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"The disease ia one of the moat interestina, and at the 

same time most sad, of all tl1oae with which we have to deal: 

interest.in& on account of its peculiar features and aysteriows 

nature; sad an account of our powerlessness to influence its 

course. 

It is a disease of early life and of early ~rowth. 

Mani.featin& itaelf' commonly at the transition from infancy to 

childhood it develops with the chilcl' a developaent, ,rows wi. th 

hia arowth - ao that every increase in stature acans an increase 

in weakness, and each year takes him a step further on the road 

to a helpless infirmity, and in most cases to an early and 

inevitable de& th." 

Golfer•, 1879. 
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OOROOOCTION. 

The words of Gowers are as true today as they were 

nearly a century a&o• My interest in muscular dystrophy started 

in 1957 when, as Senior House Officer at '-'ueen Mary's Hospital 

for Children, Carshalton, Surrey, I first observed a larie number 

of children suffering from th.is tr~ic disease. The frustration 

ol' helplessl.J, watch:il~ its inevitable course stimulated the present 

stuct. 

After ob t..ain~ an initial impression or' the con.J..i. tion 

from my clinical observations and a review of the hospital records 

between l~:::.o and 1~50, I started a more systematic enquiry. 

The 1Jresent investiiation cooir,rises my 1->ersonal 

observe. tions on 65 cases ra.i~in~ in aie .t'roo, 3 to 16 years. Of 

t11ese, 57 were seen and followed up at ~ueen ;,:arj 's Hospital !'or 

Children, anl C> at the Southern Hospital, Dartford, Kent. 

The scope of this enquiry was later widened from the 

initial clinical and ienetic aspects to include a detailed stucy 

of some of the as:,ociated featW'es and complications of the disease. 

The hi.stole~ of the an·ected muscles has been studied 

and correlated with the various clinical sta&es of the disease. 

An attem.vt has been made to assess the incidence o1' 

cardiac involvement as shown by the electrocardio~rams and 

pathol()iical chan&es in the myocardium. 

F'rom my clinical impressions there appeared to be a hi~h 

incidence 01' mental re ta.re.lat.ion in association with muscular 

c\ystro~ey. .Becuase of the im}llications this may have with reinrd 

to the a.etiolo.y of the diaeruse, this feature has been invest~ated 

in ~eater detail. 
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In the hope of learning more a.bout the :fundamental 

defect responsible for muscular dystror,hy, a histochemical study 

has been undertaken of the activity of various enz;yme systems in 

affected muscle. 

In this thesis electrOIJ\Yographic chan&es and the serum 

enzyme levels have been included, althoU&h these were not done 

personally. They have , hC11Vever., contributed to the diagnosis., 

while the serum enzyme c~es have made a therapeutlc trial 

possible. 
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.DEUICATED 

TO 

DAVID SMITH 

He had the intellect to understand 

and the cour8"e to accept. 
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CH.APrER 1 1 

HISTORICAL SUH.V]."'Y A.Nl) CLAS.:ill'ICATIUH. 

Progressive muscular dystro hy in childhood is usually 

associated with the name of Duchenne , the ells tinguis hed French 

neurolos.is t . 

Duche.nne , however , was not the first to describe the 

disease. In 18.}t> Coste and Gioja (q,uoted by Schmidt, 1839) 

recordec.... two brothers suJ.'f'ering from progressive weakness in the 

l ower limbs, which started. at the age of ten years and later became 

a,eneralised. It was associated with striking enlargement of 

several muscks . Meryon (18~2) gave an account of 9 cases in his 

paper "On t,;ranula.r and: fatty deienera tion of the voluntary muscl ea ." 

The autop sy find.l.ngs in one of' these cases h.au prevJ.ously been 

reported by .Partri~e ( lo4-7) . Bo th these authors cornment~d on the 

marked enlargement 'of the calf muscleb . 

l'he literature prior to 18j2 c ontained no other reference 

to the c.b.ildhood. form of pr ogres si ve muscular dys trovhy . 

Unu.erwoods account (1797) "On the debility of the lower extrellllH ies" 

has been re~ardel.i by some recent authors (Bell , 194-3 ; L;ivison, 19.':,l) 

as an earlier description of muscular uystroph.), . However , the 

reportsof Underwood, as well as those of Badham ( 183:;) and Renne~ 

(lb4-l), do not resemble muscular dystJ:ophy but are acut e condl. tiona 

more suggestive of polianyelitls . Adolescent and adult forms of 

pro!!;ressive muscular paralyses , on the other hanJ , were all'ea~ 

reco~nisecl by Darwe 11 ( lb.30) , Bell ( l ci30) and Aran ( 1t.,50) • These 

early authors ,did not distinguish betwe<::n those forms of muscular 

atrophy associated with diseases of the nervous system an<l those 

without neurolo~i.cal abnor mality . It is interestl.ng that 

" fibrillatiun" of muscle was no1-ed J.n 22 of 59 oases reviewed by 

Wachsmuth l J ,5.:.,i) , ind.icatin& that nervoll.3 disease was responsible 
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for a high proportion of these cases . 

Ducherme' s initial descri tiun appeared in 1861 and was 

f olloY1ed by numerous . cMe rep or ts ii, tlie Ger wan and 1'rench 

literature (Kaulich, lb62; Spie lman, 1~62 ; ~ulenburb , 1L65 ; 

l<'ritz, 1865 ; Griesenber~ , 1U65; He.der, 1U66 ; Sigrnunut , 1866 ; 

Ber~enon , loo7 ; Lutz, l 6o7; Seidel , lb67; ,iernich, 1067). 

I.n l~b•:: .uuchc:nne 6ave a com_r;reheusi ve account 01· the 

disease baseu on a s tu~, of lj Cc.LSC~ . He defJ.neJ. it as a condition 

of ctilldhoo..... or adolc.3cenc,_, occi.:.rrl11t; more l':ce"'1.1.e1,tJ..y ln males , 

e.nJ. characterised by 1) _pro~ressive wealrnes:; of moveme11ts , 

ir.J. t.i.a.lly arfec tin... the muscles 01' the lower limbs wi.J. lumbar s.,.iine , 

g .:id.t..d.lly ~et t.1.n., wors o..: and extenci.ul[ Lo the UiJper li.i Ls ; 

2) erl:.tr0 emer1t of soine of the 1-,ur1uysed muscle:; i:.rtJ. in exce.r-,tional 

cvses of almost ,1J..1 .. 1.nd )) rv~e::.·.i!l<.lsia of interst::. tial connective 

tissue in tht parl:ll sed mus ,J lt;;) with rirodnction of ab1.1.ndant t'i:irous 

or. adipose tissue i.n the fi:.a 1 s tu.,es . He s~geste~ the names 

"parl.J ~sic. muscult>_Lre .i:.iseu,loey,~e.r troph.L ue" to de3cr ibe the sali,.mt 

c lin.J.0111 fea:..U't:$ 1 or 11 part..1.lys.i.t: myosclerosi~Ut~ 11 in viev1 01' t},e 

e.{ t.reme fibrosis of' :nuscl,:: • 

.Adruns (H,68) , Hillier (1S68) , Russell (loG9), .c'ostt;r (106 ) and 

L:u-~don- ..Jo,n-. 1L70) . Cases werl.! aLw recorde11. it( A1:10rica (Ln~alls 

and ·,tcbber , L 7t·), Aus triJ.lia (.hl th, l b71) anJ. Uenrr.....i·~ (.1.-runn.i.chc , 

1B7Li- ; Ba.:,, l b77) . 

In lv79 Govrt;rs ~avi-;: 5 cl.i.11ical 1~~otUJ.'.-JS on "Pscutlo-

hyper trophic muscular ,l)B.ralysl;-; ." He described. with masterly 

c l ari t~ the fco. t<,U'cs 01· 21 ca.s~s illh.l rt.!viewell 13~ cases of l,lrcvioua 

autl1or.., . 

In the Sa.mt: year l,iobius 187'.)) commented. on the similarity 
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be tween the atrovhi :.: p elvi(;-;;.;i:t'(Ue form of muscular ,·,eakness 

described by kydcn ( 1676) and the pseudo-hypertro hie muscular 

paralysis of' Duchenne . 

laru_loi...z- ar.,1 l.J&jer.Lne (10&;.) dr~w a t te n tio:. to a. 

iU'Oi,;rcssl .rt.: ,<1uscular atroph ai'r'ectir1g th~ s ChJ!ulo- huraertl muscles , and 

associated wi. th weala1ess of the facial muscul tuc~ . In some cases 

t.he f'ac.ial vrea.k.ne:::,s i.,resented iu eurlj childhood as the first 

rllh..11.ii't;s tn. tion of the d.i<>case ; whe.i·eas in ot.l e;;rs it oul., appeared l D. t >;; r • 

.L.1uc:1cnne had a.lread_y uescrit>ed. 9 cases of tl iis f'acio- scapulo- . wneral 

forra of mus calar _partlyn.1.s 1.n lb72). l n 1 85 these authors SUc,~es teri 

that pro6ressive muscular v..trophy shouli..i. be cl assified lnto myopathic 

a tro1•hi.:;s arm nt:uropa tl. i,: a. trophie s .• 

Mb loU4) J.escr..i.bt!J [.1 '.;uvi::nile ' 1',::,r1:1 of pro.:,res~ive 

muse la.r a troll!\:.' with or.sc t in ch.il..:.hoo<l or ado lesccnce . A though 

tlie uuscl '! s of the ba iK , shoulJ.ers and u:: er arms were uscULll.:,• more 

severt:;ly af'fect~ri , s ome cases sho-tred mart: marked invol v·ement of' the 

pel vie girdle and lower limbs . He comme nted on v oin tb of s:iliiilari ty 

betweer. tht; various clinical tyv(;s ol' prouressive J11usct.ler utrophies 

without neurolO;JJ..Cal iJwolvement ft.11Ll 1;.roposed the nacne " dystrophia 

musculort.u, lJL'OLressiva" to cover the whole grou.1> . He subsequently 

<li.t'r'eren ti l terl be t..vee ri chi l J.hood and juvenile forms (Erb, 1891) • 

A , .. ii..ffe ent fort1 of pro.:;ressi ve L1u.scular atl.' 01Jhy which 

started iu :innmcy aIH.i haJ. a rt:i:pidl,;r progr essive course was 

descr ibeu by ·i,erdni~ (1 .... 91) and Hoffmann( l .J92) . In these cases 

a u t opsy shoued J.e~ener e.tive cha.n~es in the antt:rlor horn c e lls and 

t he vt:ntral roo ts of t he spinal c ord . This "here.ti tary pro~rressive 

spinal muscular atrophy" is quite dist·.r.ct from pro5r essivt: musculnr 

dystrophy. 

• For details of clus:3ifications see Appendix I . 
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Batten (1910) published a critical review on the pr:in1ary 

disorders of muscle and 1·ecognised 7 clinical types. Subsequent 

authors (Spiller , 1913; Hurwitz , 19j6) accepted his classi!'ication. 

In th~ meantin1e , advances in , e netics stimulated other 

workers to corrcl~ te ui1'1'crcnt modes of' inheritance with various 

clinical pat terna. ( ifoi tz, 1921; Diehl, Hansen and v. Ubisch, 1927; 

Minlcows!Cl anu. ~iler , 192b; ..uawidenkow, 1930; Sjovall, 1936 ; Bell , 

194.j). Efforts were also ma.de to simplify the clinic~.l classification 

(lilhora.t aud Wolff , 1943; Tyler and Wintrobc , 1950; Levison, 19;il). 

Some 01 these papers broUt;h t more coni'usiou than clari t.,,. 
It was not until the last decade that more acceptable 

classifications were formulated. Stevenson (.1955) made a study of 

pro"ressive muscular ~atrophy in Northern Ireland aili.i based his 

classification on ~enetic and clinical grounds . He accepted Tyler 

and Wi.r. trob~' s concept of a specific chil:ihood form of muscular 

d3strophy, but a.1,plied more rigid criti:ria, restrict~ this ~oup 

to the classical Ducherm.e type with a sex-linked recessive mode of 

inheritance. This type was characterized by a) expression solely 

in the male , b) onset mainly ,Ln the first 2 .>- cars of life , 

c) · hi~h frequency of pseudo-l~ertrophy of calves, d) universal 

a!'.t'ectiou of ~luteal , thi"h aduuctors , and later scapulo- hwneral 

muscles , and e) rapid progre~sion to inablli ty to walk usuo.lly 

before the aie of' 12 and death .in the teens , the subjects scldoiu 

surviv~ to the ~e of' 20. All his remai~ cases were 

clas sil'ied as au tosomal limb- iru.le dystrophy, .in which weakness 

nu.~h t predomiru:I. te in either the scapulo-humeral or the pel vi­

femoral muscles . He sub-divided this iroup on the basis of 

whether f'acial weakness was present or not . 

In the same year , Becker (19.53) published a t;enetic 
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and clinical study' of muscular czystrophy in Baden. He divided 

his cases on clinical .,:rounds into either shoulder-iit"dle 

( descending) or pelvic-girdle ( scend.ing) forms . He found no overlap 

between these two broad groups in any 01' the families he studied. 

He further subdivia.ed each clinical group on the basis of genetic 

differences (Becker 1955, 1957). 

Walton and Nattrass (1954) made a detailed clinical study 

of various forms of progressive muscular dystrophy in North-Ea.st 

~land. While retai.n.i...ng the "Duchenne type" as a separate entity, 

they disagreed with the r4id criteria of Stevenson. They included 

in this group some cases with the same basic clinical pattern and 

mode of' inheritance but with later onset and relatively slower 

pro~esalon, as well as some female casea. On the other hand, they 

considered th~ "limb-~irdle" Jlroup of .:itevenson to be too 

heteroaeneous and were in favour, both from a clin.i.cal and a genetic 

standpoint, of classifyir.ig separateJ.y those cases with facial 

involveirent. Their classi.t'ication thus contaJ..ned three groups. 

The Duchenne type included the classical pseudo-hypertrophic muscular 

czystrophy but did not necessarily exclude cases not ~owing pseudo-

hypertrophy. It also embraced some cases of the atrophic pelvi-

femoral ~oup start~ in oh.iLlhood. The i'acio-sca ulo-humeral 

type was characterized by involv~ment of the facial and scapulo• 

humeral muscles and sometimes tht:: pelvic ~irdle. The a.:e of onset 

varied fr01U early childhood to adult life a.nd the course was 

essentially beni~n, often compatible with normal lif'e expectancy. 

The third {;troup was the limb girdle tJ'pe in which weakness miiht 

predominate in either the shoulder or the pel vie ~ird.le. The 

facial 1nuscles were not affected. The ~e of onset varied from 

late in the first decade to middle age. The course was relatively 

slow but led to severe disablement and often shortened the life 
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expectancy. 

In 1954 Na ttrass reported 8 cases of muscular d,ys trophy 

in childhood resembli:ng the Duchenne type but which had -a complete 

or almost complete recovery. He thought that 2 of · the cases 

probably had a form of benign c~en.ital myopathy while the remainder 

were due to pol,ym:,·osi tis. In their mon°*'raph on polyieyosi tis, Wal ton 

and Adams (195b) also commented on the resemblance of this disease to 

pro~essive muscular d,ystropl\Y in some cases . 

Blyth and Pugh (1959) made a genetlc study of muscular 

dystropey in childhood. They included patients in whom muscular 

weakness was appa.ren t before the ~e of 12 years and subdivided their 

cases i1tto a "severe iI'OUP" who were unable to wall by the age of 

11 years ancl a "mild g1·oup", still ambula..ut ai'ter that age. 

In recent classi1'ications the term pseudo-hypertrophic 

muscular dystropcy has been a.voided as the title of a particular 

type of the disease. Al thou.h pseudo-hypertro cy is common in the 

claasioal muscular dystrophy in childhood, it is not invariably 

present ; U1d it znay also occur in other types of proiressive muscular 

'13strophy as well as in polymyositis. 

The · e_ponymous title, "l.Juchenne type", f'or the rapidly 

pz'Oiressive muscular dystrOJ:)ey startin~ in the pelvic ~irdle, ia 

preferable to "chiluhood type" because a si.rui.lar pattern u,ay occur 

in a.dul ts, while:: other i'orms ot' prQiressive muscular dystropey such 

a.s the 1'acio-scapulo-humeral type fI183 also start in childhood. 

It will be shown i11 the present investi~ation thut it is 

inpracticable to la_y down riaid cli.n.i.cal or genetic criteria for 

the "Duchenne type". It is also impossible to obtain clear 

division of cases into il'Oups based on the criterion of whether 

they are ambulant at the aie of eleven yea:rs. 
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CHAPTER 2. 

INHERITANCE. 

A. HISTORICAL REVThW. 

The etiology of pro2ressive muscular dystrophy is 

unknown. The mru\y theories that have been put forward include 

primarJ degeneration of the muscle due to defective nutrition 

(Mery on, 1852); a chronic pro~ressive reyosi tis (Friedreich, H:if3); 

trophic changes in the nerve cells (Erb, 1891) and a disease 

of the sympathetic nervous system. (Bramwell., 1925). 

The only aspect or the etioloiY that is established is 

the heredi taxy character of the disease. It was alrea~' 

reooini~eu by many of the early writers. Meryon commented on 

the predilection of the disease for the male sex, but was unable 

to offer any explanation. Wachsmuth (lb5.J) found evidence for 

an hereditary factor in 19 of the 59 cases he reviewed. It is 

surprisin&,on the other hand,tho.t Duchenne's 1.3 cases of 

pseudohypertrophic paralysis (1668) were all isolated. A number 

of the German authors, however, reported multiple cases in the 

same family. (Heller, 1866, 1867; Seidel, 1867; Wernich, 1867.) 

Heller described 2 brothers and an illei.itimate half-brother (with 

a mother in common) who had the tY}Jical disease, while a maternal 

uncle had also been af'f'ected. In one of the families described 

by Russell (18•9) 3 brothers were a!'l"ected and in addition 2 

maternal W1cles and a maternal great-uncle had suffered from the 

disease. Gowers (1879) described a number of similar fami~ 

histories in his series. He painted the hereditary aspect in 

the follO't'f'in& words: "In the vast ma.jori ty of' cases the diseaae 

appears to · own no other oausee than those which exist in., and are 

born with, the individual." 
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He commented on the fact that, while the disease seemed to affect 

predominantly males, it was inherited through the mother, who was 

.apparently unaffected. 

Attention was drawn to the hereditary factor in ca.see 

of facio-scapulo-humeral dystrophy by wchenne (lb72) and 

Landouey and Dejerine (le84), and in the juvenile form by Erb. (lljS4). 

It was not untLl the 1920's that serious attempts were 

ma.de to de.fine various modes of inheritance in this disease. 

Vleitz (1921) suggested t\vo hypothetical explanationE; that there were 

either 3 separate mechanisms of inheritance (dominant, recessive 

and sex-linked recessive),or that it was due to a mutation 

a.t'fecti~ both males and females, after which it was inherited as 

a dominant with less manifestation in the female. 

lJiehl, Hansen and V. Ubisch (1927) put forward the 

hypothesis that two factors (C and D) were involved in the 

inheri ta.nee of' the disease. ( Their cases conform to the facio­

scapulo-humeraJ. type). Only individuals with both factors 

suffered from the disease, those with factor C were quite normal, 

while those with factor D had a particular diathesis which the 

authors were able to recognise. Subsequent workers have been 

unable to verify this hypothesis. 

Minkcmski and Sidler (1928) studied 13 cases of muscular 

dystrophy in 3 generations of a lar~e kindred in an isolated Swiss 

valley. All the cases had consanguineous parents and the families 

could be traced back through 10 ienerations to a common ancestry. 

The age of onset of the disease varied from 3 to 40 years and the 

course was variable. Al though pseu.dohypertrophy was a common 

feature the clinical pattern conformed to the limb-&irdle rather 

than the classical .Duohonne type. ~oawlci. and Sidler concluded 

that inheri tanoe was thrOU&h a "double 1·ecessive mechanism." 
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(Ha.nhart (194-9) made a i'urther stuc.\}' of this kindred and suuested 

an autosoma.l recessive pattern of inheritance.) 

Davidenkow ( 1930) poatula ted 2 forms of inheritance; 

a simple dani.nant in the facio-soapulo-humeral type and a danin.ant 

inheri tanoe, limited mainly to the ma.le sex, for the remain:in& 

forms of the disease. 

In recent years there have been f urther efforts to 

correlate the various modes of inheritance wi th specific clinical 

types. The di.f1'icul ty has invariably been the lack of accurate 

de:f'init.ion of the clinical ca.tea;ories and most authors have been 

aware of t he inevitable overlap between the clinical iroups. 

Bell (1943) tried to correlate 3 clinical groupa, 

((a) paeudohypertro}>hio, (b) atrophic without facial involvement 

and ( c ) all cases with facial involvement ),with the 3 main genetic 

mechanisms of inheritance (sex-linked recessive, autosomal recessive 

and autosoma.1. doolina.nt). In her analysis of 134-1 cases frcxn the 

literature and the records at the National Hospital, Queen Square, 

she concluded that each of the 3 main ienetic mechanisms accounted 

for oases in each of her clinical iroups. However, there was a 

preponderance of sex-linked recessive inheritance in category A, 

(due presumably to a large proportion of Duchenne - type eystrophy), 

while the majority of category C showed an autosomal dominant 

i.nheri tance ( in keeping with the experience of other authors for 

the :facio-acapulo-humeral group). Oate~ory B ha.d an almost equal 

distribution of the 3 ienetic type a. The lack of unif'ormi ty of 

inheritance in any particular group is · due partly to the fact that 

ahe subdivided her eases on the basis of arbitrary symptoms 

rather tha.n set clinical pattern.a.and partly to the occurrence 

of dit'ferent modes of inheritanoe in individual types. 
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With the aid of church records Tyler and Stephens 

(1950) were able to compile a pedigree of the 124-9 d.esceRdanta 

of an immigrant .from Bn&].and with proiressive muscular dystrophy, 

who settled in Salt Lake City at the end of the 18th century. 

In the 159 affected cases of, generations the clinical pattern 

conformed to the facio-soapulo-humeraJ. type and the inheritance 

was by an autosomal dominant character with complete penetrance. 

In their study of ,3 cases of' childhood muscular 

dystrophy in 33 kind.red.s,Stephens and Tyler (1951) found that 

inheritance was consistent with a sex-linked recessive mechanism. 

They a.lao postulated a hiih mutation rate to account for the 

large number of isolated oases. 

In Levison' s series ( 1951) , the majority of his 

facio-scapulo-humeral cases had an autoaamal dominant mode of 

inheritance, the scapulo-hwneral iroup, an autosomal recessive, 

and the lower extremity type were either sex-linked (or possibly 

sex-limited) recessive, autoaomal recessive or autoscinal dominant. 

(The latter i!'OUp included cases of the classical Duchenne as well 

as the atrophic pelvi.femoral types). 

Becker (1953, 1957) found that the pelvio-~irdle (or 

ascendin&) type could be inherited by a sex-linked recessive or 

an autosoma.l recessive character. The autosomal recessive cases 

usually had a more be~ course than the sex-linked recessive. 

In cOlllnon with the experience of Walton and Nattrass (1954), 

he also observed cases of adults with typical Duohenne-type 

dystrophy (but a. somewhat slovrer pro~ession) which had a sex-

linked recessive inherita.noe. On these ~enetic ~rounds he 

a~ested a classification of muscular dystrophy with onset in 

the pelvic &ircile or lower limbs into - l) Malignant X-chromosanal 

type; 2) Benign X-c.hromosanal type and 3) Autoscxnal recessive type. 
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Cateiory l corresponded to the classical pseudolzypertrophic 

dystrophy of Duchenne but also included some cases occurring at a 

later 8.ie• Category 2 was similar in clinical pattern but with a 

slower proiression and usu.ally a later onset. He believed these 

two groups to be due to two distinct sex-linked recessive genes. 

Category 3 was similar in clinical pattern to 2, and also embraced 

the limb-gird.le type (start~ in the pelvic girdle) of other 

authors (Walton and Natrass, 1954-, Stevenson, 1953) . 

Stevenson (1953), (1955) and (1958), who applied rigid 

criteria to his .Duchenne iroup, concluded tha.t they were always 

inherited through a sex-linked recessive mechanism and that there 

was a hi..;,i mutation rate. In his limb-girdle group the inheritance 

was autosomal recessive with one excep tion. 

Walton (1955), (1956), concluded from an assessment of 

102 cases that the Duchenne type was transmitted through a sex­

linkea recessive iene, (although the disease in typical form ~ht 

occasionally afflict females), the facio-aoapulo-humeral type was 

inherited as an autosomal daninant character,and the limb-girdle 

group was usually due to an autoscmal recessive trait,but possibly 

an autosomal dom:i.nB.nt in some cases. 

Blyth and Pugh (1959) found that their "severe" 

childhood group was always inherited through a sex-linked recessive 

( or possibly a sex-lir,u ted danina.nt) mechanism. The "mild" &roup 

(still ambulant at age of 11) was heteroieno'U3 and could be either 

sex-linked recessive, autosomal recessive or autosomal donri.nant. 

The"severe" type of Bl3'th and ~h conf'orms to the 

Duchenne type as defined by Stevenson. All the cases in both these 

series were males. Two sisters with typioal "severe" Duchenne 

type <t,•strophy have been reported. (Dubowitz, 1960). 
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Various authors have canmented on the high mutation 

rate associated with the inheritance of the Duchenne-type dystrophy. 

By the use of Haldane's formula (1935) the f'oll~ 

estimates have been made: 

Stephens & T°'Jler (1951) 95 per million. 

Stevenson (1953) 65 per million. 

Walton (1955) 43 per million. 

This would indicate one of the hi~hest mutation rates in human 

disease. The mutation on the X-chromosome may occur in either 

the male or the female. 

B. MATERIAL AND METH@S. 

• • The present series is composed of G5 cases occurring 

iii 55 sibships. 63 are male and 2 (cases 56 and 57) female . 

Detailed inf ormation has been obtained f'rom parents and available 

rela tives. The peJ.igree charts,. which have been condensed, ore 

collectively presented on paaes 20 to 38. 'I.he birth 

rank of all sibs of the proposi tw i.s given in correct sequence 

but the members of' other generations are only given in sequence 

where a positive family history is present. 

have been personally examined. 

C. RESULTS: 

Of the 65 cases 41 were isolated. 

The majority of sibs 

Of' the remainder, 

inheritance was by a definite sex-linked recessive pattern of 

inheritance in 8 cases and an autosomal recessive pattern in 2 . 

1. Isolated Cases. Cons~uineous marriages occurred in 3 

instances, (cases 7, 10 and 36). This is of siinit'icance only 

in case 3, where the parents are related, the father's (II. 9 

and III. 27) &rand.father (I. 5) being the brother of t...L e 

propositus' maternal grandmother (I.4-). This might increase 

the possibility of an autoaoma.l recessive ~ene occurring in both 
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parents and thus account for the disease in the propositus. 

In the other two cases the consan&ULneous marriage occurred prior 

to the preceding generation and would thus not increase the 

chances of' an autosoma.l recessive mode of inheritance in the 

proposi tus. 

2. Definite Sex-linked Recessive Inheritance . This is indicated 

by the presence of aff'ected maternal uncles or great uncles, tho 

mo~~er herself been unaffected. In addition,where an unaffected 

woman has affected sons by different unrelated normal father• 

a sex-linked recessive inheritance is responsible. 

Case 5 had an affected elder brother who died at the age 

of 16. His mother had 2 affected brothers (II. 11 and II. 14) 

who both cli.ed aged ll~. 

Cases 14 and 15 are brothers with the same mothei1 but 

unrelated fathers. 

linked recessive. 

The most likely mode of inheritwlce is sex-

Case 21 has an unaffected brother of~. Three previous 

generations on the maternal side have been affected by the disease. 

The occurrence of muscular dystrophy in a female (IV. 7) in this 

family is of particular interest. Her mother (III, 11),who had 

2 ai'fected brothers and an affected maternal 'l.Ulcle,was a carrier. 

Her father was normal. (This patient was reported by Walton 

(1956, case Dl, IV, 1)}. 

Case 35 has no brothers and 2 normal sisters. His 

mother had a brother with the same disease who died at the age of 

14 (III, 5). 

Case 58 has two unaffected brothers aged 21 and 15 and 

an unaffected sister aged 12. Two miscarriages occurred in this 

sibship. The mother had 2 brothers with the disease (II. 19 and 

II. 20) who died a.t the aies of 15 and 19. The maternal 
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grandmother had an affected brother (I.5) who died at the age of 

19. 

Case .0. This patient has an W'l8.ffected sister of :u+.. 

His mother had a brother (I. 7) affected by the disease. 

Case '4;. A yoUll&er sib a"ed 13 (llI. ') has a. similar 

pattern of disease to the propositus. A maternal uncle (II. 5) , 
suffering f'ran muscular Jystro1Jl\y, died a.t the age or 19. The 

.inheritance is sex-linked recessive. 

3. Autosomal Recessive Inheritance. This is indicated by the presence 

of cons~uineous marria~es in the parents of the propositus, both 

of whan are u.n.ai'feoted. 

Cases So and 57 have 3 unai'fected female sibs a_aed :u+., 

9 and 4-. The parents (III. 10 and III. 11) are first cousins. 

There 1.s no previous history of the disease. Clawed toes were 

present in case 57 and also in a sib (IV. 16) not affected by 

muscular dystrophy. This ad.di tional abnorma.li t.:,, is probably due 

to a separate autosornal recessive factor. 

4-. Mode of Inheri ta.nee doubtful. 'lhis iJ:'OUl> contains those families 

with mul ti1)le cases in one ienera tion only and no history of the 

disease previously. 

Case ~. An old.er brother (iII . 2J+.) was affected by 

the disease a.nd died of pneumonia. a. t the age of 12. 3 brothers 

~ed 23, 22 and 6, and 3 sisters ~ed 20, 19 and 13 are narma.l. 

The one maternal uncle is normal and the 6 maternal aunts have 9 · 

unaffected sons between them. 

Cases 26 1 27 and 28 are brothers. They have a. nozina.l 

sister a&ed 3 and there was one miscarriage. The 1'amil.y history 

on both sides is ne&ative . 

Cages 32 and 3J are brothers who have one normal male 

sib of 17. The mother's two brothers were normal but her sister 
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(II. 11) had 3 miscarriages and lost 4 sons (III. 35-38). One 

died aged 11 of polianyelitis. A second son,who died at 9,ha.d 

retarded speech and was unable to walk. The exact nature of 

his illness is not known. The cause of death in the other two 

aons was also unknown but they did not have any muscular weakness. 

