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N This study reports on a biomechanical analysis of the
verticél standing posture of normal human subjects and muscular
dystrophy patients. The compensatory roles of lordosis and -
equinus in stabilizing the knee joint were studied using a force
plate, cinephotographic and electromyographic methods.

The results indicate that both lordosis and equinus
stabilize the knee in extension. These comﬁepsatory mechanisms
are pr8gressively negated by progressive knee flexion contractures,

resulting in inability to stand when the quadriceps muscles are

sevenely weakened. An explgﬁation is offered for the significant
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clinical observations of lordosié which disappears with knee
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4 bracing, requirement for knee brisging following heel cord

lengthening, and of work hypertrophy of the calf muscles, which

RS . occut in muscular dystrophy.
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An explanation is offered for the significant

1tnical observations of lordosis which disapééifs with knee

bracing, requirement for knee bracing following heel cord

lengthening, and of work hypertrophy of the calf muscles, which

occur in muscular dystrophy.

~
i



A BIOMECHANICAL ANALYSIS OF THE
POSTURE OF MUSCULAR DYSTROPHY.

THE COMPENSATORY ROLE OF LORDOSIS AND EQUINUS.

BY

D.L. BURKE

A thesis submitted to the Faculty of
) Graduate Studies and Research in
© partial fulfillment of the requirements

for the degree of Master of Science.

ae w

Department of Surgéry,

(Division of Surgical Research),

~o

McGill University,

Montreal, Quebec, Canada. 1973

© OD.L. Burke 1974

[



RN

‘

ACKNOWLERGEMENTS

I wish to express my appreciation’ to my supervisors, Dr. J.

E. Miller and Dr. J.H. Milsum, for thedr advice and encouragement

G

in the work reported in this thesis.

I gratefully acknowledge the collaborative efforts of Mr. R.
E. Kearney in the design, of the force plate and for his technical
assistance in carrying outXhe experiments. The description of the
force plate in Chapter V and derivation of force plate equations in
Appendix A, are gorunmon to this thesis and to the M.Eng. thesis of
Mr. Kearney entitled 'Modeling the Postural Control System of the‘

Exoskeletally Restrained Ht.l‘man" (July 1971).

Thanks are also due to the experimental subjects, Dr. J.E. . ®

'

_ Miller, Thomas Kearney, Fredrick Milsum, Gaetan Chayer and Gerard

Chayer, yithouf, whose cooperation these studies would hdve been

#

impossible.
I wish to acknowledge the assistance given to me by my wife,

Susan, in cinephotographic analysis and for her extreme tolerance

et

during the research and writing of this manuscript.

The facilities provided by the BioMedical Engineering Unit

<

at McGill University were greatly appreéiated.
l Special thanks go to Janet Cooper for typing, this thesis.

This research was supported under Medical Research Council

Grant MA3806 and a Medical Research Council Fellowship.




TABLE' OF CONTENTS

Acknowledgements

Tabie of Contents ,

, - L
CHAPTER I %
Introduction
«CHAPTER II
Muscular Dystrophy

‘2.1 Definition 4
. 2.2 Etiology and Classification
2.3 Patholcgy

2.3.1 Histology
»2.3.2 Pseudohypertrophy -
2.4 Clinical Manifestations \
CHAPTER II ‘ °
Humzn Standihg Posture

3.1 Introduction
3.2 Historical Review
*3.2.1 Centre of Gravity Determinations
3.2.2 Centre of Foot Pressure and
Postural Sway
3.2.3 Electromyography

3.3 Anatomifal and Biomechanical Aspects of
’ Knee and Ankle Joints
\ 3.3.1 Knee Joint
- N 3.3.2 Ankle Joint
CHAPTER 1V .

Leg Model of .Lower Extremity for Evaluation of the Role
of Lordosis and Equinus in Knee Stabilization

4.1 Introduction
4.2 Role of Lordésis and Equinus in "
Stabilization of the Knee %

4.3 Leg Model : i -

. CHAPTER V

* Experimental Apparatus

9.1 Introductidﬁ
5.2 - TForce Plate
5.2.1 Introduction

\ 5.2.2 Design and Construction
5.2.3 Load Cell Electronics
5.2.4 Analog Preprocessing
5.2.5 Calibration

NN W

14

14
15
15
16

19
22

22
23

26
26

33

45

45
45
45
47
49
50
52

idi.



iii.

5.3 Cinephotography and Background Grid 59
5.3.1 Camera and Grid 59
5.3.2 Synchronization Pulse 59 .
5.4 Electromyography (E.M.G.) 60
5.4.1  Electrodes 60 -
5.4.2 Amplifiers h 60
5.4.3  Rectification and Filtering 61
5.4.4 Electrode Placement “61
5.5 Data Recording 61
5.5.1 FM Tape Recorder 61
5.5.2 Visicorder 63
5.5.3 1IBM 360 Computer 63 7
5.6 Radiology Equipment 64
CHAPTER VI . . .
Experimental Method and Protocol 65
6.1 . Introduction 65
6.2 Experimental Method 65
6.3 Experimental Subjects 67
6.4 . Experimental Protocol 72
6.5 Relationship of Achilles Tendon to 72
Hindfoot Segment
6.6 Gastrocnemius and Soleus Muscle Cross- - 73
Sectional Areas and Weights
CHAPTER VII ‘
Data Processing and Results ‘ . 75
7.1 Introduction ~ 75
7.2 Cinephotograph Analysis 76
7.3 Radiographic Analysis 77
7.3.1 Axis of Knee and Ankle 77
7.4 Magnetic Tape Record Conversion to 83
Strip Chart and Analysis o
’ 7.4.1 Magnetic Tape to Strip Chart 83
J Conversion -
7.4.2 Strip Chart Analysis 85
7.5 Computer Analysis ) 86
7.6 Data Presentation and Averaging 86
7.7 Results 87
7.7.1  N,S.M. (NetL8€abilizing Mottent) 87
7.7.2 Centre of Foot,P%essure (C.F.P.) 93
7.7.3 Tendoachilles Tension 94
CHAPTER VIII . N
Discussion, Conclusions and Recommendations 95
8.1 Discussion 95°
8.2 Conclusions ) 99

8.3 Recommendations < 100



5,

\ . ;

JL

Appendix A - Derivation of the Force Plate Equations

' Appendix B

Appendix C
Appendix D
Appendix E

Appendix F

e

'Derlvatzon of Parallax Correctlon for
Cinephotographic Data ‘

- Results of Cadaveric Leg Dissection~

- Computer Programs e ‘

Computer Output

- Compilation and Averaging of Data

Bibliography

101

104,

105
106
112
136

138



o -

LIST OF ABBREVIATIONS

centre of foot pressure
centre of gravity

net stabilizing moment



ABSTMACT ) .

This stud§ reports on a biome;hanical analysis of the t\
vertical standing posture of normal human subjerts and muscular ,
dystrophy patients. The comg?nsatory roles of lordosis and
equinus in stabilizing the knee joint wer; studied using a force
plate, cinephotographic and electromyographic methods.

The results indicate that both lordosis and equinus
- stabilize the knee in extension. These compensatory mechénisms
are progressively negated by progressive knee flexion contractures,
resulting in inability to stand when the quadriceps muscles are N
severely weakened. An explanation is offered for the significant
clinical observations of lordosis which disappears with knee
bracing, requirement forhknee bracing followipg heel cord lengtheping,
and of work hypertrophy of the calf muscles, which occur in muscular

&
dystrophy.
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o CHAPTER I

s .

INTRODUCTTON

L J

The erect standing posture of man has attracted systematic study

(45)

from a variety of viewpoints fer almost a century. In 1887 Muybridge

(10)

and in 1889 Braun and Fischer publfshed their investigation of cine-

photographic recorded body form and the centres of gravity of body

segments. Since that time the mechanics of standing, measurement of
postural deformities and neu oﬁﬁ?eular functions have been investigated
“by several branches of the basic sciences, medicine, surgery, and, more
recently, the biomedical engineér. The literature is extensive and
includes the respoffses of various organ systems to postural variatioms.
Precision quantitative devices have ‘been used comparatively little,
however, by the orthopaedic specialist in the cxamination of postural
@ ’ \
disordefé of the @usculo—skeletal system. An understanding of the !
function of the locomotor apparatus in the upright or orthograde position
'
is essential to research into dynamics of the body as it is the startiﬁg
position in the transition to dynamic(function.

i

Until the present time, most of the investigations have dealt

o

primarily with static measurement of the centre of gravity of the body,

measurement of the supportiwve forces of the body and the pressure

distribution undcr the feet in standing and during walking. ‘

There is growing interest not only in normal posture and gait, but

k) 7
also in how it may be altered by disease. The manner in which various

diseases alter postural mechanics are of interest to the treating physician
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for several reasons. Such studies can leag”’to a more rational approach
=

—

-

to selection‘ef‘ﬁﬁsropriate surgical and{;chabilitative measures, assist
in evalﬁating the ;esults of surgery, and Efﬂ in establishing prognostic
criteria.

This study was undertakem to investigate the characteristic posture
of the childhood form of muscular ¢ystr5phy. The posture is characterized

by lordosis, equinus and large calf muscles.°~Traditionally, these alter-

ations have been éxplained empirically by attributing the lordosis to

weak abdominal muscles and hip flexion contractures, and the equinus and

calf hypertrophy to so-called "pseudohypertrophy". A unified explanation

of these findings is proposed in the belief that they repréﬁent a complex

[

compensatory substitution pattern, which provideé stability to the, lower
- & ’

limbs in the presence of muscle weakness. This stadf represents the
- >
first time that either normal subjects or subjects with pathological
[ ’
musculockeletal conditions have been studied on a force plate to determine

the influence of equinus_aFd lordosis on the stabilizing moment at the

knee joint. -



‘ ' CHAPTER II

MUSCULAR DYSTROPHY

2.1 DE#INITION

The term muscular dystrophy is reserved for tho;e forms of
geneticaily determined myopathies in which a degenerative process
develops primarilw the muscle fibres themselves. Muscular
dystrophy may therefore be defined as a genetically determined

0
primary degenerative myopathy.

2.2 ETIOLOGY AND CLASSIFICATION

'On the basis of classical clinical-anatomical description,
. pure; muscular dystrophies have been divided into the following
categogies:
- (i) Pseudohypertrophic (Duchenne 1868; Gowers 1879)
(ii) Pelvic girdle atrophic (Leydon 1876; Mobias 18%9)
(iii) Fasci Scapulo—Humetﬁ’ (Landouzy and Dejerine 1884)
(iv) Juvenila Scapulo-Humero (Erb 1884)
e () Distal (Gowers 1902)
(vi) Late life (Nevan 1936)
(vii) Barnes type (Bdrnes 19.32)
(viii) Ocular forms (Hutchinson 1879; Fuchs 1890)
This clcassification, however, has created a good deal of
confusion concerning the mode of 1hheritance of the various forms of
the disease. Examples of autosomal recessive, dominant and sex

. linked recessive inheritance were found in each of the clinical



(6)

(46) and Bell .

varieties by Milhorat & Wolf
(60)

a more acceptable classification is as
5

According to Walton
follows:

1. Duchenne Type Muscular Dystrophy
a) sex linked recessive variety

b) autosomal recessive variety

2. .Limb Girdle Muscular Dystriophy
a) autosomal recessive

b) sporadic

&
3. Fascio-Scapulo Humero Muscular Dystrophy

(Autosomal dominant or rarely recessive variety)

4. Distal Variety . '

5. Ocular Myopathy

6. Congenital Muscular Dystrophy

»

2.3 PATHOLOGY

2.3.1 Histology

Clinically, cases of muscular dystrophy can be loosely divided

into the categories previously outlined, but pathologically it is much

(7,49)

more difficult to define these groups . In'éeneral, lipomatosis

is most likely to be found in the childhood (Duchenne) form which occurs

predominantly in young boys in conjunction with pseudohypertrophy.

-

Fibrosis is more common in the adult slowly progressive varieties.

“

Once clinical weakness is evident, the changes are in general similar
in all forms. The histological picture(bg) is characterized by a random,
haphazard involvement of individual muscle cells so that injured, dead

3
and dying cells are mixed in with normal cells and with cells that have

undergone compensatory hypertrophy.
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(47,48) which were found by

In early cases described by Pearson
analyzing levels of various serunm enz&mes which are elevated through
the preclinical and most of the clinical stages of the childhood form
of the disease, some of the earlier events have been studied histolog-
ically. These studies have shown that myopathic le§ions exist in the
first few moments of life, ‘though weakness may not appear until more
than two years later. Moreover, it may be necessary for the dystrophic
process to involve and affect to a significant degree about fifty percent
of the fibres of a muscle before clinical weakness can be detected in the
usual activities of daily living. Another feature of the pathology of
early dystrophy is active regeneration of damaged muscle fibres. As the
disease progresses, this feature becomes less evident. These studies
also s;ow that even in fully developed dystrophy, the muscle fibres retain
the capacity to regenerate after induced injury. .
The gross appearance of the muscles varies depending';;hr the type,
duration and intensity of the disease process and the extehz of replacement
of the muscle fibres by fat and fibrous connective tissues. In the earliest
stages, when clinical evidence is barely evident, only slight loss of the
red-brown coloration is noted. Certain muscles, notably thg calf, which
undergo pseudohypertrophy are of normal coloration early, andulater when
the muscl? is replaced with fat, the muscle resembles a yellow fatty
tumor. Atrthic muscles in which con&ensation or overgrowth of fibrgpus
connective tissue predominates-.are small in size, grayish white and

1

(v
tough in consistency. A -

The typical biopsy from a weakened proximal muscle in the average

case of childhood dystrophy about one or two years dfter clinical



recognition of weakness will usually reveal fairly typical histo-

pathological findings.

These features are:

1)
2)
3)

4)

5)

6)

7
,8)‘

variability in diaczeter of individual fibres,

o~ >

central nuclei,

splitting of parent fibres, ‘

a variety of degenerative changes,

(a) vacuolization

(b) hyalinization

(c) homogenization

atrophic fibres,

hypertrophied fibres scattered at random, some being
hyalinized: These have been interpreted as true com—
pensatory hypertrophy of sound fibres 19 an otherwise
weakened muscle,

regenerating fibres, T

fatty';nfiltration of‘an active and passive nature,
fibrosdg_which can be found as a late event in most )
varilties of dystrcphy. In advanced childhood dystrophy
it occurs as a partial replacement factor along with fat,
but some of the increase may merely represent a conden-

sation of the previous supporting connective tissue elements.

In early symptomatic dystrophy, at least one half of the muscle

fibres must be involved, and_at l=ast partially functionally inﬁompetent,

) (N

before any strength is compromised for normal daily living activities .



In the advanced stages the histopathologic features are:
(1) wvariation in diameter of muscle fibres,
(2) reduction in number of recognizable muscle fibres,

(3) replacement by fat or fibrous connective tissue, and

(4) increased degenerative changes in the remaining fibres.

