gvoup
one; indicating that there was a meaningful difference in all
the variables; except for standing height (F > 0,05). For
group  two  the test indicates a meaningful difference for

degreess, standing height and lateral flexion.

A t-test at day 84 indicated a meaningful difference for
degrees and lateval flexion. This indicates that the group
which had followed the programme had  improved whilst  the

control group had deteriorated.
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Van die rug probleme ondervind by jeugdiges, is skoliose die

mees  veelvuldig (Bradford et al, 19873 Lancas-Dusek et  al,
1991 . Vershele studies is veeds gedoen wat die effek van
oafaning op die rug evalueer. Dim resultate dui aan dal van
die programme meer suksesvol i as ander.

Die doel van die studie was om te bepaal of ‘n korrektiewe
cefenings program, wat intensief en aggresief toegepas is, 'n

pogitiewe effek op geringe adolessent skoliose individue sal

e,

Die individue was willekeuwrig ingedeel in ‘n kontrole en  'n
raehabilitasie groep. Die rehabilitasie groep het 'n agt weke
program gevolg van 24 sessies. Relde groepe was tydens sessie

nul en sessie 24 ge-evalueerr.
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vii
N Tmét% vir homogeniteit was gedoen by dag nul, tussen die
twee groepe, vir die veranderlikes V3 tot V8. Die resultate
was homogeen (p‘} 0.05). 'n Bepaarde t-toets vir groep een het
aangedui dat daar n betekenisvolle verskil vir  al dinm
veranderlikes was: behalwe staande lengte (p » 0,08), Vir
groep twee was daar m betekenisvolle verskil in grade, staande
lengte en laterale fleksie.
n T-toets op dag 24 het 'n betekenisvolle verskil viv laterale
fleksie aangeduld . Dit cdui aan dat die groep wat die program
gevalg het  verbeter het, terwyl die kontrole groep aghberult

gegaan het.
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THE PROBLEM

1.1. INTRODUCTION

Not enough has been done concerning Riokinetic rehabilitation.
A gquick review of the term Biokinetics "improvement of life
through movement", substantiates this argument. Functional or
mechanical wunsymmetrical back problems and the conservative
rehabilitation thereof is being neglected (Mead ggmgL. 1991) .
Much, however, has been done on  the conservative care of low
hack pain (McKenzie, 19813 Calliet, 1988; White and Fanjabi,
19900 but little specifically for unsymmetrical deformities of

the spine (Moe and Byrd, 1987).

In a socilety where the emphasis is on maximum  achievemenl and
goal attainment, one can 111 afford to be debilitated and bed
stricken for any lengthy period of time. This can be no truer
than for a school child who cannot afford to miss classes.
Many of L scoliotic Cases tan S& conservatively
rehabilitated by following a constructive program to correct
the imbalancements. Bed rest should be avolded since atrophy

may occur rapidly. Strict bed rest or maintaining a single

position for & prolonged period must  also be avoided as this

promotes back spasm., Movements of the back through a pain
free vrange of motion should be encowraged (Blount, 1971

HMarvey and Tanner, 1991). Fope (1982) states that @
ven "Back pain is a national, personal and clinical problem;

national because it ie experienced by most of the population
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at the same time and is & strain on the nations reEsSOUrces;
personal because it can remain a major unresolved dilemma and
clinical becmuﬁé not. only is diagnosis difficult, but methods
of treatment are conflicting and often unrewarding". (Fope,

1982, pl).

Fart of the problem in assessing treatment lies in  the
diagnosis (Morvison, 1983, ne  cannot  implement the same

remedy for all back pain, be it cervical, thoracic or lumbear.

The problem confronting physicians, specialists, therapists
and biokingticist is that a wvery high percventage of back
related Titeratwre is concentrated solely on the lumbar
region, that is lordosis of the lumbosacral spine disc,
tropism, degenevation, sacrolliac complications and so  forth

(Calliet, 19883 Seimon, 19833 Bolesta and Bohlman, 1991).,

Research completed on  thoracic and cevrvical spinal problems
must be more methodical and precise. Doran and Newel)l (1975)
antd  Coxhead et al (1981) compared traction, manipulation,

corsets and exsrcises, fov back pain treatment, amnd concluded

that no one method was supeyvior. What they did, howevey,
AT @ upon is that physiotherapy, a second phase
rehabilitation procedure, was bheneficial in  short term

treatments.
This observation leads one to ask whether or not, and to what
extent, Biokinetics, a third phase rehabilitation procedure,

could benefit a back pain sufferer. It is in this area that
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there are  shovt  comings and  there is & definite need for
research.  Forter (1986) stated that spinal structures are

move subject tﬁ injury  when fatigued. This statement being
true, it is  felt that if the musculo-skeletal system of the
hack can be strengthened, through RBiokinetic procedures, the
incidence of back injuries will be reduced. It must also bhe
noted that the spine remains normal through the maintenance of
a delicate and precarious balance. This balance depends on
the precise functional status and dynamic symmetry. Scoliosis
can rmﬁuit from  either gross or delicate disvuptions of the
delicate balance (White and Panjabi, 19903 Fuller et  al,

1971,
1.2 PROBLEM SETTING

The aim of this stuwly was to rehabilitate scoliosis subjects
conservatively as  apposetd to radically. In this CASE
conservative versus radical refers to non-surgical  versus
surgical intervenltion, A definition of ﬁmmiimsiﬁ, as  definmd
by White and Fanjabi, (1990) is accepted as i

wast@N appreciable lateral deviation in the normally straight

vertical line of the spine". (White and Fanjabi, 1990, p7).

Back problems in adolescence is of a high percentage when
compared  to any other allments experienced (Meinert, 1986:
Bolesta and Bohleman, 19%91). Due to bad postural habits young

school  going children develop various degrees of muse le

imbalancemsnts which result in structuwral malalignmentes.
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These malalignments, in turn, become debilitating in various
degrees, which Wltimately negatively influence the individuals
@recution  of hiﬁ daily tasks (Nachemson, 1987; Harvey and

Tanner, 19%91).

0f the back problems expearienced in adolescence, scoliosis i

the most frequent (Loncar-Ducek et _al, 19893 Bogduk and Amevo,

1290}, The causes of scoliosis may either be structural ov
functional. Functional scoliosis presents a curve that  is

always present, except when a correctional force is applied,

such as achive muscular strain by the patient. This cwrve is
maintained by muscular and gravitational forces. Compenasatory
curves are  usually  functional curves (Lancas-~ Ducelk, 198%;

Havvey and Tanner, 1991).

Structuwral cuwrves, on the other haﬁd, are rigid and cannob be
corrected by active muscle foroes due to vertebrae deformation
(White and Fanjabi, 1990). Although structural scolicosis may
arise from a muscle or skeletal deformity if is almost always
treated swgically o medically (Seimon, 19883 White and
Fanjabi, 19920). Functional scoliosis on the other hand, is a

direct resull of the one sided babits concerning postuwe  and

movement (Schrecker, 19793  Seimon, 19288). The causes could he

the carrying of a school bag in the same hand constantly, the
use  of  one  arm or & gpecific posture o standing
incorvectly for any length of time (Schrecker, 197%9;

Havvey and Tanner, 1991). Harvey and Tanner (1991), sugogestecd

that back injuries in sportsmen resulted from growth spurts,
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sudden training intensity intcreases, unsuitable spoyvte
@quipment, improper technigue and leg length inequality.

Fesides the psychological affects of scoliosis the physical
affects are very obvious. The physical affects encompass leg
length discrepancies, scapula protrusions, i1liac crest slant,
acromion slant, and impaired pulmonary function (Schrechkeyr,
19795 Rothman and Simoene, 1982). L.eg length discrepancies
cause  an unequal transmission of  forces acrose the spine.
This is fuwrther complicated when an athlete or  individual
moves gquickly and the stress transmitted through the spine is
compoundesd by acceleration (Crisco, 1989 ; Harvey and Tanner,

1991) .

Fovr  these above mentioned physical reasons it is important to
detect and rehabllitate scoliosis esarly or as close to the
onset as possible. The orthodox treatment of scoliosis today
is by means of suwrgery or bracing (Drummond, 19913 White and
Anderson, 1991) . Both these prmcedugas can have a

peychological effect on the adolescent with the added cosmetic

disadvantage of swgery.

1t is  felt , howsver, that in cases where swgery is not
NECeSSEary in functional CABES, corrective, structuwral

vehabilitation should be atlempied. Scoliosis can have a  very

limiting affect on the individual thus leading to various
stages of withdrawal. By conservatively rehabilitating the

condition through constructive exercises, we can also promote

Cthe importance of sovement and exercise in the execution of
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uaily' tasks (Shaver, 127%s Fuller et _al. 1991). This
rehabilitation should take the form of exercises, whers
apecific mu%alé%, Tigaments and tendons are strengthened as
wall as improving their flexibility, s0 as to Count e
imbalancements which result  from  the previously mentioned

factors (Ford et _al., 19843 Fuller et al, 1990).

It is  dimportant to note that stbtructuw-al rvebabilitation  does
not  begin and end with erxercises aloneg enlisting the parenls

caopevation and  support in fhe ioprovement of the causative

habits, is very important.,

Wi t:h widespraad school scoreening programs  for  scoliosis,
physiciang are becoming increasingly involved in the initial
evaluation of patiente with abnormal spinal cuwvature. The
genavral orthopaedic swrgeon will be familiar with many of the
clinical concepls but many may be wunaware of the role of the

Biokineticist in treating and monitoring scoliosis.
1.3 AIMS _OF THE STUDY

The aims of Lhe stuwly were as follows @
1 u To detevrmine whether & PBickinetic Rehabilitation
program can  bhe beneficial as a4 means of scoliosis

rehabilitation,



@ UNIVERSITEIT VAN PRE‘TU‘UA
TG
i "7 o
= To tdetarming whether A specific seoliosis
rehabilitation program is effective and sufficienk

over an elght week period.
1.4 HYPOTHESES

They following hypothesss ave relalted to the purpose of  bhe

study:

L. There is an improvement in the spinal scoliosis when
fol lowing  the eight week Bigkinetic rebhabilitation

P OCTam .

P

A peviod of eight weeks is sufficiently long to
rehabilitate guolionsis conservatively through

corrective exercise.

e 1 There is an  improvement in spinal scoliosis when
following an  eight week, conservative, Biokinetic
rehabilitation program.,

1.5 TERMINOLOGY
The following terminology is derived from the appyoved
glossary of the Scolivsis Research Society from 1981 (De  Smet,

1960

1. Adolescent Scoliosis: Scoliosis appearing at or about the
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onset ﬁf puberty and before maturity.

G Adult Scoliosis : Broliosis  of

etiology present

atter skeletal maturity.

3 Muscle Atrophy : This is the

tissue dus

body part,

nerve stimalation (Westcott,
&4, Curve measurement : (i) Salect

wasting of musele
immobilization

inactivity

inferior

vartebrae

gndplates

the curve

concavity of

erect

perpendicular from

this endplate,

(id) Golect

aphalad

vertebrae

superior

endplate

the Gurve

concavity of

erect

perpendicular firom

this endplate.

(iii) The

formed by

number of degrees

intersection

the angle

of these perpendiculars.
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i Extension : The angle of the joint enlarges.
O Flexion : The angle of the joint diminishes.
7. Functional curve & A CUYrve that has no structural

componeant. .

8. Muscle Hypertrophy ¢ It is  the result of an  increase
in the size (and not the number)
of individual muscle | fibres
resulting in an enlarged muscle

or group of nuscles.

A Idiopathic Scoliosis 1@ A scoliosis of unknown etiology.
10. Infantile Idiopathic Scoliosis @ An idiopathic
scoliosis appearing

before “the skeletal

age of three years.

L1. Infantile Scoliosis : Scoliosis developing in the

first three years of life.

1#. Juvenile Scoliosis : Sroliosis developing betwaen
skeletal age of three years and

the onset of puberty.
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fo3:

- 30 -
e Mﬁjur Curve : Designates the larger(est) curvala)l,

usally structwal.

14. HMinor curve @ Designates the smaller(est) curve(s).

15. Myopathic scoliosis ! Scoliosis owing to a musculav

dismorder.

14+ Range of motion : The degrees through which a hody
segment  can  move, about a pivotal

AKX L.
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LITERATURE REVIEW
2.1 INTRODUCTION

Scoliosis refers to a lateral curvature of the spine. It may
he secondary to a short leg, or standing in & tilted postuwre,
if  the subject finds that this alleviates pain. If seiatic
pain  is aggravated by bending to one side, the patient will
reflexly stand flexed the other way. This is known as sclatic

scoliosis. There may well be no reflex spasm due to pain, bub

instead & leg length discrepancy. This will reflect a brue
scoliosis, usually of long standing duration. Fuller et al

(1991)  indicated that non scoliotic subjects tended to bhe more

flewible in Chedr trunks than scoliotics.

Idiopathic scoliosis, which represents eighty five to ninety
percent of scoliosis cases, occurs in normally healthy
children, It may, however, be hereditary (Moe and Byrd, 1987;

White and FPanjabi, 1990),

n ﬁcmiimﬁiﬁ there i a considerable deformation within a
given vertebrae. There may be a long pedicle on the one side
anc a short pedicle on the other side, The transverse process
may be asymmetrical in theiv spatial orientation. The spinous
process  may be  deformed and bent out of the midline. The

faminae and vertebrae bodies are asymmetrical (De Smet, 1985,
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Loncar-Dusek et al 19%91) in his study of growth velocity

varsus the onset of idiopathic scoliosis, noted that girls

with scoliosis tended to be taller than girls of the same age
who dic  not have scolilosis. His study group concentrated on
subjects betwesn the ages of ning and twelve years. e

followed their growth for three years and distcovered that the

number of subjects with scoliosis tripled. He also observed

that scoliotic subjects grew faster and that the prevalencs of
the onset of scoliosis was the highest during puberly. A

possible cause could be that the paraspinous tissues do not
arow at  the same rate as  bone resulting in tight lumbodorsal
fascia and hamstrings stressing the spine unilaterally or  non
unilaterally (Yarom and Robin et al, 197%9). Bivls  who
tdeveloped scoliosis from & previously normal posture showed a
paak height growth of 8.1 cm per vyear compared to the 7.1 om
in the givls who maintained a novrmal posture. This research
is consistant with that of Willner (1979) and Nachemson (1987)
who stated that apart from genetic factors, greater body
height is a significant risk factor on tﬁe davelopment of

seoliosis.

Numarows clinical studies have been conducted to determine the

CALGRS of scoliosis. The theories investigated were
newrological  dysfunction (Barrack et al, 1984), el e

mustagmus response (Sahlstrand et

La 1978) and deficiencies
in proprioception (Yekutiel st al, 1981). There was, however,
no conclusive aevidence that any of these factors causes

idiopathic scoliosis.
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A further form of scoliosis, rotoscoliosis, causes structural
malalignment of two adjiacent deformed vertebrae. Thi s
condition is tﬁfmed spinal tropism and is usually found in the

lumbar area L5851 or L4-LE (Calliet, 1988; White et al, 1990).