Cases 401 4-1 and 42 are brothers. Case 40 is the only 

child of' the mother's first marriage. After the death of her 

husband she married his brother and had two more affected sons. 

Cases 4-8 and 49 a.re brothers. They have 3 unaffected 

brothers ~ed 20, 12 and 11, and 2 unaffected sisters. The family 

history is negative. 

Ce.sea 50 1 51 and 52 are brothers and have 2 unaffected 

.female sibs. Apart f'rom a maternal uncle (III. 34) who died in 

ini'ency the family history is negative. 

D. DISCUSSION: 

The presence of a large proportion of isolated cases 

in this series is in keeping with the findings of other workers. 

When this occurs in a disease which has a sex-linked recessive 

pattern of inheritance,it is assumed that the isolated cases are 

the result of' a new mutation on the X-chrornosome. In two of the 

cases in this series (56 and 57) there has been an autosoma.l 

recessive mode of inheritance. If one accepts that these two 

cases are typical wchenne-type muscular dystrophy, one can then 

assume that sane of the isolated cases may also have an autosomal 

recessive mode of inheritance. 

In the 14- cases of this series discussed in group 4 

above,the mode of inheritance cannot be established with certainty. 

In cases 32 and 33 there is a possibility that a male cousin 

(III. 3') was also ai'fected, in which case the latter's mother 

(II, 11) would also be a carrier and the inheritance would then 
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be sex-linked recessive. In cases 40, 4.J. and 4.2 a sex-linked 

recessive inheritance is a stro~ poasibili t'IJ. However, since 

the two fathers were also brothers, there is a greater chance of 

them both carr~ an autoaaDa.l recessive &ene than if they were 

unrelated. While this increases the possibility ot an 

autosomal recessive inheritance, the likelihood is still much leas 

than the sex-linked recessive one. 

In the remaining cases of' this group various mechanisms 

are possible. Where multiple male cases occur in one generation 

only, this may be due to a mutation on the X-chranosome of' the 

mother. The disease might then affect 50ft of her sons. The 

chances of 2 boys being affected would then be l in 4, and of 3 boys 

l in 8 (or l in 8 and l in 16 of all children, male and female). 

In the rare instances where unrelated parents both carry the same 

autosomal receesive gene, the chances of a child (of either sex) 

being affected isl in 4. The chances of 2 children being 

affected would then correspondingly be 1 in 16 and of 3 children 

l in '4.. The risk with a sex-linked recessive inheritance is 

therefore 4 times greater than with an autoaornal recessive. In 

addition the chances of a mother carrying a sex-linked recessive 

&ene are far greater than of both parents carrying the autosomal 

recessive one. 

No instances of an autosomal dcminant mode of 

inheritance occurred in this series. 

E. CONCllJSIONS. 

ldu.scular czystrophy in childhood of' the Duchenne 

type can be inherited through a sex-linked recessive or an 

a.utosomal recessive mechanism. The large proportion of isolated 

oases are due to new mutations on the X-chranosome or to an 

autosomal recessive inheritance. 
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GE NE TJC CHARTS 

KEY: II .il'FECTED l4ilB • 

• PROPOSITUS. 
Jf 

0 UNAF~ECTED FEMALE. 

0 3 INDIVIDUALS, SEX UNKNOWN. 

oo<> ABORTIONS 00 MISCARRIAGES • 

• t STIU..-:SORN CR DIED IN IID'ANCI. 

[}=() CON&ANGUINEOOS MARRIAGE. 

D ···· ··O PARENTS UNMARRIED. 

~o REFERENCE NO. ON CHART, I N THAT GENERATION. 

01'7 UNAFFECTED MAIB AGED 17. 

B EPIIEP:rIC. 

0 

CD DEAF AND DU:Mi. 

lli1 HYDROCEPHALIC. 

~ MENTAL DISEASR. 

@ MOTHER. 

0?:--0 Q .MULTIPLE MARRIAGF.S. 
4 
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CHAPTER 3, 

CLINICAL 1"EATURES JUID COUlIBE O:B' THE DISBASE . 

MATE..'ili.AL AND ME'.ll-lODS: 

A detailed clinical assessment and follow-up has been ma.de 

of ,5 cases . These comprise 35 inpatient~ and 22 outpatierits at 

~ueen Mary's Hospital for Children, and 8 inpatients at the Southern 

Hospital , Dartford. All the patients were males except cases 56 

and 57. The onset of the disease in all cases was before 

adolescence. The ~es of the patients at the time of initia..l 

examination varied f'rooi 3 to 18 years. 

The clinical assessment included a detailed history 

obtained at interview with parents or relatives and supplemented by 

a q ue s ti onnai.rc • A.t the ti.me of adnu.ssion a full clinical 

exrunination was performed with special accent on the musculo-skeletal 

system. Ji..n assessment of v&.rious physical activities such a.s wal~, 

standi~, iett~ up :rrom the floor , sitt~ up from the supine 

position, feed.in& himself , combing his hair , washi.n.ii; his face and 

writ~ was made. The power of various muscle ~roups was charted, 

and the pr esence and extent of skeletal deformities was noted. These 

criteria and also the reflexes were assessed in all patients at three­

monthly intt!rvals, (except~ the b patients at the Southern Hospital 

who were seen only on two occasions) . 

A history of euch case is incluclt:Hi in Appendu Ill and 

the main cl...i.nioal featw·es are summarised in the tables o1' Ap endix IV . 

Rl!:SULTS 

.A. . HISTORY : 

Pregnancy. In the present series o. history of' complloo.tions 

of' pre~nru1oy wo.s obtained in only 3 cases. 1''oetal movouients 

were reduced i..n 8 cases, increased. in l cnsc , no information 

obtained i.n 2 oases, and normAl iu the r~rnainde.r . 
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Milestones. Al thou-".h the aver~e age for the various 

milestones is well documented, the upper limit of normal is 

not clearly defined (Illinporth, 1957). In the present 

investigation it was found that the milestones most frequently 

remembered by the parents were the ages of walking, standi.n& 

and si tti~. The age at which the child started to talk was 

prone to subjective interpretation on the part of the mother 

and was founQ to be impossible to assess. 

The upper l:imi t of normal f'or si.t tirJ.i, s tandi!li 

and wc1.lki~ has been taken as 9, 14, and 18 months 

respectively. Details of the milestones of individual cases 

as well as the criteria used in classifying them are iiven in 

table Ill. 1. 

A definite delay in milestones occurred in 26 cases; 

a probable delay in a further 8 cases, and 27 cases were normal. 

Two cases had poliomyell tls in infancy ( 22 and 41+-) and in a 

further 2 cases no information was available. 

A,ge of onset. It is difficult to determine the age of onset 

of a disease which is insidious. A lot will depend on the 

powers of observation of the parents and their f'amiliari ty with 

the disease from experience with previously af'fected sibs. 

The first presenting symptom has been used as the 

criterion for the age of onset. This wa..s not c~ed when 

a history of delayed milestones or other symptoms were 

subsequently obtained on direct questiuni.ng. The age of onset 

qt individual cases is shown in Table III. 2 and the number of 

cases falli.n. into the various ~es of onset are iiven in Fig. 3.1. 
In 47 cases ( 72;o) the first a.bz,ormal sym}?ton presented bef'ore the 

8-ie of 4, while in 15 of tl~ese it was present before the ~e or 2. 
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TABLE Ill. 2 MIIESTONES AND EARLY S1MPTCJ4S. 

Case A&e of A&e of Abnormal Tendency Difficulty Unable Dys trophic manner 
No. onaet wal.ki.n& iait to fall with stairs to run 

1. it it 1t 1t D + 2f 
2. li 1,i 15M 4 1t ? 3 
3. 2 2 2 2 D D + (?aae) 
4. 2 tl 2 2 + + 4 
5. ll li 1f + D Unable to get up 
6. <l }.t 3 3 + + 3 7. 2 19M 2 5 Age ? Age? 5 b. 3 2 5 5 3 + 5 
9. 2~ 13M ? 2i ? + 5 

lU. 3 2 2 3 D + 3 
11. 3 lJ 3 4 + + 4 
12. 2 13}4 2 2! ~e ? .Age ? 5 lJ. 8 l 8 8 8 polio 
.14. 5 1 ? ? 5 ? ? 
l ;> . 3 1 ? ? 7 ? ? 
1 •• 2 l 3 2 4 D 4 17. 3 l{ 3 5 D + 5 lU. <1 20v1 2 2 + + 2 
1..,. l 3 3 3 D + );z 
LO. 2 2 2 2 + + Unable to get up 
Ll. j ? 3 ? D D 3 22 .. .? 4 '.) 5 5 ? polio 5 
2j. 3 2 3 3 3 3 3 24. 2. 2 2 21.. + + 4 2 
2" 2 2 2 2 D + +( ?age) _,. 
2 •• 2 2 2 2 + + 5 
2 • 2 17},{ 2 2 2 + 2 
2u. 2 2 2 2 + D +'?age) 
~'.i . 2 2 2 2 + + Unable to 4:?;et up 
3 ..... 5 it 5 5 ;> 5 5 3 • 2 12 2 2 4 + 2 
jL• 3 •) 5 j + + ? ... 
),1. 3 l~ 3 4 + + 5 
)4.. 2 2 2 2 D + 4 j:,. <l 2i 31 3 +- + Unable to ~et up 
)b. 3 2 3 5 4 + 5 3 t. 2 2 2 2 + + Unable to ~et up Jo. <l never walked 
3~. 4 l 4 4- 4 ? Unable to get up • 4,1.,. 5 2; 5 5 5 5 5 41. 5 2CM 5 ;> 5 5 .? l+L. 6 2 :.. 7 7 7 ? 7 ... 
l+j. 3 16M 3 ' 3 + 6 ~. cl polio 
I+). 5 2 6 5 8 5 ' 4•. 2 2 2 2 D + Ur.able to get up 
4r. 2 2 2 ?A,_;e + + 
4,L. 5 l} 5 7 5 5 
4:J. ::> 2 5 6 7 + 6 

I 5 • 2.i 1.t 2.1 3 D ? h ;, 

I ~1. 4 17M 4 5 5 5 5 
I 52. 1-1. lJ+M l·t 11 + + 1-} 
55. 1! 2 Yt 1~ 3 + 
>+• <1 2(),1 2 2 + + 3 ):>. 3 1"1l 16M ' 3 3 ' s,. 5 lw.{ 5 ' 5 ' ' 57. 6 lQt ' 6 ' ' ' 58. 5 2 5 5 + + 5 59. 7 2 7 7 7 7 7 
'°· 3 3 j j + + ,1. 4 3 4 4 + + 4 ,2. 2 li.. - + + 2 
bJ. 3 3 3 3 + 4 
6'.· 5 15M 5 j 5 5 5 ,,. <l 16M 4 2.1. D + '+ ;, 
+ :never aole to climb stairs or rW1. 
D: was able to climb stairs or run initially , but wit:, d.i1 Ticulty. 
1''iiures ind.icu•e ~e of onset of syinptans in years, unless othe,_,:i.·se · 
(M =months) ·" indicated • 

.... 
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4 5 6 7 8 9 

fig. J .l: INCIDENCE CJ!' ONSET AT VARIOUS AGES 

10 11 12 

..,ymptoms. Tht.. most frequent initial symptom was an abnormal gait 

(24 cases) , frequent falls (17 cases), and di.f'ficulty in cliznbing 

steps ( 6 cases). Other symptoms were deterioration in wal.ld..ng 

after poliomyelitis (.3), reluctance to walk (j), delayed walkin4' (2), 

floppy i.lu·ant (2), walking on toes (2;, difficulty in getting up (1), 

d.ift'J.culty in crawl~ (1) , "sluggish" infant (1), delay in holding 

head up (1), stiff feet (1) and excessive fat~Ut: (1). 

Where abn01·1nali ty 01' &ait Wb.s no t the first symptom, it 

still presente,1 at an early sta~e of' the disease. The descriptive 

terms used by the pa.rents were "waLlclling" , t1 swaying" , t1 like a crab", 

"like a duck", "as if' he had a stone in his shoe", while others 

simply called it a "peculiar i;ai t. " "Waddli~" as a descriptive 

term is probably the most accurate . 

A history of wal.k.in& on the toes was obtained in 41 cases, 

while in 18 th.is symptom was absent. No information was available 

in the remaining 6 cases. 
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Although <lifficulty in climbing stairs was an initial 

symptom in onl.1 a few cases it was found on direct questioning 

tha.t there were 22 who had never been able to climb stairs. A 

his to2·y was .frequently obta.i.neJ of u.ifficul ty in ietting onto a 

pavement., the child ofte:11 going down onto all f ours in an attempt to 

do s o . 

Inability to run was never a presenlin~ feature b-...i.t was 

frequently pr esent fr om early infancy. In only 15 cases was a 

history obtained of the child biJ~ able to run at any stage. An 

attempt to run usually resulted in marked accentuation of the waddle 

arl'l frequent falls. 

Fre,.:;.uent falls were a constant .feat,ire of the ear~, s ta~es 

of the J..i.;;ease . Al thm-1c:;:1 on direct questionin~ it was foun,l that 

some cases 7) ·,rerc never abl~ to i.,Ct u_p from the ground without 

as3ist..<t.nce , dif'ficulty in ~cttin~ up was a r,resenting sym1,tor:i .i.11. on~ 

one instl!.ncG. 

Ir1 the present ser .i.es 4.3 cases got ur in the charac t~.c is tic 

~,stl'Of•hic ma.-mer , so vivi:ily described by Gowers an<.l illustr ated in 

11hei: the extensors of the back and hi2 were not sevel't)ly 

ai'fcctea (cases 21, 4.2 and ;,,2) the child was still able to get up 

by sL,,i ,ly support:i.~ a hand or elbow on one lmee . When the weakr,e:;s 

was m0r ,cuva.nc~ they "oli::1becl up their thiihs" in Ad---li tion . The 

symptcx:.s discussed a bove al.'e correlateu wi Lh the a!!e of onset and 

walking in Tabl~ Ill. 2. 

cases . 

~nlc..u-&emer, t of the calves was noted b;y t he parents in 1*"1. 

.Ll1 20 cases this feat ,ire was not observed. and in lt no 
' 

.Lnformation was avt1ilable. Prominence of other muscles was noted in 

5 cases. These included the neck (1 3, 35), the arms (.32, 35, 54) 

and thigh (56, 57) and the back (35). 

·weakness of the arms was observed by the parents in 45 

cases. In only 3 cases was this sym tom noted before the age of five . 
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Fi&• ,.2 gmop OF GETTING Uf FilCll TBE GBQUN>. 

1. 

l. 1"'in& in prene pNi tien. 
2. Gettin& ento band.a and kneea. 
4-. Le&a and arma extended. Le&• br•uah t 

aa cloae aa poasible to arma. 
5. Hand placed on knee. ,. ••th hand.a an kneea. Xneea extended. 
7. Banda moved alternately up bi~•· 

"olimbin& up himaelt." 
a. Erect peature. 

2. 

,. 

a. 
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Pain in the muscles was _present in 22 cases. It 

usually involved the legs , and t ended to occur wib exercise~while 

the patient was still ambulant. I n some instances a history was 

obtained that the calf' muscle went into a state of s1w.s ... when the 

paiu occurred and. the heels became raiseJ off the vounc.i. 

Excessive ratLi i.te WcJ.S' note<l in 35 case · . Sphincter 

control was norr.l.!.ll iH all ca.ses , and ili.fficult.:, in chewing observed. 

in only two. Apa.rt fror:i . ca.se 6:; , weakness of the facial muscles 

V1as not observed by the parer. ts . 

The age of inab1.li t.i to walk v-ar.L.c U cor,sia.erably. At 

one extreme was cast: 3o who . .li.;. x..ot pass the :iorri1al mil"'s tones and 

only walked for a short _per ioJ. ut tLe a~e or ei~ht, wh ile, or, the 

other hand , cases 10 and 14 rc,nainei ar:ibula11t · . .mtil the a~~ of 

fourteen , and casi; ,:3 was still wal~ at the c::.ge of' s ixteen. 

The nurnber of cases losing the abllit to wall-.. at the val'ivus !;'.~es 

is 6iven i.11 1•i& . 3 • .3 , ar;u its corrt;lation wit t. the aie vi ons et i s 
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I n the present series the loss of ability to walk was 

directly caused by some precipitati~ fact oi· in 13 cases . 

summarized in Table III . 3 below: 

These are 

TABLE I II1 ,2 FACTORS PRECIPITATING INABILITY TO WAI.K. 

Case No1 &• Preciei ta tir!i Factor. .LJura tion of 
immobilization. 

8 9 .Fall ( bruia~) 2 weeks 

12 7 Tonsil litis 3 deys 

2.4 10 Cold 6 days 

2~ 10 Apiiencllci t is 3 weeks 

30 8 Elo~ation of t endo achilles 6 weeks 

32 9 Appendicect omy 2 weeks 

J3 8 Fractured femur 2 mon.ths 

34 10 :Measles 7 da,ys 

35 9 Sprained ankle ? 1 week 

.39 8 Influenza 2 weeks 

43 8 Fracture ankle 3 weeks 

55 7 ltubel la 2 days 

62 2;i: Measles 2 weeks 

F'urthermore , in oase 26 there was a very marked deterioration 

in wal~ after 2 months' immobilisation in plaster of Paris fol' a 

fractured tibia., and eventual ~bility to walk six months later. In a 

nwnber of' cases (e . ~. case 56) the parents noted a definite 

deter ioration in muscle power following a relativel y minor illness or 

injury. 

A history of mental retardation was obtained i'rom the parents 

ir1 17 cases . 

A posi t i ve family his tory of the disease occurred in 24- cases. 
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B. CI.J:NICAL FINDINGS : 

The general appearance o£ the patient in the early staies 

of the disease was usually normal. In the later phases, the majority 

were very obese (e.g. cases 4 and 36) but sane were extr6mely wasted 

( e .~. oase 48). The fa.cies, apart from being rotwid in the obese 

patient, was usually normal in the early s~es. Of the patients 

with more advanced d.i.seast:,marked weakness of numerous facial muscle 

was observed in 12 cases, while a further 8 had a limitea (horizontal) 

smile. 

The size uf the toniue was difficult to assess owing to the 

wide va.ria tion in normal 1-'eople. However, there was ~ross enlar~emen t 

in :::'.l cases anu. it was a conunon siiht to see a. patient with his t~ue 

proti-uded, especially when concentrat~ on sane effort. An atJ.·ophic 

tor~ue, but without rasciculation was presen t in Case .32. 

It was also noted that a larie proportion of oases had broad 

mandibular and ma.xi.llary arches, with wide separation of the teeth. 

Apart from asymmetry of the ears in case 19, no co~t:!nital 

abnormalities were observed. 

The skin over the limbs, especially the legs , was frequently 

mottled and had a dusk;y cyanotic tinge. (See photographs of cases 10, 

22, j3 , Appendix III). They often were objectively cold, altho\lih the 

patient made no complaint. It was associated with non-pittin. oedema 

of the dorsum of the foot in some cases (e.~. 22 , }6, 44, j}) . 

On examination of the musculo-skeletal system, there was a 

.ma.i~ked variation; not only at different stages 01' the diseast: , but also 

in different patients at a ccmparable sta~e. In the early phases the 

child usually appeared to have a normal muscular development, or even iave 

the impression of' be.i~ "well-bu.il t ", owi~ to the enlari;ement of various 

muscles (cases 21, 28, 42, 52, 57). Gase 38 was the one exception. 

He had no enlar~ement. o£ any muscles and from the onset of his illness 
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(before the a~e of one) there was marked ieneralised atrophy. The 

enlargement of muscles usually persisted tu1til the patient was unable 

to walk, af'ter which there was a pro.;ressive wasti11& (See Figs. }.5 

· Jhgs 1 3, 5 and .31 6: UI1"}1::RE.NCE IN APPEARANCE WI'ffi 
PHOJRESSION ill' DISEM:ili. (j YE.A.llli) • 
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The incidence of enlar6'e,uent or wasting of individual muscles 

is shovm in Appendix IV, Table IV . 1. Nhile some of tile early cases had 

•eneralised enlariement of muscles , those in the later s~es usually 

had a more extensive atrophy . Of the muscles which remained r~latively 

proau.rlent .i.n the later stages, the calves were the most common ( 10 cases). 

Others incluaec.:. the del toi.i ( 10 cases) and. two or three bellies of 

serr t .w anterior (10 cases) . (1'"'ii• 3. 7). 

1''IG. } . 7 PHOMIID.NCE 01'' SEHRATUS 
ANTEH..COH ANu DELTOilJ . 
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In case 14-, there was a ieneralised 

enla.riernent ot' the muscles. .Durin~ 

the two yea.rs prior to ,oing off 

his feet, the circumference of his 

calves increased by over 2 inches and 

there was a further increase oi' an 

in the 6 months after he lost the 

ability to walk. (1''i~. 3.d) 

In a number of cases, was tin& of 

some muscles was alread,y appa.ren t in 

the early stages of the disease. 

The rhcxnboids and the sternal head 

of pectoralis major were frequently 

involved, but various other muscles 

were also an·ecteu. ln some cases, 

the disease process produced an 

.r'ii. 3. 8 . . ENLARGEMENT OF 
CALF. 

almost selective symmetrical wa.stini of particular muscles, leav~ 

adjacent ones unaffected. ~1''i&~ 3. 9) 

1'1J.i. 3. 9 ~LISED SYM.ETRIC.AL WASTU.G 
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A comparative picture of the disease at various sta~es was 

well sha.rn in a number of families with more than one affected child.. 

In cases 26 , 27 and 28, the disease s tarteu at the same age. Al though 

there was a marked difference in the muscle power between these three 

brothers (see Appendix IV), their general appearance was similar 

(.r'igs. 3.10, 3.11 and 3.1~). The prcminence of the musculature shown 

by the youn~est chilc.1. was also present in the other tv,o. Cases 50, 

51 , and 52 on the other hand , pr esented a remarkable contrast 

(Figs • .3.13, j.14 and .3.15). While case 52 with early disease was 

similar in appearance to case 28, the second child had marked atrophy 

of the upper arms, shoulder ~irdle muscles and thighs. The eldest 

sib had groi:s &eneralised was ting of the muscles of the trunk and limbs, 

with sparing of only the face and neck. An even more s t f'iki.ni contrast 

was showr; by "b.vo brothers , cases 4-tl and 4-9. (1''~ • .3.16 an<.1.3 . 17). 

The most common deformities noted were scoliosis of the spine 

and c ontractures of the limb muscles . The contracture of the calf 

muscles with shortenint! of the t endo Acailles usually started while the 

patient was still aJUbulant. The other lier'ormi ties only developed after 

the _patient had lost the ability to walk. 

:,jcoliosis was 'present in 34- cases , the concavity being to the 

loft in 21 cases, and to the ri6 ht in 13 cases. Limitation of extension 

of' the knees due to contractures of the hamstrings was _prese11 t in 47 

cases; .most of these also hull some l .imit.at.i.on 01' flex.ion . 1''lexion 

alone was limited i.1t 1 case. Con t ract ires at the knee usually develo~~ 

withln a few months of inab.Lllt,;y to wu.l.i;, ai11.i we1·e slowly proiressive , 

until extcraiar. was ultimately limited beyond 90° or 100°. Li.mi tat.ion 

of ,;xtcns iull at the elbow8 was preseut u, ,...1 cases anu a number of 

these a.lso ha<l l.il1Li..tation o1' su11ination . The hips showed contractures 

of the flexorti ln ~2 _l)t.1.tie1its and. limitation of rotation in 2 oases. 

The slloulJ.er was !i.ffected in 4 cu.1;1es w1d the wrist in U. In all oo.scs 
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Fig. 3.16 - 3.17. CONTRASTING APPEARANCE IN T\VO BROTHERs 
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t here was fairly uniform involvement of the two sides . Equinus 

deformity of the ankles was pr esent :i.n 52 cases . I n s ane of the more 

advanced ones , the deformity r eached 180°. 

are ~i.ven in An.,end.ix IV , Tabl e: IV . 2 . 

Details of the deformiti e s 

In the eru·ly sta.~es of the J.isease ( cases 21 , 52 and 57) the 

wewcness W-d.S mainly li.m..i. tecl to the b u.ck and h.i,p muscles. at a 

sli~h tly late r s ta~e tlie s h ouLler .,ir..lle muscl es also Le came weakened 

while that of the lower lL,ili ~regressed further lenses 2b and 2~ . 

Ir. t h e very lute sta~es l ) f the dis ease there was practically no movement 

left in any of th e limb or trunk muscl es apart f r om the hands and the 

feet. (e•i• Cases 50 and 53). The ex tent and distribut ion of muscle 

weakne ss in lnclivi,iual cases is surrunarized in A.f'pendix rl , Tables IV .3 

to IV .7. 

I r. the present st·hi·· a number of interesting vbse .cvu.tic,ns 

wer '-: a1r.1.,ie in c or.1.nec tL)n wit: , the r eflcxe0 . 

i..n tht:! w.',JIS wer·~ c.1.b~e ;Jt in all but 4 cases ,which ar~ surrJillil.'J.ze , i i.tt 

Ce.se No1 Bicews . Trict. ,.JS o Sup t;; ina tor. 
R L R L R L 

:.'.l + + + + ++ ++ 

28 0 0 0 0 + + 

42 + + + + + + 

t_;7 + + 0 0 0 " v 

.All four ,·,,~r e early cases . It was notewor t hy that i n the 

two e l iler brothers of' case 2b (cci.8~ 2G a.n<l. 27), the two elder brothers 

of Cflsc: 4-2 (cases it-0 ai,u 1-t.l) , ant..l. tl e ehle:r sister of Case 57 (case :;6) , 

the d.eel? reflexes in the arms were all abse11 t . 

The knee jer k.s were 1>resc:n t i.n 7 cuscs anJ l.11 u i'ur ther 

2 ~ases were elicited 011 one side onl;y . 111 al 1 the .va t.i..e11tg who ho.d 



a positive knee jerk, the ankle jerks were also p r esent , with t h e one 

exception of case 56 whose ankle jerks were &.bsent . (See .Appen<lix DI , 

Table IV.8~ 

The ankle jerk.:; were present bilaterally in 40 cases and 

unilaterally in 5. ln 2:i of these cases the ankle jerks were 

abnormally brisk, and unsu.stained clonus was present in 3 of them. 

I t w.::1s obsc.rve.1 in one of the patients that a Ui_p on the 

lcmer half of tr..e tibia p r oduced a bria.i<. contraction of the calf 

mu.scl,:: , reserntlh.1.., the usua::!.. response of the ankle jer~. This reflex , 

" the tibial tap", was subsequently assessed as a rmit.i:-,e llrocedure 

in a ll cases. 1Vhen .Prc:seJit , it could be ellci teu. "by a li~ht tap at 

the Jw1ction of the mi.iJ.le ~.d lo11er thir..lS of the anterior aspect 

of tLe tibia. When bris «: , it also rcsul ted from a Ul..!:' over ar~, pai.•t 

of tLe lowt:r third of the tibia. , u.nd at t~n•!S eve11 on the dorswr, of the 

foot ar tlie lateral aspect of the lower le"'. 

The tibial t1:J.p was present Ln 2b cases . l t \fa::; more 

t'requefftl.1 elici teti i.n I.hose cases where tht' w,.kl~ jerk was trisk, 

and the ankle jerk wa~~ inv •.ll'iably resent where the tiliial tt...1 • could 

be elici te<l.. 

chil lren wi tl1 cerebrul '1.ij!lebi!i t.hc tiuial tl't1 w1:1.s ,l)Osi ti v<: bil.1. terc.1ll;y 

in 7 c1:1.::1c::. Witi in the other 2 ,uJ.l.1:tterall.:,•. All 9 cases liact , buo.rmally 

brisk nnklt: jerks ruu:.1 u ) the tibial ta_ps were bri::.;n: as w,; 11 . I.ii a 

sc1·i.es of' 50 chil.lren wi t..l. 110 evidei.ce ol' nervous or muscular J.i.sease 

tilt} tibial tap was invtil'.iabl,Y absent . The ankle jerk could also be 

elici te\L l>y a br.1.sl<. tap on the sole or the foot helJ. in u tlorsi-

flexe,l posi ti ,n . 'l'his wa$ done rout u,cl.\ on 1..>v<:'t"Y case and found to 

cl::>sely1>urallel the allkl~ jerks elicitt~din the usuul way . ( A!).f>CH,lix IV , 

Tablu lV . 8) . 

'.i.'hc plantar response .nis flexor in all cases . 

01' the: superficinl reflexes , the a.bllom.Lnali; wure present in 
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27 cases and the cremasteric reflexes in 29 cases. Allovll.Ilg for the 

normal varia.b.:..lity of these superficial reflexes , and the frequent 

presence of obesity in the cases of p r ogressi ve muscular dystrophy , 

which makes the abdominal reflexes more difficult to elicit , these 

are probably within the normal limits. 

C. COlhlSE AJ© COMPLICATIO!JS. 

disease. 

Various complications were common in the course of the 

Mild u:pper respiratory infections , especially duri~ the 

winter months , f'requeutly led to 1melllll0nia. unless treated. A history 

of previous r·racture of' a long bone was obtainec.1 in 19 cases . In a 

number of cases , multiple fractures had occurred.. Practures often 

followed on a relatively mi.nor injury , such as a bUffil) or, the knee , 

(case 4) , or a fall on the r'loor (ca.se 25). 1'he fractures observed 

in th.e course of tlu.s investigation all united well within a short 

space of time . 

Al thoubh there is a s~estion of s ome uniforini ty in the 

clinical pC:t..ttcrn of the disease (see 1''i• · 3. 4) , consi1.1era.ble variation 

occurreJ in individual cases. The majori t_y of !JU.tients showect a 

steadily pro~ressive course in which the tiecl.1.ne was scarcely 11ot.i.ceable 
' 

in periods of less than 6 months or a year. In others , however , the 

co,irse was quite dramatic. 111 case 44, after a relatively gr adual 

proiression until the a~e of 1.4 , Uiere was a. suJ.a.en c~e and he went 

r~pidly dowrmill. The weukness aud deformities increased 1:U1d the 

wastil~ became extreme (Figs • .3 . 18 and 3. 1~,. Prior to his death 

at the aie of 16, there wus no .residual active movement in p1•actically 

any 01' the trunk , limb and neck muscles and he had u.i:fficul ty Ul 

SWI.U 1 UW in~ . 'l'hia patient had previous~ hau oliOO\)'elitis which 

mi~ht. .h11.ve int'luenoed the course ot' the cli.seasc:: . However , a very 

similar pie ture was shown by case .3 '.;I who did not AA vt> ol 1.011\Ye li tis 

(.r'i~ • j . 2.v and j.D.) 
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Of the 7 cases who died during this stu~, six had 

pneumonia whilst in the other (case 41+) death was probably due to 

cardiac failure (see Chapter 6). On clinical ~owld.s, it was 

tho~ht that a cardiac cause of death was likely in cases 39, 41+, 

and 53 because of the sudden collapse and state of shock in the 

final stages, reminiscent of the picture in acute myocardial 

infarction. 