2.3.2 Pseudohypertrophy

The mechanigsm of enlargement of -the calf muséles in the childhood

—
.

form of the disease and its true nature is still controversial. For this
reason the term "pseudohypertrophy" is wicdely used for descriptive pur-

(17)

poses. It was postulated by Erb that the fibre hypertrophy represented

1

the initial and essential process in dystrophy, and that it was later
followed by splitting, degeneration, atrophy, and fatty replacement.

(47,48) preclinical observations have made this hypothesis ques-

Pearson's
tionable. He states that the hypertrophy is not a true work enlargemenf of
fibres, since it occurs randomly and often scantily throughout the muscle
and an accompanying increase in the number of myofibrils is not consistently

(52) (20) accept the

féund. Other authorities, notably Shy and Greenfield
concept of true hypertrophy but frankly admit their inébility to explain
it. Undoubtedly the fatty infiltration makes up a percentage of the ?alf
bulk, but there is strong histological evidence for true muscle fibre

hypertrophy. &

2.4 CLINICAL MANIFESTATIONS

The clinical manifestations of the various forms of muscular dystrophy
depend upon the pattern of muscular weakness and wasting which occurs as the

disease progresses.

.




. It is generally ac:.cepted that weakmess of the pelvic girdle
muscles accounts for:
(L inability of the quadriceps to stabilize the knee joint,
(2) difficulty in climbing stairs and in rising from low
chairs or from the fioor,
(3) accentuation of the lucbar lordosis, and

-

(4) a typical waddling gait. .
The pelvic girdle weakness results in a typical "climbing up the legs"
or Gower's Sign when the affected indivigual attempts to stand up from
the floor. Weakness of tbe shoulder girdle muscles gives a character-
istic sloping appearance to the shoulders with difficulty in raising the
arms above the head. As the disease advances, patients utilize trick

movements to overcome the weakness.

. As a general principle, a joint with weakness of one group of . .

A

muscles and not of its antagonist has a tendency for contractures of the
antagonist to develop, and muscular contractures may in turn lead to
secondary skeletal distortion. Muscular inactivity will lead to skeletal
atrophy, a feature which is particularly seen in the Duchenné variety of
the disease. The earliest manifestations of the 6§chenne type muscular
dystrophy may be detectable by only a closely assoclated family member
who becomes awar&&of a very subtle decrease in motor skill.

(60) characterized muscular dystrophy of the Duchenne type

-

Walton
by the following:
1) Expression usually in the male but occasionally in the femafé.

2) Onset in the first three years of life or occasionally as late

. as the third decade. ‘



'

. 3). Transmission usually as a sex linked recessive character

with a high mutation rate but in under 107 of cases is an autosomal

hd -

recessive. . -

’

4) Symmetrical involvement, first of the pelvic girdle muscu-

s

lature and later of the shoulder girdles. p

‘ 5) Pseudohypertgophy particularly of the calf muscles but some-
times the quadriceps and delteids occur in over 807 of cases.

6) ‘Abortive Y rtially affected cases do not oécur. o

:

7) Steady ahd rapid progression which lead to inability to waiﬁ

within 10 years of onset.

8) In progressive deformity with'muscular contractures, skeletal

»,
.

distortion and atrophy occur.

- 9) Death from inninatiom, respiratory infection, and cardiac
‘ failure occur usually in the second decade but sometimes not 1&}1 middle

life.

Miller(sg’l'o) made particular note of the abnormal posture of these

El

dystrophic children, characterized by lordosis, equinus and large calf
muscles (Fig. 2.1). These observations had previously been explained

empirically by attributing the lordosis to weak abdomindl muscles and

v

hip flexion contractures, and the equinus and calf hypertrophy to so-

called "pseudohypertrophy', the mysterious infiltration of the muscle
\
by fat.

He made the following clinical observations:
1) Children who walk fairly well with equinus contractures

are totally disabled by heel cord lengthening. They promptly require

' application of 10né leg braces not only to restore ambulation but also

o

-



Fig. 2.1

Characteristic posture of muscular dystfophy

10.
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.by Miller

to reduce the lordosis to a considergble degree. The effect of such
surgery and subsequent bracings is illustrated in Fig. 2.2. These
incidental observations raised doubt in his mind about the usual theories
and suggested that the posture of pseudohypertrophic muscular dystrophy
is, in fact, coOmpensatory in nature.

The following additional observations and data were accumulateg
(40) in the Muscular Dystrophy Clinic, University‘of Illinois,
and tend to support this theory.

2) Observed hip flexion contractures’ in the ambulatory patient
are too small to explain the lordosis. They progress slowly if at all
as long as the child is able to walk.‘ The average hip flexion contrac-
tures of 58 children studied measured on the first visit to the clinic
was less than 10°. The increase ov;r an average of 20 months was less
than 5°.

3) All patients had marked weakening of the quadricsps and hip
extensor muscles - even childrenuwho walked fairly well. These muscles
usu%lly graded less than 4, that is not strong enough to extend “the limb
fully ggainst gravity,

4) In contq;st to the weakening hip and knee muscles, the
gastrochemius and soleus retain a relatively large proportion of their
strength. They appear to be the most powerful muscles in the lower limb.
Even very late in the disease when hardly a finger or a toe can bg moved
voluntarily, the calf contains histologically recognizable muscle and can
produce active plantar flexion. The enlargement of the calf muscles

appears to be the result of a true hypertrophy in response to a functional

demand (not to pseudochypertrophy).
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Fig. 2.2

Effect of knee bracing in muscular dystrophy

~

™
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5) Equinus deformities are a consistent component of the late
posture of thesé patients, but early-in the disease it appears elec-
tively, that is the patient employvs equinus only in moments of
apprehension or uneven footing apparently to increase the stability
of the lower 1limb.

6) The cessation of independent walking is preceeded by fairly
rapid increase in equinus and development of small but obvious knee
flexion contractures. P

»7) 1In the University of Illinois series, no children with knee

flexion contractures of greater than 15° had independent ambulation

without the benefit of bracing.

-e
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CHAPTER III

HUMAN STANDING POSTURE

I

3.1 INTRODUCTION

The human body can be considered to be a multisegmental’
structure consisting of body ségments with several degrees of
freedom at the articulations. The maintenance of the upright
stance 1s achieved by m;intaining the segmental centres of gravity
in such relationship that the projected whole body centre of gravity
lies within the base of support. Control and stabilization of the
segments is provided by ligaments, siscles agd gravitational forces
acting across the joints. Movement about any of the joints
allowing movement of the body segment iu~a sagittal plane will
obviously result in a shift of the centre of gravity in that plane.

The relationship of the projected line of gravity to a particular

.»b ——

-joint axis will change the stabilizing moment due to gravitational
forces. In this study related to the stabilizing effect of lordosis
and equinus on knee stability, the g;imary concern was the relation-
ship of the centre of gravity of the body segments and their projected
line of gravity with respect to the knee joint axis. Muscle forces
which are acting across the knee joint have either a positdve or
negative effect on the stabilizing momen% of the knée. The historical
biomechanical and anatomic aspects of posture having relevancy to this

study are discussed in the subsequent sections.

J
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3.2 HISTORICAL REVIEW 3

3.2.1 Centre of Gravity Determinations

-

Theomean position of the body centre of gravity is located at

the approximate level of the first sacral vertebra and anterior to it

y

b

« ]
when*the stance is vertical. There is slight variation reported in

various investigations ranging from the level of the second sacral

. vertebra to the fifth lumbar vertebra. The contribution of the effect

of gravitational forces to knee stability is a function of the relation-

o

ship of <the projected line of gravity of the body mass to the transverse
axis of the knee joint. In the child who is learning to stand, the

angle between the leg and the thigh is considerably less than 180°.
(55)

Smith stated that it is apparent that the body weight tgggg\to flex
et

W
Ny
the knee joint. Thus, in the infant as in the experimental animal, the

muscles which are potentially capable of affecting stability at the knee

v

joint during standing are the extensor group. On the other hand, in the

1

stance of the adolescent and adult, -as is now generally accepted (Johnson

(30) and Brash(g)),the centre of gravity of the body falls in

0

front of the axis of the knee joints and the angle between the leg and
the thigh exceeds 180°. Consequently, in these age groups, the quad-

riceps muscle cannot control the position of the knee joint as has been

suggested by Denny Brown(lﬁ). On the contrary, the ability to perform

this function is necessarilf'transférred to a flexor muscle group.

Conditions existing in the adult human knee joint appear to be peculiar

to pman, and there is considerable evidence to suggest that they are

(42) (27)).

peculiar to modern man (Morton and Hooton It has therefore

been postulzted that the developmental change in the posture of the knee
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joint during standing and consequently in the identity of the anti-
gravitational muscles is .a recapitulation of the philogenic change.
1 In a pathological state (such as muscular dystrophy) charac-

terized by knee flexion SBntr%ctures, the stabildzing force at the

knee must then revert to the quadriceps muscles or to gravitational

forces Qg on the upper body mass. - - .
» 4

3.2.2_/Centre of Foot Pressure and Postural Sway

The stabilizing base provided by the feet éuring standing has

(43,44) ‘ (21,22,23)

been studied by Morton and b§ Hellebrandt and co-workers

_ The stud{ss ere largely concerned with the anatomy of the feet and

measurementyg of the distribution of pressure over the contact area of

o

the feet with the ground when an attempt was made to stand quite still.

These studies were restricted to a standardized stance with the heels

° (44)

closely approximated. Morton considered the effective fcot base to

extend from the posterior heel margin anteriorly to include the heads bf _ _
the‘metatarsals, and that the centre of gravity of the yody weight plumbs

to a point midway betweén these margins during normal standing., Helle-

(23)

o

found 407 of the "under prop diameter" to be posterior to the

(61)

brandt

gravity line. khitney investigated the anteroposterior sgtability

. >

of the body during standing, observ1ng the maximum displacement of the

cent&e of foot pressure which is possible during three manoeuvers)

those of heeling and toeing, -forced repeated swayé and sustaiged
leaning forwards and backwards. The anteroposterior distance between

the centre of foot pressure limits for a given manoceuver was termed by
A

him the effective foot base for the manoeuver.

(58)

Normal standing, however, is not a static posture. Vierordt
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in 1862’e§tablished experimentally that the body is in continuous
motion, even when the atiempt was made to stand quite still. Subse-
quent investigations of this postural sway, predominantly as a test
of psychomotor function have assessg&~the degree of sway chiefly by

recording movements of the head in the horizontal plane (Miles(37’38),

«3) (41) (23)

Baron -’ and Morgan . Hellebrandt recorded movements of the

centre of foot pressure on the ground with‘ the implication that these

movenents were directly related to movements of the vertical projection

(55)

of tHe centre of'gravityfgf the whole body. Smith recorded antero-
posterior movements at approximately the hip level. The expression of
variationabetween‘subjects in the extent of postural sway has commonly
been restricted to recording of the distance between the extreme liﬁits
of sway during a specified standing period, of the horizontal area of
the limits for anteroposterior and 1ate;a1 sway combined, or the total
distance traversed by a fixed point on the body (usually of the head) in
" the borﬁigptal plane. This type of data is not generally amenable to
further mechanical analydis. The évailable data ig not geoﬁetrically
related to the knee joint axis and hence it is impossible to further
analyse the gravitational forces with respect to the extending moment
exerted at the knee joint. The measure of postural sway provided has
been frequently empirically dependent on the details of comstruction
of the recordimg apparatus. .

(57) in 1959 attempéed to describe some of

Thomas and Whitney
the events of postural sway in a more objective and mechanical manner
<
using a specially constructed force platform to obtain a continuous

record of horizontal forees of recaction at the feet, and the coordinates

Q



of the centre of foot pressure on the horizontal surface of the plat-
form. They concluded that all forms of postural activity investigated
were cycljcal in nature and included both a high and low frequency
component. The frequency of components of movement of the centre of

foot pressure and change of trﬁnk inclination was always very irregular
with respect both to duration and amplitude. Average frequency of both
movements varied between subjectg_fng_QIIZ - 0.39 Hz. with amean of 0.21
Hz. The amplitude of the low frequency movements varied from 0.56 to
1.13 cm between subjects. For dynamic reasons, movements of the centre
of foot pressure must exaggerate the accegpanying movements of the centre
of gravity of the body mass, the degree of Zxaggeration iHcreasing with
the frequency of the movement. The frequency component of trunk displace-

ment showed great irregularity both as regards cyclic duration and ampli-

tude in the corresponding low frequency components. The frequency of the

&

displacement varied between subjects from 9.2 to 13.4 cycles per sec.
with an average amplitude of the displacement at these frequencies from
2.8 - 15 microns or.about 1/1000 of the corresponding low frequency
displacements of the trunk at the umbilical level. No simple relation-
ship could be found between the variation of the two components for
different subjects.

Qualitative agreement is found in the literature on the following

points. ¢

(i) Some sway is always present during quiet st;nding. The
largest component of this sway is at a frequency of about 0.2 Hz(33‘54’57)
with a small tremor of approximately 10 Hz ;uperimposed on it.

(ii) Sway in the anteroposterior (a-p) plane tends to be larger

4

than in the coronal plane.

é
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(iii) Sway tends to be larger with the feet together than with
the feet apart.
. . . (51)
(iv) Sway is significantly increased by closing the eyes
while blind people sway about as miich as sighted people with their

(25) (3,25)

eyes closed showed that the content

. Baron fnd Fillizot
of the field of vision can affect the sway pattern.
(v) Sway is not constant for an individual subject.
(vi) Neurological disorders, fatigue, sleeplessness, alcohol,

(41) ' )

and certain drugs cause an increase in postural sway .

Although the sway is affected by many factors, there do not

appear to be any patterns of sway®characteristic of specific individual

~

2

disorders.

The significance of these sway characteristics to a study of a
static posture is that no single value of the position of the ground
reaction force on the feet will be representative of the sway range.

A mean of several positions and their range over a full cycle of sway
is more representative of the postural state. The inertial effects of
body sway cause a slight discrepancy of the position of theoground
reaction force relative to the position of the whole body centre of
gravity. Assuming symmetrical sway forward and backward, the mean

value of position of the ground reaction force will be identical to

the pean position of the whole body centre of gravity.

3.2.3 Electromyography

Electromyographic studies of postural control by muscular

activity has supplanted the technique of palpation of muscles and




o
tendons. The advent of electronic amplifiers made possible this

technique which allows monitoring of efgctrical activity in muscles
using various types of electrodes. .

Although electromyographic techniques were apglied to man for
diagnostic and clinical reasons prior to the 1940's, it was not until
then that they were ufed to unravel the functions of individuai muscles

(28)

and groups of muscles. In 1944 Inman et al applied the/technique

to study the function of the shoulder joint. Since that time almost
every muscle in the body has been studied during quiet standing.
Initially, disagreements as to degree of acéivity presented themselves
due to variation in technique and electronics.