Normal functional mechanics is impaired when the facets of the
vertebrae are off centre. During flexion and extension the
concave aspect of the curve becomes the point of rotation,
thus  increasing torque forces and eventual locking. This
evidently reduces the spinal range of motion (Bradford et al,

1987; Calliet, 1988).

A new experimental dirvection has been to induce imbalance in
the neuromusculay and osseous ligamentous structures of the
gping in  experimental animals. The reasoning is  that the
imbalancements resulting in & scoliotic pattern may be sought
as a potential etiologic factor in idiopathic scoliosis . The
presumption, then, is that weakness of & structuwre on the
convex side of the curve or an over activit; of its antagonist

on the concave side may be the cause of scoliosis (Michelsson,

The Heuwter-Volkmann's law is based on a traditional theovry
which suggest that increased pressure across an epiphyseal
growth plate inhibits growth, whereas a decreased pressuwe
across  the plate tends to accelerate growth. This theory
being true purports that ,the epiphyseal plates on the concave

side of the curve have abnormally high pressures, decreasing
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grmwth} whereas the pressuwres on the convex side are less,
accelerating growth (Volkman, 19462). Work by 8tillwell (196i)

on monkeys ﬁuppﬁrtﬁ this hypothesis.

The above mentioned are but a few variation of scoliosis and
their associated limitations., It would now be appropriate to
examine the Anatomy, Einematics and Biomechanics of the spine

and the various technigues in dealing with and rehabilitating

seoliosis, The methods of treatment are many, ranging from
exercise to various forms of drug  dinducement, SUTCEerY,

bracing, stimulation ancd relaxation.

2.2 ANATOMY AND BIOMECHANICS OF THE SPINE

The spine is a structure with three main biomechanical

functions:

A it transfers forces and bending moments of the head

and trunk to the pelvisg

B it allows for sufficient movemenit between the head,

trunk and pelvisy and

5 it protects the delicate spinal cord from forces,
and  movements produced by trauma (Ogilvie and

Millar, 1983).

The 332 vertebrae (7 cervical, 12 thoracic, § lumbar, 9 sacral
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and Qlcmcﬁygﬁal) articulate with each other through a complex
gevries of joints, ligaments and levers. Stability is also
supplied by th vib  cage and a highly developed, dynamic
newromuscular control system (Luttgens and Wells, 1982, Moore,

19835) .

In the frontal plane, the spine is straight and symmetrical.
There may be a slight thoracic cuwrve to the right which is
thought to be due to either the aorta or dominance of the
vight hand. In the lateral plane there are fouwr " normal

curves, The curves are convex anteriorly in the cervical and

lLumbar raegion  {(lordosis) and toncave anterdorly in  the
thoracic and sacral region (kyphosis). The mechanical basis

for  the curves is to provide flexibility, improve shock
abhsorption and to maintain stability at the intervertebral
Joints (Ogilvie and Millav, 19833 Bradford, et al, 1987).

2.2.1 INTERVERTEBRAL. DISC

2.2.1.1 Functional anatomy

The intervertebral disc constitutes 20 - 33 %4 of the height of
the vertebral column, Along with the facet joints it is
responsible for carrying all the compressive loading to  which
the trunk is subjected (Hivrch, 1994; FParsad et _al, 19274). It

comprises three distinct structures namely the nue leus

pulposus, annulus fibrosis and the catrilaginous end plates.
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Nucleus pulposus

The nucleus pulposus e a structwre composed of & translucent

fineg network of fibres that lie din & mucoprotein gel
containing various muecopolysaccharides. In the thoracic
region it is centrally located in the disc. In the lumbar and

cevvical regions it is  more posterior and lies at the junction
of the middle and posterior thivds of the disc. In cross

section it fills 30 « 50 % of the total disc area. The water

content of +the disc varies from 70 -~ F0 % and is highest at
birth but decresses steadily with age. The size of the disc

as well as its capacity to swell is greater in the cervical
and  lumbar regions. (Lysell, 1969 Fanagiotacopulos et al,

1987 .
Annulus fibrosus

The annulus fibrosus is composed of concentric laminated bands
of connective tissue fibres. The annulus fibrmﬁug gradual ly
becomes move differentiated from the centre to the periphery.
The laminated bands are tcomposed of fibres which run in the
same cdivection in a band. The bands are all orientated at 30°
tor the horizontal but adjacent bands are orientated at  90° to
each other (Fig 1), The fibres are attached directly to the

nsseous tissue of the cartilaginous end plate and are called
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Sharpéy’s fibres (Luttgens and Wells, 198é; Brinckmann, 1986).
Cartilaginous énd plate

The cartilaginous end

Comparatively

plate is composed of hyaline cartilage.
little isw known about the end plate.
(Brunnstorm, 196637 Brinckmann, 198640,
2.2.1.2 Biomechanics of the intervertebral disc
The intervertebral tlisc exhibits specific biomechanical
characteristics which depend on
- the type of fovrce applied (compressive, tensile,
torsion or sheayr forces); and
B the inherent blomechanical properties of the disc
(Creer, relavation, hysteresis ‘and
tolerance)y (Kerkaldy-Willis,

fatigue
1983

Special technigues are used to document
and include

the measurement s
and Fanjabi,

these characteristics
(whi
L9903 .

intradiscal pressure

(White
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i. Cnmpressive forces

The intewvewtwﬁral disc has been subjected to compression
forces Wsing in  vitro models such as  applying compressive
loads  to a vertebra-disc-vertebra specimen. Load deformation
curves have besen  wsed to document the biomechanical behaviowr
of the disc (Onderson and Shultz, 1979, Brown et al, 1907).

The major biomechanical characteristics of the intervertebral

disc are s

= the lmad deformation curve is sigmoid (indicating
that the disc is flexible at low loads and becomes
atiffer at high loads);

4 VETY high loads cause plastic deformation

(permansant) but no  dise herniation occuwrs (even when
a posterior longitudinal incigion dis made in the
anntlus fibrosus;

= during  compression  loading to  failure the firvst

structure to break is the vertebral end plate and

not  the disc (earlier and more extensive collapose
peocuwrs in osteoporotic vertebrae)
e using discography it was demonstrated that nucleus

pulposus herniation occuwrs into  that vertebral body

in the above mentioned type of failurej; and

- central compressive loading results in disc bulging



in  all directions and not only posterolaterally

(Brown et al, 199573 Farfan , 1273; Crilad el  al,

1986) .

Computer simulation studies (Zorab, 1974) have also been

concduetec to predict the compressive load behaviour of
the intervertebral disc. The distribution of forces in the

disc have been predicted for normal  and degenerated discs.
The predicted compressive load transfer form one disc Lo the

next in normal and degenerated discs are as follows

Compression load transfer in a normal disc (Fig 2) 1 & central
compressive load applied to a normal disc will result  in
increased pressuwre  in the nucleus pulposus. In the early
years of life (430 yvears) there is sufficient fluid for the
disc to act like gelatinous mass  (Virgin, 19891 and White ot

al. 1973).

The increase in  fluid pressuwre is distributed in all direction

equally (Fig 2)3 the end plates are therefore pushed up and

the annular rings radially outward. The astress in all  Lhe
fibres of the annulus is a tensile stress but the magnitude

and direction of tensile stresses in the inner and outer
annular rings  differ. The stress din  the outer lamina is

praedominantly cirvcumferential (lateral) whereas the tensile

stress  in the inner lamina is predominantly axial. Fluwid
pressure within the nucleus supports the inner lamina.

(Brinckmann. P, 19843 Grieve G.F, 19%1).
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Fig 1 1 Structure of the annulus fibrosus

(Adapted from Cailliet R, 1985)

ANNULAR
FIBERS

Fig 2 : Compression load transfer in a normal disc

(Adapted from Macnab et al, 1989)

“Byrsting”
fracture of
vertebrai

body
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Cwmpreésion load transfer in a degenerated disc (Fig 3): In a
degenerated disc the nucleus is dry and the load transfer
mhawaﬂteriﬁtiCﬁ! change because there is no increased fluid
pressure in the nuclews (Fig 24). Greater compression is
exhibited at the periphery resulting in an increase in  axial
stresses which are compressive (Fig 32B). In the inner layers

of the annulus  the axial compression stress  increases and

there is an additional compressive stress in the direction of

the fibres (Fope e Ly 192883 Moore, 1985).

2. Tensile forces

Dwring  flexion, exrtension, lateral flekion and rotation

movements of the spine the intervertebral disc is subjected to

tension forces (Markolf, 1970), This causes tensile cltreas
within the disc. Duwring bending the disc rotates about an
aris of rotation, which divides the disc into a segment that

is compressed and a segment that is subjected to tension (Fig
4, Tensile stresses have been studied in fﬁo ways;: sections
of the disc have been cut  in various directions (mapping of
the disc) and subjected to tensile forces, or tensile forces
have haeﬁ applied to vertebra-disc- vertebra units. Tension
deformation curves have been used duwring both these methods to
gltudy the biomechanical characteristics of the disc {(Bradford

et al, 1987, White and Fanjabi, 1990)
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Fig 3 : Compression load transfer in a depressed disc

(Adapted from White et _al, 1990)

e TENSILE STRESS

»———t COMPRESSIVE STRESS

Fig 4 : Disc stress during bending

(Adapted from White et al, 1990)
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Results from studies in which the axial tensile strength of
segments of the dise was determined, known as axial tensile
strength maps. 'ﬁhmw that the anterior and posterior rvegions
are stronger  than the central and lateral regions (Bvown et
al, 19573 White and Fanjabi, 19%0),. Bimilar studies (White

and Fanjabi, 19903 Gilmore, 19863 Fope, 1982) have alsto been

performed for forces directed in directions other tian
axial, In these studies tensile strength was found Lo bhe

highest in a plane of 30° to the horizontal (Fig 85). This is
the same direction of the fibre orientation of the annulus.
The disc is therefore a structuwre which is highly adapted to
accommpdate tensile stresses in specific directions (Markolf,

19703 Gelante, 1973).

In studies (Markolf, 19705 White and Fanjabi, (990) where the

tensile astress of vertebra-disc-vertebra KPECIMeNs  were

examined the disc was found to be less stiff in tension than
CcoOmprassion, This has been attributed to the increase in
fluid presswes in the nucleus of the disc.

Computer simulation of the affect of tensile stresses on the
disc have not been performed. However, a model has been
proposed where tensile stresses that are applied to a disc are
divided into two components; a normal stress which is parallel
to  the fibre orientation and the sheer stress is high but
there is little provision to absorb the stress. The disc is
therefore more likely to 'fail when tensile forces rather than

compressive forces are applied to it (Bhagnara, 19883 Brown el

al, 19827.
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3. Bending

The effects of ﬁensilm and compressive forces on the disc are
best demonstrated by bending. During flexion, extension o
lateral bending there will be a specific point of rotation in
the disc known an the instantaneous axis of rotation (Fig &).
On the concave side of the bending compressive forces will act
on the disc and the magn i tide of these forces will
increase progressively from the centre to the periphery of the
disc. Similarly, on the convex side the forces will be
tensile and also increase progressively fyrom the centre
to the periphery (Road, 1926035 Schultz et _al. 1982).

4, Torsion forces

The effect of applying a torsional or horizontal twisting
force to the disc has been studied in  vertebra-disc-vertebra

apecimens  (Farfan el

al, 19703 Farfan, 1973). Rotational
forces applied to the disc generally resulted in failure of
the disc rather than the vertebra or the end-plate. This
occurred at about 15-20° rotation in normal disce and earlier
in degenerated discs. It must be noted that the magnitude of
torsional forces are greatest in the area of the disc which is
furthest from the axis of rotation (Farfan et _al. 1970y

B - 1Y

Farfan, 1973).
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Fig 5": Tensile strength and stiffness of disc areas (other

than axial)

(Adapted from White et_al, 1990).
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Furthermore, torsional (rotational forces are associated with
shear stresses (perpendicular to the axis of the spine in a

horizontal direction). These shear stresses are however not
uniform by studying torsional forces alone does not provide

sufficient information on the shear characteristics of the disc

(Nemeth et _al, 1988; Pandjabi ek al, 1988).
b, Sheaf forces

It has been shown that high shear forces (horizontal forces as
in antero-posterior and lateral directions) have to be applied
to an intact disc before it will fail. This indicates that the

disc is resistant to isolated shear forces (Nemeth et al, 1986;
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Paﬁjaﬁi et _al 19883 White and Fanjabi, 1990).

4. Creep and relaxation

Creep and relakation are biomechanical properties of
viscoelastic tissue. Creep, a compressive load, ancl
relavation, a tensile load, refers  to a progressive

daeformation of the tissuwe that occurs if a static load is
applied (Hirsch and Nachemson, 198543 Markeolf and Movreis,
1974) . The maximum deformation is reached after a specific
time. Intervertebral discs react like viscoelastic tissue
Cwith  respect to  these characteristics. However, degenerated
discs do not exhibit the same characteristics and reach their
maximum deformation much earlier, It is well documented that
shock attenuation is related to these viscoelastic properties.
The implication is that degenerated discs have less shock

absorbing capability than normal discs (White and Fanjabi,

1990 .,
7. Hysteresis

Hysteresis is a biomechanical property that describes the
ability of a tissue to absorb energy on repeated loading.
Hysteresis has been observed in  intervertebral discs and

varies with respect to the following :

- Age + It is highest in the younger population and

decreases with age.
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= lL.evel of the wvertebra 1 It has bheen observed that
lower thoracic and upper lumbar vertebrae exhibit

less hysteresis than the lower lumbar vertebrae.

Type of loading t Repetitive loading CALBRS
progressive loss of this characteristic in veritebrae
implying that this form of loading increases the
risk of diﬁﬁ ﬁiﬁeaﬁa. In repetitive loading such as
running, spinal  shrinkage has been shown after
exercise (30 min of running at different speeds).
The degree of shrinkage was also related to running
spead. The qreater the speed the more the
shrinkage. (Virgin, 1951: Kelsey and Hardy, 1973;

White and Fanjabi, 1990).
8. Fatigue tolerance

Fatigue tolerance refers to the resistance of ‘tissue to fail
under repetitive loading. There is very little known about
this property in  intervertebral discs. A fatigue test on a

disc showed that if a constant small axial load is applied to

a disc and repetitive flexion to 5° is then applied, failure

oceuwrs in the disc after about 1000 cycles. This indicates
that the fatigue life of a disc in vitro is low. This

information is not available in vive (Crisco, 1989; White and

Fanjabi, 1990).
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Fig & The affect of extension and flexion on disc bending

(Adapted from White gt al. 1975).
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D Intradiscal pressure

The measuremsnt of intradiscal pressure provides direct
information on the pressuwre in  the nuclear pulposus of the
disc. It is performed by inserting a very thin gauge needle
with a pressure transducer at the tip into the nucleus
pulposus of Lthe disc (Nachemson et _al, 19643 White and
Fanjabi, 12%0), The intradiscal pressuwe can be recovded
guring  in vitro  and  in vivo. It has been recorded in a

variety of postures and movements. The disc pressure during

these movements and postures are usually expressed as a
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percentage of the disc pressure duwring standing or in absolute
values. A summary of the disc presswres recorded in such

studies are dmpiuteﬂ in Fig 7 (Anderson and Shultz, 1989).