F~ .. 3.20 - j..21 CASE 39 RAPID PROO.RBSSION QF THE DISEASE 
( 2 years ) 
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DISCUSSION. 

In the majority of cases in this survey , the pr esentizl& 

features and manifestations followed the same pattern as that 

described for the Duchenne type of dystrophy by pr evious authors . 

A number of points of special interest have , however , arisen in the 

course of this s t ucy. 

The presence of enlargement of some muscles in t he early 

stages of the disease followed by their l a ter a trophy, as well as the 

occurrence of patients in the same family with either predominant 

enlargement or ·Na.sting of muscles , supports the view that these 

differences in appearance do not imply a different disease . For 

this reason the term "pseudo1\YPertrophic" should not be used to 

desiinate a particular tY".i?C of dystrop~. 

Many of' the characteristic early features of the disease 

can be explained on the ba sis of ruu.scular weakness . The waddling 

gait is due to t he weakness of the gluteus medius and minimus muscles 

(i.Juchenne, 1867). These muscles normally support the pelvis when 

one leg is r aised off the iround. Vihen they are weak, as in 

proiressive muscular dystrophy, the body is tilt ed towards the leg 

on the gr ound when the other one is raised, in order to bring the 

centre of' ~avi ty over that leg . The lordosis is due to the 

weakness of the spinal extensors plus the flexion of the pelvis on 

the hips (Gowers, 1879) due t o the weakness of' the hip extensors . 

Gowers has anal ysed the manoeuvre by which the d,ystrophi c child 

characteristically gets ur; from the ground (see Fig . 3 . 2) . There 

a.re two components . Firstly the hands a.re placed on the knees in 

or der to extend the knees and thus take the wei.iht of t he bodJ, off 

the knee extensors . This can also be done by placing the legs 

wide l y apart and ~radually movilli t he hands backwards along the 

gr ound until the weiiht of the trunk is over the legs . A hand 
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supported on the knee then helps in the second part of the manoeuvre 

which is to extend the hips . If the hip extensors are not strong 

en~ this is achieved by moving the hands alternately upwards 

a.long the thighs. This is usua.lly referred to as "climbin& up 

himself' ." 1'hese manoeuvres a.re a reflection o:J: a consistent 

pattern of muscular weakness and not pathognanonic of muscular 

(\Ystrophy1 as suggested by Gowers. I have observed the identical 

picture in a boy of 6 years who had acute poliomyelitis 2 years 

previously,severely affecting the back and hip muscles . He had 

a sli~hU) waddling gait and climbed up himself in the " characteristic 

dys tro!Jhic manner." His weakness was non-pro~ressive so that the 

g_uestion of a superadded muscular dystrophy di,i not arise. 

Deformities a.re a conunon feature of the disease. iii th 

the exce_ption of the contracture of the call' muscle with shortenirli 

of' the tendo .iwhilles , the contractures all occur late in the disease . 

The shorte~ of the calf muscle has been considered by previous 

authors as the result of fibrosis of the muscle (Gowers 1879) , or 

due to asymmetrical power between the calf muscles and the weak 

anterior tibial iroup (&llenburg 1865). 

The resultant walking on the toes has been looked upon a..s 

being secondary to the contr acture of the calves . In my opinion the 

shortening or the muscle is secondary to the abnormal pos ture . In an 

early case (52) it was observed that the child walked on his toes in 

spite of the fact that full dorsi-flexion of the ankle was possible . 

If the back ls held in a lordotic position to compensate ~or the 

wealmess of the trunk and pelvic girJ.le muscles , it is much easier 

to maintain the balance in an upr.i.~ht posture wher. stan~ on the 

toes , than when the heels are on the --r ound. 'rhe reason for these 

children walki~ on their toes is , therefore , to maintain their 
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balance and thus compensate for the weakness of the back muscles 

and hip extensors. This leads to constant plantar flexion of the 

feet, with resultant shortening of the calf' muscles. ( Lockhart 

(1960) has mentioned the permanent shortening of the tendo Achilles 

in normal subjects wearing high heels. ) The mechanism of the 

contractures is probably the same in all muscles af'fected, namely 

relative immobilization in a fixed position. Thus af'ter the patient 

becomes chairbound, the extension of the knees becomes limited beyond 

about 90°. Similarly extension of the elbows becomes limited and 

there is also llmi ta tion of' supina tion, because the elbO'Ns are kept 

in a position 01' constant flex.ion and partial prona.tion. 

The scoliosis is due to the fac-c that the child usually 

leans to one or other side in his wheel-chair. An early curvature 

of tl e svine as a result of this has been observeJ within a few 

months uf t he:: patient ~oirl~ off his feet . Al though Gowers commented 

on the fact tlw.t the scolios is (the concavity) Ln all cases was to 

the rit,ht, this was probably coincidental anJ not due to ihe mt;.Scles 

alwa_ys beir.~ weaker on the left . Iu the present series 21 cases 

had a scoliosis with concavity to the left and 13 cases had a 

scoliosis to the ri~ht . 

were still ambulant . 

Scoliosis did not occur in children who 

After the chilJ ioes off his feet the contractures are 

0 progressive, but usuall_y do not go beyond 90 flexion of the laiees 

and el 1Jows. The Lips o.nd shoulders ma.y also show some l:i.m.i ta tion 

of certain movements. Most coounonly a limi. tation of about 45° in 

extension of the hi,l?fJ, while in the shoulders the movements most 

coomonly affected are abduction and external rotation. The ankles 

lnvm-iabl huve a. marked, ~rogressive, equinu.s deformit.:, which may 
0 

eventual~· reach 180. Contl·aotu.r~s of the flexors of the wrist 

and fingers are not a common f e.ature of _progressive muscular dystro1hy, 
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altho~h in a few cases limitation of dorsi-fle:tlon of the wrist 

0 beyond 180 was noted. In the one ca.se ih which flexian contractures 

of the f ingers occurred (44) it was probably related to the previous 

poliooiyelitis. The absence of contractures in the muscles of the 

hands supports the hypothesis that contractures only occur ih 

muacles habitually held in a r e l atively fixed position. 

The reflexes are usually said to be lost or diminished. 

Gowers (187 J) founu. that , apal.'t from tl:e knee jerk which was 

dimi.liished when atrophy of the knee extensors was consid.erable, 

the tenJ.on reflexes were unimpaired . Wal tor. and. Nat trass (1954-) , 

on the other hanu.. observed normal deep tendon reflexes ir:: only 

one of tr..eir 48 cases. All the reflexes were absen t in 6 cases, 

while in the remaini~ 41 the ank1 jerks were: ,.Present but the 

other deep reflexes i n all four liml:,"" were absent or ,le1iresseu. 

AJ.am:; , Denny-.rlrown a.'1d Pearson ll953) ma.intain that the tendon 

reflt:xes ar ~ lost when the muscl es concerned. become invol ved . 

I n the present .i.nvesti~ation it was observed th.at the 

tendon reflexes of the up£leI' limbs were abseI1t in the vis t maj 01.•i ty 

of cases. It is difficult to umlerstand why t he deep reflexes 

of the arms should disappear before t hose of the legs , and even at 

a stage of no apparent muscular weakne ss or wastil~. 

The a.n"d.e j erks , on the other hund, were present in 

62% of the _patients , which incl uded all stages of the disease, 

and were ubnormall bris k i.l1 more than half of these cases. The 

presence of the ankle jerk r t:flects the kss marked wasti~ or 

weokne ss of the calf muscle in corupci.r ison with the quadriceps. 

This was usually borne out. on char ti~ of muscle power. Howevei· , 

the difference in 1)ower between the calf muscles and the anteri or 

crural ~roup of muocles, J.id not seem sufficient to explain the 

increaBed ankle jerks. 
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The positive " tibial tap" is not easy to interpret. At 

first sight one miiht ascribe it to a stretchiI~ of the tendo Achilles 

caused by a transmitted impulse from the tibia. However , iii many 

cases where it was brisk it cruld quite r eadily be elici teq by a very 

light tap on the tibia or even a tap in the lateral direction over the 

lower part of the fibula ,which did not appear to cause any movement 

o.f the tibia. The fact that it was present in all the cases o£ 

cerebral diplegia suggests that i t is associated with an increased 

ankle jerk. This was als o the case in 18 of the cases of progressive 

muscular dystrophy where the ankle jerk was abnormally brisk. In 

the rema.ir.J.l~ 8 cases with a positive tibial tap , hoVlever , the ankle 

jerk was of normal intensity . On the other hand, in 6 cases where 

the ankle jerk was brisk, a tibial tap could not be elici tell . 

Four cases of the present series had poliooyelitis (13 , 22 , 

41+ and 49). In case 22 this occurred in in:f'e.ncy , resolved completd.y,. 

and the subsequent course of his muscular dystro1Jl13, was not exceptional. 

Case 49 had · olior.zyeli tis after the onset of his muscular dystrophy , 

and it probably influenced his comparatively early lna.bility to walk 

(at the ~e of 8). In cases 1.3 and 4J+ the muscular J.ystroph,y 

developed after the poliomyelitis and only became apparent at a. 

re l atively late ~e (8 years in both cases). The course of the 

disease W"dS rapidly progressive after that and both _patients wer e 

off their feet within a year . In case lJ disproportionate we.sting 

of the left deltoid .and greater weakness of the l eft arm than the 

r iwit .were eviJ.ence of the previous 1>oliomyelitis . (Fig . 3 . 22) 
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UNILATL.i-UJ, WASTING OB' DELTOID 
(POLIClfYELITIS) • 

In case 44 there was no asymmetry of the musculature 

on inspection. The J1U.l.$cle charting showed a more extensive 

unilateral weakness of isolated muscle groups . (See Appendix 'IV, 

Table "IV .6). 

In these 2 patients the diagnosis of poliomyelitis was 

confirmed on electromyography. In case 13 the left deltoid sho.ved 

the characteristic denerva.tion pattern, while the right tibialis 
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anterior had a typical myopathic pattern (Buchtal , 1957). In case 

44 a denervation pattern was present in the left tibia.lis anterior 

and a myopa.thic pattern in the right. 

Electrcroyoiraphy was also done on a further 22 patients. 

In 20 a typical myopathic pattern was observed. In the other 2 

patients ( 20 and .39) the electromyographic changes were inconsistent 

with the clinical diagnosis. Both showed a denervation pattern 

in the right, as well as the left, tibialis anterior . The clinical 

diagnosis was, however , conf'irmed at biopsy in case 20 and at 

autopsy in case .39. In another patient (case .38), on the other hand, 

the ~nosis of a ieyopathy, rather than a neuropathy, was based on 

the E. i •• G. findings. 

Case 36 had an atY1,>ical course. Generalised was ting 

and weakness was alrea.ey present in the first year of life and the 

clinical appearance was remiru.aoent of Werdni~-Hoffn1ann I s disease. 

However, in the li"ht of the .E . M.G. find.in&s , a congenital form of 

myopathy (as fir st described by Batten, 1910) may be the uest diagnosis. 

The majority of patients studied showed a fairly unifor m 

pattern ,with onse t of the initial symptom before the age of 4- and a 

stea~, prQiression, with inability to walk usually by the age of 12. 

The 7 .Patients who di.eel r~ed in 8.ie from 11 to 18 years. These 

oases conform to the Uuchenne type as defined by Stevenson (1955). 

The oourse in some patients, on the other hand, was much slower. 

Cases 10 and l4 walked till the age of 14, and case 2J was still 

ambulant at 16. I n add.itio11 , 3 patients were still alive a.t the age 

of' 19. These findings support t he view of Walton and Na.ttrass that 

some cases of Duchenne-type c.zy-strophy ~ have a slower prOi;l'ession. 

Tho variation in the course o:f the disea.ae in affected sibs is of 

interest. Case 15 lost the ability to walk by the aae of 4-, while 

his brother walked till the a.ge of 14. Similarly, oase 4-9 went off 
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his feet at 8, while his brother did so only at 12. It thus seems 

impracticable to divide cases into a severe and mild groups on the 

basis of being able to walk at the age of 11 (Blyth and ~h). 

F~ • .3.23 : DUCH.ENNE TYPE DYSTROPHY IN 
FE.MAL!!:S, (56, 57). CLAWED TOES IN CASE 57 
AND lJNA..:,'~'BCT.lill SIB (CENTRE) • 

Two females, cases (56 and 57) had a similar patter.n of 

disease to that occurring in the males (.F1.L6 • 3.2.3). The presence 

of clawed toes in one of these patients (57),as well as in a sib 

w.aff'ected by muscular dystrophy is of added interest • • 
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MANAGEMENT. 

The nursing attention of these children is no small task. 

In the later stages of the disease the weakness is so generalised 

and extreme, that any active movementsllb:iah remain are usually 

conf'ined to the hands and feet. '.l'he majority can manage to feed 

themselves and to write, as long as their elbows rest on a table to 

allow for the wea.kness of the shoulder muscles. As a rule they are 

unable, however, to wash their faces or comb their hair after the 

age of about 12 or 1.3. 'l'here are also ma.n;y small things which they 

re<-iulre hell" with - things which one normally takes for granted 

such a.s l i ft.in~ out an arm from under the bed-clothes., scratching 

the nose, using a handkerchief and so forth. 

ONin~ to the great tendency to put on weight after 

beconri..ng immobilized, it is quite a problem lifting these children 

in and out of bed or their wheel-chairs. Mechanical hoists are 

available but a.re .very · time-consuming and hardly practicable on a 

unit of 20 patients. 

Many authors have written on the value of splints for 

weakened muscles and tenotomy of contracted tendons. I am convinced 

that while the child is still mobile., no active procedures are advisable. 

It has been pointed out that both the lordosis and the plantar flex.ion 

of the feet with walking are c oml?ensa tory. It will, therefore, only 

make matters worse to attempt to treat the compensatory lordosis, 

in view of the associated weakl1ess of the hip extensors. Similarly, 

if the tendo Achilles is lengthened in or~er to bring the ankle up to 

r~t angle and allow the heel to be placed on the ~round., it is often 

found that the chil<l. has even more difficulty in maintai~ his 

balance (see case 8., Appendix III). Once the patient is no longer 
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able to walk the problem is a different one. The tendency to 
develop contractures is rapid and extreme ; thus they develop very 
marked scoliosis and also equinus deformity of the feet. This is 
the result of the position in which they are constantly kept. When 
the patient is seated in the wheel-chair he will usu.ally lean towards 
one or other side because of the difficulty in sittin& ereot. 
This will result in a scoliosis with concavity of the spine to that 
side. I do not believe that the scoliosis is a result ot asymmetrical 
weakness of the back muscles and have not observed arzy scoliosis in 
any chiltl who was still walking. The scoliosis can be prevented by 

fittini a 1no1,U.ded support to the trunk. At Queen Mary's Hospital 
far Children a l.ight-we4ht celluloid jacket is cast for each patient 
as soon as he is no lo~er able to walk. This is worn under the 

clo~ and is taken off at ni;,;ht. It was originally desi~ned for 

the lo~-term mana~ement of tuberculosis vf the spine. Where this 
proceJ.ure has been udopted before the onset of scoliosis, the back has 
usually remained strai~ht, even for 5 years or more (?i.;. 3.24 and 

3.25). The special support has done much to improve the patient's 
comfort and also r e duced the liability to respiratory infection. 
Apart from these considera tiona it also improves the appeu.rance of 
the patient. 

The progressive equinus deformity ca.11 be controlled to some 
extent by fitt~ firm boots which strap up around the ankle . After 
the child ceases to walk these will help keep the ankle at the riiht 
angle and prevent the g.eforud.ty. 

The contractures of the elbows and knees are no disadvantage. 
With the elbows at 90° and the forearms in partial pronation, the 

limbs a.re in a position of optimum function for writing, teedi.na and 
such movements. Similarly with the knees unable to extend beyond 
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0 
90 there is no real disadvanta.ge*because the patient can sit 

comfortably in the wheel-o.hair, and is also comf orta.ble when sleepin& 

on his side. In one patient,an orthopaedic StU'ieon attempted to 

improve things by cutting the hamstrings and stretching the legs. 

The result was an a.nkylosis with the knees at 180°, and the child 

required an extension to his wheel-chair to support his legs in this 

unph,ysioloiical position, and also experienced marked disccxnfort 

While it is an advanta[le for a peysiotherapist to take 

the joints through their range of passive movements at regular 

intervals to maintain as much mobility in them as possible, there 

is no advantage in attemptin£ to stretch contractures which have 

occurred. This only causes discomfort to the patients and will 

nut increase the range of movement. 

It has been mentioned that immobilization even for short 

periods may lead to marked deterioration in the power of the muscle. 

E1or this reason the child should be encouraged to remain ambulant 

(within the capacity of his weakened muscle). For minor illnesses 

it is better to keep the child semi-mobile rather than conf'ined to 

bed. Similarly for sprains and fractures an attempt should 'be made 

to u;et the child mobile as soon as possible and, when he has to be 

confined to bed, aoti ve physiotherapy is essentW. 

These children are very prone to chest infections which 

commonly follow a relatively minor upper respiratory infection. 

This is the most frequent ca.use of death. Because of the 

diminished chest movement a slight limitation of respira~ary capacity 

oan have dire results. The cough is weak and ineffective. and they 

are unable to clear their respiratory passages of secretions. It is 

thU.'3 advisable to .tr..aat even minor upper respiratory infection 
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with antibiotics and intensive physiotherapy. 

It is of utmost importance to try and maintain the morale of 

these helpless children. It has been ~ - impression th.at in the majority 

o£ cases there is a definite advantage in being placed in a special unit 

rather than beizl& at hane. The main reason is that, with a large number 

of children with a similar affliction, they are leas conscious of their 

handicap and do not have to ccmpete with normal children as would occur 

at hcae. In the early •ta&es o:f the disease, on the other hand, while 

the child ia still ambulant, he is better off at home. In 5 cases of 

this series where the child initially was admitted for a short period, 

either for an upper respiratory infection or a fracture or while the 

mother was ill, the parents were so impressed by the change in temperament 

of the child that they requested penn.anent hospitalization. 

The muscular dystrophy unit at Queen Mary's Hospit.al 

is run on the lines of a residential school for handicapped children. In 

addi. tion to mrsing and medical attentions, the inpatients have a full 

schooling prouamme, and usually go home for the school vacations. They 

are also allowed a fair amount of latitude as regards going out for 

week-ends. ~a is :probably the most satisfactory compreraise under the 

oirol.aa tancea. 
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KENT.AL Dfil1ECT AND MUSCULAR DYSTROPJIT 

HISTORICAL REVIEW: 

Menta.l retardation in association with prQ&ressive 

DlUBCular dyatropey in chil4lhood was observed by a nw:aber of tho 

early authors (Du.chenne, 18,1, 1872; Gowera, 1879; Speil.ma.n, 1872; 

Erb, 1884, 1891). For this reason Duchenne (18ftl) used the 

descriptive title "Para.ple~ie .la3Pertrophique de l'enfa.nce de oause 

cerebrale" for the first case he described. The series of 13 

cases he subsequently recorded (Du.chenne, 1872) included 5 with 

mental retardation. Only two of the 24 oases described 'by 

Gowers (1879) were mentally back.ward,and he was of the opinion 

that aental defect was not a part of the diseue, but th.at the 

muscular affection was more common aroon& children with mental 

defect than amon& others. Erb's extensive series (1891) 

contained 23 case histories oonformin& to the Duchenne type. 

Mental retardation was recorded in 5 of these (oases 24, 25, 27, 

32 and 33). The intelli&ence was normal in 7 (caaes 2, 22, 2,, 

28, 29, }O and 80) and there was no comment in the remainder 

(cases l, 3, 4, 23, 31, 34,, 52, 53, 54, 55 and 81). 

In a detailed clinical assessment of 4.8 cases ot "Duohenne­

type" muscular dystrophy; Wal ton and Nattrass (1954}) commented that 

at least 10 patients had a peculiarly coarse, "brutish", appearance, 

while another, were "dull, unresponsive and monosyllabic". 

HONever, they concluded that no patient was mentally defective, 

only 4 were sli&}ltly backward, and psychometric testi~ in , who 

looked particularly dull snowed them to be of above normal 

intelli&ence. They tho~ht tha.t auch of the iapressian ot mental 

retardation could be attributed to loss of education or to the 
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reaction of these patients to their ~.hysica.l disability. 

PRESENT INVESTIGATION: 

Because of the a:,parent difference of opinion on the 

presence or absence of mental defect and its interpretation i.n 

muscular ~stropey, this feature has been investi&ated in the 

present series of ca.sea. 

The pl,lrents were directly questioned a.bout the mental 

pro,ress of the child. An assessment was also made at the 

clinical examination and the patients were placed into one ot three 

cate,ories:- A: definitely retarded, :I: probably retarded and 

C: of a.vera£e or above a.vera&e intelli,ence. Ca.te&ory B 

included those cases where it was thO\.l&ht that optimwn sohoolin& 

facilities and encoura,ement mi,dlt have placed the child in a 

hi&her intelli&enoe bracket than a.t present. In addition the 

intelli&enee ot 27 inpatients was mare accurately aasessed by the 

Terman-Merrill revision of the Stanford-Binet Test (Form L). 

RESULT&: 

In 17 of these ,5 oases, the pa.rents thOU&ht that the 

Qb.ild was mentally retarded. Thia r&.n&ed from iross .11ental. 

retardation in some oasea to an ina.bility to keep up with their 

schooli.Jl&. 

Cliniea.J. assessment revealed that JO(~) of the ,5 

ahildren were ot avera.,e or above aver~e intelli1ence; 21 (32%) 

were d.efini tely mentally retMrded, and 14, ( 22l~ probably retarded. 

Table IV .1 shows that 10 of the 27 in,patienta (37%) have 

a naraal I.Q. (above 70), 14, (52%) are educationally subnormal 

(I.Q. 50-70) and 3 (1.1%) ineduea.ble (I.Q. of less than 50). 

In oomparin& the patients who had I •• tests with their 

olinioal assessment(•~• table IV.l ) there are a few 

differences. Of the pa tienta with I. • 's over 70, there are 3 
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TABLil IV e 1 1 DrriLiiFGENCE QUOTIENT AND CLilUCAL A§SESSMEN11' 
OF INTELLIGENCE IN 27 StSF-S. OF MUSCULAR DYSTROPm'. 

Casello. Chronole&J.cal Mental I. • Clini.oal liatary 
A&e Ac• Ba.tin& ot 

Retard& tior. • 

1, 1,+ 17.9 118 C 
4 15.2 15.7 10} C 

3, 12., 12.7 101 :a + 
31 12.4 12.2 99 C 
43 12.2 11.2 92 C 
37 1,.1 12.2 81 C 
12 11., s.10 77 C 
20 12.7 9., 1, A 
27 9.5 ,.10 7} A + 
i..a l(f+ 10.8 71 A + 
45 1.5.10 10.0 ,1 A 
55 lJ+.., 9.2 ,5 C 

l lJ+..l 8.10 . ~ :a 
28 a.o 5.1 ~ .l + 
22 9.9 5.10 '° A + 
42 9.9 5.10 59 A + 
33 ll.8 ,.10 59 .l 
35 13.2 1., 57 .l + 23 15~, 8.4 s, .l 
15 10.8 ,.2 55 ... 
41 11.3 ,.o 53 A + 
53 1,+ a.o 53 .l 
40 14.7 1.2 51 .l + l4 12.8 ,., 51 A 
25 12.11 ,.2 4-8 A 
32 15.7 1.0 47 .l + 2, 12.11 5.5 42 A + 
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who were tbolJ&ht, on clinical assessment, to be definite]J 

retarde~ and one possibly retarded.. Of the ecluoationally 

aulmoraal iroup, one case had been classed aa possibly retarded 

and another as of averqe intelli&ence. In the cases with an 

I.Q. below •0 there is no discrepancy between the clinical 

assessment and the accurate test.in&. 

If one ma.lees a further allC11Jance for possible lack of 

educational facilities and the payoholo&ica.l effect of the 

~aiaa.l diaabili ty, and considers an I.e..,. below .0 instead of 

70 u a subnormal level, it will be noted that 12 of the 27 (44%) 

oases fall into this catocory. 

If' one oaapares the 1roup of inpatients with the series 

of patients as a whole it will be noted that 37°/; of the former 

have a normal intelJ.i&ence a.s compared with 4'% of the latter. 

It '° instead of 70 is accepted as the lower liai. t of normall ty 

for thia &roup there are then 5'% of n~s in the select II'Ollp• 

DliCUSSIO>J: 

The series of inpatients on whom an assessment of 

intelli£ence was done u:y be selective,in ao far as parenta u.y 

be less 11-:ely to seek permanent hospitalisation for an intelliient 

child than for a retarded one with the same physical disability. 

For' this reason the incidence of mentally backward children in 

this aeries mJi3 be hi,&her than that occurriJl& with muscular 

4strophy in &eneral. In spite of this possibility the incidence 

of a subnormal intelliience in •3°" of thia &roup ia not aucm 
&reater than the clinical estimate ot 54% in the whole series of 

•5 ea.sea. 

The presence of mental retardation in association with 

muacular dirstrophy raises some interestin& points relative to 

aetioloa. Pro&ressive muaoular dystrophy ia a ,;enetioally 
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determined disease. If the aasooiated .mental retardation ia 

alao cenetically determined, it is possible that both conditions 

m:y be caused by the same £;ene thrOU&h a possible comman 

mecha.nism,such as an enzym.ic defect. On this basis, however, 

it would be dif'fioul t to explain why in some typical oases ot 

muscular dystrophy the intel li&ence ia completely normal ar even 

above &Tera&e• Thia ma.y be due to different dep-eea of the 

same detect. Thua, for e:xa.mple, a certain aritioal level~ 

the defect fOlA:.J cause the JllUSoular paralysis while a much lower 

leTel mi&,ht be necessary for an associated mental defect. The 

other possibility is that two separate 1e·nea are involvecl but 

that these are closely linked and frequently oo-exiat in 

au.scular d.}rstrophy. In thia cue the particular &ene tar mental 

retardation is comm~ found in association with that of 

prO&I"easive muscular ~str~. 
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CHAPTER 5~ 

PATHOLOOY. 

An account of the morbid anatany and hypotheses on the nature 

of the patholo&ical process appeared in many of the early papers. 

Meryon, (1852) and (1864-), recorded the autopsy findings 

in two oases. He commented on the extensive involvement of the 

' skeletal muscle and the fact that the nervous system was normal. 

He thoU&ht the chan&es were primarily due to a fatty or granular 

degeneration within the muscle fibre itself'. In 1865 Billroth 

reported on the first muscle biopsy ever done (Griesinger, 1865). 

He attached prime importance to the extensive adiposity of the muscle 

and thought that the survi~ fibres were normal and showed no 

evidence of intrinsic d.e1eneration. 

The importance attached at that time to the increase in 

adipose tissue is reflected in the names suggested for the disease: 

"paralyses avec surcharge iraisseuse interstielle" (Fritz, 1865), 

"lipomatosis luxuria.ns llU8culorum proiressiva" (Heller, 1866), 

"Muskellahmung in folge von Hypertrophie des interstitiellen 

Fett-und binde&ewebes" (Sigmund.t, 1866), "atrophia musoulorum 

lipomatosa.11 (Seidel, 1867). 

In a detailed autopsy report, Eulenburg and Cohnheim 

(1866) also stressed the importance of the increase in adipose 

tissue. In ad.di tion they were the first to observe that while some 

fibres were atrophic others were lar&er than normal, and that 

occasional fibres appeared to be subdividing in their longitudinal 

axis. 

.Duchenne (1868) thought that the proliferation of 

fibrous tissue in the early phases of the disease was of more 
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sii!lificance and sll£&ested the name "paralysie myosclerosique." 

After Ducherme introduoed his in&enious "emporte-pieoe histolo1ique," 

a trochar with a sliaiza& blade, auscle biopsies could be more 

readily uniertalcen and &reatly facilitated histolocioal studies. 

The first oaaprehenaive aocoW1t of the .mioroscopt. 

teatures of dystrophic muscle was &iven by li:rb in 1891. lie 

described hyperplasia of the interstitial connective tissue and 

fat which varied fran one oase to another; hypertrophy or a.trophy 

of muscle fibres; marked proliferation of nuclei in the fibres; 

formation of vaouoles in the :fibres; and division of fibres in 

their lon&itudinal axi.s. He thotJ&ht tha.t the presence ot 

enlar&ed fibres amidst the atrophic ones was of special 

si&nificance. He also drew a clear distinotion between these 

ah~es and those observed in the muscle in assooi.&tion with. 

a.eieneration of the lOlt'er motor neurone. kb &&reed with 

ll1eryon. md Eulenbur& and Cobnhmtha.t there were no pa.tholQ&ical. 

eha.rJ&es in the central nervous system in pro,ressive muscular 

dystrophy. 

~b's descriptions have formed the basis of recent 

texts on the subject . (Ad.ams, Denny-Brown and Pearson, 1953; 

Greenfield, Shy, Alvord and Beri, 1957). The latter authors have 

reviewed the Taria.tions in the histoloiical features of noraal 

muscle and they ooapared these with ~strophic musale. 

•• Patbologioa.l Study of 18 oases of prog;:essive muscular a.ystrophy. 

The patholo&ical studies in this series are based on 

the autopsies of 5 of the 7 patients who died durin& the present 

investi~ations and on lJt.. muscle biopsies. 

The autopsies and their routine histolocical atuey were 

performed by Professor Daniel a.nd members of hia sta.ff. The 

discussion on the macroscopic features in these cases is baaed 
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on their findin&a• 

Sections at various affected muscles from two of the 

autopsy cases (3 and 53) a.swell as the 14 muscle biopsies were 

prepared and studied personally. The diaouasion of the 

histoloaical features ia based on personal observationa. 

Macro8copic feature§. 

Details at the autopsy findings ot the fiTe oaaes 

( cases no. 3, 39, 44, 50 and 53) are ii ven in appendix III with 

the oorrespondilli case histories. 

In all the 5 oases &eneralised involvement of the 

akeletal muscles was noted. The proxi.Jaa.l. limb JaUScles an'1. 

those of the trunk were most severely effected, and were in most 

instances almost completely replaced by fa.t. The sore distal 

muscles,8.8 well as the interoostal muacles and the small muscles 

of the neck, still retained some resemblance to normal muscle in 

colour and structure (but showed marked microscopic involvement)• 

In case 44 the to~e was grossly enlaried. In three 

at the cases (3, J+J+, 53) areas of .fibrosis were observed in the 

JltYoe&rdiWll. (Cardiac c~es are discussed in chapter 7, ). 