Reviews of electromyogtaphic studies of the postural muscles by

(5) (31)

Basrmajlan and Joseph summarize currently accepted views.

.. (1) Hip Muscles - The activity in these muscles is suprisingly
(5)

siight. The iliospoas appears to have slight constant activity and

-hip stability is maintained to a large degree by ligamentous structures -

such as the iliofemoral, pubofemoral and ischiofemoral -ligaments.

(12)

Carlsoo found the quadriceps to be completely inacfive in loaded
subjects. The hamstring muscles showed individual variation from very
active to complete inactivity. Forward swaying of 5° and backward
swaying of 5° produced al;ernate hamstring and quadriceps activity(31).
(ii) Leg Muscles - The g;eatest amount of postural activity
occurs in the soleus, gastrocnemius and tibialis anterior muscles.
Carlsoo(lz) found activity regularly in the soleus iq quiet standing

but never in the tibialis anterior. ~ Activity in the tibialis anterior

was found to be periodic. Activity in the soleus muscle is almost a
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\ .

)

constant finding, while gastrocnemius and tibialis anterior activity
is cyeclic. The discrepancy of findings with respect to soleus and
gastrocnemius activity may be explained by the fact that the solgus
is ‘tonic whiie the gastrocnemius is phasic.

(i11) Other Muscle Groups — Intermittent reflex activity has

also been detected in posterior vertebral, thoracic, abdom}nal,

péroneal and intrinsic muscles of the feet.

/

In summary, it appears that the calf muscles of the ieg are
primarily responsible for postural stability, and although other
muscles are .active, they appear to act in conjunction with other

passive elements to resist gravitational forces.

Force~-EMG Relationships

Basmajian(S) reviewed the relationship of EMG to force and
tension. There is evidence that:

v

(1) There is no direct quantitative relationship between a
muscle's inherent power and the EMG.
h (2) Iscmetrically and isoconicall§ contracting ruscle shows -
a direct relationship between mechanical tension and integrated EMG.
(3) The integrated EMG potentials vary directly with a simple
count of motor unit spikes.

(4) The integrated output of different muscles should not be

compared.

< 1

(5) Only under restricted conditions can force, speed and
. / . N
work output be judged from EMG data either recorded as spikes or
i

integrated.

9



. .
22.

. T

3.3 ANATOMICAL AND BIOMECHANICAL ASPECTS OF KNEE AND ANKLE JOINTS

3.3.1 Knee Joint
The mechanisms involved in maintaining passive and active
. . (55)
resistance to extension at the knee joint are >
(1) postural contraction of flexor muscles, and

- (2) passive resistance of the tissues of the joint consisting

of (a) articular resistance, and

(b) extra-articular” resistance.

«~  The muscles involved in the pgséafal muscle contraction are the ham-
strings, to a slight degree, and also the gastrocnemius by virtue of
its origin on the femoral condyles behind the centre of, rotation.

The nature of the articular resistance to extension was first

(19)

. described by Goodsir in 1868, who showed in an osteoligamentous

preparation of the knee joint that extension is limited by a mechanism
which involves tightening of joint ligaments and simultaneous locking
of paired articular surfaces with logarithmic spiral curves; that is,
by tensile forces in joint ligaments, ;;d by compressive forces in

the tissues deep to the articular surfaces. This was interpreted by

(59)

Vi Walmsley to be an abrupt limit and that the tissues involved are

practically unchanged in their dimensions by the applied forces. In

normal standing, however, the maximum extension 1s usually slightly

-

short of full extension and the exact limit of extension at the knee

joint varies with the magnitude of the extending force and the tissues

are appreciably distorted by stress of normal magnitude(l’26’55).

. Smith

resistance of the knee to extension using a simple balance platform 1

(55) studied the extra-articular and intra-articular
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and lateral photograplis of a subject with a knee joint position marker
applied to the knee at a point determined by a crude instant centre
record from photographs, He calculated the extending torque on the knee
joint in symmetrical standing to be 5.1 1b. ft. with the knee 6° short
of full extension for a body weight of 161 lbs. He determired the
passive resistance to be 0.9 1b. ft. from the articular mechanism and
2.7 1b. ft., from the extra-articular mechanism making a total passive_‘“
resistance to extension of 3.6 1b. ft. This required 1.5 1b. ft. of
flexing torque from the postural activity of the flexor muscles. 1In
other words, of the total flexing torque which is required to counter-
act the force of gravity and stabilize the knee joint in symmetrical
<Anding, about 507 is derived from passive resistance of the extra-
argicular tis'sues, about 307 from the postural activity of the flexor
muscles and about 207 from the passive resistance of th? articular
mechanism.

The transverse axis of rotation of the knee joint cannot be
determined from surface anatomical ~landmarks alone. Kinematicu principles

which require location.of the instant centre (by radiographic examin-

ation) o~f the joint in the range of flexion under study is an accepted
(18)

technique . The knee joint has a polycentric transverse axis which

is described as circoid by Steindler(56).

3.3.2 Ankle Joint

As at the knee, it is generally accepted that the ankle joint
is stabilized by two forces operating in harmony(13’54). The forces

are those of the posterior crural muscles and the passive resistance

=%
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to dorsiflexion exerted by periarticular tissues and articular

surfaces. A very large measure, if not all of the activity is in

(53) (54)

the triceps surae muscles . Snith determinéd that the

passive resistance at the ankle operates only over the terminal
3 degrees of dorsiflexion. In a young adult of average physique,
a passive torque of constant value of 2.5 1b. ft. was fouqd, but
several assumptions made appear to be unreasonable and the validity
is questionable. The tension in the calf muscles in an adult of
average physique was found to range between 60 and 180 lbs. with a
variation of #35 pounds over a period of one second. Joseph et a1(32)
found that in a2 man of 140 lbs. the tissue tension, both active and
passive had a value of about 35 lbs. at‘the ankle.

The axis of the tibio-~talar joint varies considerably both in
location and inclination to the horizon;al. Some investigators have’
stated that the joint has a changing axis as the foot proceeds from

dorsiflexion to plantar flexion(2 »24,34) . Others (11,36)

(29)

infer a

report a detailed study

v

attempting to define easily identifiable skeletal landmarks and

single axis concept. Isman and Inman

clarify the single axis concept. They ::oncluded that the tibio-

taldr joint could be considered a single axis joint for purposes of
bracing, that the use of certain skeletal landmarks to determine the
axis seem feasible, but no accurate method was found for the living
subject. In that study no correlative radiographs were utilized. A
general des;:ription of the position of the axis is that the trochlea

of the talus is actually ¢ portion of a truncated cone with its base

[
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located medial to the ankle(la). The lateral profile is alwost always

an arc of a true circle and in all positions of the talus the axis of
rotation must pass through the centre of the (:ircle(?').‘l The medial
profile is compounded of the arcs of two circles 'of differing radii.
The axis is concluded to be a changing one since tﬁe medial point
related to the talus shifts, causing the axis to be pointed downward
and laterally during dorsiflexion and downwards and medially during
plantar flexion. On the basis of the foregoing infao,rmat:ion,
correlation of a lateral surface marker with a lateral radiograph of
the ankle joint to correspond with the geometric centre of the lateral

aspect of the trochlea, would give an accurate surface mark for that

&l point on the axis.

»
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CHAPTER IV "

LEG MODEL OF LOWER EXIREMITY FOR EVALUATION
NS
OF THE ROLE OF LORDOS1S AND EQUINUS 1IN
KNEE STABILIZATION

ﬁ ‘

4.1 INTRODUCTION
In this chapter the postulated stabilizing effect of lordosis

and eq;iﬁus 1s introduced. A leg model to evaluate their effect on

the stabilizing moment at the knee is described.

4.2 PROLE OF LORDOSIS AND EQUINUS IN STABILIZATION OF THE KNEE
In review of the clinical observations outlined in Chapter II

. relating to the clinical observations of posture in muscular dystrophy,

we have:
(1) small hip flexion contractures,
(2) marked lordosis which is decreased by bracing the knées
in extension, .
(3) equinus foot deformities which initially appear electively
and 1aéér become’ fixed contrectures,
(4) consistently weak quadriceps and knee extensor muscles,
(5) pseudohypertrophy of the calf muscles, and \
l - (6) *knee flexion contractures~pggor to cessation of ambulatiqn._
No unified explanation of these findings has been proposed.
Figu;e 4.1 illustrates the line of gravity passing in front of the

transverse knee joint axis and the transverse:ankle axis, just anterior

\
. to the lateral malleolus. The ground reaction force is illustrated as

»
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TFig. 4.1{’ Relationship of whele body centre of gravity to lower extremity joints
b L4
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a vector acting vertically at the intersection of the downward
projection of the line of gravity and the floor.

In the “presence of knee flexion contractures (Fig. 4.2); the
line of the projected whole body centre of gravity (C of G) now
passes posterior to the knee joint axis. To prevent the knees from
collapsing into flexion a strong extension force at the knee is
required from quadriceps muscle activity. In the dystrophic child
the quadriceps are, however, weakened and in moderately severe forms
of the disgase patients would be unable to prevent the knee from
collapsing into flexion (Fig. 4.3). For a dystrophic child to main-
taincupright stance, knee stab:’zlity would have to be accomplished by
use of other muscle groups to redlign the body segments such that the
knee joint axis fell behind the line of gravity. How could this be
accomplished?:

The first method is by adopting equinus to move the base of
support forward to the metatarsal heads, as shown in Fig. 4.4 and 4.5.
The line ofcgravity must also ;shift forward to be aligned over the
base of support and the knee joint axis is displaced Jposterior to the
line of graviéy.

Secondly, flexing the pelvis would again advance the line of
gravity of the whole body C of G (Fig. 4.6) . This maneuver also
displaces the knee axis posterior to the line of gravity. -

The combination of these two compensatory movements is illustrated
in Fig. 4.7. The resulting posture is thus ane of equinus and lordosis.

2

A normal adult volunteer is shown in the composite photograph (Figh4,8),



o

Fig. 4.2 Knee flexion contracture ,;j

" Tig. 4.3 Knee flexion contracture

2 with weak quadriceps

”
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Fig. 4.4 Effect of equinu's on knee
: stability

Fig.
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4.5 Composite of equinus and

"flat-foot'. stance
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from left to right standing normally, in equinus, in lordosis, and

in a combination of the two. It is evident that the knee is consid-

erably further behind the line of gravity in the last stance than in

the left hand posture.

It appears that the dystrophic child must compensate for weakening

knee extensor muscles and progressive knee flexion contractures. In

porder to do so he assumes a lordotic posture and emplo§$ the relatively

strong triceps surae muscles of the calf to adopt an equinus:position.

The progressive knee flexion contractures would eventually neutralize

- N
- T

the advantage gaiﬁ;d by moving the line of gravity forward, and the
resulting stabilizing effect on the knee. The mechanism described
would explain the major features of the dystrophic posture,‘r%sponse
to heel cord lengthening, and possibly the mechanism responsible for

hypertrophy of the calf muscles.

4.3 LEG MODEL

Consider the sagittal plane of a standing person with schematic
representation of muscular, soft tissue and gravitational'forces
existing at the knee and ankle joints, and their relationship to the
knee and ankle axes (Fig, 4.9). For static equilibrium at the knee
joint, the summation of moments about the knee joint axis must equal
zero (i.e. the flexing moments at the knee must equal the extending

moments), or

neg = os (4.1)
¢, My neg = My p
where MB neg = flexing or clockwise moment
MB pos = extending or counterclockwise moment

e
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centre of gravity
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Fig. 4.9 Muscle relations in the sagittal leg plane
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MB neg = moment due to passive tissue elements
limiting hyperextension of the joint +
moment due to active knee flexor muscle
contraction (a) gastrocnemius muscle

(b) hamstring muscles

(c) popliteus muscle

MB pos = moment due to the extending moment of the
force of gravity acting on the body mass
above the knee joint axis + wmoment due to
extensor muscle contraction

(a) quadriceps muscle

Consider these elements individually:

Morent due to passive tissue elements

The moment.is exerted by passive tissue forces in the ligaments,

capsule and intra-articular structures and is dependent on thg‘degree kk
of .joint extension in relationship to their elastic properties and
mechanical co;figuration of the knee joint. The magnitude is equal to
the extending moment on the knee which is not restricted by activity

in the flexor muscle groups.

Mcement due to active knee flexor muscle contraction

Hamstring Muscle. The hamstring function at the knee in standing

is to limit the forces which the passive elements must resist. On the

o~

basis of EMG data, the activity is on a cyclic basis related to forward

(3)

ard backward swaying. Smith attributed 207 of total force at 6 degrees

short of full extension to be due to flexor muscle activity.

-

Gastrocnemius Muscle. On the basis of EMG data most of the flexor

muscle activity is in the triceps surae muscle, of which only the gastroc-

nerius muscle crosses the knee joint and produces flexing moments.
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Popliteus Muscle. The popliteus muscle functions as a lateral

rotator of the femur on the tibia and retractor of the lateral menis-

(35) is not even a weak flexor of the knee.

cus, and according to Last
We can therefore consider the active flexor moment to be due to gas-
trocnemius muscle forces and express the flexing moment by the
equation,

M, neg = M, passive + M, gas (4.2)

where
R MB passive = moment due to passive tissue elements

- . resisting hyperextension of the knee
and hamstring activity.

MB gas = moment due to gastrocnemius muscle activity.

N

™

The extension moment due to quadriceps acti;ity is considered
negligible in norm;l standing posiure in the absence of knee flexion
contractures requiring augmentation of the normal gravitational
forces to maintain knee stability. This is confirmed by EMG data
which shows activity similar to hamstring activity of a cyclic nature
related to backward sway. The extending moment is then expressed Ry
the equation,

M, pos = My érav (4.3)
where MB grav == extending moment at the knee due to

gravitational forces acting on the body

mass above the knee joint.
By substitution:
My passive 4 My gas = My grav (4.4)

or X U M, passive =M, grav - My gas. (4.5)
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If we define the net stabilizing moment (N.S.M.) as being
equal to the magnitude of the extending moment due to‘gravity

(MB grav) ninus the flexing torque due to gastrocnmemius activity
(HB gas), then 5
N.S.M, "= MB grav - MB gas (4.6)

»
‘£

In this derivation m;nimal activity specific to the hamstring

avs

activity is considered to be lumped with M passive. The value of
M grav can be calculated by determining the lever arm from the axig
of knee rotation to the effective line of action of the body mass

above. the Rnee joint and multiplying it by the net body weight Wn.