The major findings using this technigue are @
----- there is a compressive stress present in the
unloaded state due to the posterior elements of the
vartebhrae, This is termed the pre-stress and is

prasent even in supine lyings

- intradiscal pressure can  increase from the valus in
astanding by flexion during etanding (30%), silting
(40%) , flexion in  sitting (B85 %), and holding
weights (120 % duwring ﬁtanding and 175 % during

sitting) (Fig 7A);

s positions such as standing on one leg, lateral
flasion, coughing, straining, laughing and extension

can increase the disc pressuwwe by 15-30% (Fig 7B);

= specific pxercises oan increase the disc pressuwe by
30 ~ 110 %j
- the position of lying supine with the hips flexed,
kEnees flexed and the feet supported on a chair

cecreases the diac pressure Lo a value almost as Jow

.
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as lying supine (Kirkaldy-Will, 1983; Anderson and

M Nedill, 1988).

2.a8.2 SPINAL_LIGAMENTS

The seven ligaments of the spine collectively provide
stability to the spine while simultaneously allowing
physiological movement in the structuwre, Fig 8 (Keim et al,
1982y White and Panjabi, 1290). The ligament of the spine

have several functions:

- they bind the vertebral units together thereby providing

stability;

protect  the spinal cord by controlling the limits of the

spinal motion; and

- they govern the spatial motion of each vertebral segment
in  conjunction with the posterior facet orientation.
(Dickson and Bradford, 1984).

2.2.2.1 Anterior longitudinal ligament

(i) Anatomy

This is a fibrous tissue structure which originates from the

hase of the occiput and is attached to the atlas, anterior

surfaces of all the vertebral bodies, and the sacrum. The



Fig 7 A: Pressure Loads on Disk L3

(Adapted from Anderson et al, 1989)
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Fig 7B: Relative change in pressure in the third lumbar disc

in various maneuvers

(Adapted from Macnab et al, 1989)
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attachment to the vertebral bodies is  firmer than t e

attachment Lo the disc. (Brieve 6.F., 1991),

it is also wider at the bodies rather than at the disc. This
ligament is also narrowey and  thicker in the thoracic region

(Arutynow, 194835 Dickson and Arther, 1987).

(ii) Biomechanics

The anteriovr longitudinal ligament will be deformed if there
is separation of the vertebral bodies anterioriy - during
extension movements o if there is anterior bulging of the
disc during flexion movement {(Hansson and Bisgrkreim, 1980;

Feim, 19882).

In addition there may be torsional stress in this ligament in
rotational movements of  the spine. The biomechanical
characteristics of this ligament are age dependant. Advancing
age is associated with a decrease in the rasﬂing force, the
failure stress and  the extension at failure. Finally,
disruption of this ligament is likely only with rotational

forces rather than tensile forces (eaxtension movemeant.s)

(Thazuk 19683 White and Fanjabi, 1990).
2.2.2.8 Fosterior longitudinal ligament
(i) Anatomy

The posterior longitudinal ligament originates from the base

of the occiput, covers the dens and transverse ligament, and
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then runs over the posterior surfaces of the vertebral bodies
down  to the ooccoyx. RDifferences between the antevior and
posterior 1iqamént are 3  the posterior ligament is wider at
the disc level and narrower at  the body and its connection
with the disc is stronger than in the anterior ligament

(Dickson and Sevitt, 19823 White and Fanjabi, 1990).
(i) Biomechanics
The biomechanics of the anterior and posterior longitudinal

ligaments are similar except that the posterior ligament has:

a higher pre-tension than the anterior ligament due to
the fact that its centre of gravity is further away from

the centre of the vertebrae; and

- a lower failure load than the anterior ligament (Bradford

et _al, 19873 White and FPanjabi, 1990).

2.2.2.3 Intertransverse ligaments
(i) Anatomy
The intertransverse ligaments pass between the transverse

processes in the thoracic reglion. They are characterired as

rounded covde and have connections with deep muscles (Chazal
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et_al, 1985; White et _al, 1990).

(ii) Biomechanics

The biomechanical characteristics of these ligaments are not
well described but are likely to have high tensile stresses in
rotational and  flexion movements due to the long lever arms.

(Chazel et al, 19853 White ancd Panjabi, 1990).

2.2.2.4 Capsular ligaments

(i) Anatomy

The capsular ligaments are attached to the marging of the
articular facets and run in  a divection which is perpendicular
to the plane of the facet. They are shorter and more taut in
the thoracic and lumbar regions than  in the cervical regions

(White et _al, 1973 Fanjabi et _al, 1986).

Cidd Biomechanics
The capsular ligaments provide support during flexion
movements of the cervical spine. In the thoracolumbar region

the ligaments are stretched during axial loading (Frasad et

al, 19743 Fanjabi et al. 1984).



2.2.2.5 Ligaments flavum

(1) Anatomy

These ligaments are composed of a large amount of elastic
fibres (the most pure elastic tisswe in  the body). They
extended from the antero~inferior border of the lamina above
to  the postero-superior border of the lamina below. They
connect  the lamina of the second cervical vertebra to the
lamina of the first sacral vertebra. They are thickest in the
thoracic region and are yellow in colow. (Chazal et _al, 1985;

IR O.F.

Bradford et _al, 1987).
(id) Biomechanics

Very few sltudies have been conducted to examine the
characteristics of this ligament. It has been shown that
there is a significant pre-stvess in this ligament which is
higher than the antevior and posterior lmngifudinal ligaments,

The reason for this is speculative but the following have been

proposecd

- that protrusion of the ligament dinto the spinal

canal is prevented duwring full flexiong

- that this Ltogether with the high elasticity of the
ligament prevents impingement of the spinal cord in

rapid full flexiong and
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- that this provides stability to the spine in the
unloaded state (Charal et al, 19853 Goel and Njus,

1?86{ White and Fanjabi, 1990).
2.2.2.6 Interspinous ligaments
(i) Anatomy

The interspinous ligaments connect the spinous processes of
adjacent spines. These ligaments are broad and thick -in  the
lumbar region, narrow and elongated in the thoracic region and
not well developed in the cervical region (Dickson and Sevitt,

1982 White and Fanjabi, 1990).
Cadl Biomechanics

There are very few raports on  the bhiomechanical properties of
these ligaments. In one study it was documented that the

tension  in these ligaments increased with progressive flexion

(Silver, 1954).

2.2.2.7 Supraspinous ligaments
(i) Anatomy

This ligament originates in the ligamentum nachae and connects

all the tips of the spinous processes of the vertebrae. It is
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round and slender except in the lumbar region where it is
thicker and broader (Chazal et al, 198593 Goel and Njus, 19843

Dumas et al, 1987).
(ii) Biomechanics

The biomechanics of this ligament has not been studied and
probably exhibits characteristics similar to that of the

ihterﬁpinmuﬁ Tigaments (Charal et al, 19835:; Goel and Njius,

19863 Dumas et al, 19873 White and Panjabi, 1990).

2.2.3 RTEBRA

2.2.3.1 Anatomy

Vertebra consist of an anterior body and & posterior bony ring
know as the neural arch. The body is a roughly cylindrical

mass of cancellous bone swrounded by a thin shell of compact

bone . The superior and inferior suwfaces of the body are
salightly concave and are hknown as the vertebral end plates.
The newral arch consists of two pediciles and two laminae.

BSeven processes arise  from the newral arch  (Grey anabtomy,
1981 Dickson and Sevitt, 1982; White and Fanjabi, 1990). The
basic shape of the vertebrae differs from region to region in
the spine. The differences are related to the sirce and

shape of the vertebrae and are designed for differences in
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FFigg B Ligaments of the Spine

(Adapted from Anderson and Mo Neill, 1988)
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mezchanical Toading. (Hasue el al, 19831 Grieve B.F, 19%91),

In  addition, Lhe  vertebrae differ in the regions T
accommodate specific anatomical structures such as  vertebral
arteries  in the cervical spineg and articular facets for ribs
in the thoracic spine (Fradford et al, 19283; and White and

Fanijabi., 1990).

The superior  and inferior articular facets of verltebrasg are
also  shaped ancd  positioned Lo allow specific movements  in
verggdonag  of bhe  apine, In the lumbar region the facebts are
oy ientated primarlly in the vertical plane. Fraom L1 to 81,
howaver, Lthere is a gradual change in  orientation form a
Baacgdtal (LI to a frontal plane (LE/B1).  This allows for

movemant mainly in the saggital plane (extension and flexion)
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andl 1imit% movement in the frontal and transverse planes
(rotation) (Dickson and Sevitt, 19B2; Btranara and Dove,
1988).
2.2.3.2 Riomechanics
(i} Vertebral body
The biomechanical characteristics of the vertebral
body that has received most attention has been the
compression strength, A number of factors appear to
influence vertebral body compression strength. These
ArE 8
A Vertebral level : There is an increase in vertebral
comprassion  strength as the level progresses from
cervical to thoracic and lumbar (Fig 9) i
b oa Age : Vertebral compression strength decreases with
ages and
(" Bone density : There is a direct relationship
between bone density and compression strength (kEell
gt al, 19475 Ferry, 19743 White and Fanjabi, 1990).
(a) Cortical shell

The axial load on the vertebra is tvansmitted to the next
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vertebra by both the articular facets and the‘body, The
relative contribution of the cancellous bone and the cortical
shell to this franﬁmiﬁﬁimn has been studied. (Andersson and

Mo Neill, 1988; MacNab et al., 19290).

It has been estimated that 45 - 7% % of the load is

transmitted via the cortical shell. This larger variation is
due to the effects of age and boneg density. The cortical bone

is also much stiffer than the cancellous bone (Bartley et al,

196637 McBroom et al, 1985).
(bh) Cancellous core

The role of the cancellouws bone in load transmission has also
been studied. Cancel lous bone contributes about 22 - O %4 of
axial load transmission and again depends on age and bone
density. In addition the presence of bone marrow in  the
cancellous bone contributes to shock absorption (Mayes and
Carter, 19763 Euwrell et _al, 1982). The canééllmus core can be
regarded as a structuwre consisting of vertical trabeculae
(vertical colums) extending between the two end plates and
horizontal trabeculae  which support the vertical trabeculae.
The compressive strength of such a sbtructure is dirvectly
proportional  to the coross sectional area of the vertical
columns  and  inversely proportional to the square of the
unsupported length of the vertical columns (Euler’s formula),
Compressive strength will‘ therefore decrease 1if there is a

decreased surface area or an increased unsupported length
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Vertebral compression strength in the spine

(Adapted from White et al, 1980)
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nf the vertical columns (Eurell and Caesarean, 198235 White and

Fanjabi, 1990)

The effects of osteoporosis and age on the structure of the
cancelows bone have been doocumented (Tollison and OGriegel,
198%, Jameg 1974). The earliest changes in age are
loss of horizontal trabeculae particularly in the central
region of the vertebral body, Despite some compensatory but
insufficient thickening of the vertical trabeculae the
structure therefore becomes weaker with age. In  osteoporosis
the decrease in osseous tissue results in both  loss  of

vertical and horizontal trabeculas.

This causes progressive weakening of the cancellous bone
structure (Lindabhl 19763 FKeller et _al, 198%9).

() Vertebral end-plates

1t has already besn stated that axial 1maﬁing will result in
fatlwre of the end plate (Machemson, 192603 Anderson and
Behuwltz, 1979). Three fTailuwre patterns have bheen observed;
central, peripheral and one involving the entire end plate.
Non degenerated discs appear to fail centrally while
degenerated discs fail peripherally. The mechanism of failure
therefore differs. In normal vertebrae the central failure is
ag a result of increased pressure in  the nucleus pulposus. In
degenerated discs the périphﬁral failure is dug to  the

transmission of  the imad to the next vertebra via the

-periphery because the central area gives way due to lass of
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fluid pressuwe in a degenerated disc (Brickmann and Hovst,

197835 Reuber et al, 1983).
2.2.3.3. Neural arch

In most invesltigations the neuwral arch has been considerad as
a unit and not as separate components. Furthermovre, the
methods of applying the loads has varied greatly and the
results of studies are therefore difficult to CEmp ant @
(Balasubramanian et _al, 1979; Hakim and King, 1979).

Howsver, if studied as & single unit undergoing loading, most
failuwres of the neuwral arch occur in the pedicles (Miller et

al, 1983: White and Fanjabi, 19%0).

Axial loads to the vertebra-disc-vertebra unit are transmitted

by both the disc antd the facet Jjoints. The relative
contyibution of these two structures to load transmission has
bhean studied. The velationship is complex but it has been

established that only between O and 383 %4 of the load is
transmitted through the facet Joints in  axial loading (Fanjabi

gat_al,

11, 1986).

The rvelative contributions of the disc, longitudinal
ligaments, facet joints and interspinous ligaments to torsional
strength has also been investigated. In a study by Fosner et
al (1982) the relative mﬁntributimng weres documented AL

follows § disc and  two longitudinal  ligaments (45 %),
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facet joint% (45 %) and interspinous ligaments (10 %4).

The facet jminﬁﬁ also provide significant stability to  the
spine in flexion movements. This has been shown (MacNab et
al., 1990)  with the contribution of the facet Jointg  din
cervical spine flexion injury. A flexion producing load of 30
% body weight, with the disc and longiltudinal ligaments
transected, resulted in a 33 Y% increasse in horizontal

translation (compared to the intact spine).

When the facets were transected, the increase in horizontal
translation was 140 % (White and Hirvsch, 19713 Fanjabi et _al.,

1975) .

Finally, facet orientation, particularly in the lumbar spine,
also plays an important role in  the development of back pain
(Farfan and Sullivan, 19673 Abhmed et _al, 19688).

2.2.4 RIB. CAGE

The yvibs which  Join the %piﬁa to the sternum  forms &
cylindrical cavity, the thoray (Moore, 1985; White and
Fanjabi, 19%0). The rib cage is protective to the spine for
any force directed from anterior and lateral directions.

Tt also provides stablility to the spine by additional

Ligamantg aroundg  the costovertebral Joints and by its
inharent moment of inertia. The increased moment of inevtia

stiffens the spine against rotatory forces (Ross et al,
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19833 Moore, 198%).

Computer ﬁimulaﬁimn studies have detsrmined the bilomechanical
affacts of the vib cage on stiffrness properties of the spine
during flexion, extension, lateral bending, axial rotation and
axial compression. The stiffness properties of the spine were
found to be greatly increased by the rib cage (Fig 10)
(Schultz et al, 1988). This was most marked for extension,
In addition the axial compression strength was increased four
times by the presence of the rib cage. In all the above
effects, the intact ving is important. All these effects were
completely negated by the removal of the sternum (Fig 10)

(Sehultz et al, 1982).