Evidence of respiratory infection was present in 4, easea 

(;, 39, 50 ami 53). In case No. 44 there was no consolidation, 

but the lUB&a were oedematoua. In this case passive con&estion 

of the li"Rr was also noted. 

The macroscopic appearances of the nervous system were 

normal in 4 ca.ses,while in case 4J+ there was evidence of de&eneration 

ot the anterior nerve roots in the left lumbo-aac:ral and ri&ht 

lwabar reciona,oonsistent with his previous poliQIIYClitis. 

Kicroacapic Featurea: 

Muscle 'biopaies were olttaineQ traa tl\e lateral head of 

&astroenoaius in 13 patients (oases l, 3, 12, J.4., 15, 20, 22, 23, 
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2~., 27., 35., 44-, 48) and from the deltoid in one ( ca.ae 28). ill 

biopaiea were dOilB under general anaesthesia except case 44 where 

a local anaoathetic was used. Specimena frClll several muaclea were 

alao •btained. 20 houra after death in case 53, and 12 hours after death 

in cue.}. }'rozen seotiona were prepared accord.in& te the techniquea 

eosin, and haema.lum and van Gieson stains were done in ea.ch case. 

The .ma.in hiatolo&ioal cha.ra.cteriatica are suamariae~ in ta.bloa V.1 

a.no. V .2. 

b'i&. !) • 1 CASE 2t> . SHO.Vi iJ:'.1.1!;.NUVE PERI- Alm JOOXll1YillL COmtECTin 
TIS.Sm: (lJARXER ~) ; VARliTlON lN FIBRE SIZE; ~ 
NUCL&I. l Vail Giesen) 

Fia. 5.2 CASE 27. iHCJ,'IS CHANG.&S liDilLA1t TO ll'IQ..5.1, •lnl INCah:A.SE 
IN PERDcr~liL FAT. ( V. G • ) 

... 



- 83 -

In •oae of tAe early ca.sea (12, 22, 27, 28, 35) the auaole 

fibrea were •till arran,ced. in bWlcilea. The main abnormality in 

meat of theae was a marked increase in the endo-, peri- an 

epilllyaial connectiTe tissue (Fi&. 5.1 and 5.2). In .aoat ~ tu 

_pationta with advanced diaeue on the ther hancl (3, 20, 44, 48, 

53) aeoti.na were COlllpOsed .mainly of adipoae tiaaue interaperae4 

with isleta of survivin& fibrea (Fi&•• 5.3. and 5.4). 

1''i&• 5.3 CASE .?)• (AUTOPSY), SHOtYING EXTENSIVE .AD!POSE TISSLli. ( V .G) 

Fi&• 5.4 CASE 48. iHONi EXTi:NSIVE ADIPCXill!: TISSUE; VA!ilATlON Dr 
FIBRE SIZE; CEILULARITY. ( V. G. ) 



Case 
~lo. 

l 
3 

12 
14 
15 
20 
22 
23 
26 
27 

• 2e 
35 
44 
48 

Case 
No. 

53 

3 

.Ase 

14 
17 
11 
lJ+ 
12 
lJ+ 
9 

15 
12 

9 
8 

l.} 
1, 
J)i. 

TABIE V .1. : CORRELATION OF HISTQLOOIGAL FEATURES OF 
MUSCLE BICFSllS WITH CLINICAL DATA. 

Duratiun of Clinical 
.jymptoms State of 
(years) Gastrocnemius 

12 o P 
15 a 
9 p 
9 p 
9 p 

12 A 
4 p 

12 p 
10 p 
7 p 
6 p 
8 p 
8 A 
9 A 

~ Biopsy of deltoid 
• • P - "pseudohypertrophy" 

A - atrophy 

-
Histulo~ical Features 

Range of Connective 
]'ibr~ Size Fat Tissue 

( ll ) 

25-150 ++ ++ 
l - 75 ++++ + 
2:,-100 ++ +++ 
1:,-100 ++++ ++ 
10- 50 +++ + 
25- 100 ++++ ++ 
25-125 +++ + 
25-1J5 - -
25-150 +++ ++ 
2,- 60 ++ ++++ 
2.'.}- 75 - ++++ 
10-125 ++++ ++++ 
2:,-150 ++++ ++ 
10-110 ++++ ++ 

T.ABIE V 1 2 1 : HISTOLOGICAL FEATURES OF 
MUSCLE CBTAJ.NED AT AUTOPSY. 

A&c Duration of His tolo~ical l•'ea tures 
Symptoms Muscle ~e of Connective 
(years) !'ibre Size 'Fat Tissue 

( ll ) 

16 l4 Gas trocnemius 20-100 ++++ +++ 
Peroneus brevis 20-125 ++++ ++ 
Sternomastoid 20-160 ++++ ++ 
Thenar muscles 20- 90 + +++ 
Diaphragm 20-175 + ++++ 
Tongue 20-135 + +++ 

18 16 Gas trocnemius 10- 80 ++++ + 
Sternomastoid 20- 90 +++ ++ .· Diaphr~ 20- 120 + ++++ 

• 
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The UlOunt at onneotive tissue in theae advanced caaea varied. 

tr .. ali.ht (e.,. caae 3) t extensive (e•&• caae 15). In oa.se 

231 whoae diaeaae had prop-eased much more alnly than a.ver&ie, 

and who waa still ambulant a.t the ace of 15, there wa.a ne increase 

in either fat or cmmeotive tissue. 

Fi&• ~.5 C.AS:i 2,. VARllTION IN FIBRE SIZi; RCXJNDING CF FIBlli. ( V.G. ) 

The muscle in all the cues showed a .marked variation in 

fibre size ( lt'i&•• .'.) .4, and 5.5). Fibrea of varyin& size were 

aoa.ttered at rand thr~uihout the sections, without any aelllblance 

of a fixed pattern. Abnormally iar,e :fibrea (over 75p) were 

preaent in tho majority ef .111usolea exa•1nej. The a.baenoe of theae 

lar&e fibres in some instances (casea 3, 15, 27 and. 28) "bere n. 

rela tien te the dura tien of the diaeaae or to the pre senoe er 

abaenoe ~ olinioal psoud~ert.r911q. .r.n all caaea there were 

ala• nuaer • tiDrea which were relatively SJ1a.ll. 

Moat et the f ibres had loat their n rmal shape ( .b'i i • 5.5) . 

The poly1ona.l ah.ape ot normal .muscle f'ibrea i• probaal.y a.ue te 

au:tual. proasure by adjacent tibroa. The absence ot thia factor 

in a_yatr muaol•, where the i'ibrea bee separated troa ea.eh 

other by oonneetive tissue ar fat, would explain the rQUllded 

appearanee of IUU\Y t the dyatrophi.o f ibre• in tranaverae aeotian. 
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Some fibres appeared to have subdivided alon& their lon&i tudina.l 

axia, each subdiviaien havin& its 91m aarcolomaa.l aeurane and. 

aarcolellllllal nuclei, but all bein& e.nahea.the'- ay a. fil-OA eM.911,Yau.l 

Fi&. 5.• CASE 1. NOTE WNGITUDINAL SPLITTING OF FIBREi. ( V.G. ) 

The sa.rcolOlllla.l nuclei were in~reased in aize a.na in 

aoae fibrea also iD number. Internal nuclei were present iD 

eccaaiona.l figrea in every section. Altlwu&h infrequent, they 

were ao.re nuaereua in every oaae than 3 per 100 fibrea. 

l!'i&• 5. 7 CASE 1. (PART OF FIG!. 5.,). 
~TIM. FllRii. t,.V.G.J 
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In many aeoti.na there were de1eneratin& fibrea, aeme hyaline, 

otaera &ranular in appearanoe , whi.cb were oapletely swalllpea. with nuelei 

(M,a. 5. 7). TM latter were aerph.le&ioa.ll.y ai.ai.lar to fiarealut er 

PilareDla.ata were JllJJDel"OWJ in the ond.Oll)3'aial cennective tiaaue, 

partioul.arly aro'Wld. d.e&eneratin& fibres (1''.i&• 5.5). Ooca.aienal 

lyaphNytoa were also present. 

In case 41+, the auacle eiepsied had previeual.y °Deen 

at·reatecl. 'by poli~elltia. Hiatol•&io&l.l.y the featurea were iunti'*1. 

te those •f the other oaaea •f muscular eyatrop~. No reco¢aa.blo ovid.enoe 

ot DMU"e&enio auacular a.trophy ( aa illuatratod in Fi&. 5.8) waa pNHn"t in 

the ao•tiena. The f'ea turea in tho au.solo due to the preYioua peli~eli tia 

were ~rel>& J..y coapletel.y $bliterated by the ch.a.n&ea gf advanced 11Uacular 

czyatr~. 

1 loo,.. , 
1 

:Pi&. 5. 8 UlN~T.iNDING Nli:UROO.EKIC .A.TROPHY. NOTl: UN.D.,amu.Y iMAu.. 
ATROP!IIO FllIU:S .AND ISOW'ED LARGE FIIUu.. ( V. G. ) 

In caae 5} (autopa7) the cha.n&oa in tho aaatroonemiua, 

stern-.ateid and. perwieua 'brevia were similar to tho" in the aiopay 

apeciaena. (Ta'ble V .2 ancl. Fi&. 5.}). In the tlwnar J&la•loa 

earl,- aha.nee• were present. The fiuee wn aUll arrance41. in 
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bund.lea. They varied in diameter and mazzy were rounG.ea. There waa 

marke~ proliferatien ef connective tissue particularly in the periayai\lll 

and to a. leaser extent in the e.rui.811\YaiUII. Adipose tissue was present 

in a few areas in the perimysiua. There was a. atrild.n& inerea.ae in 

endomyaial cellularity,consistin& mainly of fibroblasts. No 

in.fl2.lllllla.tory cells were seen. A number of muscle f ibres were 

markedly infiltrated with. nuclei. 

Fi&• 5.9 CASE 53. DUPHRAGM • . NOTE EX~IVE CONNECTIVE TISSUE; 
Gli.NT F'IB8Ei; CENTRAL NUCLEI. ( • VG. ) 

'.rile diaphrap waa aeverely aff ected by the disease. There 

wa.a a. atrik:i.n& prolli'eration of connective tissue which W&8 ma.inly 

endumysial (Fi&. 5.9). A sl~t excess of ad.i.poae tissue W1U1 also 

The fibres varie~ markedly in size and there were a lar&e 

proportien ef &iant fibres. Internal nuclei were f requent and in 

de~enerat..1.n& fiDrea were aw&IIJle4 with nuclei. With auch ~r••• 

invol veaent it is surpriain& that the diaphra.p1 was capable of al\Y 

:t'unctien at all. 
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~i&- s.10 ~ 53. Norli: VARIATION IN SIZi ill' ~·~; .lii1ARKli:D 
CBLLULARITY OF lt'IBREi AND INT~TITIAL TiiS~; 
llCREASE lN PERD4Y:iliL FAT AND CONNiC'XIVE TISStm. 

Xhe ten&ue waa also involved (Fi&• 5.1 0). There was a. 

markea inarea.ae in conneotiTe tissue, mainly pcri.ao'sia.l, ani a 

sli&ht increase in adipose tissue. The fibres varied in size 

and many were l..Uldor&oirl.& a.e,enera. tion ana were infiltrated. by 

The cnd.eaysiuia wa.a very ~ellular 

but no i.ntl.&ama.t~ry •ella were present. 

In oue 3 ( a.u tepay) the &a.a trooneaiua and a terneaaa teid. 

alae ahoweci a.dva.noed chazl&es with cxtcnai vc fatty inf il tra tiu.. 

The ~ea in the diaphrap were similar te those in case 53, 
but the fibres were net as aarkedly cnl.a.r&ed . In addition there 

was aere marked cellularity of' the encl~aiua, c81llpQsed .mairu.y of 

:fiDroblasta. 

The JJO'•ca.rlilial lesiona in caaes 3 and 53 are discussed 

in Chapter 7. 

In ad.ditien t• the involvement of the auaclea mentioned. 

abeve,chan&es were a.la• netcd in the autopsy specimens of the 

external .aular auseles in cases 39 and. 44, and the atria.ted. auscle 

~ the oes•pha,&u.; in case 44. These ~es consisted of variatien 
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in fibre size, de&encration of fibres, proliferation of 

sarcoleJNnal nuclei and an increase in endomysia.l connective 

tissue. Those cha.n&es correspond to the early c~es in the 

skeletal mu.sole. 

Discussion. 

The maaroscopic features are in keepins: with the 

observations of numerous :previous authors. 

The cause of dea..th in 4 of the cases was a respiratory 

infection. In case 44, on the other hand, there was no evidence 

of infection but the lW1&s were oedematous. The ca.use of death 

in this patient was probably cardiac failure. 

Involvement of the striated musale of the oesopha.&us 

is an unusua.l feature of pror;ressive muscular dystrophy. It has 

however, been previously recorded (Bevans 1945). Its apparent 

rarity~ merely reflect infrequent study of the oesopha&us at 

autopsies. 

The most consistent clw.n&es in the affected skeletal 

muscles were the variation in tibre size and the eventual loss ot 

muscle architecture. Initially there seemed to be mare 

proliferation of cameotive tissue, while in the later stage, 

&dipose tissue was :the (DB.jar compomit.In one case with a. relatively 

beni&n tarm of the illness,the fibres varied in ai.se but the bundles 

retained the normal archi teoture and there was no increase in 

conneetivc tissue or fat. It would be ditficul t in this case to 

d.ia1noae proaressive muscular dystrophy an the histolo&ioal 

1'eatures alone. A firm d.ia.&nosis, hONever, was poasible on 

elinioa.l uounu a.nd supported. by the oleotromyo&raphio atudies. 

On his toloeical &round& there appeared to be no 

difference between muscles which were clinically pseudol\ypertrophic, 

and those which were atrophic. Pseudoo_ypertrophy is usually due 
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~ euesaiTO u.il>ose tissue. This was indeed the explanatiu 

in cue 14- whose calf' cirouafereDQe wu 18f inchea ans. ha.a 

increased °Dy over 3 inches in the 12 aonths prier to his coin& 8ft 

his feet. The aigpay was une srutrtl3 after he went eff hi• feet. 

In ether caaea, however, with 11U&Ol•• which were more prominent 

elinioally the 11&:in aa.lMU.'W&lity was F•liferatien ef cennective 

tiaaue (e.,. oaaea 27 and 28). 

Excea-si ve cellulari. ty was cOlJUBQll in the ena~sial 

tissue in aost ca.sea. .iltb.ouch ooaprisin& -.inly tibro'bluta, 

there were a.lao numerous J..yaphooytos, sCMnetiaes oocurin& in the 

fora of focal colleotio.na, an& eocuional :polyinor.,ha. It ia 

illpertant to reeel,Diae tb.ia faot, as ene ~ ethenriae auc&eat a 

di.a&nosia et ~•aitia on hiatoleai.cal crouruia, especially 

where clinical details 1183 be inadequate. 

In the interpreta.tien ef auaole :,awloey, transverae 

aeotiena a.re of aore value than l<>Il&i tmU nal ones. They have 

t.be a.d.vanta,&e et eaaier .11easure.ment and COllp&rison ef fiire aise 

al'lli alae clNl.ta.in more fiDres :per field. The proliferation et' 

fat and oonnective tissue can also 'be aore readily uaesse-.. 

Maey- of the features of &i.aeased auacle on which 4ia.&nosi.a 

ia based require careful aaaeaaaent. AltaCN&A variation in fibre 

size oaa bo read.ily oDaervea and ita distriuution notea, the 

interpretation ot size of the individual filare :presents aere 

ilf:ficulty. There is a ireat variation in normal muscle, both 

:from one muscle to another, and in the same muscle at d.U'terent 

&&ea. The averaie cliameter of the fibres in most muscles ia 

~0-5(:p (.w&aa, Denn,,y-Brown and Pea.raen, 19j}). In the aartoriaa1, 

Wohltart (1937) :fOWld. a ran&e •f 10-5'?,l a.t 11 yeara ot a&• and. 

20-70,,. at 20 years. Greentiel& et al. (1957) oaaorve4 no tibrea 
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of less than 25}1 in diameter in the normal vastus latera.lis ot 

the adult. Some small fibres are bound to be present in a cross 

aection of normal .m.uscle because ot the ta.perin& ot the end ot 

the fibre, but will only ccnpriae a small percentaie of the fibres. 

The interpretation of an increase in sarcolemmal nuclei 

also present-a d.if'fioulty. If one accepts 8 nuclei per fibre in 

transverse section as the upper limit of ncrmal {Gree.nf'ield et al.), 

there have been very few fibres in the present study with excessive 

aarcole.DIIl&l nuclei {see Fi&;s. 3.5 and }., ) • 

The main reason why !"ibres are often tholJ&lit to have 

excess of saroolemma.l nuclei in routine paraffin preparations is 

possibly because of the artefactual shrinlca&e of the muscle fibre 

a~ from the sarcolemma. Internal nuclei were mare frequent than 

.} per 100 fibres {Greenfield et al). 

Any attempt to explain the curious patholo1ical chan,&es 

in the muscle will raise ma.rzy interestin& points. While it baa 

be<i:ome accepted that pro1ressive muscular dystrophy is a primary 

disease of muscle, we still do not know the mechanism by which the 

ohan&es are produced. The excessive proliferation of connective 

tissue in the early phases of the disease surely reflects an 

active prooess and can hardly be looked upon as merely a 

replacement of de1eneratiI1& fibres. It is r.u JllOre extensive 

than I have seen in 8.ey' other disease process affectin& muacle ,suah 

as neuro,enic a.trophies and the beni&n c011&enita.l lzypotoniu 

(Dubari tz & Pearae, 19,1) • If one assumes that brothers afflicted 

with the same diaease under&o the same patholo&ical aequenoe ot 

events, it ia of interest that the excess connective tissue in the 

early phases or the disease in case 27 and 28 should have been 

replaced by fat in the later sta&es, as apparent in their elder 

brother {ca.se 2,). 
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The proliferation of adipose tissue is equally 

interestin&. In the early sta&es it ~ be so marked as to 

Yiaibly increase the bulk of the muscle. Unlike the connective 

tissue it persists throuchout the course or· the disease and in 

advanced phases ia the main component of the au.sol•. The :,oaaibl• 

reuan wt\}' muscles which are apparently enlar&ed at an early 

phaae of the disease ~ become a. trophic later, is th.at the au.ecle 

fiarea ,rad.u&lly di.appear while the initia.l proliferation ot fat 

does not inoreaae. E,ren the very atrophic muscle is canposed 

aainl.y of fat. 

Fat replacement is not specific to procressive muscular 

di;yatrophy. I have seen extensive adiposity in the muscle in oases 

of lcmaata.ndin& bell4n oon&enital ~otonia and slowly pro&ressive 

spinal muscular atrophies (Dubawitz & Pearse ,19,1). 
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Q,HAPrER ,. 

HISTOCEEMICAL INVF.STIGATION. 

In order to inves tiia te the posaibili ty of an enz.ym:io 

defefect in pro.tressive muscular czystrophy, various enzyme systems 

were studied, accord.in& to the techniques described by DubOW'itz and 

Pearse (1960), (19'1),in the 14, biopsy specimens and in the muscle 

obtained from two of the autopsy oases (see chapter 5 ) • Muscle 

tran • norlllU. children obtained at routine arthc,pa.edic operations was 

used as a control. 

RESULTS: 

In normal lllUSole two ~oups of fibres were observed. 

One, uaua.lly of smaller diameter, had a hi&h content of various 

oxidative enzymes associated with the Krebs Cycle, and a lovr content 

of phosphorylase, while the other had a low content of oxidative 

enzymes and a hi&h content of phosphory lase ( fi.&. 6 .1 ) • 

Fi&· 6.1. NORMAL MUSCLE. IACTATE DEHYDROGENASE. 
NOTE STRONGER REACTION IN SMALLER FIBRES. 
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This reciprocal relationship between phoaphorylase and oxidative 

enzyme content of individual fibres was consistently present 

(fi&. 6.2 and 6.3 ) • (Dubowitz and Pearse, 19'°). 

NORl4AL MUSCLE. IACTJJJ'E DEHYDROGENASE . SHCYNS 
SCJdE F LBRES MORE REACTIVE THAf.J CJ.rHERS BUT 
NO VARIATION IN SIZE. 

NOmu..L M.USCIE. PHOSHiWYLASE. 
SERUL d.ECTION TO FIG. 6.2 • 

. NOTE RECIPROCAL ACTIVITY OF FIBRES. 
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In czystrophic muscle there was no apparent absence or 

deficiency of any of the enzymes studied. Most of the abnarmalzy 

lar&e fibres (&reater than 75u) wore found to be rich in J 

phosphorylase and poor in axida ti ve enzymes, wnile the small 

atrophic fibres (less than 30}1) had a ~ content of oxidative 

enzymes and a low content of' phospharyl.ase (fi~s. 6..4-

CASE 2•. DPN-DIAPHORASE. NOTE MORE 
INTENSE REACTION IN SMAIL FIBRES. 

CASE 2,. PHOOPHCRYIASE. NarE MORE 
INTENSE REACTION. IN ABNcru.1AU..Y URGE 
FIBRES. 

and 6.5 ) • 
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As in normal muscle there was a reciprocal relationship between 

the phospharylase and oxidative enzyme content of individual 

fibres. 

In cardiac muscle .t'rom one of the autopsy oases (53) 

there were scattered areas with loss of oxidative enzyme activity 

(F~. 6.6 ) • These areas showed no apparent chan&ea on routine 

van Gioson or Ha.e.ma.toxylin and eoain sta.~ of serial sections. 

The reaction for phosphorylase was neiative in all post-mortem 

specimens. 

In the second autopsy case studied (3) there were no 

areas of loss of enzymic activity. 

Fi&· 6.6 CASE 53. DPN~llPHORASE. SHOWS AREA 
WITH WSS Or' ENZDUC ACTIVITY. 



- 98 -

DISCUSSION: 

If phosphorylase activity reflects the breakdown of 

"l.ycoien, it is possible that the :fibres with h~h phosphorylase 

content depend on the ~l.yco,en cycle for their eneriY• The fibres 

rich in oxidative enzymes, on the other hand, ma.}" preferentially 

use the substrates of the Krebs cycle, and poasibly utilize fat 

as their source of eneriY. 

It appears that the h;ypertrophic fibres in nruscul.ar 

d.)rstrophy correspond to the lar~er fibres in normal muscle which 

have a hiih content of phosphorylase, while the atrophic fibres 

correspond to the smaller fibres with high content of oxidative 

enzymes. These two fibre types may respond in a different way to 

the fundamental process responsible for muscular d.)rstropey, and this 

~ account for the striki.~ variation in the size of the fibres. 

Furthermore a varying proportion of these fibre types in different 

muscles~ explain wey some muscles are at'fected more readily by the 

d.)rstrophic prooess than others. 

The ch~es observed in the cardiac muscle are similar to 

those observed by Wachstein and Meisel (1955) in cardiac IIIU8cle from 

patients~ of myocardial infarction. 
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CHAPTER 7. 

g.a.RDIAC IN\TOLVEMENT IN MUSCULAR DYS TROPHY. 

II§T(JUQAL Rffll!• 
Althau&h Coate and Gioja (1838) suspected cardiac 

hypertrophy in one of their cases, it was not until 1883 that the 

myocardial lesion in progressive muscular dystrophy was first described. 

Ross (1883) noted atrophy of the muscle fibres and an increase of 

the interstitial connective tissue in a 12 year old boy. 

Meerwein (1904), Globus (1923) and Zatuohnl et al. 

(1951) reviev,ed the literature for clinical and pathological evidence 

of cardiac involvement in case reports of progressive muscular 

dystrophy. (It is notewortqythat in the si~le personal case 

reported by Zatuchni et al., the histological features of the skeletal 

muscle, illustrated in the photomicro~aph, are characteristic of 

neurogenic muscular atrophy and not muscular dystrophy, as assumed 

by these authors). 

A deteiled description of the myocardial lesions 

in 6 autopsies was given by Nothacker and Netsey (1950), while 

Rubin and Buch.berg (1952) reviewed the clinical and electrocardiogr-;phic 

features of the same aeries. Weisenf'eld and Messinger (1952) 

surveyed a series o-r 41+ cases. 

A shortcoori.ng of all these reports is that they 

are either a retrospective assessment of hospital records, a report 

of a single case, or a review of the previously reported cases of 

muscular dystrophy, in which the evidence f'or cardiac involvement 

was often merely incidental and usually incomplete. 

The accounts given of the myocardiaJ. lesions were 

fairly consistent, and resembled the e~ly changes in dystrophic 

skeletal muscle (Bevans, 1945) • The predominant lesion was the 
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fibrosis of the myocardium. This ranged from microscopic 

proliferation of the connective tissue to large areas of scarring. 

It was associated with degeneration of the muscle fibres, wnioh 

sometimes showed variation in fibre size. There was a variable 

increase in adipose tissue. The coronary arteries were not diseased. 

The clinical evidence was far less clear-cut. 

In a large proportion of' cases the cardiovascular system was 

clinically normal (Rubin and Buchberg, 1952). The more consistent 

abnormalities recorded were tachycardia, abnormal rhyth.ms, increase 

in heart size, systolic murmurs and oongestive cardiac failure. 

It is noteworthy·, as pointed out by Tourni.Bire et al. (1955), that 

many of the reported cases also suffered from other known cardiac 

diseases such as rheumatic fever. 

In recent yea.rs much interest has been shown in 

the electrocardio&raphic changes in muscular dystrophy. (Puddu 

and Mussafia, 19}9; Zatuchni et al., 1951; Rubin and Buchberg, 

1952; Weisenfeld and Messinger, 1952; Manning and Cropp, 1958; 

Giannini et al., 1959). The abnormalities recorded by these 

authors are summarised in Table Vll.l. 

Catheterization studies on 10 cases (Gailani, 1958) 

revealed that same patients were on the verge of congestive cardiac 

f'ailure. There was no evidence of pulmonary hypertension to 

possibly explain some of' the E.C.G. changes. 

PRESENT INVESTIGATION. 

In order to assess the incidence and nature 

of the cardiac involvement in this series of .oases, the foll<JWi.n& 

studies have been made. 

Post-mortem examination of'_ the heart was performed 
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in 5 oases (3, 39, 4J+, 50, 53). A histological stuctr of the 

IIO'OCardiwn was personally undertaken in two of these cases (3, 53) 

and in audition various histochemical investigations on them vrere 

performed (see chapter 6). A full clinical examination of the 

cardiovascular system was made in each case. 

electrocardiograms were done on 56 cases. 

Ir. ad.di tion 

PATfiOI~Y. Deta.ils of' the autopsy findings are given with the 

respective case histories in Appendix III. The heart was enlarged 

in 4 cases (3, 44, 50, 53) and in 3 there were numerous areas of' 

fibrosis (3, 41+, 53). There was a patch of atheroma in the 

proximal l cm. of the right coronary artery in case 44; the coronary 

arteries of the remaining cases were normal. On routine 

histological examination there was a varying der;ree of proli.feration 

of connective tissue and fibrosis of the myocardiUJn. 

In cases 3 and 53 the histological features 

observed were extensive proliferation of the connective tissue with 

numerous plaques of collAgen. The residual muscle fibres had a 

normal appearance.,altho~ there was some variation in fibre diameter 

in case 3. Tl;le muscle nuclei were prominent and irregular. There 

was marked cellularity in the interstitial tissue, consisting mainly 

of' fibroblasts and lymphocytes (fig. 7.1) 
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Clinical Features: 

There was no hiatory of symptans referable to the 

cardiovascular system. 

Dyspnoea on effort was dif'ficult to assess because 

of the severe limitation in locanotian. Fatigue was a feature of 

some oases, but was probably due to muscular weakness. No patient 

complained of palpitations and there was no history of swellin& of 

the feet. 

On examination there was no central cyanosis but 

mottlizl& of the skin of the legs with slight cyanosis was a cOJllilon 

feature in the later phases of the disease. 

The peripheral pulses were palpable in the majority 

of caaes. 

Swelling over the dorsum of the foot was frequently 

obaerved in chairbound oases. It was usually non-pitting. 

In the ma.jori ty of cases the blood pressure was 

normal but a diastolic pressure of over 100 mm. Hg. was noted in 

5 cases. 

Tachycardia was a variable feature on routine 

examination. The sleeping pulses of 29 inpatients were recorded 

daily for a. period of l week. The rate varied f'1·om 62 to 110 with 

an average ot 81. 

Definite cardiomegaly was observed in only one 

case (44), where it developed shortly before death. 

Apart from grade I to grade II systolic murmurs 

in same oases, no abnormalities were observed on clinical examination 

of the heart. 
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In 3 of the patients who died,a cardiac cause · 

waa tho~ t likely on clinical grounds, because of the sudden 

collapse and state of shock.with hypotensio~.pallar and sweatin&, 

in the terminal i:;ha ses. There was no complaint of chest pain, 

but the picture was nevert heless reminiscent of acute myocardial 

infarction. 

Electrocardioz;raphic Changes. 

Eleotroca.rdiogra.rns were done on 56 patienta. These 

oonaisted of the standard limb and chest leads in 54- and only the 

limb lead.a in 2. The ma.in data from the electrocardiographic 

traciJ1iS are tabulated in Appendix IV. 

In the present survey the patien ts have been subdivided 

i n to the ~e groups of Ziegler (1951),namely;I, over 12; II, 8-12; 

III, 5-8 and IV, under 5. ill analyses have been based on the 

normal standards iiven by Ziegler. 

Heart rate: A definite elevation of the heart rate was 

present in 8 oases, while in a f'urther 5 it was borderline. The 

remaining cases, al tho,..igh individually within the normal range, 

had a mean which was signi:ficantly higher than normal in the two 

age il'OUps I and II. {92.7 and 1()4..8 respectively). In the 

other age groups the number of cases was too small for statistical 

analysis. 

Rn.ythm: No abnormality of cardiac rhythm, except for 

the tachycardia and occasional extrasystoles, was noted. 

P wave: Abnormally large P waves were recorded in 

3 oases (24, .30 and 44). 