The value of Mgas can be calculated by determining the lever arm

from the axis of rotation of the knee to the line of action.of the

«

gastrocnemius muscle and multiplying it by the force exerted by the

gastrocnemius. The force in the gastrocnemius must, however, be

calculated indirectly by considering the forces acting.at the ankle
. .

joint. -

Y

—_— 3\
‘@

Referring again to the schematic representation im Fig. 4.9,
for static equilibrium about the ankle, the summation of moments

about the ankle axis must be equal to zero (i.e. the plantar flexing

moments of the ankle must equal the dorsi flexing moments), or

MAQQ51=' MApos 4.7)
where
Mkneg == plqntar flexing moment or clockwise
moment at the ankle axis A,
M, pos = dorsiflexing or counterclockwise moment at

ankle axis A.
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where ' MAneg = moment due to p;ssive tissue elements \

limiting dorsiflexion at the ankle +
moment'due to active ankle flexor muscle
contraction

(a) Triceps surae muscles

(b) Peroneus brevis and longus muscle

(c) Tibialis posterier muscle

(8) Flexor hallucis longus muscle

(e) Flexor digitorum longus muscle

and MApos = moment due to the ground reaction force on
the foot + moument due to passive tissue
elements limiting plantar flexion of the
ankle + moment due to active ankle dorsi
flexor function of: )
(a) tibialis anterior muscle
(b) extensor hallucis longus muscle

(¢) extensor digitorum communis muscle.

)

Consider these moments individually:

Passive tissue elements limiting plantar and dorsiflexion. The passive

(54)

tissue element forces are considered by Smith to be significant

only in the last few degrees of dorsiflexion. In the analysis in

approkimately neutral ankle poéitions and in plantar flexion, these .

forces can be considered negligible. !

o

Motiént due to active’ankle flexor contraction. The peroneus brevis

and }ongus, tibialis pdéterior, flexor hallucis longus and flexor
digitorum communis muscles are all very weak plantar flexors of the
ankle by virtue of their comparatively small bulk (compared to soleus
and gastrocnemius muscles) and the close proximity to the transverse

axis of the ankle joint. Their relative contribution to plantar
¢
flexion at the ankle has not been qlantitatively determined, but the

>

great majerity of plantar flexion force is attributed to the tension

\\ .
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exerted by the triceps surae muscles.

Moment due to active ankle dorsiflexor function. The muscles acting

acress the dorsum of the ankle have very minimal activity in normal ~
stance except under conditions of perturbation such as repeated
forced backward sway.

Moment due to ground reaction forces. The ground reaction force is

normally located in front of the ankle axis and is the major force
which ;snresisted by the triceps surae musclé. T@us, by attributing
all plantar fle};r activity to the triceﬂ% surae muscle and all
dorsiflexing activity to the ground reaction force,

MAneg = moment due to triceps surae activity

a
nd MApos = moment due to ground reaction force.

Consider the free body diagram (Fig. 4.10) with the coordinate

system as shown for the foot;

MAneg =TL, Sin B (4.8)
Fgz
M,pos -;— X, - XF) (4.9)
substituting in (4.7)
. P
; T L, Sin 8= = (X, - X) (4.10)

\
»

”
and 'solving for T the tension in the tendoachilles

F (X, - X))
z Y~ ¥r (4.11)

2 L2 Sin B

In this analysis of the ankle joint the weight of the foot being

T=

1.37Z of total body weight is ignored in view of its close proximity to

the ankle axis (Dempster(ls)).
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Let the ratio of the tension in the gﬁstroénemius to the total

. : . . as -
tendoachilles tepsion T be defined by the term (gas T sol ). The
tension in the gastrocnemius is then . (—E25 )T,

gas + sol J

Consider ncw the free body diagram of the leg (Fig. 4.11).

(15)

Using Dempster's tables », the positiog, of the C.of G.of foot and

shank is determined to te at a poipt 0.56& from the ankle to knee

joint axis and WS .059 W/2. The X coordinate of W/2 (one half of

total body weighé) eqhals the X coof&inate of the reactive ground

force F,/2 and is denoted byLXF.‘lTo dééermine the coordinate of the

line of action (Xw ) of the bbdy weight acting to stabilize the knee
N

(WN), the moment equation of the segmental body weights can be written

about the coordinate XF (Fig. 4.12).
ws(st - Xp) = WK - XWN) (4.12)

but . 0
| Xg = X, - 0.567 (X, - Xp) (4.13)
substituting

WS(XA - 0.567(XA—XB) - XF)zsz(XF—XW&) (4.14)

T

simplifying to

W.(X, - 0.567(X,~X.) -
s (X A% xp)) (4.15)

XWﬁ==XF - ( WN

Consider the free body diagram of the leg (Fig. 4.11). The moment

2

due te M . 1is then
grav

-

MBgrav==WN (XB - XwN) (%.16)

and the flexing morent due to gastrocnemius activity is
*

¥

_ gas
Mggas (gas n sol) T L, - (4.17)
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\Substituting (4.16) and (4.17) into (4.6)

¥

" - - _ (—_B3S 'y
N.S.M. =W (X, wa) Cas + <7 T-L, (418
But ;
W, = FZ/Z - W (4.19)
and S
WS== 0.059 Fz/2 (Dempster) ’ (4.20)
and W= F./2 - .059 F./2 (4.21)
N z ) B
and simplifying
W.= 0.470 F (4.22)
N z R
) -

.059F,,

X

Therefore by sﬂfstituting (4.22), (4.15), (4.11) and (4.20) into (4.18)

~ J8567(X, X)) ~ XF
, _ _ A AR’
, . N.S.M, 0.470F | XX (X 7 ( ) 0.470F, - ))
@ G - %) .
o (B8, oz (4.23
gas + sol 2 L2 sin B
simplifying b )
; ’ X, - 0.567(X,~X,) - X
— A A
N.S.M. 0.470F, (Xp-X )+ .059F, ( T )
T T - J /
_ ( _gas FZ (XA~' .)QF) L4 (4.24)
gas + sol 2 Lz sin B
factoring
X, - 0.567 (X —XB) -X )
__ _ A A F
N.S.M, = Fé 0.1470(XB XF) + .059 ( 2
i iy (X - ) L
- __._,EE‘E_:_)* A XF 4 4.25)
gas + sol 2 LZ sin B -
[ This analysis applies to positions of equinus stance as well as to
~

flat-footed stance.

.‘.

achilles and hind-foot segment is not a constant.

In equinus positiondg the angle B formed by the tendo-

The relationship of the



o

angle B must therefore be determined as a function of the degree of
equinus. The experimental determination -of angle B and analysis

are detailded in Sec. 6.5 and Sec. 7.3.

R
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CHAPTER V

EXPERIMENTAL APPARATUS
-

~ “

5.1 INTRODUCTION

The schematic diagram in Fig. 5.1 indicates the experimental
apparatus used to investigatef the postural stability of the knee.
The apparatus wiil be described in this chapter and consists of:
(1) ‘A force plate to measure the coordinates of the center of
foot pressure and ground reaction force.
(2) A 16 mm movie camera to record the surface markings of the
ankle and knee joint axes and posturai alterationms.
(3 A baékground grid to determine the horizontal and vertical
(X and Z) coordinates of the- joints.
(4) Electromyographic apparatus for assescment of muscular
activity in tHe triceps surae muscles.
(5) Radiological equipment. \

(6) Data recording and processing equipment.

5.2 FORCE PLATE -

5.2.1 Introduction

Q generdl purpose force analysis platform was designed and builta

by the author in collabtoration with Mr. R.E. Kearney. This force plate

was envisioned as a general purpose biomechanical research teol and is
therefore somewhat mwore sophisticated than necessary for the investi-

gation deseribed here.
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5.2.2\ Design and Construction

The force plate (see Fig. 5.2) consists of a three-foot square
plate supported by six load cells which are in turn mounted on another
plate. Both plat?s are made of 3/4" thick magnesium to which a tri-
angular frame of aluminium I beams has been bolted to provide added
stiffness. Magnes;@m and aluminium were used in order to minimize
the weight of the apper plate and hence keep the plate natural fre-
quency as high as ?ossible.

The load cells are arranged in a triangular array with the three
vertical cells at..the vertices and the three horizontal cells forming

-

t
the sides of an equilateral triangle. The cells are all mounted on

P4

B 2

e e
flexure rods, which are stiff axiglly but very flexible in bending.

The flexures gg%%e to eliminate cross coupling between-the vertical

and horizontal 6;115 due to bending moments. The flexures were

designed so that less than 1% of the force perpendicular to the flexure
axis is taken up by bending of the flexures. Moments of this size will
‘not alter the output from the cells used. Since the flexures are linear,
the forces that they do absorb can easiiy be accounted for during cali-
bration. BLH load cells were selected; 1000 1b. capacity for the
vertical cells and 500 1lb. capacity for the horizontal cells. The high
capacity load cells were selected for the vertical measurement as a
protection against shock overloads and to obtain a stiff support for
the plate. The stiffness of the plate mounting combined with the mass
of the upper plate determines its natural frequency. Néte‘that while
semi-conductor load cells are much stiffer, they were not used due to

their non~linear output and temperature dependence.

More sensitive cells were used for the horizontal measurements )
[#]

t
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The Fcrce Plate

Fig. 5.2
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because the size of these forces was e;EEQEf? to be much smaller

than that of the vertical forces.

5.2.3 Load Cell Electronics

The load cells are of the Zofl strain gauge type* and have a
low output so that amplification is needed  to give outputs suitable
for further analog processing. ‘

The S.E. Labs 4000 carrier~amplifier system was selected for
use. This system energizes theslcad cells with,a 3 kHz carrier signal.
The amplitude modulated load cell outputs are amplified by six A.C.
amplifiers and this signal is the= demodulated in a phase sensitive
manner to give a D.C. output in the range 1.4 volts. The amplifiers
arg sensitive enough to give a full scale output for a 0.017 bridge
unbalance and have infinite gain variability up to this level. The

amplifiers also contain circuitry to allow both resistance and induc-

tive unbalances to be removed.

L.

The S.E. system also contzins calibration ind monitoring
circuitry which allows the amplifiers to be’balanced and their gains
set easil&.

The amplifiers have an optimum frequency response (flat from
0-1750 Hz) when feeding a 10k lozc. The amplifier outputs were there-
fore buffered from the variable i—pedance analog computation circuits
by means of six operational ampliZier followers with a fixed 10k input
impedance.

The amplifiers in combinatlon with the least sensitive load

-

cells are capable of producing a Zull scale (1.4 volt) output for a

*in a full bridge circuit
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load of less than 5 pounds and a noise level of less than 3 mv.
This sensitivity is far in excess of anything required for these
studies but could be of use in other studies - for example, balisto-

cardiographic studies.

5.2.4 Analog Preprocessing
: L]

The amplified load cell outputs are not directly useful until
they have been related to the plate geometry. The reference axis
selected is shown in Fig. 5.3 where the origin (0) is near the centre
of the plate. The variables of interest which must be calculated
from the load cell outputs are: 0

(i) Fx = total force in x direction,

(ii) Fy == total force in y direction, -

(iigf Fz = total force in 2z direction (total verticél force),

(iv) Mx = net moment about x axis,

v) My == net moment about y axis,

(vi) Mz = net moment about z axis.

At times it may be useful to express'My and Mx respectively in thé
slightly different form of l{

(vii) Xp = effective x coordinate of FZ,

(viii) Yp = effective coordinate of Fz, .

where Xp and Yp are defined by the relations

M
X = _ (5.1)
P . :

M W
Yp - -F—x- . (5.2)
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Fig. 5.3 Force plate reference axes



® .
The detailed derivation of the equation relating these variables to

S

the lcad ceil outputs is found in Appendix A. These algebraic -
relations have teen implemented by means of simple operational ampli-
fier circuits which are patched togetherchPhilbrick—Nexus operational
manifolds, using Philbrick P85AU .operational amplifiers. The divisions
required to calculate Xp and Yp are done by two Philbrick SPMIA multi-

plier-divider units.

5.2.5 Calibration

Static calibration of the systém was necessary to account for
any forces absorbed by flexures and to ensure that the system is both
linear and repeatable. This was done by first setting the amplifier
gains at about the correct level, dalibrating the plate and the re-

setting the amplifier gains to give a convenient output scale.
\ 1
Calibration loads were fifst applied in gradual steps and then

removed in the same steps to provide a check on both the linearity and

»

the repeatability of the system., |, . ¢

The vertical calibration loads were easily applied by using

dead weights since only positive loads were of interest. The hori-~
‘ zontal loads were applied in both directions through a lever arrange-
ment.

- While the plate was being calibrated in one direction, the

EY
f

- 2

other two force outputs were monitored to check for cross coupling

J
effects. In all cases these effects were completely negligible.

Calibration curves for Fx, Fy’ Fz are shown in Figures 5.4,

. 5.5 and 5.6. , } . h
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No attempt_dks made to calibrate the other outputs since they

are derived from the same variables which were calibrated through Fx’
«
o]
and so do not need direct calibration.
O w
The moment outputs were, of course, checked in an approximate
* ©

Fy,/F.X,

mannar to ensure that there were no wiring errors.

Dynamic calibrati&é,of the plate was attempted by wpplying an

- 5 . -
impulsive load and observing the response. Typical response curves

are shown in Fig. 5.7, 5.8 and 5.9 for shocks applied in the x, y, z

b Y

directions. These complex responses were treated as damped second

order responses to provide approximate values for natural frequency

and damping ratios. The values obtained were:

n

Direction Natural Frqugnqy(Wh) ﬁgmpinngatio(é)
X ‘ 168 Hz .20
y 105 Hz .69 |
° : z 9200 Hz 19

These figures apply for the plate §upporting a 200 1b. man but

the differences between the loaded and unloaded plat;s were small prob-
ably as a result of the loose coupling between the man and plate.
These natural frequencies are well above any expected postural fre-
quencies required fo; accurate measurements. However they do imply
that some caution is npcessary in, studying impulsive type of loading
as in fast walking or running.

s

The force_ plate electronics were set up to have the Tollowing

output scales for work described in the thesis. el

0

e
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Variable Scale Notce Level Accuracy
Fx 10mv/N Smv +1/2N
Fy 10mv/N Smv | *1/2N°
Fz 10mv/N . Smv ‘ +1/2N )
Xp 1v/cm - 50mv J T.Smm
Yp 1v/cm 50mv +.5mm
Mz 10v/N-m 50mv 15N-cm N

The noise levels quoted were observed experimentally.

5.3 CINEPHOTOGRAPHY AND BACKCROUND GRID

5.3.1 Camera and Grid

The camera selected was a Beaulieu RIG "Sync'" 16 mm electric
cine-camera. The variable speed: capability was from 1 to 64 frames
per second. The camera was mounted 25 feet from the plane of the
subject and 26.5 feet from the background grid. Using a 75 mm lens,
a view of a2 standing subject's lower extremity was obtainable., The
cine-film was projected using a Bell & Howell 16 mm projector with

manual ffame’advapce against a background grid matching the photo-

graphic grid to an accuracy of *1 mm. Parallax error was reduced by

lens to subject
subject to grid’

maintaining the ratio of the distances, a2s high as

possible in the ‘available working space . The parallax error is
calculated in Appendix B and is determined for horizontal displace-

ments to be 6 mm for object placed 10 cm from the lens axis. Camera

speed used in this study was 16 frames per second.