2.2.5 MUSCLES OF THE SPINE

The muscles of the spine are very important to :
(i) provide stability to the trunk; and
(ii) to produce physiological movements of the trunk.

They also play a role protecting the spine during trauma

(l.ucas and Brester, 19613 White ahd Fanjabi, 1990).
2.2.5.1 Anatomy

The muscles of the spine can be divided into pre-vertebral
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which is anterior to the gpine and post-vertebral which is

posterior to the spine (Moore, 198283 White and Fanjabi, 19%0).

The pre-vertebral muscles are  the external obligue, internal
obligque, transverses abdominous, which are dicumferential, and
the rectus abodominous, which is only anterior. Othe
important  pre-vertebral muscles Lhat contribute to the
biomechanics of the spine are guadratus  lumborum and iliopsoas

(Moore, 198235 White and Panjabi, 1990).

The post-vertebral muscies can be divided into supevficial,
intermediate and deep. The suberficial muscles are
ilivcostalis (lateral), longissimus, and spinalis (medical).
Collectively these are known as the erector spinae  (Moore,
1982 White et al, 1990). The intermediate muscles are more
gdiffuse, but components have been lidentified. These muscles
are attached to the transverse processes of the lowey
vertebrae and the spinous process of the vertebra above. In
the different regions of the spine they arehnamed as follows
multifidus (lumbosacral), semispinalis thoracis (thovacic),
memispinals cervicis (cervical) and semispinalis capitis (1)

(ARorab, 1974 Luttgens and Wells, 19882). The deep muscle

consist of short owscles that are named according to the

structure  they connect. They are as follows: S0 ANOUsS
processes {inter~spinales), transverse Processes
(intertransversarii), transverse process below to lamina
above (rotatores) an& transverse process to vibs

(levatores costarum)
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Fig 10 : The role of the rib cage in enchanging the overall
stability of the spine (Adapted from White et al,

1990).
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(Nilliéms et _al, 19803 Moore 19823 White and Panjabi, 19%90).
2.2.5.2 Biomechanics

The biomechanics of the muscles related to the spine have been
studied mostly by documenting electromyographic activity
during specific movements (Hill, 19833 Farfan, 197535 White and

Fanjabi, 1990).
(i) Standing and sitting

In the relaxed standing position there is continuous
activity of the longlssimus dorsi and rotatores muscle
Qroups . Minimal muscle activity can be documented in
soma of the other muscle grouwps as  follows: back muscles
(to counteract flexion), abdominal muscles and psoas
major (to counteract extension) (Asmussen and Elausen,
1964, Nachemson, 194603 Anderson and Ortengren, 19743

White and Fanjabi, L990).

In the unsupported sitting position the muscle activily
in  the lumbayr rvegion is %ihilar to that observed in
stancing. In the thoracic region back muscle activily
wati  higher in sitting than in standing (Moore, 1988;

White and Fanjabi, 1990).
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fii) Flexion

Forward fieximn is a complex movement inymlving both
movement of the spine and the pelvis. The first &0° of
movement generally occurs in the lumbar spine and is due
to flexion of the lumbar spine segments. This is
followed by an additional 25° flexion of the hip joint.
The muscle EMGE activity closely follows this pattern
(Davis et al, 1924603 Farfan, 1978; White and Fanjabi,
1990) . Initially the pelvis is locked a8 indicated by
astrong EMB activity of the gluteus maximums, glubteus
medius  and  the hamstyvings. With progressive flexion
there is increasing EMEG activity of the erector spineg
and superficial back muscles. This is to counteracl the
effect of the increasing bending moment due to gravity.
At full flexion there is little or no EMG activity in
these muscles, with the exception of iliocostalis and the
ligaments provide the force to counteract the DbDending

moment (Anderson and Shultz, 1979: Schultz et _al, 1989).

(iii) Extension

EME activity of the back muscles during extension,
without a load, ococuwrs throughout the movement but  is
predominant at  the beginning and at the end of the
mavemant (Schultz et al, 1985; White et _al, 1990). The
abdominal muscles show progressively increasing activity

as the movement proceeds. Extension of the trunk against
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a load increases the EMG activity of the extensor muscles

(Sechultz et al, 1985; White and Fanjabi, 1990).
(iv) l.ateral flexion

During lateral flexion there is increased EMGE activity in
both the ipsilateral and contralateral muscles (mostly on
the ipsilateral side). If this movemenl 1s against
vesistance the EMG activity differs in the regions and is
higher on the contralateral side in the lumbar region so
as to counteract lateral flexion, and higher on the
ipsilateral side in the thoracic region (Morris et  al.
19633 Anderson  and Shultz, 19773 White and Panjabi,

19%90) .
(iv) Axial rotation

During axial rotation of the spine the following
muscles were found to bave increaﬁed EMB activity
contralateral eide (Rotatores, multifidus), ipsilateral
disec (prector spinae), In addition to abdominal muscles,
the tensor fascia latea and the gluteus medius also  show
increased activity (Donish and Basmajian, 19723 Fope et

@,—!‘.. 1 '{ qaé’ ) L]
SPINAL_CORD

pinal cord, spinal nerve roots, and thelr coverings are
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1ccatéd within the vertebral canal. The vertebral column
provides a partially rigid and partially flexible axis for the
body and a pivﬁt for the head. Thus the vertebral column has
an  important vole in postuwre, in support of body weight, in
locomation, and in protection of the spinal cord and spinal
nerve roots (Moore, 1985; White ahND Panjabi, 1990). The

following important principals apply to the spinal covd

- When stretched the spinal  cord is  indtially very
flexible if subjected to small tensile forces. Az
the length reaches a certain point the stiffness
increases dramatically and a large force is required

o stretch the cord further.

- During  flexion the spinal cord is subjected to a
tensile force. In this movement it unfolds in  an
accordion-like fashion. During flexion the spinal

cord folds.

2 The spinal cord is protected from traumatic forces

by two fluid filled spaces and three membranes.

# The dentate ligaments of the spinal cord provide
additional protection angd stability to the spinal
cord  (Moore, 19835 Rausching, 1987; wWhite and

Fanjabi, 1990).
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B.2.7. BIOMECHANICS OF MOVEMENT IN_THE SPINAL REGIONS

2.2.7.1. Introduction
The biomechanics of the movements in the spine is complex and
differe in the spinal regions. The characteristics of the
movements in each vregion of the spine will be discussed under
the following headlines
e range of motiong
coupling (refers to motion in  which rotation of
translation of a body about or along one axis is
consistently associated with simultaneous rotation
or translation about anobther axis)
- function of specific anatomic elements
2.2.7.2 Cervical spine
The hiomechanics of the cervical spine movements differ in the
upper  or occipital-atlanto-axkial complex and the lower
cervical spine, Fig 11 (Bradford et_al, 19873 Breig, 1978).

(i) Range of motion

In the upper cervical spine the following average ranges of



motion have been described @

Occipital-altantal  Joint @ flexion (13%), lateral

flexion (8%) and axial rotation (0°);

- Atlanto-axial Jjeint 1 flexion (10°), lateral
flexion (0%) and axial rotation (47%) (Grieve,
1991) .

1t is important to note that most of the axial rotation or the
cervical spine occurs at the atlanto—axial Jjoint (Worth, 1985;
Clark et al, 19863 Dvorak et al, 1987; White and Fanjabi,
19%0) . In the lowsr cervical spine the average ranges of
motion in degrees for the interspaces have also be descvribed
{Table 1). Note that the predominant flexion/extension
movements occur  in the central region with the C58 - C6é
interspace being the predominant one.

The upper region  is more  predominant in léteral flexion and
axial rotation (Lysell, 196%; White and Hirsch, 1973; White
and Fanjabi, L990),

Tabyle 1 &

AVERABGE  RANGES OF MOVEMENT (DEGREES) OF THE LOWER CERVICAL
SPINE

Interspace Flex/ext l.at flex = Axial rot

ce - C3 & 10 9
a - G4 1 11 1%~

C4 - G 12 11 12
cs - Cé ! 10
Cé ~ C7 1¢ _ 9

T} _ 8
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Fig L1 Cervical spine coupling

(Adapted from White and Panjabil, 1990}

mGHENNNG
LATERkEFgENDING NEUTRAL LATERAL B

in  a summary Lthe cervical spine vange of  movement ia

praedominantly arial rotation and flexion/extension.

Cid Coupling characteristics

The coupling characteristicse of the lower cervical spine are
clinically imporiant. In lateral bending there is associated
arial rotation. The divection of the rotation is such that
Lhe  spinous processes move Lowards the convex side of
meoveameant (Fig 11} (Lysell, 19493 Fanjabi et al, 1986). The
amount of axial yvotation that occuwrs with lateral flexion is
talled the coupling ratio. At LR 2° of axial rotation
occurs with each 3° of lateral flexion (coupling ratio of
0.67).  This ratio decreases from C2 to C7 (ratio of 0.13).
This coupling phenomenon " is clinically important as some

ratios may predispose to unilateral facet dislocation
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(14 i) Function of the anatomic elements
The following functions are of importance
e the developed attachments of the annulus are strong
and therefore very important in limiting horizontal
translation of the vertebrae; and
= the degres of flexion/extension is dictated to some
extent by the height and antero-posterior (A~F)
diameter of the disc. Greater height and smaller
A-F diameter allow more motion (White et al, 1975 &
L0 ) .,
2.2.7.3 Thoracic spine

(i) Range of motion

The average vange of motion of the thoracic spine interspaces

is indicated in Table 2. It is important to note that
flexion/extension movement increases and arxial rotation
decreases from TI1 to TI2. Lateral fleskion is constant but

rather limited in each segment (Gregersen and Lucas, 1967;

White and Fanjabi, 1990).
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(iiy Coupling characteristics

The coupling ﬁhawactewiﬁticﬁ of  lateral flexion and axial
rotation as described for the cervical spine are similar in
the thoracic spine. This coupling is strongest in the upper
thoracic sping area (White, 19495 Fanjabi et _al. 19763 White

and Fanjabi, 1990).
(14i) Functions of anatomic elements

The following important function of specific anatomic elements

in the thoracic spine nesd o be mentioned @

> extension is  limited by the posterior elements

(spinous processes and intervertebral joints); and

= axial rotation is most  likely limited by the
ligamentum flavum, the posterior ligaments and the

facet Joint capsules and not the bony articulation

(White, 19473 White and Panjabi, 1990).
2.2.7.4 Lumbar spine
(i) Range of motion

The average vange of motion of the Jlumbar spine is depicted in

»

Table 3. The flexion/extension movement is predominant in the

lumbar spine and the degree of flexion/extension increases
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progreésively from L1 to 81 (Lumsden and Morris, 196&; Fearcy
198%5). There is a limited axial rotation and lateral flexion
in the lumbar épine except the slight increased axial rotation
in L% -~ B1, It can also  be noted that L4 - LI and L5 ~ 81
undergo the greatest movement and bear the greatest loads. It
is therefore not surprising that these regions are frequently
involved in degenerative disease processes (Fosner et al,

19823 White and Fanjabi, 1990).
(i) Coupling characteristics

The important coupling mechanism in the lumbar spine is that
lateral bending is assoclated with axial rotation as in the

thoracic and cervical spines. However, the direction of the
axial rotation is opposite to that in the other two regions.
The direction of axial rotation in the lumbar spine is such
Lhat the spinous processes point in the same divection as the
lateral flexion (Fearcy and Tibrewal, 19843 Panjabi et _al,

19689 .
(idiid) Functions of anatomic elements

The main  anatomical structures that bave a specific function

in lumbar spine movement are the intervertebral Jjoints. The
intervertebral Joints Limit axial rotation  but allow

flexion/extension movements of the lumbar spine (Nachemson,

12633 White and Fanjabi, 1990).
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2.2.7.5 Summary of the biomechanics of movement in the

spinal regions

The mid-cervical, lower thoracic and specifically the lumbar
region provide most of the flexion/extension movement of the
spine. Lateral flexion is non-specifically provided by all
the regions with the exéaptian of the lower cervical and lower

lumbar regions.
Axial rotation occurs mostly in the atlanto-occipital - joint.
The cervical and upper thoracic regions also provide axial

rotation (Fanjabi et _al., 19893 White and Fanjabi, 1990).

Tabhle 2

Interspace 3 Flex/Ext = l.at flex i
T -~ TR 4 é
T ~ T3 4 b
T2 -~ Tk & &
Té - TH &4 &
TS - Téh 4 b
Téh ~ T7 5 b
™7 -~ T8 é &
™ - T9 & &
TR = TLO & 7
TIO -~ T11 4 8
Tl =~ Tl 12 4
T2 -~ L1 12

(Adapted from GBrieve, 1991)
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Tabhle 3 @

AVERAGE RANGE OF MOTION DEGREES OF THE LUMBAR SPINE :

Interspace : Flesx/Ext l.at fleux Axial rot:
.t - L2 12 é

L2 ~ L3 14 b
hLE - L4 15 B8

Lo - LS 17 )

LLS - 81 20 3

(Adaplted from OBrieve, 1991)

2.3 ORTHOTIC BRACING

HBpinal bracing originated during the Middle Ages when the
wealthy instructed armorens to mouwld metal corsets in an
attempt to halt the progression of scoliosis (Keim, 19825
Stagnara, 19880, In 1945 Dy Blount and Bechmidt developed the
Milwaukee brace. The initial purpose of the brace was to
prapare the way for surgery and  to maintain  the correction
obtained by operation (Blount, 1972; Keim, 198R; Stranara and

-

Dove, 1988).

The vols of the bhrace is not to provide distraction (Bunch et
al, 19743 Dickson et al, 19843 Stagnara, 1988). The science
of apinal orthotics is  the application of forces in order Lo
contvol the spine. The application of forces, lateral forces

for scoliosis, alters the existing patterns of deformation and

kinematics of the spine (Bradford and HMensinger, L1985
Nachemson, 1987:). The brace should provide a passive munpmwt

to the spine and reduce the degree of curvature. It
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shouwld stimalate muscle activity, and permit  free motion of
the spine, allowing correcltion Lo ooow (Blount, 19723 Rliount

and Moe, 19B0).

The Milwauwkee bhrace which is  predominantly used in scoliosis
treatment, comprises the following ¢ (1) a moulded pelvic
girdle; (2) two posterior uprights; (3) a single antevior
upvighty (4 a comfortable fitting cervical ringy and (5
straps and pressure pads (Blount, 19783 Moe, 1973: Keim et _al,

1982 Stranara and Dove, 1988).

The most important factor o be considered when constructing a
byrace is growth potential. It is duwring the adolescent growth
spurt  that the greatest risk of cwve progression occuws (Moe,
19733 Blount and Moe, 19803 Bradford et als 1987)., Anpther
important indicator for treatment is the curve deviation and
its flexibility. The size and shape of the rib deformity is
also important as the larger the rib deformity the poorer the

cosmetic appearance (Tanner, 1262; Blount, 1980; Bradford et

al. L987).