P-R interval: The P-R interval was shorter than normal 

in one case (lit-) and borderline in 5 (15, 16, l.8, 25 and i.4) • . The 
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remainder, although individually within normal limits, had a mean 

value which was significantly lower than normal in groups I (0.125) 

and II ( 0.128) 

QRS complex: Bundle branch block was present in 6 cases 

(4, 2.3, 29, 45, 53, 55). Abnormal Q waves occurred in a high 

proportion of the cases. These were moat frequently seen in the 

left precordial leads (V4 .. 7) and in leads II and III. In 12 cases 

the Q waves were definitely abnormal in leads V4 .. 7 and II and III. 

Of these 7 also had a Q wave ih V.3. Flattened T waves and/or 

depression or elevation of the S-T segment wa.s observed in all the 

cases with abnormal~ waves. In one case (27) Q waves were only 

prese"nt in V3 and there was an S-T depression in V1 and V2. 

The R/S ration in !NR was greater than unity in 3 cases 

(1, }6, 44). The R/S ratio in V1 was greater than normal (for the 

~e) in 20 cases. This was associated with B.B.B. in 4 instances. 

The B/S in V5 was normal in all cases. 

Right ventricular hypertrophy (R. V .H.) has been assessed 

on the criteria of' Hollman (1958). Definite R. V .H. was present in 

4 cases ( 18, 2J..., 30, 35) while in a :further 16 it was a strong 

possibility. 

S-T segment: Depression or elevation or the S-T segment 

was present in 10 cases. Flat T waves occurred in 10 cases and 

abnormal inversion of the T wave was noted in 2. 

U waves: Prominent U waves were present in 18 cases. 

They were most marked in Vl-3. 

In 5 patients more than one E.C.G. was done. In two the 

records were sinrl.la.r but the others showed interest~ changes.(Figs. 7.2 

- 7.4). In case !J the initialE.c.G. (23.6.58) showed the follOW'i.ni 

features. The rate was 136 per minute . The Q wave was prominent 

in lead III and V6 and 7. The ~S was wide in V1 (0.12 sec.) 
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The R/S ratio in Vi was 1.6. The T wave was flattr.ned in lead II 

and inverted. in III,-V1-3.1'hese char.ges were i nterpre-'::eri as 

ir.dicutilig left ventricular damage anci right ventricular hJ-·.t!e.rtroph:,,·, 

with a lJOssiblc. bundle b r anch block. Eighteen mo:.ths l&ter 

( 19.l . 6:J) the heart r ate was 7';,' . The RVH wt.s more 1nru.· h~J, with 

en R/s ratjo in V1 of 6.o. Th.c S-T chanzc3, however, ha.ti. ohovm 

con.:::.i.der.:1b1.c i mprovema1. t over the riu!t precor'1.iaJ lc ... l::. . ';he 

·~ waves were also less strLunb. It t hus aH>eare~i t!:.:it.. t~.e "n.cuit:•11 

Th.:: ini lial ~. ::. .• G. 

1~5 pc:- m.i.t,ute. 

The extensive 

T wave i.nver.sir,n seemeJ ou~ of .1.·l'Of.Ol'+.icn t.; -t.he H.l.' . a.--:.t.1 "'"ti.:cs>.;u. 

R. 'I. dwna.;e. Ir the second E .C.G. · _., .J. 60) the . , ' __ ._ ;I • 

inverted T V/d.ves were less concf-'i c1-ot1s !..r; 1 there w&s 1 ••. n: w. upri2:ht 

T wave over V4-. The S wave had d.isa.i:-1 ea.re,.l in V1, 1:..1 1 h"'' L-V.:; 

D...Pl- ro.r1.cLe l i.nJ' ir it.· . 

The chanl..e in U 0 1' wave::; s11;:ces tea s0mt' l.lUJ.•rovemE.1,1, ii.. the :::i£,h t 

~ ..... se 4lt· Augvst, 195~ :S1.uus rh.;,~tJ-.1i1 wit!. o. ra'..c of 

180/,,u.nu tt • llit,h t axis de ,_rj [;. Li1:,n ( ~ L •O 0 ) • 

pres:;; . t ovt.•r R/S ratiu i.J Vi .:i1' j . }. 

uv1_;r le!:.t.d I. 

Abnori,ul Q vr.J.ves 

Lov, vcl t.i"'c T :;ave 

ciamage of the m;yoc,U'clium of ti-.e left ver.tr.1.cle. 

March, 1959: Heart rc:1.te 13C. Vci,tricular ecto- ic Le1,ts . 

V4, Elevated S-T segment over -t.. 

daniace over left ver, tr icle:. 

SU.£~cstive of' ac ..... t_ myoc.'..l.rd.i::.l 
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September , 1959. Heart r ate 125 per minute . 

in lead III and right ventricular leads. 

Abnormal P wave 

Q waves were present 

in lead I and were very striking over the left ventricular leads . 

R wave lareer than S in aVR • . 

R/S ratio less than previously in Vi (o. 6) . S-T segment elevated 

. V5 6 in , • The changes suggest extensive damage of the myocarclium, 

and the R. atrial hypertrophy reflects r iibtventricular decompensation. 

DISCUSSION. 

The patholoiical changes observed in the cardiac muscle 

are similar to those described by previous authors. All 5 patients 

showed microscopic evidence of cardiac involvement , while in 3 cases 

the fibrosis was so extensive as t o be evident t o the naked eye . 

The patches of fiorosi ~ are similar in appearance to healed infarcts . 

However, with one exception, the coronary arteries were all normal. 

Histochemically one case showed patchy areas of loss of 

enzymic activity where serial sections revealed no histological 

change . These resembled the changes described in patients dying of 

acute myocardial infarction. 

The presence of tachycardia in this series is in keeping 

with the f'indings of' previous authors . Apart from this sign there 

were no abnormal symptoms or signs of' note . This ma,y , however , not 

give a true reflection of the patient's cardiac state as he i s a.t 

· constant rest and not putting much strain on the heart . 

The fact that these patients appear to have a s udden 

cardiac t ype of death in the courwe of a respira tory infection, 

supports the findings of Gailani, that these patients may be on t he 

verge of cardiac failure . Though the shock-like state has been 

partly attributed by previous authors (.zat uclmi et a.1.) t o 

abnormality of rhythm, this factor has not been observed in the 

present series . 
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The E.C.G' s have shown evidence of "recent" myocardial 

damage in certain cases and on serial investigation in 2 cases 

there appeared to be sane resoli.:.tion of the changes,comparable 

to what one might expect with a heaJ.ing infarct. The abnormal 

~ waves also suggest cardiac ischaemia. 

Conduction defects have been described by previous authors 

but there have been conflicting views. Zatuohai et al. found a 

prolonged or normal P-R.while Rubin and BuchbeJ:K fOlllld it to be 

shortened. In the present study there has been no direct evidence 

of an abnormally short P-R interval, but the mean valve was 

signi1'icantly lower than the norma.l which supports this view. 

The occurrence in one patient (case Jh.) of a short 

P-R (0 .09) in association with a 10%1& cycle length (heart rate 60) 

suggests a Wolff-Parkinson-White syndrome. 

Bundle branch block has been observed in isolated cases 

by previous authors. In the present series there was a high 

incidence (10%) , of undoubted bundle branch blook. 

The presence of Q waves ha.a previously been note d over the 

left ventricular leads. The occurrence of Q waves in V3 in the 

present series is exceptional. 

CONCWSIONS: 

Although it is not always easy to interpret changes in 

the electro cardiogram,. there can be no doubt that involvement 

in the myocardium is a common feature in progressive muscular 

dystrophy in childhood. In this series there were less than 10 

cases out of 56 investigated,who had a completely normal E. c .G. 

The electrocard.iographic changea suggest extensive involvement of 

both ventricles and right ventricular hypertrophy. 

The pathological findings confirm the E.C.G. evidence. 
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In all 5 cases examined there were fibrotic changes in the 

ll(focardi um. 

The absence of clinical symptoms or signs in a lar~e 

percent age of these ca.sea is probably a reflection of their 

inactivity and it is likely that if they were subjected to any 

effort comparable to normal activity it would probably produce 

cardiac failure. 
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CKAPTER 8 • . 

I. pRUM AIDOLASE AND TRANSAMINASE. 

Aldolase is an enzyme which catalyses the reversible 

aplittin& of fructose - l : , - cliphospha.te into two triose 

eaters, &lycerald.ehyde - 3 - phosphate a.nd dibydrox,yaoetone 

phospha. te. 

Schapira, Dreyfus and Schapira (1953) reported a raised 

serum a.ldolase level in 2, out of 29 children a.nd in a.ll of 11 

adults with different types of muscular dystrophy. They found 

no correlation between the serum a.ldol.a.se actiYi ty a.nd the rate 

of pro&ression of the disease or the de5ree ot the musele waatin&. 

Evans and Baker (1~57) found that the a.ldola.se was 

invariably raised in their 13 cases of pseudchypertrophio 

4• trop.tzy. They were of the opinion th.a. t the increased serum 

aldola.se ' level does not re:flect a primary biochemical abnormality 

in muscular dyatropby,but merely represents a 1enera.lized loss o:f 

water-soluble protein from the affected muscle fibres. 

Pearson (1957) reported a. raised serum level of &lutallio 

o.xaloa.cetio transaminase in J+.7 out of 87 cases of auscular 

d.}rstro ey (54%). 

~ the 4,6 patients under 18 years of age, however, the 

enzyme level was above noraa.l · in 90'fa. Ee concluded that, as in 

the case of a.ldolase, the hi&h serum transaminase level merely 

reflects a lea.ka&e from the daJna&ed muscle fibre, and is of no 

etiolo&ica.l sicnifica.nce. 

Material and }Le thods. 

The serua a.ldola.ae was estimated by the method of ll1vana 

and. .Baker (1957) on 39 oases, a.nd. the serUlll &lutami.o oxa.loaeetic 

transaminase, by the Qiethod of Cabaud et a.l. (195,), on 1, cues 
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'of pro~essive muscular dystro1iliy. Aldolase estimations were 

also done on the parents and sister of ca.5es 26-28, the three 

sibs of case 7 and one of the sibs of cases 56 and 57. These 

relatives were clinically unaffected by the disease. All the 

estimations were done by the .Department of Chemical Pathology 

at Guy's Hospital. 

Results. 

The enzyme levels ar_e correlated with the age of the 

patient and the duration of s~'lTlptoms in '.;.'1ble VIII. J. . 

The aldolase level wa.s raised (above 11 uni.ts) in 32 

cases and was within normal limits in seve11. The serum transaminase 

level was raised (above 1.4 micromoles per mJ .) in 15 cases and. 

Wl. th.in normal linu ts in one case • Of th~ 15 cases vtl 1.h a ralsed 

tr&nsaminase level, 12 cases alzc hl:1.:1 a ruiseu &.ld.olase level, 

while in one (case .53) the aluolase wus normal . In the other 

~ (cases 56 , 57) the aldolase was not estimated. The normal 

transaminase level in one patient (case 37) was associated with 

a nonnal aldolase level. 

All the relatives investigated had normal enzyme levels 

with the except~on of one of the sibs of case 7 (Table VIII.2.) 

This .5-,:,·ear old boy had a slightly raised aldolaae level (12.5 l.ll'..its) 

but showed no evidence of the dl.sease on clinical examination. 
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TABIE VIII,J.: s&RUM AillOLASE AND TRANSAMINASE LEVEIS 
IN 41 CASES OF PROGRESSIVE MUSCULAR DYSTROPHY. 

Case No. Age. D\lration of Ald.olase Transaminase 
Syuptana. (normal: (normal: 

0-ll wu.ta) 0.2-1.i.. uni ts' 

l 13 ll 12.5 
2 1, :u.. ,1.9 2.35 
4 13 ll 4.a3 

' 15 10 35.2 .3.0 
7 10 8 29.9 

10 13 10 29.5 
ll l2 10 13.3 
12 10 8 :U.3 
13 15 ' - 14.2 
:u.. 13 8 21.2 3.74 
15 ll 8 14.l 1.87 
1, 15 l,} 24-.8 2.24 
19 l2 10 12.4 
20 13 11 1,.a 
23 14 11 42.0 .3.J.+7 
24, 10 8 2J.J 
25 11 9 ll.9 
2, ll 9 20.0 
27 8 ' 23.9 
28 ' 4, 25.5 
29 1, 14 1a., 1;1 
30 12 9 10.5 
31 11 . 9 18.3 
32 15 12 13.7 J.,a 
.33 10 7 2}.7 2.34-
37 lJ+. 12 a.o .aa 
38 10 ~ 5.4 
.39 1, 12 22.2 1.87 

f 40 13 7. 23.3 
4.2 8 2 ,1.5 
43 ll 8 14.2 2.34-
4,4. l4 ' 15.5 
45 l4 9 17.7, 2.59 
47 :u.. 12 19.2 
50 12 10 7 • .3 
51 lO ' 9.3 
52 2 l 51.7 
53 15 13 8.9 2.45 
55 13 11 12.7 
5, ll ' 1.91 
57 7t 1 2.93 
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TABLE VIII . 2 . 
SERUM ENZ"YME LEVELS I .N UNAFI<'ECTED RELATIVES. 

Case No. .Age Aldolase Transaminase 
(normal (normal 
0-11 units) 0 . 2-1.4 tmi ts: -

?xnilj' of 
cases 26-28 

:Mr • 
,. 

39 4. 33 .., . 
V.rs. ,1 . (F .) 32 

,, 
. 98 

s.J . (P' ' . , 3 ;. . 31 

1',r,.mi1J of 
ca.;:,t 1 

" ~ .J . \., . 8 3.1 

G. u. 5 12 . ) 

I:; . ~. 1'' .) 3 -, 
:::, . I 

Fwni.l~ or 
case~ ;c.;-;a 

s. 'l' • (1•' . ) 9 o. 69 

...J:i.scµ.sslon: 

Of the 7 patients with a normal ald.olase level, , 

conformed to t~1e usual pa. ttern of the disease and did not differ 

from cases with raised aldolase levels in respect of severity of 

the JJ.sea.se, rate of ..:-•rogression, or the extent of pseudo-

h;,-pertro11hy or a trophy. 

Case 3b, on the other hand, di.i have some unusual 

features . 

' 
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The disease was alrea.czy manifest within the first year of life 

and had a more rapidly pro&ressive course than ia uaually 

observed. In addition there was extreme wa.stin& ot the .muscles 

of the limbs, trunk and neck. 

Of special interest are the normal a.ldolaae levela in 

oa.ses 50 and 51 and the yery hi&h level in their YOUll&er si'b (case 

52). This SU&&ests that the e~e level~ be raised early on 

in the disease and come down to a normal level at a later sta_ie. 

A hi&her level was also recorded in case 28 than in his two older 

sibs (both of whom, however, had abnormally hiih levels); and in 

case 42 as compared with his older sib ( 40) • Ju.tho~ the early 

cases seemeu to have hi&her levels than those of lon&er duration 

this was not invariable. Thus the hi&hest aldolase level was 

observed in a. patient with disease of l.~ duration (case 2) • 

There does not appear to be any correl~tion between the 

clinical state of the patient and the aldolase level. Thws, 

oases 4, 37 and 53 have normal levels while cases 13, 1,, 31 and 

45 of pomparable a~e and severity, have raised levels. 

Conclusions: 

The serum a.ldolase levels were invaria.bly hi&h in the 

earl.J' ata.&ca of the disease. L&ter in the course of the disease 

normal results were obtained in a number ot cases, irrespective 

of the clinical state of the patient. These results are in 

disagreement with those of EvQ.l'ls a.nd Baker where hi,h levels were 

obtained in all 9 cases of "pseudohypertrophio muscular dystrophy" 

(a&ed :t"rom 5 to 10 years) • 

.Ald.ol~e estimations~ be of value in diffcrentiatin& 

aome early oases ot muacul-.r dystrophy tram neuroaenio atrophy 

or beni&n c011&enital ~otonia.. In the la.tter condi tiorns the 

cnZ.}':,\e level i o 1101,n:.u . 

Th• oer uin tl·ai1201ni1Ul.Se l ve1 corr~Jsp1.mdcJ. to the al · olu.se 

lev ,..._ .il1 l j uf the 14 e5 time. tiou~ . 
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II THERAPEUTIC TRIAL. 

INTRODUCTION 

There is no drug available which is known to influence the 

course of progressive muscular dystrophy. Walton and Nattrass (1954) 

reviewed the numerous forms of therapy for which claims have been made. 

In 1958 Manzini a.nd Fra.ttola. reported that a crude extract of hog's 

stomach caused a significant drop in the serum aldolase level of 11 

patients with various forms of progressive muscular dystrophy. A daily 

dose of 200 or .300 mgms. of' the extract was used,and treatment vras continued 

for variable periods r a11gi.ni from 10 to 53 da.),s. An aldolaae est.im.e.tion 

was done prior to commencernent of,. and. again after completion of~ therapy. 

There was an associated gain in we4ht in all but one case. They 

interpreted these results as being due to a direct anabolic protective 

action of the extract on the muscle cell and thus slowi.!li down t.~e 

d.eienerative process. 

MATERIAL AND METHCOS. 

In order to assess to the validity of these results and the 

therapeutic value of the extract of h~ stoma.ch, a blind clinical trial 

was undertaken. Crude mucopolysaccharide extract of hog stomach wcis 

obtained from The !\vans Biological Institute. 

Sixteen ; npa tien ts with varying stag es o:f the disease were divided 

into two si.'l1i.lar groups on the basis of age and duratlon of syrwi)tcms 

(Table VIII.3). Two separate batches of unidentif'ied capsules (A and B), 

one being the crude mucopolysaccharide extra.ct an<l the other similar 

capsules contai~ lactate were administered t::> the two groups in a dosage 

of 1 capsule t 1tYice daily ( equivalent to 500 mps. o:f the crude extract). 

In addition 4 control oases convalescent from rheumatic fever (cases A and B) 

or tuberculosis (cases C and D) were given known nru.copolysa.ccharide. 



Case No, A&e Catei;ory 

12 11 A 

l4- :u.. A 

15 12 B 

1, 15 B 

22 9 B 

25 12 B 

2~ 12 A 

27 9 A 

28 7 A 

32 16 B 

33 11 B 

35 12 B 

37 15 A 

4-3 12 A 

4-5 15 A 

55 lJ+ B 

A 8 ){ 

B 10 }I. 

C J..4. }I. 

D l4- }I. 
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T.Al3IE VIII ,3, TRANSAMINASE LEVELS DURim 
THEaAPEUTIC TRIAL. 

Muscle Power Transaminase. 
9.6.59 13.7.;9 1.6. 59 8 •• 59 15 •• 59 22.6.59 

6 6 1.4-3 2. 52 1.6 1. 74-

18 18 1.69 2.15 2.08 3.13 

' 7 1.,7 1.,3 l.12 1.,7 

8 11 1.57 2.24 1.84- 1.94-

17 10 2.0, 2.89 2. 58 2.98 

3 ~ 2.0,.. l.91t, 2.0+- 2.11 

5 7 2.i..a 2.,s 2.0 , 

10 11 2.34- 2. 9 2.90 J.3 

13 J..4. 3.58 6.4-1 4-.4-5 6.55 

5 5 0.97 1.84- 1.22 1.40 

6 12 2.32 3.03 2.86 2.42 

12 JJ 2.o6 3.71 2.58 3.26 

3 6 0.75 1.16 1.12 l.}6 

' 8 1.23 1.36 1.97 2.14-

8 9 1.36 1.80 1.60 

4- 9 0.98 1.26 1.26 

17 J..4. 1.1, 1.4-2 1.,3 1.56 

25+ 20 o.so 1.83 0.95 0.92 

20 21 0.55 0.,5 0.95 1.06 

0.4-5 0.75 0 • .1+8 o.a2 

29.6.59 6.7.59 

2.00 1.97 

1.70 2. 31 

2.08 1. 60 

1. 70 2. 8, 

3.91 3.20 

2.18 2.58 

J.5 2.82 

2.4-2 2.86 

8.1 :; .10 

1.26 1.90 

2.1 3.57 

2.76 2.00 

l . }O 1.26 

1.94, 2.10 

1.29 2.08 

1.26 0.95 

1.26 2.21 

1.02 1.36 

0.99 1.,1 

0. 58 
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Serum tra.ru;ami.na.se levels were done weekly, convnencin{;t 2 weeks 

before tablets were Liven . Transaminase was measured because it had been 

found it closely paralleled the aldolase level in other cases of the series . 

Clinical assessment included subjective eviience of improvement. Muscle 

charti.n. at the beiinning and end of the trial and, in add.i tion, a rough 

measurement of muscle pcmer was obtained by rreasuri~ on a •Fin& ')alance 

attached to a holster around the head, the resintance or the extensors of 

the neck and back to a forward }lull with the patient in the sitting posture. 

Although a crude method, it did give fairly consistent raadings. The trial 

was continued for 4 weeks. 

results and muscle testing. 

R&:>U1.uT J. 

Table VIII.3 surmnarizes the transaminase 

There was no clinical i..uprovement and no si~nificant reductLon 

of the transaminase levels in either group of 1 atieuts. 

the active subgtance and ca.tegory B the con rol. 

CONCWSI 01 l.3. 

Category A was 

Mucopolysacchari.de extra.ct of ho!; sbmach loes not appear to be 

of ~ value in the treatment of proiressive musculD.r ct·strophy . 
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SUMMARY AND CONCWSIONS. 

This theaia contains the results of °'1' observations on a number of 

aspects of proiressive muscular dystrophy in childhood. 

The variable clinical pattern of the disease has been stressed and 

it has been shown hO\'I the disease may dif'fer in presentation, in the same 

patient at different stages, in d.iff'erent individuals at a ccmparable stage, 

and in affected sibs. 

The inheritance has been investi~ated and the views of previous 

authors substantiated. The majority of cases are isolated and of those with 

a positive family history most are inherited through a sex-linked recessive 

mechanism. However, two female cases have been presented with the 

characteristic features of Duchenne-type muscular dystrophy bu t an autosanal 

recessive mode of inheritance. It has been suggested that some of the 

isolated cases ma.y- also have an autosomal recessive inheritance and not be 

due to new mutations on the X-chromosome. 

The clinical impression of a high incidence of mental def'ect in 

association with progressive m.t18Cu.lar dystrophy has been confirmed by 

psychometric testing of 27 inpatients. If both the mental defect and the 

II\YOpathy are due to the same fundamental defect, with a genetic basis, this 

raises various possibilities in relation to etioloay. 

The pathology of the disease has been briefly reviewed and the 

main histological features discussed. No d.if'ference in histological pattern 

was evident between cases with clinical pseudohypertrophy and those with 

a trophy. Pseudohypertrophy was usually associated with abundant adipose 

tissue in the muscle, but some early cases with this clinical feature had 

only an excess of collagen. 

The application of modern histochemical techniques has produced 

interestini results in regard to both normal and eystrophic muscle. The 

presence of different types of fibre in normal muscle, and the way in which 

these are related to the enlarged and the atrophic fibres or d,ystrophic 
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musole , has been discussed. It is possible that the variation in the 

proportion of the dif'ferent fibre types , which differ in their metabolism, 

may explain the consistent distribution pattern of the muscular weakness , 

a• well as the earlier af'fection of sane muscles thail others. 

Involvement of the cardiac muscle has been shown to be a OOOIIlon 

feature of pro&ressive muscular dystrophy in childhood. Post-mortem 
I 

examination of the heart in 5 cases revealed fibrotic lesions in all of them. 

The extensive abnormalities observed in the electroca.rdiographic tracings 

have been recorded and an attempt made to interpret them. 

Serum uldolase and transaminase levels were consistently raised 

in the early than in the later stages of the disease . In some instances 

normal values were obtained in otherwise typical cases. A crude 

mucopolysa.ccharide extract of hog stomach , which had been claimed to be 

of value , was tested but found to produce no clinical improvement or 

reduct.ion in the abnormal serum enzyme levels. 
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APPENDIX I. 

CLASSIFICATIONS. 
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APPENDIX I. 

Iandouzy and ;.;e j erine (16S5) 

Progressive 111uscular Atrophies . 

A. Myopathic Atrophies. 

1. Progressive Atrophic :Myopathy. 

a. Pl·o~essive muscular atrophy of childhood. 

b . Facio-scapulo-humeral type . 

c . Scapulo-humeral type . 

d . Fc.u1oro-tibial tYl>e. 

2. Pseuct.o-hypez·trophic l,;yopathy . 

a . Classical :pseudo-hypertrophic paralysis . 

b . Leyu.1::n~obius type . 

c . Juvenile form. 

B. Nevropathic Atrophies . 

Erb (l.891) -
A. Dys trophia musculorwn pro~resaiva iru:~antum. 

1. Hypertro:phic farm. 

a . with pseudo-hypertro..t1hY . 

b . with true hypertrophy. 

2. Atrophic form . 

a. with primary .facial involvement. 

b . without facial involvement. 

B. Dyst.rophia musculorum progressiva juvenum 

et adultorum (juvenile form) . 

Batten (1910) 

l . Simple Atrophic type . (Myopathic form of Oppenheim ' s 

)itratonia cangenita (190/+) . 

2 . Pseµdo-hypertrophic type (Ducheruie) • 
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3. Juvenile type (Erb). 

4-. }'acio-scapulo-humeral type (Landouzy and Dejerine) 

5. Distal type (Gowers . 902). 

6. Mya tonia a trophica type ( Thansen, 1876; Steinert, 1909) 

7. Mixed and transitional type . 

Milhorat and Wolff (19l1-3) 

Progressive muscular dystrophy . (No sub-classification). 

Bell (194..3) 

A. Cases with pseudo-hypertrophy at some atage but 

without f'acial involvement. 

B. AtrC71Jhic gro'Ul) with no eviJ.ence or history of pseudo-

1\Ypertrop.hy and no facial involvement. 

C. All cases with facial involvement , irrespective of the 

presence of pseudo-hypertrophy. 

1'ylcr and Wintrobe (1950) 

1. Childhood ty_ve. (Duchenno' s pseu.d.o-rw~ertrophic type; 

Leyden-l.lobius' atrophic pelvi-feworal 

type). 

2 . l''acio-scapulohumeral type ( inclucli.ng scapulo-humeral 

or II juvenile II type • 

Levison (1951) 

l. Scapul -humeral type (Erb). 

2. E'acio-scaJ?ulo-humeral type (La.ndouzy ancl .Dejerlne) • 

.3. Lower extremity type (Duchenne; I..eyden-Mobius) • 

Stevenson (1953) 

l. Duchenne-type rapidl progressive muscular dystrophy 

of youn. boys. 

2 . Autosomal limb-girdle type 

a.. with facial involvement. 

b. without facial involvement. 
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Becaker ( 1953 1 1957). 
~ ·I ., 

1 . Shoulder-1 :.rdle or descending form. 

2 . Pelvic-~irill.e or asc~nding .form. 

a . Mali~t X-chromosomal type. 

c. Auto aomal reoeasiv~ type . 

'iiaj. ton a.i.1.cl Nb. t t.1~ass ( 19)4-) 

l. Duahenne tJ'l)e (inclu~ childhood pelvl-.Ccmoral type) 

2. ..:;,'acio-scapulo-humeral tJ'l)e . 

3. Li.mb-.J.rdle type (acapulo-hwneral, pelvi-femoraJ. , and 

late juve11.l.le (Hevin, 1936). 

Blyth e.nd Pugh (1959) 

(Muscular Dystrophy in chilcU1ood.) 

A. Ch.i.lohood type. 

1. Severe ~ou,p. 

(i) those " of'f their feet" by the ~e 01' ll . 

(ii) those under ll showi.r~ rapidly 1,1ro~essive 

(i) Still ambulant after 11. 

(ii) Those under 11 with slowly pro~·essive 

cond.i tion. 

B. Adult Types. 
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APPENDIX II. 

ROUTINE QUESTIONNAIIIB. 
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QUEEN MARY'S HOSPITAL FDR CfilLDRffi I CARSHALTON 8 SURm.'Y 

QUESTIONNJJJIB FOR MUSCULAR DISEAfil3 

A I PREGNANCY 

l. Was there aeything urrusual about the 
pregnancy? 

2. 

4. 

Did you have any illness during 
pregnancy? 

Were the movements normal, more than 
nonna.l, less than normal ? 

Was an X-ray t aken ? 

B. LABOUR 

1. Was th( labour nonm.l, long, very 
short '? 

2 . Were instruments us-.:d ? 

3. Were there ari.y comi-,lications ? 

6. 

7. 

Was the chi l d normal at birth? 

What was the birthv'leisht? 

Did he cry normally? 

Was he breast fee? How long? 

8. Did he suck mnnL~:ly ? 

9. Was he an active c luld '? 

10. Was there anythir:ig unusual about 
his appearance ? 

C. MILESTONES 

D. 

l. 

J.t what age did he: 

1) Hold his head up ? 

2) Sit up lmsupported ? 

3) Stand on his own ? 

4) Crawl ? 

5) Walk ? 

6) Sta rt talking? 

What was the first abnormality you 
observed ? Describe in detail ? 
Give age ? 

2. Was there aeything unusual about 
his mode of walking ? 

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

•.......••.......••••.•.....••.•....•.•••••• 

····································~······· 
• ••••••••• J. 

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

........... 

••••••••••••••••••••••••••••••••ao•••••••• r -·• 

............................................ 
•••• 8 • •• ••••• 

•••••o•••••• 

••••v••••••• ............. 
•••••••••••• 

••••••••••••••f'l•v••••••••••.>•••••••o••• l"•••• 

.........•......•............•....•.....•.•• 

•••••••••••• 

• • • • • • • • • • • n 

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

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

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

~o••••••••o••••••••••••••••••••••o~~••••••••• 



D. 

4. 

ILLNE5S ( continued) 

Did he walk on his toes ? 
At what age ? 

Was he able to run normally? 

-2-

climb upstairs normally? 

5. Did he tend to fall ? From what age ? 

6. Was he able to get up after falling ? 
Did he do this in a normal manrer? 

7. Did you note enlargement or wasting of 
a.n,y muscles ? Specify which muscles ? 
At what age ? 

8. Did he complain of pa.in in his nu.iscles ? 

9. Did he tire readily ? 

10. At what age did he go off his feet ? 
Did a.n,y illness or episode cause this? 

11. Did you observe aey weakress of his 

anns? 

face? 

neck? 

back? 

12. Have you noted any abnonna.li ty of his 
tongue? 

13. Has there been aey difficulty with 
chewing or swallowing ? 

l.J+.. Has he gained or lost weight ? 

L.9. 

··········································· 

••••••••••••••••••••••••••••~•••••••••••••o 

······~··· 0 •••• " •••• 

·········································~·· 

•••••••••••• 0 ••••••••••••••••••••••••••••••• 

·····································~······ 
•••••••••••••••••••••••••••••••••••••e•••u•• 

··········••••t»••••···················"···1·• 

.......... At age of ........... . 

.......... ., 0 ••••••• '9 

.......... •o•••••••• 

......•... .......... 