5.3.2 Synchronization Pulse

The camera was equipped with an alternator attached to the

film transport mechanism. It generated 23 cycles of a sinusoidal

o
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wave for each frame taken. A céunting circuit was designed to emit
a pulse for each 23 cycles ofﬂthe camera generator pulse. By correct
phasing of the)codnting circuit it was possible to have this pulse
emitted at the time the shutter opening occurred. The circuit there-

fore produced a pulse which would allow the cinephotographic information

cn each frame to be correlated with other variables.

5.4 ELECTROMYOGRAPHY (E.!1.G.)
5.4 1 Electrodes 37';5 /

Beckman surface electrodes were used to record the clectrical
activity in the gastrocnemius and soleus muscles. Two sets of electrodes
were utilized on the same leg in an attempt to evaluaté}the relative
activity. Surface electrodes were used to enable signals to be récorded
fron a larger muscle bulk than possible with wire eTectrodés and since
these muscles are superficiai, they could easily be identified.

Application teghnique involved shgving and washing the skin with

alcohol and applying the electrodes with conducting electrode jelly and

Becknan adhesive. .

5.4.2 Amplifiers

The surface electrodes were connected to Tektronix Type 122

" differential preamplifiers through\sﬁielded cables. A gain of 1000 was

édequate to raise the EMG signal levei’for further analog processing.
The Tektronix Type 122 amplifiers were equipped‘with variable

first order high and low pass filters for reduction of noise level.

The best results were obtained with a high-pass filter break point set

at 10 Hz and low pass filter bredk point set at 1 kHz.
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5.4.3 Rectification and Filtering

: . The amplified EMG's were thén processed through an analcg
network patched into the Philbrick operational manifolds. The net-
vork was developed at the BioMedical Engineering Uni£ by H.H. Kwee.

A circuit diagram of the network is shown in Fig. 5.10.

The circuit first high pass filters the input to reduce any
neise re;ulting from low frequency motions of the body. The wave is
then full-wave rectified and smoothed by a low pass filter. Both the
high pass and low pass filters are éimple first order filters with
.variable break points. A low pass break point of 24 Hz and a high

pass break point of 100 Hz were .found to give the best results. ’

7

5.4.4 Electrode Placement

’ ; . “Two electrod:es spaced several centimeters apart were placed
over the muscle belly ;f the'gastrocnemius and soleus muscles on the
same leg. It was found possible to establish separation of ghe'
electrical activity in these muscles by checking the activity of the

Js soleus in a neutral ankle position and the gastrocnemius with greater

p

plantar flexion, to ensure that there was minimal cross—coupling between

them.

-

A common ground electrode was used for both sets of electrodes

[

and was separated from them.

N

5.5 DATA RECORDING .,

5.5.1 FM Tape Recorder

A 7-channel Ampex SP-300 was utilized to record force plate and

. EMG. variables and the synchronization pulse from the sine wave generator

§
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on the 16 mm movie camera. A simple manual switch in the output of

the counting circuit enabled the initial recorded frame of the photo-
graphic record to be correlated with the other variables. By storing
the data on magnetic tape, subsequent processing of EMG records and

conversion to strip chart form for visual analysis was possible.

5.5.2 Visicorder
A 7 channel Honeywell Visicorder Oscillograph Model 2106,
equipped with a Honeywell Accudata Model 117, multi-channél DC ampii—g

fier was used to transform the variables recorded on the Ampex tape

e
recorder into strip chart form. The gains were adjusted on the input

]

to the visicorder to give the following scales.

Xp - 1 cm displacement on force plate equal to,1/2 inch on strip
S

o
<

chart.
Yp - 1 cm,displacement on force plate equal to 1/2Xinch on strip
chart.

Fz — 100 newtons = 1 inch

gy
~

7z :
Synchfonization(%ulse = full sweep of strip chart

5.5.3 1IBM 360 Computer

The IBM 360 Computer facilities at the McGill Computing Centre
were utilized for data processing. The variables from force plate, EMC,
cinephotography and radiological déasurements were combined on puncﬁ cards

with one data set correlating to a single 16 millimeter cine exposure. A

computer program in FORTRAN language was written to do the calculations.
()




5.6 RADIOLOGY EQUIPMENT

Standard radiology eq&i%@pnt was utilized at the Radiology
Departme;ts of the Montreal General Hospital and the Montreal
Children's Hospital to take the full length radiographs of the leg
in subjects tested. Coning techniques were utilized to limit }he
expasure fields and restrict the X-ray dosages. The full-length
films were taken at a source to plate distance of 20 feet with the
Bplates locatéd immediately adjacent to the part examined. Radio-
opaque markers were applied to the skin and centered over the skin

L4 4

marks utilized for photography.




CHAPTER VI

EXPERIMENTAL METHOD AND PROTOCOL -
M_‘ - ‘

6.1 INTRODUCTION =

The experiments consisted of the study of one normal adult,
Ee)
)two normal children, and two children with the Duchenne form of
muscular dystrophy. The experimental methods and protocol psed

\

are- described.

6.2  EXPERIMENTAL METHOD )

Subjects were dressed in shorts only, providing compleé%\

exposure of the lower extremities to the mid-thigh level and wore

no foo;wear. Physical examinations of the muscular dystrophy

’ \

subjects' lower extremities were performed and the active and passive -

range of motion of the knee and ankle joints documented. Height and
weight meagurements were recorded for each subject. Priorhtd-appli—
cation of EMG electrodes, the subjects were instrécted in the
manoéuvers vhich were to be performed during the experiment. They
were instructed to stand with the knees fully extended, with the feet
together and symmetricaf&y placed with the intermalleolar distance
equal to one cm. and the medial bord;r§ of the fe;; oriented along the
anteroposterior axis. The manoeuver of 1oraésis was demonstrated and
adopted under supervision instructing the subject to allow the abdomen

" to protrude and to extend the shoulders such that a lordotic posture

o
« was adopted. The adoption of a slow continucus progression of the

—_— ~

-
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degree of equinus and retuyn to a plantigrade p&sgtiqn was practiced
until the subjects could confidently carry out the manoeuvers with
eace over a perio@ of approximately 45 seconds. Norma% subjects were
instructed in both manoceuvers. The muscular dystrophy children were
instructed in only the equinus manoeuver, since they were unable to
decrease the degree of lumbar lordosis in a standing position. They
were, however, capable of adopting a flat foot stance with heel
contact., X

The EMG electrodes werthhen applied to the ca%f of the right
leg over the soleus muscle and one of the heads of the gastrocnemius
muscle. A check of function was then made to ensure that a good
ﬁuality signal was obtained. Surface marks were then applied to the
lateral aspect of the lateral femoral condyle, to the tis!of the
lateral malleolus and to the head of the fifth metatarsal using black
tape and marker p:;cil. The surface landmarks were determined at thisQ
stage by p§1ﬁhtionj The marks we@é applied with the knees fully
extended and the,gnkle inaa neutral position to minimize skin movement
error during thelmaggpuvers.

B4
“iThe subject wasjthen positioned on the foice plate such that he

faced to the right whg;pvieWed from the camera position with the right.
side exposed.t; th; camera. The feet were p;sitioned wvith the ﬁédial
aspect of the foot aligned parallel to the a-p of X axis of the force
plate and the 5th metatarsal marker on each fcot centered on,the Y
transverse axis. The foot positions and X and Y force plate axis were

recorded on semi-transparent grid paper applied to the forcé plate prior

to positioning of the subject. The background grid was #itioned such

v
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that the vertical Z-Y plane forméd a right angle with the vertical
grid. The EMG connections were then made and recordiné of tgg force
plate variables and EMG records started. Prior to the onset of‘each
phase of the experiment, a call card denoting the phase of the experi-
ment was placed in the field of view of the camera to document the
succeeding record. At the time the subjects began each phéée of the
experiment, the movie camera was started and the synchronization pulse
switch opened. ‘

During the manoeuvers, the subjects' arms were immobilized by

s
having them grasp their shorts with arms fully extended.

Following the ex;eriment on the force plate, the subjects were
transported to the Radiology Deparfqéﬁts of the Montreal Children's
Hospital or the Montreal General Hospital.where lateral radio opaque
markers were applied to the knee, ankle and fifth metatarsal head
markers. Two lateral radiographs of the knee were taken in positions
of full extension and approximately ten degrees of flexion of the knee
for determination of thg\i:étant centres of rotatiori. A lateral radio-

graph of the ankle was also taken. The distance of X ray source to

subject was 20 feet to minimize parallax.

6.3 EXPERIMENTAL SUBJECTS

The subjects studied with their pertinent body weight, height and
significant pathology related to their disease i% noted in Table 6.1.
Fig. 6.1, 6.2, 6.3, 6.4 and 6.5 show photographs of the subjeets. The
foot positions shown in the photographs were not those described and

used in the experiments. The musculaq(dystrophy subjects MD1 and MQ?

NN

¥
AN
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TABLE 6.1

68. .

CLINICAL DATA ON EXPERIMENTAL SUBJECTS

[

Subject

Age

Height

cm

Weight"

cm

Remarks

Adult JM

40

179.0

79.9

v

‘ normal adult

N3 (Child)

11 yr.
8 mo.

148.6

44 3"

History of fractu}e of right tibia
and fibula six months prior to
study. Ambulatory out of cast for
two and a half months. No limp.
No flexion deformity of knee.

N4 (child)_

9 yr.
6 mo.

131.2

31.8

e
nornal child \-

M.D.1
(late
dystrophy)

11 yr.
10 mo.

134.5

31.9

gait - equinus

stance -~ just capable of heel
contact during stance,
lordotic.

knee - fixed flexion contracture

of 10 degrees. )

ankle - active and passive dorsi-
flexion to 5 degrees.

Positive Gower's sign.

M.D.2

)(early

dystrophy)

8 yr.
5 mo.

116.5

24.2

r

gait — heel~toe.
stance - heel contact,gﬁut adopts
equinus in womernts of
apprehension - lordosils
present.
knee = flexion contracture of 5
degrees. o
ankle - active and passive dorsi-
' flexion to 10 degrees.
Positive Gower's sign.
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Fig. 6.3, Subject N, (Normal child)

\

Fig. 6.4 Subject M.D.1 (Advanced dystrophy)
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e

in'ﬁaments of apprehension. ‘M.D.l walked with cquinus but could

st;nd with feét symmetrically placed and heel contact. The two normai
children were seclected on the basis of weight and height to match as
closely as possible the characteristics of the dystrophic children
sfudied. Subiect N3 had sustained a fracture of his right tibia and
fibula approximately six months prior to the study and had been ambu-
latory for two and a half months. He-had no clinical deformity.or

shorteninglgnd/aiﬁ not walk with an obvious limp nor did he appear to

"favour' that extremity. .

6,4, EXPCRIMENTAL PROTOCOL .

The sequence of study for each of the subjects is detailed below.

. ﬁo. of Photog;qphic Data 4
Frames Points
Subject (Adult J.M.) ‘ T
Phase I - plantigtade 246 50
. Phase II - continuous slow rise into ' 336 68
full equinus and retgrn to 'f
piantigrade. o
Phase III - equinus in steps. 316 64
Phase IV - lordosis 136 , 28
) Skase V - lordosis and continuous slow 281 57
- rise into full equinus and
return to plantigrade. ?
Phase VI - lordosis and equinus in steps. 281 57
Subject N3_jﬁ5rmal‘child)l S
Phase I ‘kplantig:ade ’ 111 ; 23
Phase IT - equinus-slow rise and descent. 151 ) 31 l
Phase 1II - lordosis 106 L ¥
Phase TV - lordosis and equinus”with slow 206 42

rise and descent.
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No. of Photographic Data

- Frames Points
Subject N, (Normal child) B
Phase I - plantigrade ‘ 86 . 18
Phase II ¢ equinus—glow rise ang descent. 206 42
Phase 1I1 - lordosis 71 15
Phase IV - lordosis and equinus with 226 46

slow rise%and\descent. 3 \
Subject M.b.l (advancgd muscular o

dvstrophy)

Phage I - plantigrade 331 83
Phase II(*+ equinus-slow rise and descent. 821 L 67
Subject M.D.2 (early muscular dystrophy)
Phase I - plantigrade 16 64
Phase II - equinus-slow rise and descent. 41 " 69

6.5 RELATIONSHIP OF ACHILLES TENDON TO HINDEOOT SEGMENT
- J

To determine the relationship of the angle B of the tendo-

L
achilles to the hindfoot seg?ent_in various dggreéé of equinus during

Tasiia SN NNV PR .~y
-

o 1

standing, a set of seria¥ radiographs of the ankle were made at inter-

vals of 10° of equinus with the central axis of the X~ray source

A3

aligned parallel to the le axis, The relatiqyéﬁip of the angular

change of B to a (the degree of~equinus) was determined to be linear.

This anagysis is detailed in Section 7.3.
_ .

6.6 GASTROCNIMIUS AND SOLEU§~ﬂUSCLE CROSS-SECTIONAL AREAS AND WLIGHTS

‘Cadaver dissections of calf muscles was done on four leés. The

muscles were incised. transversely at the maximrum cross-cection of the
muscle beliy and the area measured using a planimeter. The cntire

ruscle bellies were then dissected from the legs and the weights

-

4
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v 7 -~ .
o - ~

.measured. The relative cross-sectional areas were then uscd to

' as . . .
calculate a constant for the (————8———— ) 'strength relationship’
gas + sol 7 i
N

The data and calculations are detailed in Appendix C.

Semmmm e b >4 e ,
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7.1 INTRODUCTION !

DATA PROCESSING AND RESULTS ; .

" CHAPTER VII

5

1

s

Data processing of recbrded variables and constants was done-

following éompilation of the following:

Variables:

o \

3

Single frame analysis of ciné¢ records;
v « »

ux' _

N
|

A}

X coordinate of ankle axis (cm) .
Z coordinate of ankle axis (cm)

X céordinate of knee axis (cm)
J

Z coordinate of knee axis (cm) -

angle defined by forefoot 1link A-0 and force

plate surface (degrees)

record of magnetic tape data:

EMG . -
gas

sol,ﬁ%—

Constants:

(—E25 _y .
» gastsol’

- EMG

¥

~

total vertical force -,

.
+

transverse coordinate of C:F.P. (cm)

anteroposterior coordinate of C.F.P. (cm)

.~

-

EMG activity in gastrocnemius muscle o

© EMG activity in soleus muscle,

[ .
?
Py -
- - P

£

ratio,on basis of EMG, 6 activity or muscle cTross-

i

. $ - )
sectional area of gastrocncmius gnd soleus muscles
N 7

sc

i

—
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N

+

8 ~ planfigrade angle of tendoachilles relative‘;&%~ﬁ
Ty
hindfoot link A-C (degrees)

<
LK
=4

- pléntigrade angle of A-0 axis reié%ive to force

%0

F plate surface (degrees) .
Body weight - iﬁ Kg D

L2 - hindfoot length (cm)

L, - ‘gastrocnemius lever drm (cm)

%

Following applicatieh of cqf:setiqn factors for cinephotograph
parallax and the error of skin jg;né markers relative to true axis
cdetermined radiologically, and scaling of g?§trocnemius and soleus_
EKG.activity, sets of data cards were prepared for each subject
corresponding to eachﬁphotographic frame analyzed. Calculatiéns
were then performed\utilizing a Fortran program and IBM-~360 :;mputeg.
The calculated N.S.M.'s were then sprted for degree'of'equ?hus ;t 2

[N

to 4 degree iqtefvals, and means calculated. Details of the data’

-

processing follow.