Careful ﬁmte musl be taken as to the placing of the pressure
pads. For a lumbar curve, a pad is applied to the transverse
process  area above the iliac crest just over the apex of the
Tumbar cuwrve. For high thoracis curves involving the Tl to TS
area, a shoulder ring is used (Blount, 1972; Clarke et al,
1971) . When initiating 'hramm treatment 1t is necessary to
apply an axillary #ling to counteract the 1atéra1 thoracic pad

forces (Blount, 1972; Dickson, 1984; White st al, 1990).
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The Milwaukee brace is effective for mild to moderate
curvatures in  the range of B0 - 40°%, Tha reasoning is that
the brace is uméd primarily to prevent enlarging of curves and
not to correct larger curves into smaller curves fMue and
kettleson, 1970), In 1970 Moe and Eettleson conducted a study
(Moe and kettleson, 19703 James, 1974) of 228 major idiopathic

curves in 1é69 subjects who had completed their Milwaukes brace

treatment and were wearing the byace at night only.

They concluded that afifer a medium total brace wearing time of
d4.3 monthss (1) the best corvection occuwrred within the first
2% monthss (8) high thoracic curves gave the worst results;
(3) the median loss for corvection after brace removal was 1 %
and 5 %4 in  thoracic and  lumbar curves respectively: (4)
certain small cuwrves  breated in the Milwaukes brace showed
little or no correclion; and (5) deformities in some  young

patients were kept from progressing (Moe and Kettleson, 19700

Keim et &l, 1988). Long term follow-up  results bave shown

that bracing would initially improve a curvature; but during a
long term follow-up the curve average was the same befors and

after treatment (Carr and Moe, 19803 Dickson, 1984).

A trend has developed, in using the underarm, or Boston, brace

for treating idiopathic scoliosis (Rothman and Simoene, 1928;

Btagnara, 1988). Earlier studies by Watts et al, (197?) and
Bunnell and MacFwen (1980) found the brace to be most
affective for flexible lumbar and thoracolumbar curvatures of

less than 40°. Laurnen gb- al, (1983) conducted a study on 300
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curvmﬁ with an apex up to T7. They recommended a Boston brace
wilh superstructure  for cwrves with a  higher apex (Lauwren et
al. 19833 Brad%mwd et _al, 1987). Rothman and Simeons (1982)
gdo warn  that these braces may l1lead to chest wall deformity
through decreased pulmonary function, 4if it is  wsed for

thoracic cuwrvatuwres.

Carr and  Moe (1980)

a*tar the

did &

cessation of wearing a

follow-up 0f seventy four patients

brace. They concluded that

after five years the average correction for thoracic @ cuwrves
was two degrees and for thoracolumbar curves, four degreas.

N highly regarded study

performed by Miller

betwesn  the ages of

maturity and curve

wither the HWilwaukee

group was  untreated.

slight, but not statistically significant,

on the Milwaukee and Boston braces was

et _al (1984). They studied 230 females
8 oand 17. Their group was matched for
severity. One group was treated with
or  the Boston hrace, whilst the otheyr

The results indicated that there was a

trend of less curve

mrogression in the treated growp.

fAccording to De Smet  (1983) the effectiveness of bracing is
measured according to three parametevs. The first parameter
is the cuwrve reduction in  bracing, He states that curve
raduction  has been significant with both the Milwaukee and
Boston braces. Cavr  and Moe, (1980) also noted that curve
raduction is initially good with bracing, with an average of
B3O - [BO Y The second parameter is the

in curve size.
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compavison of the pre- and post bracing wearing curve size. A

concarning problem with the cessation of brace wearing is that
all to frequmnﬁly the curve size settles back +to that of the
pre-hrace measure. Hasson and Bjievkeim (1983) found that the
mean curve progression was two to  three degrees per year for

the first fow years after treatment and a half to one degree

per year after that. The thivd parameter is the completion of
curve reduction at the completion of brace therapy. Although
the initial reduction is large, there is usually HOME
subsequent  increase In  curve size  duwring the period of

full-time bracing and wearing. The average curve reduction at
the completion of brace therapy is B0 -~ 30 4  (Edmonson and

Morvis, 1977).

Cevtain prevequisites such as a competent orthotist, an
experienced orthopaedic surgeon, and experienced physical

Lhevapist  and a co-opsrative patient are required o

The advantages antd complications of spinal  orthoses is

summarized in tabls 4,
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TABLE 4 3

ADYANTABES AND COMPLICATION OF BRACING

Advantages Complications “

Lo Resting of the spineg 1w If the previous
through substitution of mentioned advantages
the brace of the are satisfied (Bradford
actions of the muscles; et al, 1985).

{(Moe et ali: 19703,

2. Limits range of mobtion 7. Contraindicated for
to the pain free range curves above 45 ° (Moe,
Glames, 1976) L1973).

3 Frotects the vital cord (3. Contraindicated for
and nerve roots skeletally mature
immediately post individuals (Moe,
surgery (White et al, 1973) .

19%90) ,

L Miscellaneous effects . Contraindicated for
" (magsags, heat, patients with un-
psychological placebo) atceptable cosmetic
{Nachemson, 1987). appearance (Bradford et

al, 19835).

i fCuwrve progression in
10-1% % of all patients
(Masson et _al, 1983).

fe Feychiatric complica-

’ tions due to adjustment

and acceptance (Aptera
et.al, 1978).

7 Bhin irritation due to
Pressure sores
(Bradford gt _al, 178%5),.

2.4 BURBICAL TECHNIQUES

"The primary aim  of surgilical arthrodesis of the gpine is  to

promote a physiologic state in the skeletal tissue that will
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wltimately resuit in bone formation, matuwration and union®

(Rothman angd Simeona, 1988).,

In 1891 Hibbs performed the first spinal fusion to dimmobilize
and control the spine  (Kelm gt _al, 1988). Later, in 1914, he
performaed the first scoliosis spinal fusion. His reasoning
wae that  the curvature could be checked by fusing vertebrae

together: as 1if {frying to weld the links of a ohain to

immobilize it (Heim et _al, 1988).

Distraction is the most superior means by which to corvect
severe lateral scoliosis deformity (Harrington, 19703 Wegner
et al, 1970). Retween 1949 and 19462 Harrington developed his
instrumentation which comprised a distraction rod placed on
the concave side of the curve and & compression devise which
is applied to the convex side for the correction of scoliosis
(Ferdim, 1982; Bradford, 1984). The HMarrington distraction can
achieve 60 % correction of the supple curve (Erwin et al,
LR76) . It does, howesver have three diﬁad;antages. Firstly,

Lhe distraction may worsen oy flatten the sagittal contours

through  lack of rotation. Secondly, the system im  only
altached to the spine at two points, namely the twe
sites at either e of the curve (Grinssburg et _al,
19793 Bradford et al, 1987). Thirdly, because it s
principle function is distraction, its ability to correct a

ClLirve X dependant on hona-metal interface
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(Ulin and McBinnis, 1983). The advantages angd disadvantages

of the Harrington instrumentation are summarized in table .

Maw advances in distraction techniques have taken the
Harrington shori-comings into account. These technigues

attempt to firstly correct scoliosis in the sagittal and axial

planes and secondly improve the load sharing, which is a

weakness of the Harrington distraction. With the newar
gsegmental  spinal instrumentation system (881 there are

multiple points of attachment to the spine (Drummond, - 1991).
Most S81 systems provide two rods that are linked together

which promotes load sharing and fusion protection,

Two popular 881 systems which are preferred are the Luque
(Drummond, 1991 and Dwyer (Hsu et al, 1982 instruments. A

Lutue rod is placed posteriorly along the left and right sides

of the spine. Transverse forces are created by passing a wire
undey  each lamina and by twisting the wire araund its

respective rod, By securing the spine at multiple points the
force is  distributed across maltiple levels with resultant

greater cuwrve stability (Wegner et al, 19705 Bradford, 1984).

The Dwyeyr dinstrumentation is excellent for correction and
fivation of thoracolumbar and lumbar scoliosis. It more
completely correclts lateral deviation and spinal rotation (Hsu

et_al, 1982).
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o (1"3"7 "

5 s

Advantages

Disadvantages

Freoperative correction
ig mostly unneCcessarys

Improved correction of

Increased blood lass
due to extended
operation time;

2. 2. Increased risk af
" the deformityy infectiong

3 Improved correction of e Bubcutanious protrusion
stability; of the instrument;

4. Fostoperative 4, Fosterior instrumenta-—
mobilization is tion is often incapable
shortened; of stabilizing severe

B spondylolisthesis;
il

b Fostoperative casts are |3. Slipping or dislocation

shorter and used for of the hooks and
“ immobilizationg breakage of the rod are
positioning problems;

6. Reducead inclidence of Ha Some patients are
pseudaoarthrosis: paychologically

: affected.

7 Minimal loss of
correction:

B. Used td delay
definitive treatment .
and permit stages of
corvrection in young
patients.

—— ————— —

(Adapted from Bradford and Hensinger, 1928%5)

The 8581 system

important one is

deep

is not
that itws

to the lamina

without it’'s disadvantages.

use requires the

The

passage of

which risks penetrating the implants close

1988).

wivres
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2.5 PHYSIOTHERAPY, WITH RELATION TO SCOLIOSIS

The Maitland evaluation technigue is largely used to esvaluate

cervical, thoracic and lumbar scoliosis.

The patient partakes in a subjective medical history guestion

- answer  session prior to  treatment. This includes questions
concerning paLn, stiffness, sport participation, social
circumstances, profession, medication and x-rays. Hevaafter

an objective physical svaluation is done.

The physiotherapists approach comprises the following :

1. Treatment of paing

2. Reduction of muscle spasms;
3. The de-—activation of trigger points in the shortened

tissuesy and

‘. Corraction of the spinal column with passive

mobilization.

1. Treatment of pain

Demanding on the cause of the pain, certain modalities can be

used to relieve the pain. Only the symptoms can be treated in
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this manner which lasts for a limited period of time. These
modalities include uwltra sound, interferential therapy, short
wave diathermy; laser and passive mmhilizatians. (Tollison

and Kriegel, 198%9; Grieve, 1991).
2. Reduction of muscle spasms

There is usually a unilateral muscle spasm present on  the
concave side of the curve due to  the inter vertebrae
compression. Treatment is by means of massage, ultra sound,
interferential, laser and ice respectively. (Tollison and

Eriegal, 198%; Grieve, 1991).
3. De~activation of trigger points
The shortened fibres on the concave side of the abnormal curve

often have trigger point characteristics. De-activation takes

place by applying local pressuare in the area while stretohing

the muscle or muscles. (Tollison and Kriegel, 19893 Grieve,
1991) .
4. Passive mobilization

Using this technigue, a variety of methods may be implemented.
In the thoracic and lumbar region transverse movements of the
vertebrae in the divection of the ‘convex curve produces good
results. This technigue results in  an opening effect of the
apophysial joints on the concave side as well as a stretching

of the tiny interstitial muscles and ligaments which are in
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the shortened position. (Tollison and kKriegel,1989).
2.6 EXERCISE PRESCRIPTION
Blount and Moe (1980) Eeim (1982), Stagnara (1988) and White

and FPanjabi et al (198%9) all categorically state that through

their experience exercise programs are of no value in the

treatment of scoliosis. Fendall and McCreary (1983) state
that an adegquate muscle balance between opposing muscle groups
is essential too maintaining a good posture. - Muscle

imbalancement and malalignments ocour  when muscles or muscle
growps are not strengthened proportionately to each other, or
it the muscle remains in a shortened position while the
opposing muscles remain lengthened. This imbalancement in the

back could develop into a scoliotic condition.

One  does not want to strengthen short, strong muscles or
streteh already stretched muscles, The reverse of this is the
ideal. S8tructwal rehabilitation programs mﬁﬁt restore  muscle
halance through improved flexibility, muscle strength and

muscle endurance (Zovab, 1974),

Except in flexible subjects the postwal faults seen al bhe
bime of the examination will probably correlate with the
habituwal faults of the individual. With ahildren b s
necessary and advisable to do repeated tests of alignment, and

Lo obtain information regarding the habitual pesture from Uhe
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marmnté {(Fendall and MecCreary, 1983).

It is of particular importance that givls between the ages of
10 and 14 have periodic examination of the spine because at
this age more spinal curvatures ococur  in girls  than in boys

(Jackson and Brown, 1983).

When the patient performs the exercises, the firslt few
SEHBGILONS are  pevformed LN E- NN wi th the theraplst,
where-after the exercises are completed as a member of a group
(White ancd Anderson, 19910). Care must be taken to enswre
correct form  and slow exercise repetition speed. Milwaukes
brace exercises both in and out of the brace have been defined
by Blount  and HMoe (Blount and Moe, 1980). The exercises
ouwtside the brace incluade @ (1) pelvic tilt, supine, with
knans flexed; (2) pelvic tilt with knees straighty (3) sit
ups with pelvic tilt helds (4) pelvic tilt in standinn
posilions {(5)  breathing exercises; (&) spineg extension in

prone positiony and (7)) pushups, with pelvic tilted.

Erenrciens done in the Dbhrace  are (1) pelvie tilt, supine,
with knees straight and flexed and standings (2)  prone spine
axtensions; (3) pushups with pelvis tilted: (4) correction of
the thoracic kypbosis and yvib hump; and (8) active correction
of the major curve by tilting the pelvis and moving the torso
away firom the thoracic pad (Blount, 19783 Keim, 1982). It is

sltated that these exercises are most effective when done
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under supervision daily (Blount, 19723 Keim, 1991).

The imprmvemenﬁ in patients who have done exercises whilst
wearing a brace is greater  when compared to those who did no
2R LS. Without exercise, the treatment of a sedentary
patient with & brace will be uwnsatisfactory because poor
muscle tone will allow deterioration of the deformity in the
hrace, and collapse of the spine when the brace is removed

(Blount and Moe, 1980).

A vast amount of research has been done concerning  lumbar
rehabilitation through exerclise. This prompted Koes et _al,

(1991), by means of a blind study, to establish the best

exercise regime. This, however, has not be done for
scoliosis. Schrecker  (19685) compiled a working manual on
posture deformities. Unfortunately, no document or research

has been compiled to parallel his work.

White and Panjabi (1990) atate that in théir opinion it is
doubtful  as to  whether exercise can correct  scoliosis,.
However ,  they do not substantiate their statement with any
references. They proclaim  that the forces applied by Lbhe
muscles are of a low amplitude and frequency and should not be

relied upon to hold or even correct a curve when used alone.
2.7 FULMONARY FUNCTION

A deformed or rigid thoracic cage that is present in modervate

Cto severe thoracic scoliosis results in a restrictive type of
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Lung disease characterized by a reduction in lung volume,
vital capacity, and maximum voluntary ventilation. It is well
establ ished thaf an individual with severe scoliosis dies not
v om anatomic deformity bult  from cardiopulmonary failure
(Neilsonne et _al, 1286). A sympathic patient with cuwrves in
the 40 - 60% range have symptoms of restrictive lung disease

(Weabev, L9785), .