.................................... "' ... .: ... 
•...•.•••.•.•.•.•.•.••.....•.. , .•...•...••• 
............... From age 01· •••••••••• 

15. Has he ever hao a squint or double vision? ••••••••?••ooeo 

16. Has he ever had a persistent skin rash? ••••••••••••••• 

17. Has his mental development been oonnal ? 

18. At what age was the diagnosis first made ? 

E. 

1. 

2. 

F. 

l. 

PAST ILLNESSES 

Give age of previous illnesses (includine; 
childhood illnesses) 

operations 

fractures of bones 

Did aey of these affect his muscular 
weakness? 

FAMILY IITSTOHY 

Give ages of his brothers and sisters 
and pa.rents. 

·································~·········J 
............................................ 

•••••••••••••••••••••••••••••••••••••••••••o 

n••••••••••••••••••••••••••••••••••••••••••• 

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

••••••••••••••••••••••••••••••••••••••o••••o 

············································ 

•••••••••••••••••••••••••••••••••••••••••••• 



F. 

2o 

130. 

-3-

FAMJ:LY HISTORY ( continued) 

Has IU\Y other member of the family on either side had a similar illness ? 
Deacribe in detail. 

........ 
. .................................................... . 
•••••••••••••••••••••••••••••••••••••••••••••••••••••• 

••••••••••••~•••••••••••••••••••••••••o•••••o o•••o•••• 

If father and mother married previously, give details of' children ................. 

••••••••o•••••••••••o•••••o••••••••~••••••••~••••••o•• 

4. Do arzy relatives have mental i llness, epi lepsy, nervous disease or other illness 

of note? 
•••••••••••••••••••••••••••••••••••••••• o~•••o••••••• 

••••••••••••••••••••••••••••••••••••••••••• o•••• o • o •o• 

5. Have there been any marriages between cousins or near relatives in the family at 
any time? ..................................................... 

6. Tabulate brothers and sisters of his mother and father frc1m e l dest t o ymmgest, 

and give details of children of each. stating s ex and age . 

Father: Brothers and Sisters Children ( Sex and Age) 

·• ........... ~ ...... . ........................................... 
. . . . . . . . . . . . . . . . . . . . • •••••••••••••••••••••••••••••••••••••• 9 • •• 

•..••.......•.•...•• . ......................................... . 
.................... ••••••••••••••••••••••••••••••••••o•• o••••• 

. . . . . . . . . . . . . . . . . . . . • ••••••••••••••••• 0 •••••••••••••••••••••••• 

.................... ••O•••••••••••••••••••••••••••••••o•••••••• 

•..••.•.•.•......••• . .........•.............•...•••••........•• 

Mother Brothers and Sisters Children (Sex and Age) 

••••••••••••••o••••• 

••••••••••••••••••••••••••••••••••••••••••• 

eoo•••••••••••••••oo 

••••••••••••••••••••••••••••••••••OeQeeeoee 

.................... •••••••••••••••••••••••••••••••••••••••••oo 

.................... •••••••••••••••••••••••••••••••••••••o•e•o~ 

•••••••••••••••••••• ••••••••••••••••••••••••••••••••••••o•e•o•• 



- lJl -

APPill'IDIX. Ill. 

CLLNICAL HISTORDS. 



CAS& NO. I 

JIISTCRY: 

otherwise normal. 

Milestones: 
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BCEN: 20.8.l,.5 

Reourrent vomitin& duri~ most of pre,na.ncy; 

Labour and neonatal period normal. 

Sat up: 1 year; Stood: 18 month.a; Walked: 

18 mooths. When he started walld.na abnormal &ai t observed. At 

2;1. "knock knees" dia,lnosed. Prominence of the calves was noted at 

the a&e of 3. Weakness of the arms first noted at 3 when he was 

unable to lift heavy objects. He then had a marked waddle to his 

&ait, tended to fall frequently and had difficulty in &ettin& up. 

"Climbed up himself" in the typical dystrophic manner. He had 

difficulty in 1ett~ onto a kerb; when goi.Jl& up ateps supported a 

hand on his lower thigh. He was never able to run or jump. 

-Occasional cramps in his legs while walld..n&. 
• 

A diagnosis of muscular dystrophy was ma.de at 4. 

His weakness &radua.lly progressed. Dif'f'icul ty 

walkin& up incline. Wast:ill& of the arms and thi&hs was first noted 

at 8. He went off his feet at the a&e of' 9. There was no 

precipita~ factor. 

Al th~h his mental development was not &rossly 

retarded, hi.a yOUI1&er sister surpassed him. 

Three attacks ot confusion s;i.ncce July, l.957 and 

withdrawal lastizl& about 4 weeks. Durin& these attacks he sometimes 

became hallucinated and noisy, at other times mute and apathetic and 

disinterested in his aurrowidin&s and food. Cllewi.n&, swallalfin& and 

aphinoter control normal. TO?liue normal in appearance. No akin 

rashes. 

OOURS"I: Paychotic attacks laatin& }1 weeks at 

interval• ot: approximately 3 montha. Probably Schizophrenia. 

Muscle power showed no demonstrable deterioration over period of a 

yoar. 



F4. 1-2 
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NCY.l:E PRWINENCE O.B' CALVES, SERRATI .ANTERIOR; 
WASTING TRAPEZII AND UPPER ARMS; ».1UINUS OF I!1EET. 
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CASE NO. 21 

HISTCRY: 

Milestones: 

Pre&nancy, labour and neonatal period normal. 

Sat up: 5 months; Walked: 12 months. 

At 15 months twisted his foot and limped for 

3 months. At 18 months unable to climb steps. At a kerb went 

down an all foure and orawled up. Appeared stable on his feet. 

Calves became prominent. The mother noticed that his socks 

became too ti~t around the top. His wal~ il'aduall.y deteriorated. 

At 4 he started to fall frequently. 

Would suddenly drop while wal.~ "as it lels 

&ave way under him." Got up "like a cow." Walked on his toes with 

teet inverted and associated lordosis. 

"knock knees and stiff toes." Steel brace fitted to spine; unable 

to walk with it. Dia.inosis of muscular dystrophy at , • 

Weakness of shoulder abductors a.t 7. Walld.ni 

&radually deteriorated witil he was 'Wlable to walk at 9. Able 

to sit unsupported till 10. Weakness of neck a.lso noted. Became 

obese after &OJ.ni off his feet. Extremt. ties became blue and cold . , 
but no subjective symptoms. Intelli&ence normal. 

PAST I~S: Measles, Pertussis and Chicken-pox (5) did not 

set hi.a back. 

Over a period of 2 years there was very little 

~e in his condition. 
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CASE NO, 31 

HISTORY: Pregnancy, labour and neonatal period normal.. 

Won prize at baby show at , months. 

Milestones: Sat up~ 9 months; Stood: 18 months; 

Walked: 2 years. (Sister at 10 months, brother at 13 months). 

From the time he started walking he had a 

waddlin& &ai t and "his body used to move as if he were bein& 

ener&etic and not iettin& aizywhere." 

Able to run but with marked waddle. 

Unable to climb stairs. 

Fell frequently. Initial.Ly 

able to get up normally, but later got up in typical dystrophio 

manner. 

Calves were i:;rominent at 2. He wa.lked on 

his toes and tended to overbalance backwards when on his flat feet. 

Bia tonaue wa.a lar&e and he tended to keep it protruded. 

ma.de at .5. 

After starting school at 5 fell more frequently. 

"Legs simply iave way under him." The weakness slowly progressed. 

Yore rapid decline from a&e of 9. Weakness of arms noted. Used 

wheelchair intermittently. Unable to wa.llc after 10. Back and 

neck noted to be weak after age of 10. 

Developed a scoliosis. Although always thin, 

strikin£ loss of weia}lt from age of 13. 

No pain in mwscles. 

PAST ILLNESSES: M•ule111 (14 months), Chicken-pox (l' months), 

Pertussis (2), Rubella. (2), Tonsillectomy (3) did not set him back. 

COURSE: Admitted in March, 1959 for lobar pneumonia. 

Discharged home after one month, duri~ which time his temperament 

and interest in thin&• _improved conaiderably. A muscle biopsy 

showed the characteristic c~es of muscular dystrophy. (see 
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CASE NO, 3 (contd.) 

chapter , ) • 

Re-admitted November, 1959 with mental 

disturbance of one week's duration. Aware of his surroundiJl&s 

but withdrawn and spoke irra tionall;y. Mental state returned to 

normal after 2 months. Muscular condition showed minimal 

deterioration .over period of one year. Died suddenly in May, 19'<) 

followina inhalation of vomitus. 

Autgpsy Report: The muscle groups were extremely wasted but 

the proximal muscles were more severely affected than the distal. 

The diseased muscles were pale and flabby. The small muscles of 

the hands and the neck muscles were relatively well preserved. The 

heart was enlar&ed (207 ,.) and there were visible areas of fibrosis 

in the left ventricle and septtu1 • I • 
The coronary 

arteries and &reat vessels were normal. There was an acute 

traaheobronchitis and aspirated food was present in the trachea and 

major bronchi. The ri£ht lower lobe was consolidated. The left 

l~ was normal. 

appeared normal. 

The bones were rather soft. The marrow present 

Apart from the slight ieneralised ventricular 

dil.a..tation the central nervous system was macroscopically normal. 

The endocrine &lands, ~astrointestinal and 1enitourinar-.>7 systems 

appeared normal. 

Personal observations on the histoloiical 

features o~ the cardiac and skeletal muscle are contained in 

chapters 1 and --5 respectively. 
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CASE w, 4:, 

HISTCRY: 

:Mi.le s tonea : 

15 months. 

- 138 -

BORN: 8.11.44 

Pre&nancy, labour and neonatal period norma.1. 

Sat up: 4 months; stood: 10 months; walked: 

His wal~ initially appeared normal but he 

had di:t'ficul ty gettizl& up steps. l<'rom the il&e of two he walked 

with "a hollowed back, stomach out and leis rather splayed." 

He fell frequently and had difficulty in &ettin& up. Did so by 

pulling onto some object or "climbing up himself". Diagnosis first 

ma.de a.t 4. 

Gradual progression in weakness. Never able 

to run normally. At the aie ot' 5 he be&an to walk on his toes. 

Sli&ht praninence of the calves noted at that sta&e. At the age or 

, bilateral extension of the tendo achilles and subsequent plantar 

tuciotamy on the ri&ht foot performed. He was able to walk on 

the flat of his feet thereafter and seemed more stable. Lordosis 

of back became less prominent. Weakness of arms first noted at 

8,ie ot 7. 

Put on Vitamin E a&e of 10. Mother t.h~ht it 

improved his &eneraJ. condition. Went off his reet at ll. No 

preoipitatin& factor. 

After be~ confined to a wheel-chair put on 

wei&ht and developed contractures of the knees. Slow decline in 

muscle power. Sphincters and chew~ normal. Intelliience normal. 

PAST ILLNESSES: Measles, Chicken-pox, Pertussis and Mumps a.t 9.&e 

of 4 had no deterious affect on muscle weakness. 

COURSE: Muscle charting at 3 monthly intervals over a 

period of 18 months showed hardly any deterioration in povrer. 

Two days prior to admission he £ell out of his 
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chair and bumped his ri&ht lmee. X-ray revealed a supracondylor 

fracture of the femur with no displacement. 

3 weeks in a pl.aster cylinder. 

It healed well after 

Fi • 5 LJld. 6_.. ..GL~ OBESITY. S1'f.BLLI CZ CF THE DOTIUM OF PE.ET . 
MarTLING OF SKili. 



CASE NO: 5. 

HISTORY: 

Milestones: 

Walked: 18 months. 

- JJ+o -

Prei,[Wlcy, labour and neonatal period normal.. 

Sat up: 9 months; Stood and 8rawled: l4- montha; 

(Affeoted brother had not walked till 2 years, 

while his 2 normal sibs had walked at l year.) 

At the crawlin& sta,&e mother thought he had 

muscular dystrophy because his movements resembled those of hia 

aft'ected brother. He was unsteady on his feet after starti~ to 

walk, and fell frequently. "His leis just seemed to "ive wa:y under 

h:un" • Arter falling he was never able to get up by himself. All 

activities seemed an effort to him. 

One foot became inverted at 2 and improved 

with a special boot support. He was unable to run normally and 

W1&ble to walk up steps. He either crawled up or had to be helped. 

His calves became prominent at the age of 3 and weakness of arms was 

noted at .that time. At 5 he was able to walk 100 yards uphill to 

school. Children knocked him down at school and derided him. 

Transf'erred to a school for the phyaioally handicapped at 8. He 

seemed to tire readily and occasionally complained of cramp in his 

There was a ~a.dual deterioration in power until he went 

off his feet at the age of 10. 

to feed himself. 

No precipitat ing cause. Still able 

After .,;oing off his feet curvature of spine 

developed and there was progressive a;a.in in weiiht. (His affected 

brother, on the other hand, became very thin in spite of a good 

appetite). From the aie of 12 he was unable to move his shoulders. 

His intelliience was normal. 

PAST ILLNE3.:3ES: Measles (4-) did not set him back. 

FAMILY HISTORY: Positive. A brother and two maternal uncles were 

similarly affected. 



CASE NO. •, 

HISTOOY: 

neona ta.l period. 

Milestones: 

Crawled: 24 months; 

- 141 -

BORN: 1.12.42 

Preinancy, labour normal. Inactive in 

Held head up:, months; Sat up: 12 months; 

Stood: 36 months; Walked: 38 months. 

Mother noted abnormality when not sittin{it by 

8 months. "F'loppy infant" who did not move his limbs. When he 

started walking he had "a strange sw~ing gait with feet placed 

widely apart." He did not walk on his toes. Unable to run or 

climb stairs. Fell frequently. Climbed up himself in tyi;ical 

czys trophic manner. 

with walld.n&. 

Tired readily and complained of pain in calves 

Prominence of calves noted at 5. Other 

muscles appeared to waste progressively. 

at 5. Diagnosis made at that sta~e. 

Weakness of arms noted 

Gradual progression of wea.laless. Went off 

his feet at 12. Weakness of back observed soon afterwards. 

Appeared to have difficulty with chewiJl&. Sphincter control normal. 

Intelli&ence normal. 

PAST ILLNES~: Recurrent respiratory infections from infancy. 

Greenstick fracture of ankle at 5 years. 

COURSE:. Sli&ht deteri oration of muscle p01rer over 

period of 2 years. 
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CASE NO~ 7 

HISTCEY: Pre"nancy, labour and neonatal period nonw.l. 

Milestones: Held head up: 4 months; sat up: 8 months; 

stood: 15 months; walked: 19 months. Speech retarded. From the 

be:~ his &a.it had a waddli~ character. Dia.&nosis of flat 

.feet SlJ&iested at 2!. Initially he was stable on his feet and was 

able to run and climb stairs. After the a,e of 5 he began to fall. 

Got up in t,pical czystrophic manner. Callipers were prescribed 

which further handicapped his wallci..n& and made him mare W1Stable. 

At the a&e of• plaster casts were applied to his feet to correct the 

eversion and he was immobilised far about 2 months. His le~s were 

weaker after that but he could still walk. The follori.Il& year his 

feet were a&ain manipulated and kept in plaster for about 3 months. 

His wal.ki.n& &ra.dually deteriorated. Weakness of the arms was first 

observed at the age of 7. A diJlinosis of muscular dystrophy was 

made after a biopsy at the ~e of 8. He was still able to walk short 

distances; there was a marked lumbar lordosis and waddling ~ait. 

Never walked on toes. At the ""e of 9 he had a bilateral Souttars 

operation. He went off his feet shortly after that. There was no 

enlargement of any muscles. After goin& off his feet his calves 

1:>ecame wasted and to a lesser extent also the thi~s and arms. 

There was no musoula.r pain. He did not tire. Cherin&, swallowing 

and sphincter control were normal. His intelli&ence was 1rossly 

subnormal. 

FAST ILLNESSES: 

not set him ba.ok. 

COORSE: 

Rubella (2), .Measles (4), Chicken-pox (4), did 

Over a period of 18 months there was only sli.&ht 

deterioration in the muscle pOl'ler. He was still able to crawl about 

and oould ,et into aittiD& position by rollac on his aide and 
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iradually working hie wa:y up with his arms. 

Fi&. 9 - 10 : N<JrE GENERALISED WASTING; MOOT MARKED AROUND SHOOIDER 
GIRDLE. (MCY.rTLING IS SUNBURN). 
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CASE NO. 8 

HISTORY: Preinancy, labour and neonatal period normal. 

Mil~stones: Crawled: 9 months; Stood: 18 months (sibs. at 

10-12 months); Walked: 2 years. 

Initialiy quite stable on his feet and gait 

appeared normal. At 3 able to climb stairs but only by hold.in& onto 

the ra.ilinas; difficulty steppi~ onto pavement or bus. Never 

able to run normally and tended to fall when attempt~ to do so. 

Initially he was able to 6et up from the iround normally, but after 

the ~e of 5 "climbed up himself". Difficulty in walking uphill 

but ~ed reasonably well on the level. After starting school at 

5 he fell frequently and wru:, readily knocked over. When wa~ 

he frequently just slumped dmm as if his leis &ave way under him. 

He tired readily but made no complaint of pa.in. 

Although an older brother was similarly 

affected, his parents overlooked these symptoms till the aie ot 5. 

Weakness of the arms was first noted at•, and there was flaccidity 

of the shOl,llders when they tried to lift him. Diagnosis at ,. 

Swell~ of his calf muscles was first noted 

at 7. When walking the calves became more prominent and seemed 

to contra.ct, his feet became plantar :flexed and he was unable to 

put his heels to the ground. This was less marked after rest. 

Slow gradual progression of his weakness. 

Marked exacerbation when confined to bed far 2 weeks at the 61.ie of 

9 follo,ri~ a broken noae and bruises sustained from a fa.11. He 

was unable to walk ~ain after that but still rode a tricycle for 

a ft1W months. 

Put on a lot of weight after go~ off his feet. 

Chewi~ and sphincter control normal. Al though 

a :fairly bri4'ht child he lag&ed behind at sohool. 

COURSE: No marked ~e over period of a. year. 



- 146 -

IIST<EY: Pre&nancy and neonatal period normal. Ad.opted 

by a couain at , months. 

Milestones: Crawled at 9 month.a; Sat up and stood: 10 

months; Wa.lked: 13 months. 

His iait initially appeared normal. He was 

able to climb up stairs but could never run in a nonia.l manner. 

At the &&e of 2i noted to be unstable on hia feet and was tallin& 

frequently. No c.han&e in his conditiQll witil he started school at 

the 9.&e af 5 when he was readily knocked over by other children. 

11• also fell frequently , often au1ply slumpin& dawn "as if someone 

had chopped his feet from wider him." He iot up with il"eat 

difficulty by • cl.illlbin& up himself." Prominence of the calves was. 

also first noted at the &ie of 5. Dia.inosis of muscular d3strophy 

was made at,. 

Gradual pro&ression of weakness. b'):oom the 

&&e of 9f ho started to walk on his toes. When aeen at a&e of 11 

he oould still walk about! mile on level &round. He tired readily 

and occasionally complained of pain in the calves. No weakness was 

observed in the neck, face or arms. Chewin& and swa.llowin& were 

unimpaired and sphincter control was normal. He was of aver~e 

intelli&ence. 

PAST ILLNESSF.s: 

COURSE: 

Meaales (') and .Mumpa (10) did not set him back. 

No follow-up possible. 
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CASE N01 10. 

HISTCBY: 

Milestones: 

- 148 -

Pre,nancy, labour and neonatal period normal. 

Sat up: , months; Stood: 18 months; Walked: 

2 years. In infancy already it was noted that his calves were very 

prominent and formed "a little hard knot behind his lee." From the 

time he started wa.lld.n& he fell frequently and had difficulty in 

&ettin& up. He "climbed up himaolt" in the charaoteristic 

d;ystrophio manner. His iait seemed normal until the &&e of 3, 

a.fter which he walked on a wide base and swayed t'rom aide to side. 

He had difficulty climbing up steps and was never able to run 

normally. There was a slow ~adual pro,ression of the weakness 

with no periods of arrest or improvement. No weakness of the arms 

was noted till the 8.ie of 11, when he had difficulty in lifti.n& 

heavy objects. There was no difficulty with ohewin& or swallowin&. 

Sphincter oontrol was normal. Intelil&ence normal. 

PAST ILLNESSES: Measles, Chicken-pox and Whoopin& Cough at 

2, when starting to walk, did not set him back. Fractured 

clavicle (9). 

COORSE: When first examined at the age of 12 years 10 

months he was still walkin&;on his toes,on a wide base, and with a 

marked waddle. There was marked lumbar lordosis. His calves 

were prominent (J..4.i"). 

Bia weakness 1radually pro~essed. A year 

later he had muoh mare difficulty with walking and was readily 

bumped over. He could only iet up when hold.in& onto somet.hin&. 

Boots with wed.led heels , to oonf orm to his raised heels with wa.lkin&, 

were fitted but did not i.mprove his stability. He was still able 

to walk about 1 mile at that s~e b~t was alrea.d37 usiJli a wheel­

chair intermittently. He continued to walk for almost another 
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CASE NO. 10 (contd.) 

year before beocmin& ohairbo\.Uld at the aie of 14. There was a 

deterioration in the power of most of the muscles of the lower 

limba;nore particularly those around the pelvic &irdle. 

Fi.,:. 14 "';'_ 16. SLIGHT OBESITY. MARKED LORD03IS , RAISED HEEIS. "MARBLING"_ Ob' SKI ]{. 



C.ASE N01 ll1 

HISTCRY: 

Milestones: 

Walked: 18 montha. 

Pre&na,ncy, labour and neonatal period normal. 

Sat up:, months; Stood: 10 months; 

Init:ially his gait was "slow and ponderous". 

Stable on his feet. Never able to climb steps or run. From early 

infancy caJ.f muscles pr~ent and firm. At 2f it was remarked 

that he had "boxer's legs." 

At ~e of 4 parents concerned at his difficulty 

with walk:i.na. Tired readily, but no ccmplaint of pain. Developed 

swaying gait, walked on his t oes, and fell frequently. Difficulty 

in gettin. up. "Climbed up himself." After starting school at 5, 

fell more frequently. It is interest~ that through his father's 

encour~ement he became a keen boxer and won some contests at school! 

His walking il'adually deteriorated. Unable to 

walk after the &.&e of 8. Woakness of arms noted af'ter that and 

pro&ressed fairly rapidly. He continued to crawl until the age of 

10 . 

Weakness of neck apparent at 11. Intelligence 

aver~e. 

PAST ILLNES!::>ESj Measles (2), Mumps and Pertussis (3), 

Chicken-pox: (4-) did not set him back. Stretching of tendo achilles 

and hamstr~s at the age of 10. 

COURSE: Deterioration of trunk and girile muscles 

observed over a period of 18 months. 



CASE NO. 12. 

HISTORY: 

Milestones: 

Walked: 13 months. 
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BORN: 8.3.48 

Pre&n,aney, labour and neonatal period normal. 

Sat up: 8 months; Stood up: 12 months; 

The iai t ini tia.lly was normal and he was quite 

stable. He seemed able to iet about and iet up steps quite normally. 

At the ~e of 2 his mother noted that he tended to wobble from side to 

side when he tried to run. From the age of 2f he beian to fall 

frequently - his leis simply gave W83 under him. He got up after 

falling without any apparent d.i.fficulty. His gait gradually became 

more waddlizli. He never walked on his toes. He did not canplain 

of any pa.in, but tended to tire readily and could not walk lon& 

distances. There was no apparent enlargement of any muscles. 

After start~ school at 5 he fell mare 

frequently and had cb.fficulty in iett~ up. He did this in a 

typical czystrophic manner. D:ia,inosis of muscular dystrophy made 

at ,. After the &&e of , he could no l~er get up from the il'OWld. 

Weakness ot the arms first noted at that s.tage. He also had 

dif'ficul ty in abducting the shoulders and feeding himself. After 

• there was iradua.l proil'ession 0£ his d.ifficul ty with wal.ld..n& and 

he tended to support his hands on his hips while doing so. At the 

a&e of 7 he lost the ·ability to stand or wa.llc after beina confined 

to bed for 3 days with tonsillitis • The progression was very slow. 

.After going off his feet he was still able to arawl until the age of 

9. Contractures of knees £rem a.ae of 7. Mental deTelopment normal. 

PAST ILLNESSES: 

COURSE: 

Rubella (2) did not set him back. Influenza. (9) 

There wa.s a alii,ht progression of the weakness 

of all muscle groups in the course of 2 years and the development 

or a s~ht scoliosis conca.vity to the r~ht. 

.Muscle Biopsy: Typical changes of proiressive muscular ~strophv7" • 
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CASE NO. 13. 

HISTORY: 

Milestones: 

Preinancy, labour and neonatal period normal. 

Sat up: , months; Stood and Craw led: 10 months ; 
Walked: 12 months. 

No abnormality was noted prior to poliomyelitis 
at 3. This affected mainly his left arm, back and both legs. He 
steadily improved anu. . on d..l schar~e from hospi ta.l at a&e o£ 5 he 

was walkini satisfactorily al tho~h there were slight residual 
contractures of the hamstrings, hip flexors and calf muscles. There 
was marked wea..kness of the left upper arm. 

At the age of 8 it was noted his walking was 
deteriorati~ and he had increasing difficulty in climbini stairs. 

At the a&e of 9 the riiht tendo Achilles was 

elOlliated and an attempt made to stretch his hamstrings and hip 
nexars. His walki~ became worse and he developed a marked lumbar 
lardosia. , months later he was fall.in& frequently and had 

difficulty ~ettin& up from the &round. 

The contractures of- the hips and knees became 
more marked. He was unable to walk before he was 10. His arms 

beca.llle pro~ressively weaker from that time. 

any muscles noted. 

No enlargement of 

PAST ILLNESSES : Fractures: left tibia and fibula .(July 19.53); 
Sur&ical neck of left humerus (Nov., 1955); ri~t femur (Feb. 1950). 
EXAl,1lNATION: The muscular weakness had the t:,pical 

distribution of progressive muscular dystrophy with more marked 
involvement of the trunk, girdle and proximal limb muscles. There 
was no enar"ement of ariy muscles. There was marked wast1J1a of the 
left deltoid and the muscles of the left arm were wea.k.er than those 
of the ri.ibt. There waa 2 inches of ahortenin& of the left arm. 



CASE NO, 13 (contd.) 

Electramyog;ra.phy: 

COORSE: 

power. 

17 

- 15.3 -

Ulft deltoid: typical denervation pattern. 

Left and r~ht tibial.is anterior: typical 

Jl\)"opathic pattern . 

Minimal deterioration was noted in his muscle 

NarE WASTING 01'1 LEFT DELTOID. . 
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CASE NO, 14-. BORN: 24.2.4-5 

HISTORY: Pregnancy, labour and neonatal period normal • 

.Milestones: Held head up: 6 months; Sat up: 9 months; 

Stood: 11 months; Walked: 12 months. 

The child was fostered out at the aie of 5. 

At that time only abnormality observed was difficulty in climbilli steps. 

FA.:iT ILI.JIBSSES: Fracture left arm. 

C~: When first examined at the ~e of 12 he was 

st.ill ambulant with a marked waddle and lordosis of the lumbar spine. 

He got up from the floor in the characteristic manner. There was 

a ieneralised prominance of his muscles, more especially of the calves, 

quadriceps, forearms and deltoids. A yea:r later he was still wal~ 

but tended to fall more frequently. He walked on his toes and was 

developing an equinus deformity of boti1 feet. He was unable to 

iet up off the floor but could iet into a sitting posture with the 

use of his arms. The calves had increased in size (14-f"/15!" to 

15"/15.i" circumference). When standin& the calves were extremely 

hard but tended to be flabby and soft when supine. Over the next 

6 months there was a further decline in his muscle power and a 

phenomenal increase in the size of his calves (17f"/16i"). (No 

hospital pyjamas could be found to fit.) His walki~ had deteriorated 

and he could only just mana~e when helped onto his feet. He went 

off his feet at 13f, af'ter which the muscles tended to become flabby 

and he gained weight. The calves steadily increased in girth and 

were 18l"/18'i" after a fm·ther 6 months. There was progressive 

loss of muscle power. The only deformity at that stage was a 

limitation of dorslflexion of the feet beyond 100°. 

Muscle Bi9RSY: Characteristic c~es of muscular dystrophy. 

Marked excess of' adipose tissue. 



CASE NO .14-. 
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EN!ARGEMENT Qlt, CALVES, ~UADRICEPS, 
DELTOIDS A.rm FOREARMS. 
E~UINUS D:Ef'Oi:'ThITTY OF' FEET. 



CASE NO, 15. 

HISTORY: 

Milestones: 
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BORN: l.,3.47 

Pregnancy, labour and neonatal perioc.l normal. 

He lc.1 head up : 5 months ; Sat u;.1 : d months ; 

Stood up: 11 months; Walked: 12 months. 

The mother diJ. not observe anythir~ wiusual 

in his mode of walking and he was able to perform all activities • 

.Pairly stable 011 his feet. At the age of 3 he was reluctant to 

walk and stopped wal~ 3 months later. He was fostered out at an 

early age. 

FAMILY HISTORY: 

COlllillE: 

Measles ( 7) did not set him back. 

Half brother affected ( Case 14, • 

Over a period of two yea.rs there was a marked 

J.eterioration in his muscle power and a sli:,;ht increase in his scoliosis. 

There wa.q also a progression of the muscle wasting. 

1'iuscle Typical cha..nges of adv-a.need. muscular dystrophy. 

~
1 i._. l) . 

l~.t(ul/.j_J,i~i:...2 C ' _.,:::LTC, .... J 
),~T, :'1·G C? :..."IF..:..~ .ARV .. 
.::.,/.Jli'fJ3 .JSF0:11!.I':.':... 
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HISTORY: Foetal movements reduced, otherwise prei,llfillcy, 

labour and neonatal period normal. 

Milestones: Sat up: 10 months; Stood: 12 months; Walked: 

12 months. 

Al though his gait seemed normally initially, 

and he was able to negotiate steps, he tended to trip a lot and 

was Wlable to run. He leaned forward when wal~. He was able 

to iet up after fall~ in a normal way. At the age 01· 3 attended 

Ca.sUAl ty Department for a cut lip and was told that his &ai t was 

abnormal, and di~nosis or muscular diYstrophy was made. At that 

stage he wa.s walking with a. marked waddle and a "straight back" 

and his calves were prominent. His wal~ il'a.dually deteriorated, 

and he fell mare frequently. From the age of 4 he climbed stairs 

on all fours and he aot up f'rom the ground in a typical d,ystrophie 

~. . Could not be lifted up by the axillae which were 'tloppy." 