7.2  CINEPHOTOGRAPH ANALYSIS RN

The 400 ASA TRX black and vwhite reversal film was developed éya
a commercial firm, The developed film was then projected on a Bell &
Hewell ﬁrbjector and surveyed at normal and slow motion speeds prior

to analysis. Any abnormal deviatio;% in hand positions or asjymmetry

of knee positions which could account for abnormal or erratic C.F.P,

‘ . a
shifts were noted and these studies were rejected. Subject N3 was

the only subject to demonstrate gross deviation of knee and stance
) .
syrretry (Fig. 7.1). The subject tended to allqw his right knee to

flex ond to maintzin his left knee extended, indicative of him taking

I
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Fig. 7.1 Stance assymetry
(Subject N3)

a disproportionate amount of weight
on the left leg. This was confirméh
by the strip chart record of Yp coor-

dinate of foot pressure. Having

surveyed records of each phase of the

experiment, single frame analysis of
the film was carried out. The film
was projected ontd a paper grid with
millimeter gradatiOﬁf and the distance
from projector to pfojectiog“éurface
adjusted sugh that the photographed
grid exactly matched the paper grid

on the projection surface. Using the

coordinate system shown in Fig. 7.2,

* the coordinates XA’ ZA,XB; andanglea

N

were then recorded to the nearest

0.5 mm and to the nearest 3, degree

-

for every 5th or 10th frame for the phase, depending on length of each

corrections as given in Table B-1, Appen&ix B. The correc

-~

for the true position of joint axis A and B were dete

¢

. run. The photographic coordinates were then;apjusted for parallax with

on factors

ned from radio-

graphs and added to the parallax adjusted values (sfe Sec. 7.3).

o

7.3  RADIOGRAPHIC "ANALYSIS

x

7.3.1 Axis of Knee and Angle

u

-

-

The knee axes were determined by . the method of instant centres,

utilizing two lateral X-rays of the knee in a range of 10° flexion to

hyperextension (Fig. 7.317 Having located the instant centre on the

-

L4
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Fig. 7.3 Knee axis

Fig. 7.2 Coordinate

measurements on cinephotograph, ) determinagion

laﬁeral femoral condyle, the correction constant for the skin marker

positions were measured and are shown in Table 7.1. ‘The line. of
action of the lateral head of'theLgastrqcnemius muscle origin on the
posterolateral aspect of the femoral condyle was located and the
digtance L4 (ﬁheclever arm of the gastrocnemius) was measured as

the perpendicular distance from the line of action of the gastroc-

a2

nenjus to&the axis of rotation of the knee as shown im Fig. 7.4.

s

. 1

. - N ~
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Fig. 7.4
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TABLE 73
: " , .
Yoot and Leg Constants and Correction Constants for Knee and Ankle
Q. 1 .
Coordinates
Subject Plantigrade Foot » Correction
foot angles measurerents constants: ~
(degrees) (cm) (mm)
Y
% Bo Ly L, X X5 Iy %
Adult 35.0 58.0 6.7 2.2 -3 +4 0 0
N3 36.0 58.0° 5.9 1.6 ~10 +6 0 -2
N& 32.5 58.0 5.1 1.4 ~7 +3 -5 +7
MD1 ~32.0 58.0 4,8 1.5 -7 +8 -2 0
¥D2 29. €0. 3.8 .3 - -4 0 ~10
~ 9{9 0.0 1 9

o

- .

The ankle joint axis was located on the lateral radiograph of the

?
fcot and ankle at the lateral aspect of the talar dome by constructing

’ » ¢perpendiculars to the tangent of the articular surface of the talus

(Fig. 7.5). The correction constant was measured on a coordinate basis

x .
to allow skin marker position to coincide with the radiologically |,

\

&

tabulated in Table 7.1.

ankle Of subject Adult J.M. in a‘range of equinus showed a linear
S 1
2

©

Analysis ofrffm; serial set of X~

1

7N\

rays (Fig.

.

Q

determinéd axis.. The correction factors for the joint posititons are

X

\

t
7.6) of the foot and

\

variation of the angle B (angle formed by the achilles tendon with the

hindfoot segment L2) as a function of the degree'of equinus as -

reasured by

.

«

LN

- .
t

J—

PR

angf& a (angle formed by the forefoot segment AO with the
Q ; , . <o .

a e
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3

vy

%xis determination

Fig. 7.5 Ankle a

81.

{
F

LN WS

Fig. 7.6 Achilles tendon relationship to hindfoot segment
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floor). The-measurement of the apgles is fabulated in T&ble 7.2.
1
Pogition a 8 Ao AR Ao /AR
}. plantigrade ' 35 58 0 0 --
2. 41 . | 61 +6 +3 0.50
3. . 53 67 +18. +11 0.61
Ay ( ’
4 . 61 71 +26 +13 0.50
5. equinus- 74 | 79 +39 +21 0.53
 TABLE 7.2

Variétion.of Angle B as-a function of Angle o

' )

v

The relationship of angle a to B is linear aj(évident in Fig. 7.7,

[Ta g ‘
~ 4 @

Augle a (degrees)

X?E 60 65 T 70
O .

) .. l Angle B (degrees)’ \

Fig. 7.7 Achilles tendon angle B as a function of the camgle a

©
LY

TN .
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The correction constant, to exXpress the angle B as a function of
&

® ", )
angle a can be expressed as

«

‘8 = B¢+ CF (Aa) o 7.1
where CF = a constant . .
o
‘ Aa = degree of-equinus

"

B, = plantigrade angle of achilles tencdon to

. hindfoot segment AO

. \ Q
but if CF = %g- (i.2) -
14 . ‘ L‘ -.‘L {'\
. _ 3411 +13+21, 48 _
} EF ) + 18 +26 +39 T 89 0.54 (7.3) p
B = By + 0.54(h) a (7.4)

A . o
-
.
<

" This censtant was deternined for 'only one subject,, as the

multiple radiation exposures would have been too high for the children

"
o

utilized in the sthdy. “Plre.sdme constant was therefore applied to all

-
1

subjects. The Hindfog¥ segment L;(AC),was measured for each subject

and tabulated in Table 7.1. The value of @q and BO » the plantigrade

1y

angle o and 8 are &lso include&wig T*Ple 7.‘. The lateral radiograph

shown in Fig. 7.4 illustrates these measurements.

4 - / ) .

fa

7.4 MAGRETIC TAPE{REEORD CONVERSION IO S CHART AND ANALYSIS

- ~

7.4.1 Magnetic Tape to Strip Chart Conversion o

L)
.y .
: Th;jkagnetic tape récorder’ thannel-allcocation and attenuation

used is shewn in Table 7.3. The conversion of the tape record to strip

-

chart form was then accomplished* by inverting the siéh of the flutter

cormpensation channel 2 and adding it to the output of channels 1, 3, 4

-

b
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- 1
Tape Recorder., ~ "Variable Attenuation
Channel Rk . :
1 i voice and synchronization pulse . 0
. t
2 ground for flutter %and wow Q4
L8
compensation ) -
v a - r ,1—’
3 ‘ EMG - Soleus 2.5:1 C
N L \.l-
4 FZ total verti%al force 1:2.5 ‘~'
_ 5 X ’ \ 125 0,
' ot s \ y
6 . . R 4 1:5 .
o $ - 3 P %
7 EMG - Gastrocnemius . e 2.,5:1 ¥
o hd N S Q .
\

a

| TﬁyLE 7.3 Channel allocations and attenuation

N -

ety

5, 6 and 7, using analogue techniqgeé on a Philbrick operational

L)

grmplifier manifold. The output signals were then connected to the

4

input amplifiers oé“tﬂt“visitvrder with channel correlations (as

=

sqown in Teble 7.3). Attenuations were then adjusfed for each output

: Y
channel to give the output scales as shown in the same tablef

TABLE 7.4. Channel Correlation Magnetic Tape-Visicorder, and Strip Chart Scale

’

-
NS

Variable Tape Recorder Visicorder %trip Chart
' Chanrel ) Channel Scale
voice and synchronization 1 6 —_—
pulse
- R
ground 2 3 © zero reference
- o © for X &.¥ s
E¥G Soleus . 3 : 2 b "
o , A Ner 1]
F; - . 7 1qp \czFon 1
. . ) visieorder
X o 5 4 y/cm~glatg=§"
C N .visicoTrder .
Y Ve - 6 5 1 cm plate= 3"
’ o ‘ % - visicorder.
EMC - gdstrocnemiys 7 1~ 7 ;
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‘ ' 7.4.2 Strip Chart Analysis

"Strip chart records were run at a paper speed of 8 inches per

.
P ~

second. ‘The variable Fé and Yb vere scrutinized. for each run performed.

<

The variation ongp (lateral or transverse coordinate of the centre of

foot pressure) was scrutinized for a variation of greater than *0.5 cm

2> -

from the midline. Portions of the records with a greater deviation from
the q§dline were rejected as being unacceptable. This bccurred only in

subject N, and correlated with a tendency to flex his right knee and

3
distribute weight unevenly on his two feet, as evident in” the photo-

.

graphic records.

The magnitude of F; was scrutinized for variation of the greater

"

than #10 newtons. Deviation of greater than this value was not noted

\
‘ during the course of e\experiments indicating well controlled adoption

fﬁ of eduinus with minimal dynamic effect of ascent or descent during
& 3

equinus manoeuvers or cue to postural sway. The value for F; utilized
in all calculations was the body weight recorded: on the force plate
prior to starting the individual experiﬁents.

The value of Xp was scaled and recorded with the cqordinatq data

from photographic analysis. A

—

o ) ¢ ’o.
EMG records were inspected for conditions of quiet standing and

during adépﬁion of lordotic and equinus manoceuvers. Using an arbitrary

Kl 3

n
o

scale of 0 to 5 with 5 represehtijng the maximum voltage envelope of the «

fi}tered EMG, the activity

soleus and gastrocnemius muscles was

*

-

i:f"""'\ ; ¢ 2
scaled. These values werg Kecorded for the subjects on a frame by frame

analysis of the strip cha

. The input variables shown in the computer printout sheets in
1“‘“‘,_A -

Appendiz/E..
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7.5 COMPUTER ANALYSIS ' ©

- Four programs were utilized in the analysis of the data-and
are shown in Appendix D. Program number 1 was used for phases of the
expefiments which were plantigrade and had no equinus introduced with

! EMG activity scaled. Program numbef 2_was used fof phases of the
experim;nt ;hich were plantigrade and had no equinus introduced with
no EMG activity scaled. Program number 3 was:used for phases of the
experiment which had equinus introduced with EMG activity scalﬁs.
Program number 4 was used for phases of the experiment which had
equinus introduced without EMG activity ;ecorded. The program with

¢

FMG scaled had a computer output designated PNEMG, and utilized a

-

(——=25 3 constant based on EMG activity. Additional computer outputs’

\gés+sol
‘l’ 8285 .
for (gas+sol) value of 0.25, 6.50, 0.75 and 1.0 designated respectively

9
as PN25, PN50, PN75 and PN100 were programmed. The output for these

2

programs are compiled in Appendix E for each of the subjects and phas?s.
\
7.6 DATA PRESENTATION AND AVERAGING N

The individual data boints for the N.S.M. computer output for a

s

. fg;;§§§1° value of 0.50 were plotted from the data in Appendix E. The

4
EMG data for relative muscle activity indicated approximately equal
activity in the soleus and gastrocnemius muscles. The N.S.M. values

were grouped in intervals of 2 to 4 degrees of equinus and the arith-

o .

nmetic qfans calculated. The compilation and averaging is tabulated in

*Appendix F. The graphical ﬁresentation is shown in Sec. 7.7.

)

The centre of feoot pressures (C.F.P.) for the various stance

. rodes are indicated planimetrically on the foot silouettes,

»

»



7.7 RESULTS

‘\'\k.7.1 N.S.M. (Net Stabilizing Moment) 0 ' S

- . ; M
: Subj\eu Adult J.M. ‘ ) .

T\he\ mean value of the N.S.M. in normal plantigrade stance was
- ;

143 kg. cm. With theadoption of equinus the value of the N.S.M.

reached a maximum of 220 kg.cm. in the range of 8 to 10 degreeé of o
. f
equinus, and gradually declined in a linear fashion to 160 kg. cm.

at 36 degrees of equinus (Fig. 7.8). /

400

o

" R
Equinus & Lordosis (continuous)

w
S
bl

Plantigrade with Lordosis(mean=280)
Weight=79 9 kg
250+ . Heightz1799 cm

NET STABILIZING MOMENT (KG xCM

! 200
1504 "Pl ) Equihus {continuous) a
) antigrade(mean=143)
“ . 100 — v - g : .
| 0 a 8 12 16 20 28 28 32 36 40
| EQUINUS (Degrees) .
}
I . ) o o ‘
1 }
= Fig. 7.8
. Stabilizing moment at; the knee joint of Subject Adult J.M. simulation

of dystrophic posture (continmous)

\

P
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Adoption of lordosis alone resulted in a mean N.S.M. of 280 kg.
cn. The ad@ition of- equinus ag;in resulted in ;>maximum N.S.M. at ‘
appro;imately 10 degrees of equinus of 380 kg. cm. Further increage in
equinus resulted in a linear decrease in N.S.M. to a value of 320 kg. cm.
at 36 degrees of equinus.

When these same phasef bf the eiperiment were carried out in step-

wise adoption of equinus, alglost identical mean values for the curves

were produced (Fig. 7.,9)'.