Shannon et _al (1970) found a reduced total lung capacity in
all patients with curvatures exceeding 65°. Those with
curvatures exceeding 90° had a reduwced vital capacity of
apmroximately S0 % of the total lung capacity. M imum
breathing capacity also has been found to be reduced in
scoliosis patients, the degrese of reduction being proportional

Lo the degree of curvature (Yong-Hing and Mac Ewan, 197%9).
2.8 RADIOGRAPHIC EVALUATION

Radiographics are fundamental for identifying and recording

gpinal deformities (de Smet, 1985; Stagnara, 1988).

Radiographic projection can be used to evaluate scoliosis in
the standing anteroposterior, standing posteroanterior, supine
anteroposterior and supine  posteroanterior with lateral
bencding posilions (Keim, 19783 de Bmet, 1985). Until recently
a single standing anteroposterior or posteroanterior

radiograph was wuse in scoliosis evaluation,
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Recently move use is  bedng made of the posteroanterior
projection Lo veduce Dhreast  cancey (Andvan et al. 19680,

r

Anderson and Mo Meill, 1988).

Fatient drradiabtion has always hesn a concern with
radiographic evaluation (Raia and Eolfoyle, 19823 Thomas,
1983) . The following methods are used to reduce irradiation @
(1) proper  orid splectiony (2) high-speaed film screen
combinationg; (3) the wuse of postercanterior projection Lo
reduce breast lvradiationy and (4) gonadal shielding over the
antearior superior  Lliag spine. (Ancdran et al, 19803 Thomas,

19835 de Smet, 19835).

The positioning of the patlient is important to obtain {the
tdesived film  and gquality. The patient sgtands normally with
the arms at the sides for the antero or postercanterior films.
The x—-ray beam is centred in the sagittal midline of the
patient halfway between the first thoracic and first sacral
vertebrae, The films are taken at the end of inspiration.
The patients shoes must be removed so as to eliminate the

effect of shoe heels and lifts (Christennsenee et al, 1978; de

Bmek, 1985).

The Scoliosis Research Bociety has recommended that scoliosis,
kyphosis and  lordosis must preferably be measured by the Cobb
Lachnigue (de Smet, 1985, This method consists of drawing a
horizontal  line along the superior border of the superiovr end

vertebra and along the inferior border of the inferior end

cvertebra,  Ferpendicular line to these tangential lines are
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then drawn,  The intersecting angles produced are then read as

the Cobb angle (Beorge and Rippetein, 19413 de Bmelt, 1985,

The Risser-Ferguison method requires small dots placed in  the
centres of the superior  and inferior end vertebras. A further
dot. is placed in the centre of the apex vertebra. Stvaight
lTines ave dyrawn from  the dot in each end vertebra through the
dot in  the apical wvertebra. The intersecting angle is
measuwred with a protractor  (Sevastibkogulow and Rerguist, 1969

de Smet, 1985).

The Scoliosis Research BSociety classifies forms of scoliosis

into any one of seven groups s

(1) curves Q- 20 degrees
(2) cuwrves 21 - 30 degrees
(3 curves 31 ~ 50 degrees

(4)  cuwrves 5L -~ 79 degrees

(%) curves 74 100 degrees
(&) ocurvesn 101 - 125 degrees

(7)Y curves 126 degrees and over (Keim, 1988)
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CHAPTER 3

METHDODS AND PROCEDURES
2.1 METHODS
3.1.1 Subjects

Pecause, in  the study, we  concentrated  on conservative
vehabilitation, our subjects were drawn from those who had
functional stoliosis. The subjects that participated in  this

ol ]

astudy were 62 school going children between the ages of 12 and
19 years old, from both sexes, with & mean age of +/- 14,7
YERTE ., Theve were 45 givie and 17 boys involved. The
subjects were reoruited from school  visite, arvanged through
the school head, and physician refervals. All diagnoses’ were
made by orthopasdic surgeons. It is important to note that Lhe

participation in this study was voluntary and with the consent

of Lthe family physician,

Crdteria used to determning the eligibility of a subject, for

the study were @

A Physicians consent : No subjects were accepted for
this study withoot full weitten consent  form his/her
family physician. It was understood by e
physician  that only those with functional oy

machanical scoliosis who did not  reguive suavgery,

tould be accepted.
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b, A current medical history : This report stipulated
that the subject had no lower back problems, bhesides
%col:n%ln, within the last twelve months and have no

kidney, cardiac or newromuscular dysfunctions.

. Subject/Parent consent : All participants completed
and signed a consent form prior to participating in

the study (Appendix A).

. Previous weight training : No current  involvement
in a weight training program which had, as a large
component, torso training. The subjects attained
were randomly assigned to & group. Group A being
the rehabilitation group and Group B being the

control group.

The control group subjects were requested to continue with
their present lifestyles, while the rehabilitation group
partook in an eight week training program. Training was done

three times a week, namely, every second day, starting on

Monday .
BeleBs Equipment

A Cybex 340 isokinetic dynamometer was used to measure hip
flexion and extension strength as well as range of motion
prior  to the first rehabilitation session as well as at the

enc of the rehabilitation period. Ry means of these



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

A 4

YUNIBESITHI YA PRETORIA

- 7B -
evaluétionﬁ we were able to establish whether there had bheen

any improvement in the above mentioned parameters.

To complete the evaluation of the subject the following

eaquipment was ubtilized

A Anthropometer @ A Harpenden Anthropometer was uwsed
to measwre standing height, seated height as well as

Lhe landmark heights.

b. Marking Fen ¢ To mark the vertebrae in the forward

bending position.

[t Flumbline 3 From which to measure the centimetre

deviation,

ca A measuwring tape to measure flexibility and leg
lengths.

Further equipment requived for the execution of the study and
which were used specifically for the rehabilitation program
itself were @

A Tuntwri Frotalner exercise bicycle.

b. Gymnastic mats.
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c. A cable-pulley system.
d. Hand Qeightﬁ varying from 2 kg to 15 kg.
e. Training bench.
f. Feck Deck.
G- Hyperextension bench.
M. Seated Calf raises.
i Enge flexion appasratus.

3.2 PROCEDURES

The evaluation commenced with a guestionnaire which lead into
the physical evaluation of the subject. The questionnaire
(Appendix  RB) started off with a general infmrmatiun on the
subject and the problem. Section B of the evaluation form
ancompasses  the forward bending test (Loncar-Dusek et al,
1991), test for range of motion, subjective muscle atrophy and
hypartrophy observations, standing iliccristal height, most
meclial  distal and posterial horder of the scapula and the
acramion  heights. Section O consisted of a sit  and reach

test, X-rays veport and a summary of the Cybex evaluation.
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B.E.l. X-rays

The #-rays frmﬁ the radiologist was then examined and the
degrees of scoliosis noted. X—rays were taken at the
commencement of  the program and at  the end of eight weelks.
The curves were measured by  the radiologist using technigues

explained earlier (de Smet, 1985).
3.2.2 Leg length Measurements

The subject was instructed to supine lie on the plint,
Careful note was made of the patients relaned comfort. Two

measuwrements were taken in this position ¢

A Firstly, the anterior supra-iliac leg length was
measured to the centre of the medial malleolus.
This was done for both legs (Fig 12).

b Secondly, the umbilicus leg 1ength-was measurad  firom
the centre of the umbilicus to the inside centre of
the malleolus. This was also done for bhoth legs.

(Fig 13).
3.2.3 Forward Bending Test

The subject was then requested to stand free facing away from

the tester, and bend forward as far as possible with the head
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and arms hanging loosely, downwards. It is important that the
subject removess his/her top and that the light falls
asymmebtrically En the subjects back. Each spinous process is
then marked with a marking pen. The subject was tLthen
requested to stand erect whereupon the most medially distal
posterior point of the scapula was marked so  that thedr

heights could be measwred, Fig l4A (Grieve, 1991).

Heére-after, the subject was asked to stand with his/her back
to the plumbline so as tog allow the tester to measuwre the
deviation, in millimetres. Measurement was taken from the
plumbline, perpendicular to the most deviated spinous process.
(Calliet, 19835). The distance and vertebrae was then noted.
This test was repeated hiweekly. (Calliet, 1985). On
completion of this avaluation, {the subject’'s height was

maeasured in both the standing and seated positions.
3.2.4 Standing Height
When measuwring the subject in the standing position, as in Fig

1%, the following landmarks must be aligned acyromial,

radial, trochanterion tibial and the sphyrion.



FIGURE 12

LEG LENGTH MEASUREMENTS
ANTERIOR SUPRA ILIAC
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FIGURE 13

LEG LENGTH MEASUREMENTS
UMBILICUS

c8
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FIGURE 14 A : FORWARD BENDING TEST FIGURE 14 B : FORWARD BENDING TEST

£8
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The measurement was taken with the anthropometer., The
subjects stood barefoot on the floor, their heels together,
their legs and torso stretched upwards to their fullest extent

and {their back to the wall with the head in the frankfort

plane. The shoulders were relaxed and the arms stretohed
straight downwards. It is vitally important to enswre that

the anthropometer does not deviate from the perpendicular when

the readings are taken. (Fig 15) (Calliet, 19835).
3.2.9 Seated Height

When measuwring the seated height the subject sits over the end
of a hard surface with the knees pushed back against the
surface. The subject’'s feet are rested on a stool or chair so

that the hips and knees are flexed at 90 °.

The subject is instructed to sit tall and keep the head in the
frankfort plane. The seated height is measured from the top

of the head down to the plint top. The anthvropometer must not

deviate from the perpendicular (Fig 16).
3.28.6 Landmarks
The following landmarks were measwred, bilaterally from the

floor and noted @ acromion, subscapular and anterior supra-

iliac crest (Fig 17, 18 & 19),



FIGURE 16

SEATED HEIGHT
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FIGURE 15

STANDING HEIGHT
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FIGURE 18 : SUBSCAPULAR HEIGHT FIGURE 17 : ACROMIAN HEIGHT

98
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The ﬁﬁbject stood evect with his/her  feet together., Theee

measurements were noted prior to doing the flexibility tests.

3.2.7 Range of Motion

1. Flexion : The subject stood erect, feet together
with both hands and arms extended downwards in front
of the thighs. From this position the subject
flexed maximally in the hips without bending the
knpes. If the subjsect failed to touch the . ground
the distance from the finger tips to the ground was
measured, This was recorded as a negative value.
If the subject touched the ground a 100 % value was

*given (Fig 20) (Calliet, 1988).

2 Extension : The subject lay’prmna on the plint with
the arms extended at the side. From this position
the subject maximally extended the back. The

distance from the chin to the plint was measured

(Figg 21) (Calliet, 196%),

3. Lateral Flexion 5 The subject stood erect, feel
together and arms and hands extended at the side.
The distance from the finger tips to the
ground was  measured, both left and right. The

subjiect then flexed maximally in the saggital plane
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to the rvight and then to the left. At maximum
flexion Uthe distance from the finger tips to the
grmunﬁ was measuread. This distance was subtracted
frrom the initial measuwrement. The greater the

difference between the two readings, initial and
flexed, the greater the flexibility. (Fig 2e)

(Calliet, 1983).

4 Torsal Rotation : Standing, facing forward wilh
feet together, the subject rotated maximally without

moving the feet or knees. The angle of rotation was

measured subiectively. No objective method of
evaluation is available. Ninety degrees rotation

was noted when shouwlder was rotated perpendicular to

the neutral position. (Fig 23) (Calliet, 1985).

3.2 PROGRAM
The training program that was used can be used with scoliosis
subjects who have a deviation either to the right or left.

The program commenced  wilh & warm-up cycling session on a

bicyele argometer, followed by specific stretching or
mobilizing gxercises and culminated with specific
strengthening exercises, Each subjects’ program was written

on a program card  with the oe-evaluation date stipulated at
the foot of the card (Appendix C). the exercises were as

forl lowes o
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FIGURE 20 : RANGE OF MOTION : FLEXION FIGURE 19 : ANTERIOR SUPRA - ILIAC
CREST HEIGHT
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FIGURE 22 : RANGE OF MOTION : FIGURE 21 : RANGE OF MOTION : EXTENSION
LATERAL FLEXION
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3.3.1 Cycling

This was done for five minutes to allow the subject to relax

and focus on the program (Fig 243,
3.3.2 Mobilizing Exercises

Flexibility is  Joint  and activity specific. Adequate
flexibility is vital for the prevention of injuwries and
HOVENRSS . Because many cases of scoliosis are & result of
reduced flexibility on  one side of the vertebrae, this aspect
forms an important part of the rehabilitation program (Forter,

1986 Fuller el al, 1991).

The exercises used in this study were devised specifically for

the program. The flexibility exercises used were as follows

(i) Hamstring stretch : The subject sits length ways on
an exsrcise bench with one leg ﬂméﬁﬁdﬂd flat on the
bench and the other leg off the bench. In
performing the exercise the subject must sit tall
whilst holding the chin up. In this position, with
the back held straight and the knee fully extended,
and Lhe foot dorsiflexed, the subject lowers the
torso forward-—-downward 80 as to streteh  bhe
hamstyring muscles; gluteus muscle. This position is
held for forty five seconds and repeated three times

on each leg. (Fig 295).



FIGURE 23 : TORSAL ROTATION
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Side stretch : The side stretch is done to the
convexr side of the major curve., The subject

étands arecl with the feet shoulder width apart
and arms extended downwards at  the side. The
subject then flexes fully to the lateral sides,
then holding this position for sikty seconds.

This is repeated five times (Fig 24&).

Side stretch on knee - one leg straight :

Frasuming that the major curve is convex to the
right the subject kreels on the mat with the
weight on the left knee with the rvight 1leg
extended to the side -~ the convex side. The
left arm is then fully abducted to the side of
the head. With the right hand gliding on the
right thigh the subject flexes laterally to ths
right, holding this position for forty five
seconds., The exercise is repeated three time

(Sehrecker, 1979) (Fig 27).

Seated torso twist stretch : Seissor-sitting

on a gymnastic mat. The subject, keeping the
spine erecht, btwiste the torso maximally to the
side of the convex curve. This movement is
repeated three times, holding each for  thirty

seconds. (Fig 28).
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FIGURE 24 : CYCLING
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FIGURE 26 : SIDE STRETCH FIGURE 25 : HAMSTRING STRETCH
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STRETCH FIGURE 27 : SIDE STRETCH ON KNEE -
ONE LEG STRAIGHT

FIGURE 28 : SEATED TORSO TWIST
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(v) Cat and Camel On all fours the subject span
bends by avrching the back so as to stretch  the
ébdmminal muscles. From this position Lhe
abdominal muscles are contracted and the back
ig  foreced upwards into a stretoch. In this
movement the thoracic portion of the spine is
atyetched. Two sets of fifteen repetitions are
done, holding each movement for three seconds

(Fig B9),

(vi) Horizontal shoulder adduction @ 8tanding, the
subject adducts the shouwlder maximally

Horizontally on  the concave side of the spine.
The hand of the non adducted arm is cupped
under  the elbow to ensure maximal flexion.
This is repeated twice for forty five seconds

(Fig 30),
3.3.3. Strengthening exercises

Fxeyreise is  essential for restoring  function to weakened and
atrophied muscles., Strengthening of weakened spinal muscles
accompanied wilth  stretohing exercises is  essential  for the

rehabilitation of scoliosis (Kendall and MacCreary, 1983).