From the age o£ 5 he walked on his toes. No 

complaint ot pa.in in muscles, but tired very readily. There was a 

iI'a.dual progression of his weakness until he finally went off his 

feet at the 04.e of 11. No weakness of arms noted. Sphincter 

control normal. 

normal. 

PAS1' ILLNESSES: 

him back. 

000:RSE: 

Tendency to constipation. Mental development 

Measles, Rubella and Chicken-pox did not set 

Over a period of 3 years there was sli&ht 

deterioration in the power of most musole il'OUps. There was a 

proil'essive atrophy of various muscles and the circumference of 

the calvea declined by 2 inahes. He also lost weight. 
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CASE NO, 17. 

HISTCRY: Foetal movements reduced. Otherwise 

pre1nancy, labour and neonatal period normal. 

lU.lestones: Sat up and crawled: 9 montha; Stood: 13 

months; W&l.ked: 15 months. 

Up to a.,e of 3. his iai t was normal and 

he was a table on his feet. He was never · able to run and had 

d.ifficul ty climbing stairs. From the age of 3 he walked with 

"his stOOlB.ch prominent, his back arched and his shoulders held well 

back." 

No change until 5 when he started school. 

Beaan to fall frequently and &ot up in typical (\ystrophic IUIU1er. 

Dia.&noais made at .5. Weakness of arms noted at ,. Slow 

pro~easion of weakness. Off hi.a t'eet at 8 durin& a period at a 

Convalescent Hane where he was apparently confined to bed. 

Pseudol\Ypertrophy was not noted at any ti.me and there was no complaint 

of pain. 

Intelli~ence below aver41&e. 

PAST IILNESSES: Measles(' months); Chicken-pox, Rubella.('); 

did not set him back. 

CQUAAlf: Sli&ht deterioration over period o£ a year. 
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CASE NO. 18. BORN: U.7.44 

HISTORY: Pre~oy, labour and neonatal period normal. 

14ilestonea: Held head up: 9 aonth.a; Sat up and crawled: 

12 .montha; Stood: 18 months; and Wal.ad: 22 montha. 

His mother was concerned at the delay in hia 

milestones and his apparent slt..ggiahness as an infapt. His &ait was 

abnormal from the beiinnin.. He walked on his toes on a wide base 

with a marked waddle and the back arched. He seemed reluctant to 

walk and cried when encouraied to do so. He fell frequently and 

iOt up in the characteristic eystrophic manner. After the ~e or 4-

he was no lon&er able to ~et up :from the irowid. 

Ho was unable to r\.Ul and was onl.3 able to iet 

up steps by crawl:ini. He could not step onto a pavement or bus 

unaided. His calf muscles became very prominent at the 8';C of 4 

and were very firm on palpe. tion. His neck muscles also seemed 

unduly l.ar&e. Muacular eys trophy diagnosed at 9&e of 4. 

At the ~e of' 5 he had an operation for 

lenathenin& of the tendo 4chilles. It took him a. lOlli time to 

re&ain the abi,li ty to walk af'ter the operation, but he appeared. aore 

stable on the flat of his feet. 

The weakness of hia lo&s iI'&dually deteriorated 

witil he was unable to walk at the ~e or 8. Weakness or the arms 

was first noted at the ~e of 11 whon he was unable to abduct the 

should.ors. Contractures of the knees developed at tho ~e of ll. 

Weakness of the neck and back noted at the ~e of 13. 

COURSE: Sliiht deterioration over period of a year. 
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CASE N01 19 • . 

HISTOHI: Pre&nancy, labour and neona ta.l period nat"lllal. 

Miles tones : Sa. t up : 9 months ; Stood up : 2 years ; 

Walked: 3 years. Parents were concerned at delay in Milestones. 

His &ai t was abnormal frcm the beiinni.n&• He walked on his toes 

with a marked waddle, lumbar lordosis. He fell frequently and &ot 

up in the typical dys trophic manner. 

He was able to ucend ateps by supportin& 

a hand on hia thi&h. He could not run. Di~osis at age of 3. 

Weakness of the arms and neck was noted at 

about 5. His :intelligence was normal. His weakness pro~ressed 

steadily. After the ~e of • he was unable to get up I'rom the 

&round and he went off his feet at the ~e of 7. Prior to that 

he was only able to walk about 100 yu-d.s. The calves were 

prcai.nent from early infancy and were firm on palpation. He 

occasionally complained of pain in the le&a• 

PAST I~: G4l.stro-enteritis (1), Measles (2), 

Wboo,in& Couch ( .:i), Cbi•lam-pox (') did not &f'feot hia awacle power. 

COURS§: Thia child was an inpatient in 1954 but wu 

transferred to a residential school at the parents' request. The 

apinal jacket was discarded. When reassessed in 1958 there had 

been a severe de teriora t~on in his . oandi tion with ~enerallsed ffll.S ti11& 

and marked sooliosis. 

in the next • months. 

No autopay. 

There was a sli&ht pro&ression of weakness 

He died of pneumonia in November, 19.58. 
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CASE N01 20. 

BISTCHY: Preinancy, labour and neonatal period normal. 

Mi.leatones: Sat up: 9 months; Stood: 12 months; 

Walked: 2 years. Frequent falls from the be&innin&• Left foot 

inverted and tended to trip him. Dif'fioul ty in holdi~ him by 

armpits. He was never able to ~et up from a sitt~ or l.yin& 

position without support. At the aie of 5 his calves were vecy 

praninent. Weakness ot the arms and hands was first noted at the 

~e of , and has been slowly ~roiressive. Fran the ~e of , he 

be1an to fall mare frequently. At the a.&e of 7 he had an operation 

on his left foot for pes oavua. Callipers and boots were fitted. 

He was still able to stand and walk with sticks for a. short time, 

but went off' his feet shortly after. The calves il"aduall.y became 

soft and flabby after &crl.ni off his feet. There was a progressive 

aain in wei&ht after he became ah.air-bound. 

PAST ILLNESSES: Whoop~ Co1.1&h ( 2f) set him back considerably. 

COURSE: Gradual proil"ession ot weakness and waati.n& 

over period of two yea:rs. 

Electr9S¥0'1"aph.y: Denerva.tion pattern. 

Muscle Biopsy: Characteristic ~es of muscular dystrophy. 
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N<Jr~ EXTREME EQUINO~ARUS DEFORMITY; WIDELY SPACED TEETH; LARGE TONGUE. 
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GASE NO, 21 BCEN: 1952 

HISTORY: This child was 'brOU&ht to wtpatienta lty hi• 
crandaother who sus:pected he mi&ht be suf'ferin& frQIJI. muscular 
(\yasre~, which .W atreoted various other m.embera of the 

tamily. ~t from the sll&ht awbrardness othis 1ait, and 

dift'iculty in runnin& and ,ettin& up steps no abnormality ha.Q 

been o"baervel., The aile stones ha.a apparently been normal, but 
no details were an.iliaole. 

EXAMINATION : Aotive child. Intelli&enoe seeas nOX"mal. 

Deformities: No akeleta.l deformities. Contract\Jl"ca - ali&ht 
shartenin& of the ri&ht tendo achillesr with limitation of 

i=xtenaion .. at 'j(Jo. Wal.ks with wadl.in& &a.it, sli&ht lordosis 

and heels sli&htly raised. Geta Uf1 from sittin& to stand.in& 

posture °Dy au_ppartin& hand on knee. Gota up fra:a floor ·in 
tn,ical dys trophic manner. Di:ffioul ty in climbin& a tepa. 

Pae~ertrophy present in both oaJ.vea. and in b~th va.stus 

lateralia musclea. 

Power: There is sli&ht weaknass present of the. trwllc muscles 

and also muscles of the _pelvio. &irile. 

Reflexes: ill present. The ankle jerk, tibial taps and plantar 

taps are brisk, the others within normal limits. 

Other systems narmal. 

A a.e.t'init. dia,&nosia ef pr6)&reaaive .musoular czyatropl\y waa made • . 

• 



CASE NO. 22. 

HISTORY: 

Milestones: 

Walked: 4 years. 
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Pregnancy, labour and neonatal period normal. 

Sat up: 9 months; Stood up: 20 months; 

A few days after second inoculation for di~htheria 

at 10 months, the child became ill, limp and lifeless. Over a few weeks 

his condition gradually improved, but the mother noticed incurving of left 

foot. Seen at a hospital at the age of 2when it was noted left ankle 

was smaller than ri~t and there appeared to be loss of tone. Given 

intensive physiotherapy and gradually improve d . (? attack of poliomyelitis). 

Hi.e mental development was also retarded and he was late in talk:iJl&. 

At the age o.f 4 his gait was slOY1, but appeared 

normal in character. There was no tendency to fall, no limp, and the left 

foot was normal in function. At the a~e of 5, after starting school, he 

beian to fall frequently for no apparent reason - "legs simply gave way 

under him." At that stage he got up in the typical eystrophic manner after 

fal~. The mother also noted difficulty i.n climbing stairs. Unable to 

negotiate a high pavement or get onto a bus. Unable to run normally. 

Prominence of calf muscles noted at age of 7. Diagnosis made at that time. 

He occasionally canplained of pain in the oalvos, especially during cold 

weather~ Weakness of arms noted since aie of 8. Intellectual development 

markedly retarded. Unable to read or write, but able to copy things. 

PAST ILLNE5.:iES: Measles in infancy. Chicken-pox (2 months). 

Respiratory infection (March, 1959) did not set him back. 

COURSE: When first seen at age of 9 he had a typical 

waddling iai t and walked on his toes. There was no evidence to suggest 

previous poliomyelitis. 
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CASE NO. 22 (contd.) 

Over a period of 18 months there was a 

marked decline in his muscle power and he could only walk short 

distances. He was no l~er able to get up fran the ground. 

Muscle Biopsy: Typical ~es of muscular <l.ystrophy. 

F::..1; . 2) - 24- ~PROMI NENCJ<: 01!' C.A.LV.l:.S. LCCALI:.'...ED WASTDfG CF ARMS. 
I.:..'W31i.R LORDCGIS . 
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CASE NO. 23 

HISTORY: Illegitimate child. Adopted at the ~e oi' 

, . months. The preirw..rlcy, labour and neonatal period are said to 

have been normal. 

Miles tones: Sat up: 7 months; Stood up: 12 months; 

Walked: 14 months. 

No abnor~ialit.) was noted till the ~e of 3. 

F t:1-en began to walk on his toes and tu f'all frequently. After 

fall~ he 6ot up in the typical dystrophic manner. He had 

difficulty in climbing up stairs and was llllable to run. There was 

strikins enlar~ement of his calves. He started school at the ~e 

ot: 5 and was fowid to be mentally retarded. 

czys trophy was made at that s t9.ie. 

A diagnosis of muscular 

His weakness progressed very slowly. At the 

a~e of' 10 he was still able to walk the half' mile to school without 

At the aie of 13 he had a .McEwens osteoto.my on the right 

femur and elo~ation of the r~t tcndo ach.Llles for contractW"es of 

the hamstrings and calf muscle. After bei~ :irrmobilised in plaster 

for 2 months he gradually became mobile 8.iain. He appeared to be 

more stable on his feet. There was no history of pain in his 

muscles. No weakness of the arr.is was observed. Sphincter control, 

chewing and swallowing were normal. From childhood he was prone 

to temper tantrums and could not tolerate being teased. 

E.A:3T I:r..LNE:SSES: Measles (4), Whoopi~ Cough( :;), Chicken-pox (7) 

did not influence his illness. 

COURSE: 

still able to walk. 

When first admitted at the a~e of 13! he was 

There was marked weakness of the pelvic iirdle 

muscles and to a lesser extent of the should.er &irdle. The calves 

The quadriceps and upper arms were wasted. 
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CASE NO. 23 ( contd.) 

A month later he sustained an oblique 

fracture of his ri&ht femur. This united well. After 3 months 

immobilisation he had difficulty in res.aini~ the ability to walk. 

Duri~ this period he was quite a behaviour problem and had to be 

transferred to a psychiatric unit for a period of 3 months. 

On re- admission intensive physiotherapy and encouragement led to 

gradual improvement in his walk:ini. 

His walkini appeared to improve and a year 

later he was able to ~et about for lo~ distances without a stick. 

Objective testill& revealed no improvement or deterioration in the 

muscle power. A 211 raise on his ri~t boot to ccxnpensate for 

shortening of his femur (from the fracture) helped his walki.ng 

further. His temperament vacillated between co-operation and 

complete obstinancy. Six months later he was still walki~ well. 

His iai t had the typical waddle and was a.ssocia ted with a lumbar 

lordosis. He was unable to ~et up from the iround in spite of an 

extren1e efr'ort. Muscle power of individual groups showed no 

c~e on testinJi. 

Muscle Biopsy: Early ch8J1ies of muscular dystrophy. 
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CASE NO. ?4:. BORH: 29.4-• ./+8 

HIST<RY: Preinancy , labour and neonatal period normal. 

Milestones: Held head up: 4 months; Sat up: 6 months; 

Stood: 13 months; Walked: 2 years. 

Gait was waddli~ f'rom bei~ and thought 

to be due to flat feet. At the age of 2f mother suspected some 

abnormality because of frequent falls. Shoulders appeared floppy . 

Mot:1er unable to lift h..i.m by axilla . He tired reaili.ly when walki.ng. 

(1,.aximum distance 200 yeards.) At the ~e or 3 diagnosis of flat 

feet a.no Knock knees rnau.e. .Ji.abnosls of muscular dystrophy at a~e 

of 4. hever able t o run or climb s te_ps. 

up himself' in typical ctys tro_phic marmer . 

pro~ressive. Weakness of arras noted at 5. 

After falling , climbed 

Weakness was slov,ly 

No pain in muscles. 

No evidence 01' pseudohypertrophy. 

retar<led. 

Mental development seemed 

PAS'.i: ILLm:~SEB: Dislocation of' left shoulder (3). 
COURSE: When first examined at the age of' 10 he was 

still walking: typical wa.ddl~ gait on his toes with marked va.rus 

deformity of bot:i feet and lumbar lordosis. Unable to get up. 

Had to be placed on feet in order to walk. There were no 

contractures apart from limitation of dorsi-flexion of ankles . 

His weakness ~radually pro~ressed. 6 months later , following a 

chest cold for which he was kept in bed for 6 days, he was unable 

to walk any lon~er. In the course of the next year he developed 

pro~ressive contractures of t h e knees and the elbows. 
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CASE NO. 25 

HISTORY: Preina.ncy and labour apparently normal, 

(no history available). Mother died when he was .}. In Nursery 

since a&e of 1. Walked at 2. Tended to be unstable on hi.a feet 

i'rom the beiinn~. No swellinf; of' muscles noted. Always thin. 

D~nosis of muscular dystrophy at 7. Accordi~ to si.:, ter, walked 

with mar keel lordosis. Fell frequently. Unabl e to ,et up. Only 

got as f'ar as kneeli~ position. Sto,pped wal~ at aie of about 9. 

Developed contractures of knees followi.na:; this. Eloniation of 

hamstrings and division of fascia la.tta on ri,ht sine was performed 

which partially corrected lei deformities but he was unable to get 

back on his feet again. Associated mental retardation. (Sisters 

have low normal intelliience). 

PA.3'1' ILLliliSSES: Measles, Chicken-pox, Mumps, .illbella, 

Pneumonia and Gastro-enteriti s did not apparently affect muscular 

condition. 

COURSE: Over a period of 2 years there was not much 

deterioration in his muscle power, but his scoliosis tenu.ed t o be 

prot;ressive . 
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C.ASE O 2~. 

Fit;. 27 . GENERALISJ.ill WAS'l'ING AND SCOLIOSIS. 
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BORN: 30.11.4, 

HIS TORY: PreinallCY, labour and neonatal period normal. 

Milestones: Held head up: 5 months; Sat up: 9 months; 

Stood: 2 yea.rs; Walked: 2 yeaxs. 

His gait was waddl~ from the beiinnirli and 

he fell frequenUy. He seemed to iet up normally after f'al~. 

He was unable to run or to climb stairs or negotiate a kerb. He 

crawled up and down stairs. l<'rom the a.ie of 4 he walked on his toes 

with an associated lumbar lordosis. After starting school he iOt 

up from the ~ound in the characteristic d,ystrophic .marmer. Weakness 

of the ar~~ was also noted and he had difficulty in holding a pencil 

firmly or doing up his buttons. A dia.nosis made at, after a 

muscle biopsy. Enlargement of the calves was striking at that time. 

At~ he fell and fractured his right tibia. After 2 months in 

plaster his walking deteriorated considerably and he went off his 

feet ·, months later. After going off his feet calves became thinner. 

The wea.kness of his arms progressed gradually . After the ~e of 

9 no lo~er able to get up from the supine. His mental development 

was markedly retarded. He was referred to a mental home for a few 

months prior to his admission. 

PAST ILLNESSES: Bronchopneumonia (' weeks), Measles (J; anc.1 

Chicken-pox (6) did not affect his muscle power. Perforated appendix 

(12). 

COUliSE: 

period of a year. 

Muscle Biopsy: 

There was minimal deterioration over a. 

Characteristic of advanced. muscular dystrophy. 
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CASE NO, 27 BORN: 17.•.50 

HISTCRY: Pregnancy, labour and neonatal period normal. 

(Increased foetal movements). 

Milestones: Held head up: 4 months; Sat up: 7 months; 

Stood: 15 months; Walked: 17 months. 

Seemea. to walk quite normally initially but 

had dif'ficul ty in ietti~ up steps. Able to rW1 but fell when do~ 

so. Got up after fall~ ·in typical d.ystrophic manner. Initially 

he walked on his flat feet, but from the age of 6 walked on his toes. 

There was progressively more difficulty with runni.~ and he fell 

more frequently. Had ireater difficulty ~etting up. ~id not 

complain of pain. Calves were prominent but not as marked as his 

elder brother (Case 2,). Weakness of tht arms was first noted at 

the aie of •· Tongue very large and "seems to get in his way". 

Able to feed himself. 

elder brother. 

PAST IWiE&iES: 

Backward at school but more intelliient than 

Measles (3), Chicken-pox (3) did not set him 

back. Fractured clavicle( ~). 

COURSE: When first examined at the age of 9 he was 

still able to walk short distances. His iai t was typical. He was 

just able to get up from the ground (in the characteristic -dystrophic 

manner. ) 

There was a gradual decline in his povrer until 

he lost the ability to walk • months later. Dur~ the follorin& 

year there was some deterioration in the power of the pelvic girdle 

and lower limb muscles • 

. Muscle Biopsy: Characteristic ~es of early dystrophy. 



CASE N01 28 .BORN: 11.11.51 

HISTORY: Preil1&11CY, labour and neonatal period normal. 

Milestones: Held head up: 4 months; Sat up: 8 months; 

StooJ.: 18 months; Walked 2 years. 

From the be&~ his gait was abnormal. 

There was a typical waddle and lordosis and he walked on his toes. 

He was never able to get up steps or a kerb. He tended to fall 

f requently and got up in a typical czystrophic manner. Marked 

swelling of calves was noted at that st~e . The weakness iI'adually 

proiI'essed and he fell more frequently. Occasionally complained of 

pain in the feet. No apparent weakness of arms. Tendency to 

gain wei~t. Has a larie tongue and dribbles a lot. Mental 

development definite ly retarded. "Always seems tired and without 

eneri,Y." 

PAST ILLNESSES: Chicken-pox (2), Measles (2) did not set 

him back. 

COURSE: In December, 1958, he fell and sustained a 

fracture of the sh.aft of the left femur. After 2 months immobilization 

in a Thana.s's Splint, during which time he had intensive physiotherapy, 

he gradually re&ained the ability to wal.k and was back to his previous 

activity after 3 months. On muscle chartina there was a sl~t 

deterioration of the power of both legs after the fracture, which 

was more marked on the left. 

Muscle Biopsy (Deltoid): Characteristic changes of early dystrophy. 
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CASE NO. 29 

HISTORY: 

Milestones: 

- 178 -

BORN: 17 .12 .41 

Preinancy, labour and neonatal period normal. 

Sat up: 1 year; Stood: 2 years; Walked: 2 years. 

Tended to walk on tips of toes from beiinni~ 

and supported his hands on the backs of his hips. 

Tended to fall frequently. Able to rise on own after fall~ down 

but needed a support. 

proiression o~ weakness. 

Never able to climb stairs. Gradual 

but walked i a mile home. 

At ~e of ? , taken to school in wheel-chair, 

Still wal~ on toes . ~racture of femur 

Off' feet for 4 months. Abnormal ia.it after fracture 

had set. Took lo~ time to get back to activity. Not quite as 

well as before. ~'allini more frequently. Occasional pain in thi&hs. 

Unable to walk a&ain after appendicitis at aie of' 10 (in bed .3 weeks). 

Weakness of arms only noted at l.J+.. Was able to manipu.la.te a wheel-chair 

prior to that. Difficulty in ietti~ hand to mouth for feed.in& from 

8..ie of 1,. 
P.AST II.LNES.:IBS: 

Appendicectomy (13). 

COURSE: 

Fractured femur (7). Appendicitis (10). 

Over the course of 2 years there was a 

proiressive wasti~ of the muscles, a deterioration in the power 

of most muscle iroups and an increase in the deforrni ties. The 

foll~ contraotui•es developed:- Elbows l.J+.5°, Hips 140°, 

Knees 95°, Ankles - limitation of dorsi-flexion at 90°. 

A positive ankle jerk was elicited on a number of occasions. 
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CASE NO. 30 BORN: 17.12.41 

HISTORY: Prei,11ancy, labour and neonatal period normal. 

(1''oetal movements viiorous) • 

.Miles tones: Held head up: 4 months; Satu up: , months; 

Walked: lij months. 

His ia.lt seemed normal and he was able to run 

and climb stairs. No abnorma.li ty was noted until the aie of 5 when 

he began to fall frequently. He haJ. d.ifficul ty gett~ up frcm 

the brour,d which he did in the characteristic dystrophic manner. 

At the age of 7 his calves became more prominent and he began to 

walk on his toes with an associated lumbar lordosis. Occasional 

pain in calves. At the aie of b elongation of the tendo Achilles 

bilaterally was carrie~ out to correct the equinus deformity. 

After , weeks immobilisation he never regained the ability to wal1e. 

He was only able to 6'et about with the aid of sticks for a few 

months post-operatively. Weakness 01· the arms was first noteJ. at 

the age of' 10. 

P~TIW~: 

There was a i;radual decline in his muscle power. 

l<'ractured jaw (10). 

Measles (4). 

000.RSE: 

Greenstick fracture riiht tibia (8 months). 

l<'racture left femur (12) • Chicken-pox and 

There was a generalised slight deterioration 

in the power of his limb muscles over the period of' one year. 
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CASE NO. 31 

HISTlRY: Preinancy, labour and neonatal period normal. 

Milestones: Hel d head up: 2 months; Sat up: 5 months; 

Crawled; tl months; Stood: 10 mQJ'lthq Walked: l b months. 

At the a.e of 2 his mother observed that, 

when he bent down to pick somet11i~ up he had dirf iculty in ~e tt1.J1i 

erec t and put his harnls on his knees. He had a waddlin. iai t from 

that t:iire. He fe l l fr equently, his leis j ust seemed to ~ive way 

under him. A.fter f allini he ~.ad Jifficulty in ~etti~ up, which 

he did i n a typical dystrophic manner. He tended to walk on hi.a 

toes. His back was "strai~ht" and abdomen protuberant. He was 

never able to run or climb steps. Calf muscles looked very 

prominent and f elt hard to the touch. They increased in size as 

he ~ot older. There was no complaint of pain. Weakness of the 

iI'iP deve loped a t the a.;e of 2i or 3, but he was able to lift his 

arms and able to carry a chair. Dia~nosis made at 3. 

He tended to tire readily. Started at 

School for Physically Handicapped at the age of 5. Became 

pro~ressively weaker until he went off his feet at the age of 9i 

(No ~recipitatin& factor). Face and ~eneral body became fatter 

and larier after that. Neakness in neck muscles observed after 

becomir~ chair-bound . Intelli~ence normal. 

PAST ILLllliS~ : Whoopini Co~h ( 2), Measles l5), Chicken-

pox (5), Mumps (7) did not affect his weakness. 

COU.HS.::: 'rhere was no obvious deterioration in his 

condition over the period of 18 months. 



CASE NO; 32. 

HISTORY: 

Milestones: 

Walked: 2 years. 
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Pregnancy, labour and neonatal period normal. 

Sat up: 8 months; Stood at: 1 year; 

1''ractured skull at the age of 3. Speech 

still retarded at that sta&e. Psychiatrist tho~ht him mentally 
retarded. His walking was unstable after that. 

5 he walked with a definite waddle and on his toes. 

1''rom the age of 

He fell 

frequently. He was unable to rwl and could not ascend s t&irs. 

fu.s calves a.nd arms were prominent. His weakness proiressed alowly. 
Wea.km:ss of the arms first noted at the aie of ,. D~nosis at b. 

FollOWJ.Li an appendicectomy at the age of 9, for which he was in bed 

for 2 weeks, his walkir..g deteriorated markedly and he had ireat 

diff'icul ty in a tandini anct. ~et tir.i up froru a si ttini posture. He went 
off his feet sl1ortly after. He was .foW1d at that time to be meIJ.tally 

retarded with an I."'. of 54. 

P .AST ILLNESSES: 

1''AM1LY HlSTCRY: 

COURSE: 

Measles, Appendicitis, Fractured Skull. 

Pos j_ tive. 

There was only sli~t deterioration of muscle 

power over a period of 3 years. 
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CASE NO: 33. 

HISTORY: 

Milestones: 

Walked: 18 lllonths. 

.:: i83 a 

Fre~cy, labour and neonatal period normal. 

Sat up: , months; Stood: 12 months; 

:Mother f'irst noticect"wea.kness"at about 3 years 

of a&e. Wal~ was slow and he tended to walk on toes. Unable to 

jump or run. Difficulty climb~ stairs. At the 8.ie of' 5 had marked 

dif'ficulty in iettin& up from the floor which he did in a typical 

dystrophic manner. He fell freq_uently from the aie of 4 or 5. 

There was no apparent enlar&ement of any muscles and the muscles of' 

the leis tended to ~et iradually thirmer. He occasionally complained 

of pain in the muscles and tended to tire readily. His weakness 

pro~ressed i1'a.dually. Di&inosis at 7. At the aie of 9 he sustained 

a fracture of the ri.ht femur necessitatill& immobilization in Thccia.s's 

splint for 2 months, after which he was no lo~er able to walk. No 

wealaless of arms observed. Put on wei~t from ti.me of ioi.t:l& off his 

feet. Mental development thoUW1t to be normal. 

FAMILY HISTORY: Positive. 

COURSE: There was a sli~t deterioration over a period 

of 3 years. 
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CASE NO. 34. BWN: 13.10.4€, 

HISTORY: Pre&nancy normal but foetal movements less 

than with sibs. Normal labour. In the neonatal period he appeared 

to be "lazy and inactive." 

Milestones: Sat up: l year; Stood: 1 year; 

Walked: 2 years. 

The .ai t was abnormal fron, the beiinni~. 

He "wa.uc.Ued like a duck" and tended to fall frequently - initially 

backwards but subsequently into a cross-le~ed sittin& position. 

,1hen walki~ his abdomen was protuberaHt and he e1Li not bri~ his 

heels tv the iround. He was never able to run normally and had 

difficulty climbin6 stairs, which he ~ed by su;pporting a hand 

on the hip. After the ~e of' 4 he ~ot up from the floor in the 

typical eys trophic manner. His calf muscles became prominent. 

He sometimes compl.8.ined of pain in his calves with wah..ir4; and his 

mother noted that the calves then became hard and contracted "like 

tennis balls." When the pain occurred he seemed to iO up on his toes. 

Alth~h the pa.rents suspected some abnormality when he started walk.in& 

it was initially ~nosed as "flat feet" and it was not till the aie 

of• that muscular dystrophy was d.ia.inosed. 

The weakness progressed. steadily. Whenever 

he was nervous or excited his~ was worse an~ he fell more 

frequently. He went ot'f his feet at the ~e of 10 follovrirl& one week 

in bed with measles. He was still fairly mobile prio1· to that 

illness. Weakness of the arms was first noted at lu years. No 

weakness of hands. In child.hood he was thin with prODlinent calves. 

After iOU}& off his feet he became obese. His intel~enco seemed 

normal but his pro-'ress a.t school was belo.v avercl.&e• 

PAST lLLNES~: Whoopin& CoU&h and Mumps lll>) did not set 

him back; 14.oa.ales (10) set him back considerably. Chioken-1)ox 

(lU) af'ter iOin& off his feet. 

CQU;tW: No apparent chance over per.i.oJ 01 l year. 



CASE N01 35 

HISTCRY: Preinancy - vaginal bleeding at 3 months 

required admission to Hospital for 2 d.:\}rs. Otherwi3e normal . 

Labour normal. 

Milf;stones: 

Neonatal period "lazy" baby. 

Held head up: 6 montr.s; Sat up: 1 year; 

Stood up: 18 months ; Walked: 2tf years . 

· At the &&e ot 10 months the mother already 

suspected that he miiht have Jll.UScular weakness because her brother 

had aut'fered tram .muscular dystrophy. From the tiJne ho started 

He walked with le&a u tride, abdomen 

proainent and back arched backwards, and wobbled from aide to aide. 

He was ata.ble an hi• feot at that •ta&e. Never able to run or climb 

atai.ra. He was unable to &et up tro.!11 the iI'Ound even in infancy. 

Thore was no prominence at that a ta.&e oi' uzy muscle &roups. l4"'rom 

the age of 3 walked on toes. Diainoai$ 01' muacular d,ys trophy ado 

then. Weakness gradually progressed. 

,, very unateady and tell freql,Wntly. 

Great d.iff'icul ty in n.lkin& uphill. 

After sta.rtin& school at 

Ti.red readily while walJci.n&. 

Di.cl not cOllpl.ai.n or pain in 

auaol••. Enlargeaont ot' oalf auaclea and del toida as well aa the 

baolc. of the neck on both aid.ea tirat noted at the a&e of' 8. Muaclea 

felt firm and ha.rd. Wealcncsa pro&ressed ateadil.y witil the aie of 

9, when he fell and apra.i.ned his ankle. S t1.'apped with elas topla.s t 

and af'tcr bein& confined to a chair for a. week, \m&ble to at&nd or 

wa.lk &&a.in. · After iOirl& off feet became acnerall.y obeao, without 

o.han£e in appetite. 

Unable to raia• them. 