STABILIZING MOMENT AT THE KNEE

FOR ADULT SIMULATION OF DYSTROPHIC POSTURE
400+

= 350+

2504 ) ,
Equinus (steps)

200

NET STABILIZING MOMENT (KG *C

150+

€ Plantigrade (mean=143) Weight=79 9 kg
; Height=1790 c¢cm
100 L] T T Y :
0 4 . 8 12 16 20 24 28 32 36 40

N EQ(JIE‘{US— ((");grees)

~

‘ Fig. 7.9
Stabilizing n;:)ment at_the knee joint of Subject Adult J.M. simulation

of dystrophic posture (steps)
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Subject Nj -~ normal child -

The results of the analysis of the experiments ‘performed on this

-

subject were very erratic qu/;ere attributed to a tendency to stand
*
assymetrically. This involuntary shift of body weight to his left leg

v
was probably an attempt to favour his right leg because of slight resi-

- dual weakness resulting fftom recent fracture of that extremity from °

)
e ’

. habit. The N.S.M. data was found to be inconsistent.

Sutject N5
\

. The mean value of the N.S.M. in plantigrade stance was 43.6 kg.

cm, With the adoption of equinus the value of .the N.S.M. reached a (L

maxinum of 90 kg. cm. in the range of 8 to 10 degrees of equinus and
L

- . gradually declined in a linear fashion to 82 kg. cm. at 40 degrees of

ﬁ‘ _equinus (Fig. 7.10). . \ ~ 7

Adoption of lordosis alone resulted in a mean N.S.M. of 106.9

kg. cm. The addition of equings again resulted in a wmaximum N.S.M. at = |

a

approximately 10 degrees'of equinus of 158 kg. cm. Further increase on
equinus resulted in a progressive decrease in N.S.M. to 124 kg. cm. at

40 degrees.

Subject MD1 - e

~

The N.S.M. 'in plantigrade position for this child with his natural
lordosis was found to be 24.0 kg. cm. Further increase in equinus
' N resulted in a maximum N.S.M. of 30 to 35 kg. cm. at about 6 degrees of

eqdinus (Fig. 7.11); further increase in equinus resulted in no improve-
ment in the stabilizing moment. The limits of the range of the N.S.M. ’

. in various degrees of equinus were quite nartow relative to those for

the normal subject of similar weight.

L]
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NET STABILIZING MOMENT (KG xCM )

Fig. 7.11

1204

st

o

(=]
i

NET STABILIZING MOMENT (KG.xCM )
a N

90. ‘

160+

Equinus & Lordosis
1404

0]
(=]
L

[+
o
1

Plantigrade (mean=43 6)

. {

8
2

Weight=31 8 kg
N Height=131 2 ¢cm

¥ L | ¥ [ J LS ¥ ]
12 16 20 24 28 32 36 40
EQUINUS (Dégrees)

(=]
o
o~

Stabilizing moment at the knee joint for Subject Child N4

’ simulation of dystrophic posture =« .
60~ }
50+ - o v o
v i v v
40-4//’—' . v
Piantigrade (mean=38 3)
o Weight=24 4 kg

304 A Height=116 5 cm
i , ¢ ‘ MD

0 2 & 6 8 10 12 14 16 18 20
407 b ) _

. s .
. -~
o —
Plantigrade (mean=24 0) ) i
207 Weight=319 kg
Height=134 5 cm
104
@ €
MD 1

G v )} T T T ¥ T Ly T T

0 2 4 6 3 10 12 14 ' 16 18 20

EQUINUS {Degrees) ?

Stabilizing moment at the knee joint for Subjects MD1 and MD2
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»_Comg‘rlson of knee stab11121qg effect of equinus in normal and " .

b dys;;dph&c children - ..

- 2 - ’ 91 .
] - ,. °
v @& \ ;; .
Subject MD2 - . ’

fhe‘younger of the two muscular dystrophy children had a mean

n

N.S.M. of 38.3 kg. cm. in biantigra&e position with natural lordosis

B
.

ig. 7.11). The N.S.M. did not reach a distinct maximum over the

range of zero to 18 degrees of equinus. A comparative plot of the
)

o

-4 .
results for subjects N&’ MD1 and MD2 is shown in Fig. 7.12.

<

’ 1601 /__ \ QA

N Equinus & Lordosts, \~\ o -
. 5 = '
120+ / ~ 318 kg normal child

1007 4

/-—‘—\Equmus '
_'\§
—————
8H ‘ T

404

v

NET STABILIZING MOMENT (KG xCM )

/ . .
/’ -319 kg dystrophic child Mm
AS

. 0 | . . ..
N - 0 i 8 12 16 20 24 28 32  36__-40  _
o . EQUINUS (Degrees) . .
g
.2 - ~ .
- )
»
. F1g 7. 12 )

-’ 1

. .

’ . s " 2

L4 hd Ty

60 ” :
/ ! 244 kg dystrophic chitd MDZ 7

“
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, If the pl@de with lordodis N. S M. of subject N4 is

4

‘normallzed for a body W81g€t cf 31. 9 g. cm. and compared t:é MDl

o

[y B

N.S.M.'s afe illustrated in Fig.

<

- NORﬁL\ EARLY DYSTRORHY LATE D\%TROPHY

’ R . . A ( -
° g i——— - - A ' ’ ; .-‘ /g)
} : ° - ' - : § oot & é
*No flexion P 3°t0 5° 8° to 10° §
contracture " contracture contracture ‘? .
} :
: ' = N &
NSM =75 NSM =57 | i : NSM =24 "] :
. Dy
- :
. [ _ s \
,
- / Fig. 7.13
Effect of knpe flexion contracture .on N.S.M. in plantigrade sténce ‘e
1‘ ) (normalized for body weight of 31.9 kg.) \“///

?

.

Céﬁsidering' the lordotic posture of the early and late dystrophy
.

patients and that in the subject N4, lordosis accounted for an increase

L4

of N.S.M. of 63\ 6 kg. cm.. \Ieither of the dystrophic subjects would have

been able-to stabilize( the knce/thout this lordotic component.

¢ ! . 4
‘.
a ' ]
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7.7.2 Centre of Foot Pressure (C.F.P.)
. § ,
. The range of centre of foot pressures for the various stance
° (Y . . .
: N ] B . .
modes of the normgl subject$d J.M. and N,, and the dystrophic children
. . .
. MD1l and MD2 are indicated planimetrical('ly in Fig. 7.14. “
\/-/ ’ - " - te -
2 -~ ¢ i . )
107 - —— e - -t ———— e 0
. . .
a A . 7 —— e — ‘__‘_‘__AI.B
- AR - N —— f—— Ny I R —— a)
4 - -1 4 x - [ 2
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| zﬁ!
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NOPMAL ADULT N NORMEL ChILD LARLY DYSTROPHY LATE DYSTROPHY
N4 MD2 mMD1
“’ P
| - .
V &
: © Fig. 7.14
) ¢ Centre of foot pressure .
I\ ; -~
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7.7.3 Tendoachjlles Tension

' The mean tendoachilles te?éion in plantigrade stance 1is

°

tabulated for each of the five subjects in Table 7.5.

-~

.

i e
Subject i Body wt. Mean achilles Achilles tendon |, .
. (kg.) - tendon tension tension as a 7
: of body wt.
J.M. i 79.9 39.9 : 50.0 Mean Normal
. !
N3 44.3 21.2 49.5 p—= ? 62.37%
N, 31.8 27.8 /"' 87.4 )
. : )

_ FaNEY ! 31.9 . 30,9 [_J;, 96.9 | Mean Dystrophic
. e * ’ - L 91.42

MD2 24.4 21.0 / 85.9 f

.

o

TABLE 7.5 Achilles Tendon Tension in Plantigrade Stance

. “
-
s
@
.

-

- The mean value for the three normal subjects was 62.37 of

body weight and for the dystrophic children was 91.4%7 of body weight.
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¢ ) CHAPTER VIII

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

8.1 DISCUSSION

The adult and child simulation experiments revealed an increase
in N.S.M. of 967 for Subject Adult J.M. and 145Z for Subject N4 due to
lordosis alone. A maximum increase in N.S.M. "of 1617 for Subject Adult

J.M. and 2607 for Subject N,, due to the effect of both lordosis énd

4?
equinus, oceurred at approximately 8 to 10° of equinus. The mean

values for N.S.M. in plantigrade stance for the normals and dystrophic'

L ad

children when normalized for a body weiéht of 31.9 Kg revealéd a
decrease in N.S.ﬁ. as a function.of the severity of the disease in

spite of the lordotic posture. The fixed flexion deformities-of the
knees cause an anterior displacément of the knee joint axis negat;gingb
the effect of the fqrward shift of the ceutre‘of gravity of the body

~ to a greater degree as the deformity incre;ses. Since the normalized
'eff?ct of lordosis in subject N4 accounted for an increase of the N.S.M.
of 65.3 Kg cﬁ, nei&her of the two dystrophic children would be able to
stabilize their knees by the gravitational ‘moment alone ;ithout adopting
lordosis. Their net stabilizing moment would be (-63.3 + 57) ==—6}3 Kg

U

cm “for subject M.D.2 and (-63.3 + 24.0)= -39.7 kg cm for subject M.D.1.

The sudden loss of lordosis in mascular dystrophy patients who Qave been

fitted with long leg braces is thereby explained.
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The maximum N.S.M. of the knee through a range of equinus
occurred at 8 to 10 degrees for the normal subjects and at about
4 ﬁegrees in the dystrophic children and then decreased:in linear
fashion. This can be attributed to two mechanisms. Firstly,
adoption of furxher equinu; results in an increase of the perpen-
d{%uigr distance from the line of action of achilles tendon to
ankle axis A defined by the distance L2 sim B . Since the angle B -~ .
increases approximately 0.5 degrees for each 1.0 degree increase in

equinus the tension in the tendon achilles-6hould in fact decrease

~ ~

with incrgase in equinus and the negatiye moment at the knee Mgas

also decrease with equinus if the dorsiflexing moment remained

constant. However, through the first few degrees of equinus there

is '‘a rapid shift of the ground reagtive force toward the metatarsal
heads increasing the dorsiflexing moment FZ(XA - XF%' Since the

value sin B L2 does not increase as rapidly, the value of'T must

increase rapidly to maintain fhe balance of moments about ankle
A Y

as

axis A. In doing so, the value T(gas ool

)L4 causes a decrease

in N.S.M. Although the moment arm (X, - XF) initially increasgs on
\

XA
heel 1ift off, further éﬁuinus causes a progressive decréase in the
moment arm. The net ef@éct of.this is to decrease tendoachilles
tension and the flexing moment at the knee.

Secondly, if we consider the leg and reactive ground ﬁorce and
C pf G location as shown in Fig. 8.1 in which A" represents plantigrade
stance, B slight equinus and C extreme equinus, it is evident frqg\fhe

coordinate data for all subject runs and demonstrated in the - N

’




Z L oz
. ‘ v__“)
; { [
z ‘ i
\ : 'E ‘
} | |
i N )
i 8 {
by |
| S
! -
i } .
{ > {
! A i
{ A
) 5 %
g © ol
(ay ~ () . —

©

{a) plantigrade stance (b) moderat

(e}

Fig. 8.1 Relationship of knee and ankle axis to line of éiavity in

te equinus (c) extreme
equinus (d) photographic composite. b




‘ whlen maxi%l shift of Fz has occurred and (2) progressi\}e decrease in T. -
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diagtams that in the initial slight equinus that a marked shift of the
CFP occurs- forward. The moment arm (XB --XWN) similar1y°incrgases' ‘
rapidly. With further equinus both ankle axis A and knee axis, B shift

forward relative to the restricted stance base of the metatarsal heads

resulting.in gradual decrease in the thoment ~arm (XB - XWV? and in the
‘ L

M Thus, the combinatien of (a) early marked in¢rease in (XB—%HN)

grav’

and (b) early:.increase in T, gives an early marked increase in N.S.M.

z Further equinus causes (1) progressive ‘decrease in (XB - XWN)

P

\ 4

he net result is a progressive net decrease in the N:S.M. after the

aximum is rééched at about 8 tp 10 degrees of equinus.
SN .

Although both sué%ect MD1 and MD2 both stood with contact along

. o

the plgntar aspect of the foot, including the heel surféce, it is evi-

»

dent‘\tff in plantigrade stance (Fig. 7.14) that their CFP was further
{

-/
advanced toward the metatarsal heads than for the normal subjects,

(-]

“ .
Andicating slight equinus. By shifting the comparative curves of Fig.

\-
7.12 for MD; and MD2 by 4° to the right, as shown in Fig. 8.2, a similar
maximal point,of N.S,M. at 8% of equinus occurs and Lhe curve configuration

(Fig. 7.15) ,. though having a lesser Telative maximum, is more similar in

-

pattern. The majority of the compensatory effect of early equinus for

<@

MD2 (and to a greater a%punt for MD1) is therefore not represented in
< )
the curves of Fig. 7.12. In other words, they were not standing in a

- - ’ , - - *
“~ mnermal plantigrade fashion, but had algéady shifted their CFP slightly

.

forward toward the metatarsal heads, and utilized a portion of the

compensatory efHZZ{ of equinus. ‘ ; -

— * s
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* Fig. 8.2 Compapison of knee stabilizing effect of : .

' . . equintis in normal and dystrophic children.

8.2 CONCLUSIONS
Knee stability in normal subjects is greatly enhanced by

. adoption of equinus and lordosis. The knee stability in muscular
. . <
dystrophic children is less-than that of normal subjects, by virtue
RS N . .
of the knee flexion contractures. Lordosis and equinus play a very

-

significant role in maintenance of knee stability in upright stance

in thesé dystrophic children. These studies explain on a mechanical
basis the significant clinical observations of lordosis which .
1

° -
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. disappegar with knee bracing, requirement for knee bracing following

heel £ord lengthening, and an explanation for the calf muscle hyper-
Al

trophy. Insight is added .to their orthopaedic management., - - /
N v
s 8.3 RECOMMENDATIONS

(1) The approach used to study these patients ‘ntailed accurate
determination of*axis of rotation of joints and to de so involved:
. aborious photographic analysis and correlation wjth many other

variables. A more automated system of analysis, with integrated

. -
telev:gsion and electronic scanning techniques for joint coordinates
- ¥ «

and on-line data processing, would make such analysis of musculo-
skeletal conditions of the lower extremities more feasible. Dynamic

. studies of gait would thus be more practical as a cliniéal tool. ‘

|}
.
. [

(2) Devélopmgbn't of techniques f;l in Mhuman evaluation of

~
S

. force output of several méuscle groups by EMG techniques should be

\ developed for better quantitative evaluation of muscle activity.

v

(3) The methods employed in this study would be useful ‘in

studying other disease entities involving the lover extremity,

~

¢ .
’ vhere knee stability is a major determinant of the subjects ability b

to stand.‘ /

>
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Derivation of the Force Plate Equations
|

The force plate variables defined in Chapter IV were obtained by algebraic

A}

manipulation of the Joad cell outputs. The relotions defining these manipulations

are derived in this appendix.