(i) Scissor-side-lying @ Sicde lying with the legs in

.

seissors  position, the upper leg being placed

forwards., The arms are extended above the head.



FIGURE 30

HORIZONTAL SHOULDER FLEXION
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FIGURE 29

CAT AND CAMEL STRETCH




(ii)

(ili)

convex side of the curve, and holds for two to three
seconds. Two sets of twelve repetitions were done
for ﬁh@ firat fouwr weehks where after three sets of
twelve were  done for  the second four wee ks

(Schrecker, 1979). (Fig 31).

Horizontal shoulder abduction (cable) : The cable
pulley is set to shoulder height. The subject, when
holding the grip, must stand so as to  have the arm
on  the convey gite of the major curve fully
horizontally adducted. Feeping the elbow locked
straight and the shoulder square, the shoulder is

then fully, horizontally abducted and held for three

seconds. The movement is done slowly and
deliberately. Twen sets of twelve repetitions are

cdone for  the first three to four weeks, where after
each subjects’ program is specifically adjusted. A
resistance  which allowed the individual to only

complete twelve repetitions was used. (Fig 380/F).

One arm dumbbell rowing : The subject kneels
with the left leg on  an exgrcise bench,
presuming that the scoliosis is  to the right,
and  supports with the left arm. .Tha right leg
extended at the knee and supported on the
ground at  a hip angle of forty five degrees.
With a hand weight in the right hand the
subject lifts the weight from downward extended

position in front of the shoulder to a flexed
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FIGURE 31 : SCISSOR - SIDE-LYING



(iv)

position alongside the hip. With this movement the
rhomboid complex adducts the scapula. The trapezius
is aism wor ked . The ‘arm  then returns to its
original position. One set with a weight heavy
enough to pevform fifteen repetitions was done,
holding the weight in the up . position for two

seconds (Fig 33A/R)

Lateral flexing in the standing position :

Fresuming again that the spine is convex to the
right, the subject stands with the feet shoulder
wicth apart and a weight in the 1left hand, The
movement executed is as for the side stretch with
the subject flexing maximally, in the saggital plane
te the right. This position is held for three
seconds before retuwning to the starting erect
position. Four sets of fifteen repetitions are done
for the first four weeks, there-after each
individuals’' program is specifically adjusted. fa

welght which permits only fifteen repetitions is

wsed, (Fig 34).

{v) Reverse Peck Deck : The aubject sits in a
reversed manneyr  on the peck deck machine,
facing the back support. The elbow, on the
convex side of the major curve, is placed on
the arm padding with the shoulder and elbow at
ninety degtrees. Bupporting on the apparatus

with the free arm the subject fully



FIGURE 32 B : HORIZONTAL SHOULDER
EXTENSION - CABLE
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FIGURE 32 A

HORIZONTAL SHOULDER
EXTENSION - CABLE
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ONE ARM DUMBBELL ROWING

FIGURE 33 A

ONE ARM DUMBBELL ROWING

FIGURE 33 B
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abducts the shoulder horizontally so as to
maximally adduct the scapula. Two set of ten
fepetitimns are done, holding each repetitions

for two seconds.(Fig 20 A & B).

(vi) Stomach crunches H Supine lying on a
gymnastic mat with the knees flexed ninety
degrees over an exercise bench. The hips were
also ninety degrees flexed. The subjiect
crosses arms  over the chest. Using only the
abdominal muscles, keeping the lower back flat
on the ground, the head and shoulders are
lifted and curled inwards toward the hips.
This position ig held for two seconds. Two
sets of maxkimum  repetitions are cdone (Fig 346 A

~ H).

{
ﬁp to be tough. Groups of no larger that five, were personally

= (9
e . i : . ;
’{f; During the initial sessions the subjects found the exercicees

—

(:*itﬁEYViﬁEd :Quring gach session. On the day of the sixth,

twelfth and esighteenth sessions the subjects firvst undevwent a
re-evaluation, except for the s-rays and the cybex, before
their programmes were adapted for the following two weehks.
During the initial session the exercise frequency, repetitions
and intensity was determined for each subject depending on  the
progress made. After the second week the total sets per
exercise were increased by one set. The sets and repetitions

remained the same for the vemaindey of the rehabllitation



Each exercise vepetition was preformed slowly, with a two
second hold at full contraction in each repetition, except for
the ﬁtratchinﬁ where the bhold varies from thirty to siuxty
seconds. A forty second rest between sets was permitted. The
resistance wused increased with an increase in the strength of
the subject. The resistance should only allow the twelve or
fifteen repetitions for @ach  exercise. Throughout the
rehabilitation period quality pevformance of the exercise was

emphasized.

3.4 SBTATISTICAL ANALYSIS
The statistical methods and tables wused in the study were

devived from Runyon and Harbey (1980) and Neter et al, (1978).

The following statistical analysis were applied @
A test for homogeneity between group one, the test group, (UI)
and group two the control group U2 at day gero~and day 24 was
done using the t-test.

Hypotheses @ Ho ¢ Ud = O (indicates no differences).

Ml ¢ Ut = O (indicates differences).

The paired t-test for two dependant test groups was used to
test the differences between day zero and day 24 for the two
OUroups.
The following hypothesis was tested :

Mo 1 Ud = O indicating no differences.

If P <= 0,08 the differendes is meaningful, and

CIER > 0,05 the differences is not meaningful.,



FIGURE 34 : LATERAL FLEXING IN
STANDING POSITION
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FIGURE 35 B : REVERSE PECK DECK FIGURE 35 A : REVERSE PECK DECK



FIGURE 36 B

STOMACH CRUNCHES

FIGURE 36 A

STOMACH CRUNCHES
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RESULTS

The t-test for the two independent grm&ps, at day zero, proved
to be homogeneous as the probability of exceedence for group
one and group two were greater than 0.03 (p » 0,05). There
was a 9 % probability of exceedence (p » 0.03); in other words
a surety of 95 %. This was true for all the variables. The
umbilicus leg  lengths for group  one were 94,71 em  with @
standard deviation of %.37 cm for the right leg and 94.86 om
with a standard deviation of 2.6%5 cm for the left leg (n =
S1) . For group two the umbilicus leg lengths for the right
leg were 93.19 om with a standard deviation of B.90 om and
P3.17 cm for the left leg with a standard deviation of 9.34 om
(n = 27, The mean size of the major scoliotic curve for

group one was 11.85 degrees and for group two 10.B6 degrees.

Standing height and seated height were measured for all
subjects of both groups. The standing height, for group one
was  172.03 cm with a&a standard deviation of 10.42 cm and for
group two 174,23 cm with a standard deviation of 10.10 com.
Swated bheight was measwred at 82.1%9 cm with a standard
deviation of 10.92 cm and B3.57 ocm with a standard deviation
of 8.8 cm for groups one and two respectively. Lateral
flexion to the convex side of the curve was 15.83 cm for group

one and 16.92 cm for group two.

The data are summarized in Tables & & 7.



TARLE 6

T-Test for parameters for Group one : Day zero (n =31)

T e ey

Description Mean Btd Dev T Frob =/7
Umbilicus Ricm) 4,713 2,378 0,636 0,.8872
Umbilicus L{cm) 4,86 9. 654 0. 46736 0.5021
Curve (deg) 11.548 5o 440 1. 1340 QL2624
Standing
Haight (em) 178.417 10,417 -0 . 8132 0.41%96
8it Height(cm) 82,187 C10.920 -0 3344 0.5952
Flexion(cm) 15.832 4,011 ~-1.8501 0.28169

= — ==

TARLE 7

T-Test _for parameters for Group two : Day zero (n = p7)

Description Mean S5td Dev T Frob /T
Umbilicug R(cm) | 93.18% 8.895 0.&4340 0.5282
Umbilicus L (cm) 734174 Q. 340 0.6740 05031
Curve (deg) 10,2599 3020 1.09287 0.8794
Standing
Height (cm) 174,226 1O.099 -0.8114 0.4206
Sit Height(cm) 83.574 8.833 ~0.5866 0.6005
Flexion(cm) 16,992 e .a58 -1 .2135 0.2300

From the above Tables 6 and 7 it is evident that no
differences are apparent between the two groups for all the
variables (p » 0.08), The null hypothesis can be accepted
Ho : Ul = U2: the groups are homogeneous; with a 95 %
ACCILNACY « Furthermore the differences between day zero and
day 24 Tor the two groups were tested with the two-~tailed
t-teet. Seeing that a measurement of sach variable was taken
on day zero  and then on day 24, it can be concluded that the
measurements are dependant observations. The hypothesis Ho
Ud = 0 (no difference; where d is the measurement on day zero

minus the measwement on day 284) against the alternative;
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i 2 Ud = ¢ (difference between the two groups).

Due Lo the faﬁf that the p value for group one was smaller
than 0.05, the null hypothesis can be discarded. The
assumption that a meaningful difference at day zero and day 24
is evident can be made on a 5 % probability of exceedence
(Table 8). Howevea;'"el variable D4 does not dindicate a

meaningful difference (p » 0,00},

TARLE B8

Differences
in diff Dev =17

Variable

DI Umbilicus R 0. 519 0.783 =3.691 | O.0009%
De Umbilicus | ~(.317 0.538 ~3.83%9 | 0.0006%
3 Cuwrve ] 123 .771 173.877 | 1R.115 ] 0. 0001 %
D& Standing B8B.119 b o G404 =0 160 0.8739
DS Bit Height wl o TRb 1 a0 ~5.858 | 0.0001%

Dé Flaexion wdw G7 1 2.6768 “74824 | 0.000)%

X p o5 0,03

With group two there is only meaningful differences at D3, D4
and Dé. The rest are not meaningful for the two-tailed tests
Ho 2 Ud = ) against H1 @ Ud = 0 (Table %).

TOBLE 9

Paired T-Test for Group two (n = 27)

Difference Mean S5td Dev Frob >/T

‘ able in diff
‘ Di Umbilicus R () o Q5 Q.. 245 -1 .255 Q.2206
De Unbilicus L. -, 085 0.08%5 -1 .53l 0,1379
r D GCurve - 107 . 1582 108,720 | ~2.174 D.0116%
D4 Standing 93,319 15.977 ~3. 647 0.0012%
D& 8it Height = w7 14,419 C o 3454
Dé& Fle:xion O.O01LE7X




= 11

i
. &,
LR i ¢ T s

When considering variable D3, the following conclusion can be

H

macie s

Due to the fact that for group one T = 12,118 A(prob >/ T

0.0001) we can reject that therse has been an improvement in
curve size. We can therefore conclude for group two, that the
reacding at day zero has a meaningful difference T = -22.714
{prob >/ T = 0.0116), therefore we reject Ho = Ud = 0, There
is a meaningful difference between the reading at day zero and
the reading at day 24 for group two, due to an increase in

curve size.

At day 24 the same T-test was done as for day zero, The
purpose  was  toe tdetermine if there were any meaningful
tifferences between the variables of the two groups. There
were  meaningful differences with variables V11 and Vi4d4  for
group one and group two, thus they are not homogeneous. The

remainder of the data is homogeneous (p > 0.0%) (Table 10).

TARLE 10

Group One
Frob *>/T/

Q.4135

Description Group Two

Frob >/ T
0.4158

Umbilicus R

Vio Umbilicus L. 0.4317 0.4322
Vil Curve 0.00014 L QO0O0X
vie Btanding Heldght 0.5621 Q.5744

Seated Helght Q. 4385 Q.6r8]
Flexion . 0,032 QL 0040%

¥ pon Q.05
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DISCUSSION AND CONCLUSION

"ldiopathic 8Scoliosis is the most common form of spinal
curvature seen by orthopaedic surgeons. However, it is the
form that is the least well undérstood“. (Bradford and
Hensinger 1984, p 233). In the light of this statement, the
purpose of this stuwdy was to determine whether corrective
exercise had any positive effect on idiopathic scoliosis. An
axercise programme was devised specifically for this study and

the subjects involved were diagnosed by orthopaedic surgeons.

5.1 Umbilicus Leg _Length

The umbilicus leg length was used as part of the subjects
evaluation as an indirect means of monitoring changes in
lumbar  scoliotic cuwrves (Calliet, 197853 Fisk, 1987). The
sping  tends to compensate for  any inclination iﬁ the pelvic
girdle, as a result of leg length discrepancies, or may cause
a tilt in the hips as a result of the scoliotic cuwrve (Forter,
1986 Fisk, 1987). Muscle contracture can regult‘in postural
stoliosis . When musculo-aponeurotic contracture become
irreversible they initiate postural scoliosis. The hip then
assumes a flexed, abducted position. Correction of the
undevlying problem allows the spine to straighten. If that
correction is carried wut' too late spinal deformity can

persist (Stranara, 1988).
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The méén values for the right umbilicus leg length and left
umbilicus leg length are depicted in table b . It is evident
that for both érmup% the umbilicus leg lengths were not the
Bsame bilatafally, indicating an inclination in the hips.
Although these values are the mean for the two groups, not all

the subjects had lumbar scoliosis which could effect the hips.

There was, however, bilateral improvement in group one. For
grdup two there was no significant changes for eitheyr right
and Jleft umbilicus leg length due to the fact that they did
not take part in any physical activity. However, when the two
mroups were compared at session E#,‘it ia noted that they are
homogenaeous  (Table 10). This indicated that umbilicus leq
length cannot be used as  an accurate indicator of scoliosis
improvement or  deterioration, This is nat ta say that the
variable showld be deleted from the evaluation process of a
stoliosis patient. lLeg length discrepancies, both umbilicus
and anterior supra iliac, can be used as indicators for the

severity of the case and +the appropriate treatment (Bradford

et _al, 19873 Fisk, 1987; SBtranara, 1988).
S.2 Spinal Curve (°)

The LV VS measracd ]l done on posterior—-anterior
radiographs of  the subjects using the Cobb method (De Smet,
19653 19903 Kojima and EHurokawa, 1998). For those subjects

who suffered from a double scoliosis, only the major
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curve was treated.

Other methods in&mrpmratmd in the treatment of scoliosis wvary
from bracing to swgical techniques (Rothman and Simoene,
1982; White and Fanjabi, 19903 Winter, 1998). Most of the
Literature states that exercise alone does not prevent the
progress of a scoliotic spine, nor will exercises correct an
axisting scoliogsis (Calliet, 1978 Dickson and Bradford,
19843 FBradford et _al, 1987). None of the authors define the
exercises used in scoliosis rehabilitations on which they

have founded their claims.

HStagnara (1988) suggested that muscles on the convexity of the
congstant cuwrve act  to prevent the upper spine from collapsing

inteo the concavity, This was confirmed by Zetterberg (1982).

Foes et _al., (1991 conducted a blind review of physiotherapy
erercises used in the treatment of back pain, }n an attempt Lo
assess efficiency of exercise for back pain. On comparing
exercise therapy with other means of conservative treatment
they concluded that of the seven regimes compared, only two
Manniche et al, 19288; Lindstorm egt_al, proved that exercise
therapy was betler than the other conservative treatment used.
The other five studies indicated that other conservative
treatment regimes were superior to exercise therapy. However,
three of the five exercises had method scores lower than 40
(maximum 100, Method scores were graded according to

erercise specificity, exercise practicality, the effectiveness
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of the. exercises, the structure of the programme, and the
success‘ of the programme at completion and after a twelve
menth follow upvperiud. It must be stated that additional
physical treatment modalilties such as massage, hot compression
and short wave diathermy were allowed. Anoéher facet of their
work compared different types of exercise therapy. The study
{Manniche et _al, 1288) with the highest method score favowed
an exercise schemea of three months intensive dynamic  back
extensor exercises. The same principle of intensive exercise
over a three month period was incorporated in  this study on

scoliosis.

Iin the present study the subjects were allocated randomly to
alther the exercise or control grouwp s as to reduce bias.
From Table &7 it can be seen that  the two groups were
homogeneous at  day zero when considering the curve size.
Group one, the exercise group, followed the specific programme
of 24 sessions over eight weeks and shpwgﬁ a substantial
improvement in curve size (p = 0.0001) over the control group.
The T-test at session 24 between the two groups showed no
homogeneity for curve deviation, indicating that the group
which followed the programme had improved whilst the control
group had deteriorated. One immmrtant factor contyibuting Lo
the improvement was that the subjects in group one were
exercised at an  extremely high intensity, whilst the subjects
in group two did not fmllpw the programme. This is also a
reason given for the success in Manniche's g;mgi_ (1988) study

which stated that intensive back exercises were significantly
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better.than mobilization, short wave diathermy, massage and
hot compression. The subjects were evaluated bi-weekly which
permitted an imﬁediate and individualistic adaption of the

pragramme used,

When comparing this study to those evaluated by Koes et al
(1991), using their assessment coriteria, a relatively high
method score is obtained (S&). This study dogs not concern
itgself with a follow up period, which ¢arries a value of 10
(Koes et _al, 19913, The method score for specificity was high
as each exercise was designed, and largely achieved, to
isolate the muscle groups during both stretching and
strengthening. Most of the strengthening exercises scored low
on the practicality scale due to the fact that they could only
be performed with the aid of specific equipment. This made it
impossible for the subjects to follow the programme at home.
Tt is also impossible to determine the effectiveness of any
specific exercise, conclusively. Howaver , as & hrmgrammm the

exercises were effective. The programme was structured well

with a warm up, stretching and strengthening phase. Thes
success of  the programme after 24 sessions rated well.

Unfortunately, no medium oy long term follow ups were cdone on

any of the subjects.

It is evident that the programme incorporated in this study
was effective in correcting, to a certain extent, the
scoliotic spine. Monitoring of the spine curvature by means

of the forward bending test 'is also an effective, indirect,
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FIGURE 37 : SCOLIOTIC HEIGHT VERSUS NON OR CORRECTED SCOLIOTIC
HEIGHT
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means which to plot the changes in spinal curvature.
5.3 8tanding and Seated Height
N comprehensive study was conducted by Loncar -~ Dusek et al,

(1991) on growth velocities in didiopathic scoliosis subjects.

They concluded that an increase in growth velocity is closely

associated with the onset of idiopathic scoliosis in
atolescent subjects. This substantiates the works done by

Drummond and Roagala (1980) and Dickson (1984) that states
that scoliotic adolescents are taller than non scoliotic
adolescents. This prompted the monitoring of both standing

and seated height.

From tables & & 7 it can be seen  that the two groups were
homogenouws at the owtset of the programme, but not at the
completion of the programme (Table 10). Beated height in
group  one  showed a statistically meaningful improvemant
between day zero and day 24, This is not the case in group
two. For group two neither gstanding or seated height showed

any significant difference (Table 1 ).

The reason why there was no significant difference in standing
heighi between day zero and day 24 is that the oaobservation
period of eight weeks is  too short for any substantial growth

Lo take place.
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The significant improvement in group one can be attributed to

Ltwo factors:

Firstly, it can be attributed to the effect of the programme.
The experimental period of eight weeks is too short for any
substantial growth to ocouw. Therefore, any improvement in

sitting height must be due to the exercise programme.

BSecondly, the subjects’ motivation when being re-evaluated
could have been higher due . to the positive physchological
impact of the programme. If the subject does not sit 100
percent erect it will definitely negatively effect the true
reading from one evaluation to the next. In reducing the
lateral deviation in the spine the distance between Cl1  and 51
will increase since the pelvic girdle is fixed and any

displacement must take place vertically upwards (Fig 37).
9.4 Lateral Flexion

Lateral flexion to the convex, or in most cases the dominant
side, is negatively influenced by the lateral deviation of the
spine (Fuller et _al, 1991). In their study they measured
lateral flexion and rotation. They concluded that non-
scoliotics were a mean of 12.0 com more flexible than the
scoliotic group.

In thi; study, lateral flexion és well as rotation was

measured. The rotation values were not statistically
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ﬁcrutiﬁised as the monitoring thereof was too subjective. The
lateral flexion to the convex side, for the control group,
deteriorated witﬁ a corresponding increase in curve size. The
group which was subjected to the exercise regime, group one,
showed resounding improvemsnt in flexibility. This
flexibility improvement can be paired with the improvement in

CUrVEe size.

These results support those of Fuller and associates (1991).

It can be accepted that lateral flexion, and the change

thereof, is an acceptable accurate means by which to
indirectly monitor the scoliotic cuwrve. As  the curve size

decreases, the lateral flexion increases.

5.9 Conclusion

Fuller et 1, (1991) made a strong suggestion, at the
conclusion of their study, that, multivariate _reséarch desianes
to explore new therapies are needed. They stated that, in
their opinion, muscle imbalancements do cause scoliosis. This
heing true, they suggested that an aggressive physical therapy
he employed to cocreate an  unbalanced pull on the vertebrae,

from the convex side, in an attempt to reduce the ocurve

AV Qg ession.,

In this study, the programme employed was individualistic and
agoaressive. It is evident that this contributed to the

suceess of the study. {oes et al (1991), in thedir review of
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awaruiée regines and their success,concluded that
physiotherapy exercises, applied intensively, are successful.
Those regimes thét reported negative results of exercises had
10w mmtﬁod scores. They state, as did Fuller et _al, (1991),

that further research is needed in  which more atitention is

given to the methods of the studies.

The variables incorporated in  this study were intended as a
means by which to  indirectly and quickly monitor the progress
aof the curve, without major radiographic expenses, as well as
to  adjust  and adapt the programmes. The only direct
monitoring of the spineg was done by means of radiographs. A1l
the variables, ercept standing height, proved, wilthin
themselves, to he acceptable. Howsver, when comparing the
variables at day 24 only the degrees and lateral flexion
pmroved to be statistically sound monitoring variables. 0f the
two  variables, lateral flexion dis an  indivect monitoring
variable. Unfortunately, ik bump, an inqiraét monitoring
mﬁﬁhud, was not incorporated in this study. The rib hump
measwrement has been shown to be an acceptable, accurate and
reliable Imathmd for monitoring cwve asize (Calliet, 1970

Stanara, 19688).

Due to the extreme pressures on o countries sconomy, as well
as being a global problem, medical services which are a

necessity are becoming an ever increasing luxury. BRack pain
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in it§ entirety is & high financial and social problem
(Forter, 1986) . The modalitlies and regimes employed in
treatment of, ﬁﬁacifically scoliosis patients, are largely

successful except those regimes which utilise exercise. (White

and Anderson, L991). This was &a motivating factor in
conducting this study. The programme used appears Lo be
successful . Unfortunately, no follow-up of the patients was
conducted. When considering the costs, comparing

physiotherapy and biokinetic treatment to bracing or surgery,
Lhe patient should be offered the opportunity to engage -in the

physiotherapy and biokinetic treatment (Table 11).

It is not suggested that in cases where swgery is a
necessity, exercise shouwld take preference. Due to the fact

Lthat the purpose of this study was to svaluate a conservative
method of scoliosis rehabilitation, it is  suggested that
during  the period of observation of the curve the patient

should engage in an intensively conducted exercise regime.

lL.oncear -~ Dusek et al, (1991) followed a group of adolescent
individuals and monitored them for scoliosis. They concluded
that of those who developed scoliosis during stages two  and
three of breast development for girls, 953.4 %4 of the subjects
had an  increase in curve size. The present study
substantiates this trend with 59.26 % of the control group

displaying deteriorated curves.
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It is .felt that if the subject engages in a specifically
structured exercise ragime this curve progression could be
checked. Tt saémﬁ pointless and counter productive to allow
the spine to deteriorate further (+/- &0 %  chance) before
implementing any form of treatment. Keim (1982) and Stagnara
(1988) state that if there is no evidence of progression,

exercise and follow-up alone is appropriate.

Hradford et _al, (1987) and Stagnara (1988) state in their work
that bracing has an 80 % success rate, with a’curve
progression of one to two centimetres after brace cessation.
Bracing with physiotherapy and corvective exercises shouwld,
firstly, decrease the vebhabllitation time, thereby reducing
The brace wearing period, and enswe the maintenance of the
improvement for  a longer period, post brace, Wintey  (1992)
treated 94 adolescent patients with thoracic curves (30 -~ 39
°) by Milwaukee bracing and exercises. A two year follow-up
wf the patients, after wearing of the bracg indicated that
only 14 % went onto swrgery. The average pre-~treatment curve

was 33 with a post-treatment curve of 29 %. The curve at

follow-up was 31 °.

From this study it would be strongly suggested that an
intensive exercise régime, which dis specifically adapted for
the individual, be adopled, along with other conservative
methods in certain cases. However, this should not be seen as
a substitute Ifmr surgery, which, in drastiq cases, 1is a

necessity.



TABLE 11

Methods and costs of scoliosis rehabilitation

Methods Modality Costs

Surgical Internal +/- R10O Q00.00
(orthopaedic, fixation +

surgeon assistant,

anaesthetist,

radiographs,

medication,

treater, bed)

Bracing CeTol.8.0. R1 760,00

Fﬁysimthewapy
(pain treatment)

Eiokinetics

Mobilisation,ice,
hot packs, ultra
sound (excluding
radiographs)

Intensive
corrective
exNercises,
maintenance
programme (with
radiographs)

and

b f o HEO#.OOW

R 1 584.00

R1 OBO.QO——J

(Soales according to
and Dental Council)

tariffs approved by

Bouth African Medical
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ske etélly NO
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SCOLIOSIS PATIENTS .

(Adapted from Keim, 1982)
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 APPENDIX_A
INFORMED CONSENT FOR RESEARCH EVALUATION

1. Explanation of the Evaluation
You will undergo a physical evaluation of the back. X-rays
will bhe taken of your back to measure, accuwrately, convex and
concave angles of  your  spineg, A Cybex svaluation will be

performed on the hip and back muscles.
2. Risks_and Discomforts

Apart from the Cybex, no major discomfort will be experienced.
Within the evaluation protocol and rehabilitation exercise
programme there are no visks. Discomfort may be experienced
post exercise duse to the stress and strain on the debilitated
muscles. This is expected from this type of protocol and

rehabilitation.
3. Benefits to be expected

The evaluation will allow uwus {0 ascertain exaclly

what ant where your problem is.

By means of Lhe rehabilitation programme it will be
attempted to rehabilitate vowr problem and alleviate

daily pain and discomfort.
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4. Injuries

Any questions  about the procedures used iAin the evaluation  or
rehabilitation programme are encowaged. If you have any
doubts or questions, please ask me at any time for further

explanations.

3. Freedom of consent
Youwr decision to perform this evaluation and rehabilitation
protocol is voluntary. You may deny consent or withdiraw at

any time if yvou s desive.

1 have read this form and understand the risks, discomforts

and bhenefits of the protocol.

I consent to participate in this test.

DATE SIGNATURE OF SURJECT

SIGNATURE OF FARENT/

GUARD T AN
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Muestions @

Responses @

Gignature 1 Guardian :
Farticipant

Doctor

Adapted from Blair

¢ Ouidelines for exercise Te

ant! Prescyiption 1 American College of Sportes Medicine, 3vd

edition, 1986&.
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PHYSICAL EVALUATION
Name : Age:
Tel @ Beann
Fhysician 3 Date:
Dominant side Rights [ 1 lLefts [ 1
History ' Fain (grade) H
Referred Fain B
Stiffness H
Numbness of Paraesthesia
Other symptoms i

History of main problem

Site 1

Duration 5

Frequency (days/weeks) i
Severity (x/10) .

Aggravating factors
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Fast history of spinal injury @

SECTION B
Examination

Right Left
- l.eg Length 1 umbilicus (am)

iliac (cm)

b w l.andmarks @ Acramial (om)
Subscapular (cm)

Btanding iliocristal (cm)

Ce Height H Standing (cm)

Beated (om)

. Forward BRending Test (L./R) (vertebrae) (cm)
Bcoliosis: Cervical s
Thoracic:

Lumbar

6 o Range of motion: (cm) Right Left
Flexion !
Extension :
Right rotation: normal/Zintermediate/abnormal
Left rotation: normal/intermediate/abnormal
Right lateral flexion: (begin -~ end)

l.eft lateral flewxion: (begin - end)
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f. Muscle Atrophy (where T) 3
Muscle Hypertrophy (whereT) @
Mugscle Balance

SECTION C
Right Leg (cm) Left Leg (cm)

e 8it and reach test

(L./R) (Vertebrae) (Degrees)

M. X~Rays report i

Right Left

3w

i. Cyben Average R.0.M. (deg) s
Flesion (Nm) '
Extension (Nm):

Flexion/Extension (%):

Bummary i
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BIOKINETICS § APPENDIX C
T Biokineticlan ... ittt e e
05 7 o Y- - 8 e o o

Date
Exercise Sets | Reps HL WL WL WL WL WL WL WL WL WL WL
M Cycling 5 min i
2
3 Stretching
4 . Hamatring 3 45 sec
5 Stretching (L)/(R) 5 1 min
6 Stretch on knee (L)/(R) 3 |45 sec;
7 Scissor Torso Twist(L)/(R)| 3 |30 sec
8 Cat and Camel 2 15 (hold| for 3| sec)
9 Shoulder H. Flexion(L)/(R)] 2 45 sec
10
11 Sciasor sidelying (L)/(R) 2 12
1z H. Shoulder ext (L)/(R) 2 12 || (hold} for 3] aec)
13 (L)/(R) Arm DB Rows 1 15 (hold| for 3| sec)
14 DB in (L)/(R) hand
it B - Side stretch to (R)/(L) 4 16
16 Reversed PD (L)/(R) 2 10
17 Stomach crunchies 2 max

Follaw‘for 2 weeks - [Re-evaluation date)
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