Referring to Fig. A.1 which shows the layout of the load~cells in the

0
force plate - : \ -,
sum the forcés in the X direction to get .
¢ . Q

Fx-F4+F5cos<§O+F6c0560= 0 (A.1)
rearranging and evaluating of constants gives

Fo = Fu-0.5(F5+F) (A.2)

- Similarly summing forces in the Y direction gives

Fy-Fssin69+F65in60 =0 . (A.3)

-

and

Fy = 0.866 (F5 - Fy) (A.4)

_The verticgl force is simply

. ’ 9
F, = Fy+Fy+Fy E (A.5)

4

Now sum the moments about the: X axis to get

[y

N\ R
My + L]_F] - LF, + L]F3\j 0 : (A.6)

N

which gives . .
M = -20F; + 45.9F, - 20Fy4 . (A.7)

Similarly summing moments acbout the Y axis gives
My, - LyF3#Fy = 0 " (A.8)
M, = 38.1(F3- F)) S | (A.9)

sum moments agbout the vertical axis

and

-

’

> .

Mz =+LiF 4 = LoF5cos60 + L}Fysin30 + L3Fgcos30 =0 (A.10)
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The three verticqgl load cs”s F'],F'z,F%3 form the vertices of an

equilateral triangle.

=38.1 ch.;

3

I.] =20cm .; L2'= 45.?cm.; L

Figure A.1 : Layout of the load cells on the force pié“fe. .
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* giving )
M, = 20F4 +22.95F5+23F6 T (AT

The position of the effective centre of pressure is defined by the relations
F o Xp = My | (A.12)

or .
, - My :
X, = (A.13)

3

Using Eq. (A.9) and (A_.5), get

_ 38.1(F3-F) .
X, = 1 (A.14)
P F] +F2 + F3 A
Similarly,
F,Yp = M, x S (A.15)
and fv& )
YP = ’F—Z— (A.]é)
and using Eq. (A.7) and (A.5)
| -20F +45.9Fy - 20F5
Y = (A.17)
P F] + F2 + F3
summarizing . b
F = F4-0.5(F +Fg) o (A.18)
Fy'= 0.866 (F4 - Fs) (A9)
F, = Fy+Fy+Fy (A.20)
My = -20F, +45.9F, - 20F, (A.21)
M, = 38.1(F3~F)) o (A.22)
’ Mg = 20F,+22.95F + 23F, (A.23)
_ 38.1(F3-F))
X = (A.24)
P Fy+Fy+Fq
_ -20F; +45.9F2 - 20F
Yp = ' 2 3 (A.25)

P 2'F]+F2+F3

']
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. e APPENDIX B
\ Derivation of Parallax Correction for
. I
Cinephotographic Data .
? 2 - P -

Consider the relationship of the camera, grid and object

shown in Fig.' B.l. -

camera 10 cm__..‘

—"
|
|

eenfind
N
e

Figure B.1 BRelationship of camera, object and grid

The camera was focused on the Z axis at a point 20 cm from
////ﬁ the étance base or X-Y plane. Corrections for parallax had therefore
to be applied to joint coordinates which did not coincide with the
A focal poiht\ If we let X cm equal the magnified dimension of *an

object A located 10 cm from the focal point, then:

X - 10 cm,

26.5 25
- 26.5 -
X 10 x 25 10.6 cm

Parallax = 10.6 - 10 0.6 cm or 6%

A 62 correction was therefore applied to the coordinate data.

I R ‘o
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' Cross sectional e, Weight ° ' gas
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gastrocnemius|.. soleuws | gastrocnemiusf soleus @ area | by weight]
LY »
. A “ M & ) : ’ @
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- — - e
o N . . . ‘ . k¥ .
' . “ . - - MEAN 0.49 0.47.
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4,2 .4 11,7 .t 37.1 137, 5 167.2 €23 147,12 121.4 119.%
“.7 4.0 19,9 13,0 34,2 135.7 1e1.7 152.1 1640, 4 129.7 117.1
5.1 het 12.7 14, az.r 127.2 1eR, 6 137.9 127,2 11£.€ 1087
8.1 Lok 1n,e 25,r 0.7 125.2 15201 1an.Q 1749, 11P.% 117.3
S.6 .5 10,3 .0 29.F°  136.3 172.3 159,7 167.1 134,% 121.0°
€6 Lok 10,2 LRI 28.7 119.0 1€9.0 15€.8 Jas,n 121.5% 119.0
Al 4,9 C.A 42,.¢ 2% 12,0 167.9 154, 7 1eg, " 129.2 116.4
.8 5.3 0,1 45,0 22.¢ 138, 8 174.2 140.9 167.5 134.1  712€C.8
7.1 5.0 £-18,2 4a,% 16,8 1450 17246 159,05  145,4 131.7 118.1
7.3 L) L] 0.0 1501 134,1 158.9 14¢,.5 134,1 121.,7 119,13
7.3 5.7 T.¢ S1.9 13.7 167.6 LES.S 171.6 157.6 143,7 129,7
7.5 7.1 7. 51,6 1e.¢ 176,7 207.1 101.9 176.7 161.5 146,12
.1 7.0 5.0 0, ¢ 1.4 144.3 170 3 156.9 142, 5 170,2 116.8
FeS e,7 Se? £1.¢ 1.7 1 1571, 174,n 161, R 148, 7 138.7 122.7
LY Q9,5 5.3 (AN -0 Q 129, 147,13 137.1 1269 116.7 1r6.4
a,7 1r.1 8.1 £2,0 =271, 1D6.e 116.6 1co,3 192.0 66,7 87,4
.6 1%3 S5.? £2,0 -1.3 114,7 114.7  1C7.9% 101.2 94, 7.7
¥ N { -
3
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: APPENDIX F ]
COMPILATION AND AVERAGING OFs DATA
: . ’

- ? v
SUBJECT ADULT J.M.

©

.
.

2.0

Equinus (degrees) 0.5 4.0 6.0 8.5 12.0 16.0
., ‘|interval (degrees) 0-1 |1-3 | 3-5 |57 [|7-10 | 10-34 | 14-1
. No of values 3 7 5 i 3 3 3
‘a5 47 |Range of N.S.M. fmin. | 128.2 | 183.8 | 174.4 | 169.8 |143,5 | 162.8 | 152,
Ego i (Kgoem.)  Imax. | 204.6 | 225.5 | 275.5 | 23.2 |250.0 | 186.9 | 248
&8 Mean N.S.M.(kg.om.)  |'145.3 |'161.9 | 203.5 | 209.3 | 220.7 | 172.1 | 204
' @ |No. of values 17 s |2 2 13- 15 2
"8 lnange of N.5.M. Jmin. ‘| 210.2° | 345.3 | 362.3 { 376.0 | 372.7 | 355.0 | 357
285 | Ga.om) x.” | 358.6 | 379.2 | 400.2 | 390.5 | 380.0 [ 410.8 | 373
_:qg, § |Mean N.S.M.(kg.em) | 288.2 | 358.1 | 381.2 | 383.2 | 381.8 |'379.3 | 365
! L/“'h ' 1 SUBJECT ADULT J.M. B
.. . [Equinus ‘(degrees) - 0.5 1.6. 8.4 8.0 14.9 . 1€
'Y Jinterval (degrees) 0-1 1.3-2.5 | 7.6-9.2 |5.9-9.9" |18.4-16.8/1;
* ' INo. -of values ' 12 " |s 7 8 7 7
@ Range N.S.M.. |min. | 116.2 143,64 |209.4 [202.2 [207.7 |2
.§ § (kg._c':m.) {max. 166.7 gzse.a 254.‘6 281,6 243.6 2(
Fo  Mean N.S.M, (kg.cm.) | 155.2 ) 183,5 232.5 | 241.4 225.2
o - 1 'SUBJECT ADULT- J.M.
Equinus (dggrees) 0.5 . 2+ 8.2 9,1 17.2 21
Interval (deprees) 0.0-1.0 {1.0-3.0 |7-9.4 8.2-10.0 | 16.4-18.1]1
. No. of values 17, 5 7 6 6 7
1% @ |Range N.5.M. ° fmin. | 196.8 317.7 363.8  |364.7 | 358.8_ |3
§§ H ~ Imax. | 393.0 457.1 1 447.6 | 410.2 1| 377.9 3
3§ S iMean N.S.M. 304.0 | 361.0  |388.8 [392.6 |376.1 |3

a

hEY
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APPENDIX F
COMPILATION AND AVERAGING OF DATA

SUBJECH ADULT J.M.

2.0

4.0

6.0

)

12.0

16.0

1-3

3~5

5-7

7-10

10-14

14-18

7

S

4

3

3

5

169.8

143.5

162.8

152,2

234.2

250.0

1:86.9

248.8

220.7

172.1

2

209.3

3

5

204.7
)

376.0

372.7

355.0

357.4

390.5

380.0

410.8

373.7

383.2

381.8

379.3

365.5 -

7 SUBJECT ADULT

J.M,

o

8.4

8.0

14.9

18.0

29.3

7.6-9.2

5-9"9~9” 1

13.4-16.8

17.1-18.9

24,8-33.0

7

8

7

7

10

209.4

202.2

207. 7

211.1

180.5

254.6

281.6

261.7

272.4

232.5

241.4°

743.6
TN~
225.2

226.0

274.3

SUBJ

\

ECT ADULT <J.M.

1 -~

B.2

9.1

17.2

20.8

31 ¥\~

7-9.4 -

8.2-10.0

16.4-18.1

19,3-22.2

29.0-34.0

7

1 6

6

7

8

363.8

| 364.7

358.8

363.2

323.6

447.6 -

410.2

°377.9

386.9 -

373.3

392.6

388.8

376.1

368.3

351.5




APPENDIX F (continued) P

1]

i

SUBJECT N3
g:quinus (degrees) ) 0.5 2.0 | 4.0 8.3 wlex.o 16.0 200 | 24.0
Interval‘ (degrees) 0-1 1-3. | 3-5 7-10 | 10-14 | 14-18 | 18-22] 22-2¢
o No. of values 10 3 2 - 2 3 2 3
98  [Range of N.S.M. |min. | 25.2 '33.0 93.0 | -- 82.9 lee.6 | 91.0 ] 74.5
£ 9 (kg%cm.) * Imax. 73.7 86.4 97.3 - 105.4 87.9 97.2 | 97.2
5’% Mean N.S.M. (kg.cm.) 45.8, | 79.0 | 95.1 - 94.1 79.0 94.1 | 86.5
. No. of values ' 11 2 1 3 3 3 2.2 | 3
0% Range of N.S.M. |min. | 104.2 | 123.7 | 143.5 | 137.9 | 141.8 | 136.1 | 161.9] 142.0
L " (kg.cm.) max. | 121.1 | 148.70 168.5 | 176.7 | 145.4 | 162.9| 147.5
E"r.—? "Mean N.S.M. (kg.cm.) 111.5 | 136.2 | 143.5 | 154.2 | 158.7 | 139.2 | 162.4 145.3
SUBJECT MD1 :
Equinus (degrees) 0.5 2.0 -] 4.0 6.0 -{8.0 10.0 lZ.ﬁL 14.0
% Interval (degrees) 0-1 .| 1-3 3-5 5-7 7-9 9-11 | 11-13 | 13-15|
s No. of values 9 1214 h2 8 16 0 0 1
Range of N.S.M.’ [min. 18,7 | 11.2 39} 27.3 | 24.3 34,8
(kg.cm.) max. | 37.7 41.8 | 40.9 44,7, ]35.1 «
Mean N.5.M, (kg.cm.) | 25.2 | 28.2 " [[a6)3 | 32.7 34.8.
SUBJECT MD2 -
" |Equinus (degrees) 0.5 }20. )40 |60 |80 10.0  J12.0 |14.0
|Interval (degrees) 0-1 1-3 3-5 5-7 7-9 97-11 11-;3_1 13-15
No. of values 26 12 1 -5 2 8 6 3
Range of N.S.M. |uin. | 33,0 | 22.9.] 43.7 |31.3 Jé1.5  |37.5 (348 [34.7
(kg.cn.)  max. | 60.9 | 50.5 | 45.9 | 435 1 71.0 60.0 ] 66.0
Me_%ﬁ N.S.M. (kgoem.) | 45.1 | 41.9 | 43.7 | 39.4 42[3 46.1 _|46.6 |47.8
. \
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APPENDIX F (continued) R . ) .
- \, . L , " .
. SUBJECT N, — o . % o _ g . .
8 T3 < “s : - ) : ,
2.0 4.0 8.5 | 12.0 - | 16.0 20.0 | 24.0 | 28.0 ['32.0 " |36.0 <} 40.0
i . L] °
1-3 3-5 7-10 | 10-14 | 14-18 | 18-22| 22-26 | 26»30 | 30-34 [ 34-38 | 38-42
3 2 — 12 |3 2|3 4 14 - |3 .5
'73.0° | 93.0 | -- 82.9 66.6 4 91.0 | 74.5 |82.4 |63:2 |76.9 |53.5
86.6_ | 97.3 | - [105.4 | 87.9 | 97.2 [97.2 1989 |89.8 |82 [91.6
79.0 | 95.1 | -—- |94.1 79.07\ 94.1 | 86v5 | 91.65 | 76.2. | 81.3 | 76.5
2. 1 3 . |3 AR 3 7 - 6 4 2
J 123.7 | 143.5 | 137.9 | 141.8 | 1#4.1 | 161.9] 1%%.0 | 116.9 | 127.2 |125.4 | 111.9
148.7 168.5 | 176.7 T 145.4 | 162.9] 147.5 | 148.6 | 143.8 | 143.3 | 142.5
136.2 | 143.5 | 154.2 | 158.7 | 139.2 | 162.4}145.3 | 133.8 | 136.9 |134.0 |127.2

N oo, i
SUBJECT MD1 T W// T

. ; , i N T Q
7.0 ] 4.0 16.0 .18.0 10.0 12.0_[14.0 316 }z20.8 ] ,
1-3 3-5 5-7 7-9 9-11 11-13 | 13-15 | 15-17 | 20.3-21.9 - Ty
14 2 8 16 0 o 1 « |2 6 Lo w
‘1.2 | 39.8 | 27.8 | 24.3 3.8 |23.9 |24.9 ' '
'4108 40‘9 P’ 44.7’ ‘\35.1 . * " ! 3803.. 3808 .
28.2 | 0.3 | 327 34.8 131.1 |31.0 ‘
E'Y K (d : - . L
: _ SUBJECT MD2 _ .
. Y W i
2.0 4.0 " | 6.0 8.0 10.0 12,0 {14.0 J16.0 | 18.0
1.1-3 35 | 5-7 7-9 9-11 , | 11-13 }13-15 [15-17 | 17-19
12 1, 5 2 g 6 3 3 2
22,9 | 43.7 131.3 J41.5 «|37.5 .]34.8 |34.7 143.6 51,2
* L§0.5 e v 45o9 43-57 71¢OA~ 60-0 6600\ 46.2 53.2
"31.9 [-43.7 |39.4 J42.3. las6.1 46.6 147.8 ]45.3 |s2.1
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