Weu:ness of arms firat noted at tb.e aao of 10. 

Intellectual develepment retarded. .Did not 

uke »ormal. proil'••• at aohool - only lurned to read at aae ot 12. 

:f'.AST I~SES: Measles, Chiaken-pox and Whoopina CQU&h (5) 

did not aet hia baok. 
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CASE NO, 35 (contd.) 

COURSE: There waa not auch deterioration in muscle 

power ever the period of 18 montha. 

ltuacle Biopay: 

FAMILY HISXW.Y: 

Fil• )4. 

Chara.ctcriatic ch~es of advanced czystrophy. 

Positive. 

NOTE GENERALISED OBESITY; 
~KMENT OF DEL'.1.'0IDS, 
WASTim Qli' ARMS. 
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CASE NO. 36. 

HISTORY: Pregnancy, labour and neonatal period normal. 

Milestones: Sat up: 9 months; Crawled: 13 months; 

Stood: 16 months; Walked: 2 years. 

At about 3 noted that he tended to "plonk 

his feet down as if' :t"lat-footed." He was never able to run normally. 

Initially seemed to go up steps normally. Muaclea normal in 

appearance. At 4 years the calves became "firm, fat and rO'..mded" and 

a di.ainoais of dystrophy was made. 

At the a&e of' 5 he had a definite wa.ddl.in& 

~ai ~ with lordosis of the spine. The calves seemed to be increasing 

in size and became very hard. Still walkin& on the flat of his feet. 

From the Elie of' 5 he got up in the typical d,ystrophic manner. 

After star ti~ school he tended to be knocked over more r ead.l.ly. 

From the ~e of' 6 he walked on his toes and from that time was also 

unable to get up after fallin&• No pain in muscles. Tired readily 

and his limit came down to about 50 yards. Went off his feet at the 

age of 7!. II Suddenly he was 1.U18.ble to walk one morning ... Marked 

increase in weight frcm 8. From the a~e of 10 weakness of the arms 

noted and also weakness of the neck. Mental developmem.'t r .ather slCM'. 

PAST ILLNESSES: Whoopi~ cough (4) and M.umps (5) did not set 

him back. Measles ( 5) made him considerably weaker. 

Appendicectooiy (ti). 

COURSE: No apparent ohan.;e in 2 yoars. 
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CA.SE NO ,36. 

Fi • ~ .3;, • G-ENER!,.LISEV OBESI'f'" . 



CASE N01 37 

HISTORY: 

Miles tones: 

Walked: 2 years. 
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BWN: 22.8.4} 

Pregnancy, labour and neonatal period normal. 

Sat up: 9 months; Stood: 20 months; 

Walld.?li was slow but gait normal. He tended 

to fall frequently and wa.s\ll'Ulble to get up. ("no muscles in his arms"). 

Never able to climb stairs. Def'inite weaJcness of arms at 7. Walked 

reasonably well till 8. Had to be pushed to school in a pram, but 

walked hOnie alone (1-:} miles). After 8 walked on toes and waddled 

from side to side. Weakness pr~ressively worse. More frequent 

f'alls. Stopped walking soon after 8. Continued to crawl f'or a 

period after that. 

muscles. No pa.in. 

PAST I.LLNES~: 

not set him ba~k. 

COURSE: 

No difficulty in swallowing. No swellin& of 

Measles, Mumps. Rubella, Chicken-pox did 

Prone to repeated bouts of upper respiratory 

infection. Slow progression of muscular weakness. Oontractures 

also present in finger flexors and r~ht thumb f lexors with no 

apparent prozression. 
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CASE NO 37. 

Fi.J;. .36 - .37. J!.4UINOV~ US Dfil,ORMITY. HYPOTOl\'IA 01'' HIPS. 
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CASE NO. 38 BORN: 21.9.4-7 

HISTORY: Pre&J18.IlCy, labour and neonatal periods normal. 

Milestones: Moved his limbs but uJS.de no effort to hold his head 
up or to sit up. When lifted by the armpits he was flabby and slipped 

through. He sucked normally and had no difficulty with swallowing. He 

had normal sphinoter control after the age of 2. 

From about l year he shuffled along on his 

buttocks when put into a sitting posture. At 3 he learnt to ri"de a 

tricycle. His muscle weakness appeared to be stationary. At 5 years 
he wa.a first admitted to hoepi tal. He was WlAble to sit 1.,g) t'rom the 

supine position but could maintain a sitt~ posture when helped up . 
He had dif"ficulty in abd..icti.ng the arms. Fower in the hands was 

relatively t,OOd . Bilateral elongation of the tendo .Achilles was per farmed 

for his equinu.s deformity of the feet and a bilateral Souttar's operation 

for ce11tractures at the hips. A celluloid spinal jacket and neok support 
were supplied. Post-operatively he was able to walk with a walking 

machine. Hia condition continued uncha.nged and he was able to walk short 

di.stances holding onto objects. At the age of 8 he managed to walk a 

distance of 10 yards ww..ided. He repeated this several times. The 

fol.Lowing ~ he was less proficient and was unable to repeat it after that . 

The power in h:i;.s arms and legs showed lit t.le aha..n&c. 
He coulu still ride a tricycle and was able to feed himself with his elbowa 

sup.ported. No enlargement o1' any muscles was no t.ed at ~ time. He was 

always sli,.hUy built and the flli.lSCles seemed t 0 be wasted . 

was normal. 

His in tel ~ence 

FAST Irn5ti.ES: Prone to recurrent coughs o.nd cold.a aince i.Ji.fa.noy. 

Pnoumonia on 3 occasiorus. 
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CASE NO, 38 ( contd.) 

COlJRSE: There was no obvious change in his con:li tion over 

a period of 6 months. He was bright and cheerful and of normal intelligence. 

He died of 1meumonia at another hospital in February, 1959. 

was performed. 

Electi·omyograpbY: 

Serum aldolase: 

Typical myopathic pattern. 

5.4 units (normal). 

No autopsy 

COMMEIIT: This case, al though a typical) has been included on 

the basis of the electromyographic pattern as a possible congenital form 

of the disease. 

:Pit;. 38 NOrE EX.'l'lOOir.: GJ!:.NE.HALISED WA..")TING; 
WEAKm.:ss 01" Nb:CK; ABSENCE 01'1 D.filt'ORMITIJ::~ IN .r'.b:l!;T. 
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CASE NO, 39. 
BORN: 9.2.42 

HISTCEY: During the second month of pregnancy mother had a 
mild cerebrovascular episode a:t'f'ecting the left side of her body; 
recovered within 3 days. Foetal movements were normal. Caesarian 

Neonatal. period normal. 
section at term. 

Miles tones : Sitting up and standing were not delayed (age not 
remembered) ; walked: l year. 

No abnormality was noted till the age of 4 when he 
had dif t'icul ty in climbing stairs. His gait became waddl.in&. A diagnosis 
of 'neurasthenia' was suggested. His calves were prominent. The weakness 
in the legs gradually became worse. He began to fall and was unable to 
get up from the i,I'Ound without assistance. 

After the age of 6 the falls became more frequent. 
A ~noais of muscular d,ystrophy was made at that st~e. At the age or 
8 he was confined to bed for 2 weeks with severe int'luenza. He developed 
contraotures at the knees and was Wlable to walk again. 
deformities · of the feet developed after that. 

Equine varus 

Weakness of the arms was first noted at the age of 
10, and by 11 he was unable to abduct or flex the arm at the shoulder and / 

"had to advance his hand along a table by stepwise movements of the fingers 
and palm." 

He gained weight after going off his feet and at one 
stage reached 10 stone. From the age of 11+ he denloped anorexia and hia 
we4'ht d•clined steadily and waa only 6 stone on admission in 1~5& . 
Intel~ence seemed normal but he made little progress with home tuition. 
PAST IILNES~: Measles (l), Pertussis (1). 
COOW:IB: When first ext1Jnined (September, 1957) there was 
marked generalised wast~ and emaciation. H.Ls wei&ht had declined to 



CASE NO, 39 (contd.) 

4! stone. There was almost complete paralysis of all limbs and active 
movement• were restricted to the hanus and feet . The facial muscles 
were also severely aft'ected. In the course of the next 6 months there 
was a further decline in his weakness. 

In July, 1958 he died of pneumonia and a pleural 
effusion which failed to resp ond to treatment. 
AUTOPSY REPORT: All the muscles of the neck , thorax and abdomen, 
and the four limbs were ~rossly waste<.1 arm had a distinctly yellow colour . 
The amall muscles of the hands and feet were less ai'!'ected but did have a 
yellowish ~e. The ilutei maxi.mi appearea to be compl~tely replaced by 
.fat. The heart snowed no macroscopic abnormali t:, and the coronary 
arteries and great vessels were normal. Both pleural cavities contained 
considerably quantities of fluid, that on the left was straw-~olci...:red and 
clear while that on the right side was cloudy ruid haemorrhagic and looked 
like an early empycma. The larynx, tracl1ea and the large ani sma.l.J.. bronchi 
oontainea considerable amounts of ten.aceo~ mucopus. Both lungs "'-ere 
oedemato..l.S and the right lower lobe showed earl:,r _lJneumonic consolidation. 
The surface of the brain appeared congesteJ. but showed no other abnormality 
on section. 

His to logy: Of the muscles examined, the tibialis anterior , 
sacrospinalis, biceps brachii anJ g l uteus maxi.mus were more severely 
affected thari the psoas and. gas trocnemius. In all these muscles there 
was extensive replacement of' muscle by fat w-ith varying numbers of small 
v-oups of muscle fibres runn:i.ng through it. The muacle fibres varied in 
size, some being enlarged and rounded and conta~ internal nucle.1., while 
others were extremel,y small. The cross striations were preserved. There 
were a number of collagenoua septa between the groups of muscle fibre s 
and n condensation of collagen around the blood vessels and nerves. 
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%$ NO. 39 (contd.) 

The lumbrical muscles were also affected and 
contained fibres of varying diameter. There was a str~ increase of 
collagen but no fatty infiltration. The sternomastoid.s also showed early 
involvement with some enlarged fibres, some in a stage of acute degeneration 
and some very small. There was no fatty infiltration. The external 
ocular muscles also showed early changes with enlarged rounded fibres and 
proliferation of aarooleaal nuclei. The tongue was also affected by the 
disease. The JIO'oe&rdi\.111 contained extensive plaques of coll~en which 
were apparent ot the naked eye in the Van Gicaan preparations. 

Other organs: Sections of the suprarenals, thymus, thyroid, 
pituitary, kidneys, testis, gasserion ganglion and superior cervical 
ganglion showed no abnarma.li ty. 



CASE NO, 4-0. 

HISTORY: 

.Milestones: 

.,. 15'6 

BORN: 7.2.45 

Preinancy, labour and neonatal period normal. 

Hell head up: 8 months; Sat up: 15 months; 

Crawled: 15 months; Stood. on ovm: 2 years; Walked: 2i years. 

No abnormality noted until the age of 5 when he 

star teci t::> walk on his toes and fell frequentl). He wobbled from side to 

Difficulty in getting up Unable to run or climb stairs normally. 

after falling. Climbed up his legs in typical dys trophic manner. No 

enlargement of any muscles noted. Occa.sional pain in muscles. Tired 

read.l.ly. Weakness ot' the arcis first noted at the age of 6 and a diagnosis 

was made at that st8i;e. Went off his feet at the age of 9 followed by 

increase in weight. 

mentally defective. 

PAST ILI,N~SES. 

right femur ( 9/'J 7) • 

FAMILY HISTORY: 

COURSE: 

period of 3 years. 

j'). OBE~ITY. 
\-::l'l'l'AL wll<',,. :'I'. 

Gross mental retardation; ineducable; certified as 

Measles, l.lurnps, fractures of left femur ( 5/57), 

Positive. 

There was a slight decline in muscle power over a 



- 197 -

CASE NO, 4;1 BCBN: 2. 7.48 

HISTCRY: Pre&n,ancy, labour and neonatal period normal. 

Milestones: Held head up: 6 months; Sat up: l year; 

Crawled: 18 months; Stood: 2 years; Walked: 2 years 3 months. 

From the ~e of 5 he tena.ed to walk on his 

toes and fell frequently. Waddled from side to side. Unable to 

run or climb steps. Di.i'ficulty in getting up after fallirJi. 

Did so in typical dystrophic manner. No enlargement of muscles 

noted. Complained of pain in muscles. '!'ired readily. Dia.~osis 

at 6. Went off his feet at the age of 9 after gradual progression 

of weakness. Weakness of arms observed a.t a.ge of 11. Similar 

appearance to elder brother ( case 40) • Mental development 

retarded. 

PAST ILLNESSES: Measles, Mumps did not set hi.tr. back. 

COURSE: There was a slight proiression of the weakness 

over a period o1: 18 months; and early contra.ctures of the knees 

developed. 



CASE NO. 4::?. 

HISTORY: 

Milestones: 
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BO.ltN: 28. 2 • .50 

Pregnancy, labour and neonatal period normal. 

Held head up: 6 months; Sat up: 1 year; 

Crawled: 15 months; S toad: l} yea.rs; Wal~e1l: l year 10 rnon ths. 

The onset seemed slightly later t~an his two 

elder brothers (cases 40 and 41). A dia~nosis wus suggeste<l at 6 but 

the parents did. not notice any abnormality till the age of' 7 wher, he was 

walking on his toes and fell f'requent.ly. There was a marked waddle 

to his gait. 'Nhen falling he got uv by supportir.,g his hands on his 

le.;s. He was unable to run or to . cl unb steps normall:,. Weakness 

was noted in the shouliers at the age of' o. No swellin.:.. of any muscles 

Yfas noted.. He di:i not complain of pain in the muscles, bt1t tended to 

tire readily. 

PAST lLLl;ES~ES: 

1"A1:ILY HISTORY: 

COURSE: 

Ment.<1.l devcli,pme11t retardeJ.. 

Measl·,s anJ m'..:IT19s (? age/ diu not set hi."Il back. 

Positive. 

When first seen at the age of 8 he walked with 

a slight waddle which was accentuated with attempts to run. He was 

able to negotiate broad stairs one at a time, and got up from the ground. 

with relative facili t,y; he momentarily supported the left elbow on the 

left knee while doing so. In the course of two years there was a slight 

but definite decline in his muscle power , ' 4t'1'.d. increased difficulty in 

getting up from the ground. His back muscles were relatively strong 

and he dia not "climb progressively up his thi.;hs with his hands." 

There was a more marked waddle t? the gait. He still walked on the 

flat of his feet. 
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CASE NO. 4-3. BORN: 29.3.47 

HISTORY: Pregnancy, labour and neonatal period normal. 

Milestones: Held head up: 4 months; Sat up: 8 months; 

Stood: 13 months; Walked: 16 months. 

At the age of .} he walked "as if he had a stone 

in his shoe." There was also difficulty in lifting his feet and in 

ietting up steps. He seemed hesitant and nervous to climb. He diu not 

fall much. No abnormal appearance of muscles. At age of 4 waJ.kini 

became worse and he dragged his left foot. Still stable on feet. At 

age of 4J dl.ai:nosis of !'lat feet made and shoes wed.r.ed. Weakness 

progressively increased. After tonsillectomy at 52 (in bed 8 days) 

his muscle power deteriorated considerably. This was followed by 

measles (in bed for a week) which set him back further. He was still able 

to walk on the level but had &reat difficulty climbin.; stairs or getting 

onto a bus. Walked on soles wi t rj wadu.ling gait. 1',rom the ae;e of , 

began to fall more frequently and ~ot up in a tn)ical dys trophic manner. 

After ~e of' 7 no lon.er abl e to get u_p from ground on own. DiaI,;nosis of 

muscular aystrophy then made. ..b;nlargement of calves noted at that time. 

Trial of Vitamin Eat the age of 8 without effect. At the age of 8 he 

fractw•etl his ri~li t ankle . After being imrwbi.lised for 3 weeks he was 

U11i:1.ble to walA a~air.. He continued to cruwl for a fevr months . 

I,o weai·mess not.iced .1J1 arms . AvercJ.[;,e intelligence. 

COLI~: 'rhere was no marked change in his muscle power 

over a eriod of 2 yea.l's. 



CASE NO, 44 

HISTffiY: 

Milestones: 
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BORN : 12. 2 .li-3 

Pregnancy, labour and neonatal period normal. 

Sat up unsupported at 6 rnon ths. 

At the a.ge of 9 months he contracted poliomyelitis 

affectil'li mainly the left leg, the neck and the abdominal muscles. 

After 6 week.ci at another hospital he was transferreu to ...i. Ai •• H., in December, 

1943. His muscular weakness improved very slov,ly. He developed a marked 

valgus deformity of the left foot, for which an elOJ1iation of the peroneus 

lor,&us was performed in Febniary, 1947. The d.eI'ormi ty recurred and the 

foot was manipulated and kept in f,laster for a prolo~ed period. 

very slow i11 learning to stand and walk. 

He was 

By December, 1947 he was able to iet about with the 

aid of crutches. There was weakness of the right leg as well. The 

walking iradually improved. A double wa.lkin.; calliper was fitted in 

February, 1948. 

By February, 1949 he got about with only a left 

calliper and sticks and in April, 1949 he could walk without a calliper 

or sticks. He still had a valgus deformity of the lef't foot. In June, 

1949 there was a flexion contracture of the left hip which was treated 

with traction and physiotherapy. A closed tenotcmy of' the peronei was 

performed for the deformity of the foot. He was able to walk after that 

wi tn a left calliper and sticks. Durin& the following yeax he developed 

oontractures of the right hip flexors and the hrunstrin&s on both sides. 

This handicapped his walking and by April, 1951 he could scaroely walk 

or stand at all. The flexion contractures at the hips could not be 

improved by atre t chi.n.g and a bilateral Souttaz·'s operation was performed 

witJ: unsatisfactory result. Ir. October, 1951 he had a bilateral 

manipulation and st.retching of the hip flexors and tendo Achilles. 

TenotOIJl, o:t' tne tendons behind the knee was also performed. 

operatively he had ireat difficulty in stand:l..ni or wal~. 

Post-
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CASE NO, 44 (contd.) 

In April, 1952 weakness was noted in the upper 

limbs and the back. In view of the apparent deterioration in his weakness 

a ~osis of .muscular dystrophy was sugicsted. A year later he could 

only get about with the aid of a waJ.kin& ma.chine. At th.at stage it was 

augiested that the whole clinical pattern mi&ht fit in with one d.i.a.gnosis, 

pro~rcssive infantile spinal muscular atrophy (Werdnii-Hoffrnann' s disease). 

In May, 1954 he lost the ability to get about with 

the walking ma.chille • His muscular weakness deteriorated steadily, and by 

December, 1956 there was marked generalised weakness with practically no 

active movement present in the shoulder, hips, knees anci elbows , and there 

was marked talipes equine valgus deformity of the feet. 

gradual decline in his weight. 

EXAMINATION: (January, 1958). 

There was a 

M.usculoakcletal System: Gross generalised wasting of limb and trunk 

muscles. No enlargement of any muscles. 

Defarrn.i ties: Contractures were widespread and there was 

limitation of movement in the followin& joints: 

Shoulders Abduction 900 900 

Flexion 45° 45° 

Extension 20° 20° 

Elbow Exten8ion 800 800 

Flexion full 

Supination: fixed position with no 

pronation of supination possible. 

Wrists .£t'lexion 30° 00 

.h!xtension 00 300 

Fin&er flexors all had marked contractures. 

Back Fixed contra.ctures ol' apina.l extensor• 

ca.using uniform lordosis. 
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CASE NO. 41+ (contd.) 

Hips (Range of movements) 00°- 135°; 00°- 150° 

95 - 135°; 95 - 135° Knees 

Ankles 

Toes 

II 

marked equinus deformity. 5° range of 

residual movement. 

Contractures of flexor muscles; 

more severe on left. 

There was gross generalised weakness. Active 

movements in limbs al.most restricted to the wrists, fingers, ankles and 

toes. i'acial muscles and ton&ue normal. 

Reflexes; 

Other Systems : 

All absent. 

Ca.rdl.ova.scular: No apparent cardiomegaly but 

apex beat heaving in nature. Harsh systolic murmur at apex and pulmonic 

area. Second sound at pulmonic area markedly accentuated. Blood pressure 

120 systolic; diastolic?. Peripheral pulses present. Mottli11£ and 

dusky cyanosis of both feet and legs, which felt objectively cold. Skin 

of hands and feet smooth and atrophic. Chest e.xpa.nsion lilni.ted to l inch. 

Lungfields clear. Secondary sex character!. normal. Intelli&ence above 

aver~e. 

COURSE: By December, 1958 there was a further rapid 

deteriora. tion in his cond.i ti.on. The was ting was more profound and. the 

contractures more marked. He canpla.ined of difl'icul ty with swallowi~ of 

solids and to a lesser extent, of liquids. Fluids sometimes re~ur~itated 

through the nose. 

toneue or palate. 

On examination there was no apparent wec..kncss of the 

In September, 1959, he had an episode or nasal 

This 'l\'8.S followed by intermittent <zys,noea. 

at rest, slight peripheral and central oya.nosis and evidence of right 

3ided consolidation or the lung. There was s. marked tachycardia and 

cardiomegaly, but no other eyidenoe of cardiac failtD:'e. X-ray of the 
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CASE NO. ~ (contd.) 

chest ahowed an enlarged heart but no consolidation of the lwi.s. 

:m advanced myopath:;. 

of fibrosis . 

SPECIAL lll'{t<~TIGATIChS: 

ElectrQSYography: 

He died two d.aya later. 

At autopsy the findi.P...gs were consi2tent with 

The heart was enlarged and showed a severe detree 

Typical mycpathic pattern in ri~ht , and denervation 

pattern in lcft.tibialis anterior. 

Consistent with diagnosis of myopathy + old 

poliomyelitis. 

~rum Aldolase: 15.5 units (raised). 

AUTOPSY REPORT: All the skeletal muacles with the exception of 

some of the suboccipital muscles were severely affected. The tOI1&ue was 

large (weight 115 g). The heart was enla..rged ( 130 g) with dilatation 

of the left ventricle and hypertrophy of the riiht. In the anterior wall 

of the left ventricle there were a nUlllber of areas of fibrosis resembling 

old inf arc ts. The oonsis tency of the muscle was firm and rubbery. 

The coronary arteries were ama.11. There was a patoh of atherane. in 

the proximal l om. of the right coronary artery. The great vessels 

were normal. The lungs were oedematous bt.. t there was no evidence of 

consolidation. The liver showed chronic passive congestion. The 

spinal cord looked normal externally but the anterior nerve roots in 

the left lumbar-sacral re&ion were markedly thin ancl g,rey and the ·rig.ht 

lumbar anterior roots were slightly grey. 

HIS TOL(X;.Y : Muscles of the arms and legs showed severe 

involvement by the dystrophic process with almost entire replacement by 

fibrous tissue and a variable amount of fat. Muscle spindles appeared 

normal. The muscles from the lef't leg showed almost complete replacement 

by fat and the residual fibres showed no evidence of dencrvation consistent 
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CASE NO. 44, (contd.) 

with polioa.yelitis in inf'ancy, Sectiona from the diaphragm and rectua 

capitis major showed less severe involvement than the limb muscles. 

The striated muscle of the oesophagus was also affected by the dystrophic 

process . There was variation in fibre size, internal nuclei, necrosis 

of fibres and intersitial fibrosis. 'l'he smooth muscle was normal. The 

smooth muscle of the bladder and ileum was not affected. The cardiac 

muscle contained numerous patches of collagen and extensive diff'uae 

interstitial fibrosis. 

infarction was present. 

No evidence of active myocarditis or recent 
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CASE NO,~ BORN: l.8.11 • ./+.5 

. 
HISTORY: Pregnancy~ labour and neon.a tal period normal. 

First 01· twin (vertex). 

Milestones: 

frequently. 

Sat up: l year; Stood: lcl months; Walked: 2 years. 

Nothirig abnormal noted until 5 when he began to fall 

Able to 6et up on his own after fal~. Laughed. at himself. 

After the age of , he became weaker ancl tended to fall more frequently . 

Diagnosis .lll8.de at that age. Climbed up hirr.se11· ir, typical d,ys trophic 

manner. Walked on his toes :from the age of 7. No l~er able to ,et up 

frcvn the floor after the &ie of 8 . Crawled about actively after that. 

Unable to climb stb.irs unaided. 

precipitated by any episode. 

Went off his f eet at the age of 9. Not 

No weakness of arms noted. No swelli.n.& 

of muscles appare1 ,t. Complained of' muscle pain. Rapi<i increase ir. wei&,ht 

after "oin~ off his feet . Mental development apparently normal. 

PAST II.LN™S: Chicken-pox, Whooping c~, Measles did. not set 

him back. Fracture of left tibia at 10. 

COURSE: There was minimal c~e in his condition over a 

period of 3 years. There was mottled cyanosis of the hands and feet and 

non-pitting oedema on the dorsum of the feet~ 



CASE NO, 46 

HISTORY: 

previous child. 

Milestones: 

2 06 -

BORN: 13.•.4-5 

Pregnancy normal . :V'oetal movements less than 

Labour and neonatal periods normal . 

Sat up: 16 months; 

Held head up: 14 months (but was not floppy) ; 

Stood: 18 months; ·Nalked: 2 yea.rs. (Elder 

sister had normal miles tones) • 

His ~ai t was abnormal frooi the be"~. 

He walked on hi~ toes wi tb forward stoop. He seen,eJ. ww.ble to walk 

erect. He was never able to rtu-i and coulo. not climb stairs w.i.thout 

way under h.llr,. " 

some support. 

He fe 11 frequer. tly; "his legs simply gave 

He was unable to iet up from the .round without 

The c«.lf muscles we1·e prominent. He tired readily 

afttr walk.in~ short distances. His weakness pro.;.ressed ~adualzy, 

he f'~Jl more fx·equently and had increasing difficulty with walk~. 

He went off his ft>et at the Sie of 10. Weakl1ess of his arms was 

first noted 2 months later and has 4'radually increased. Mental 

development appeared normal but little pro.;ress with hane tuition. 

P.AS'l ILLNE.S~~: Rubella (4) had no effect on muscle i,ower . 

CuURS.c.: No follow-up possible. 



CASE NO. 47. 

HISTORY: 

Milestones: 

Walked: 2 years. 
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BORN: 2.10.43 

Pregnancy, labour and neonatal period normal. 

Sat up: 6 months; Stood: 7 months; 

From the be"iruiizl& his iai t seemed abnormal. 

He was wistable and had a sway. Always canplained of' tiredness. 

Did not fall muc.n. Nothing unusual in appearance of muscles. 

No canplaint of pa.ui. Gradual progression of weakness. Had to 

be helpec.l up steps. Man~ed to walk to school nearby. D~nosed 

at 4. Prooiinence of calves noted at 10. No weakness observed 

in arms w1til after ~oi~ of'f his feet at the ~e of 12. 

lntell~ence normal. 

Ca.JRSE: His rate of progression was slower than 

average. At ~e of 15 he could .et from his wheel-chair into his 

bed, and also able to turn over. No deterioration waa observed over a. 

period of 2! years. 
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CASE NO. 4,8. 
BORI,: 23 .1.43 

HISTORY: Pregnancy, labour and neonatal period normal. 

Milestones: Held head up: ~ months; Sat up: 7 months; 

Stood: 12 months; Crawled: 12 months; Vlal.lr..ed: ld months. 

Mother diJ not observe any abnormality in 

gait or activity w1til he started school at 5. Then noted that his 

gait was unusual a.nd he tended to lean forward on his toes. Abdomen 

proori.nent with walkina;. ·Nalked to and from school ( 2 mile) without 

tirir~. He was Uiiable to run normally and had Jifficul ty in 

climbil\;,. steps. From the aie of 7 fell f'req_uently. Unable to 

get up unsupported after doir,, so. Walkin.;; ~adually deteriorated, 

and he tired readily and complaine, t o:t' occasional pain in lei 

muscles. Heakness and wastiv.., cif arms and weakz,ess of back noted 

at ':). At the a,e of 11 he was still walkin~, but only short 

distances and with great di:f:ficul ty • He went off his feet at the 

~e of 12. No enlargement ot' any muscles noteu.. His to~ue was 

abnormally large. After ~o~ uff his feet his wei&ht declined. 

He develcped progressive scoliosis and was fitted with a brace which 

he did not wear. Mentru development normal. 

PAST ILU&SSES: Chicken-pox and measles (in:fancy) did not set 

him back. Pneumonia (14). 

F~ULY HISTORY: Positive. 

COURSE; Slight deterioration of power over period 

of· 18 months. 

Muscle Biopsx: Characteristic changes of advanced ~strophy. 
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CASE N01 l+9 

HISTORY: 

Miles tones: 
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BORN: •.3.4-9 

Pre~nancy, labour and neonatal period normal . 

Held head up: 4 months; Sat up: lG months; 

Stood: 18 months; Walked: 2 years. 

stable on his feet. 

readily. 

His iai t appeared to be normal and he was 

However, he was unable to walk fast. and tired 

In November, 1954, he attended another hospital 

with his elder brother. It was noted that he had "poor rosture" and 

was "sli~htly retarded." In Larch, 195.:, they recorcled that he 

"tends to be slow and ~a.inly in risi!li from floor. Calves large 

and tight." 

In November, 1955 he was admitted to hospital 

with par~ tic poliomyelitis whic.i. af1 ecteJ mainly the left ar!T, and 

both shoulder i;irdles and to a. lesser extent tnc ri~.ht upJ:>er ar:n ar.i 

He made satisfactory 1.1rot;;ress anu was dischar"ed in ,Tanuary, 

1956. His walking was ~ood but very slow. In January, 1957 he 

injured his left ankle. A below knee plaster was applied ii. which 

he ~ot about qu.i..te well for 6 weeks. He wa.s fitted vrit.h a hiih 

c,<1J..liper, and walked with d.i1'fi.cul t;,. His 1 ef't foot tended to 

.invert. Hi~ walk.in~ detcTioroted rapi~lJ and after June, 1957 

(~ed 8) he could no lon&er walk. There wns some weakness of the 

back arHl arms at that time • There was no .t-~1 il, the muscles . 

His intellectual pro(.)ress was subnormal. 

Poliomyelitis (5), Ankle injury (7). 

~'Al,l.ILY HISTORY: Positive . 

COURSE: Previous poliOCtyeli tis indicuted by absent 

reflexes in the left le~ and brisk ankle jerks, tibial taps and 

plantar taps on the rii,;ht side. The power of some muscles on 

the left was slightly less than on the ri~t. No deterioration 

Wd.s evident over a period of l yea:r. 
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CASE NO, 50. 

HISTCRY: Pregnancy, labour and neonatal period normal. 

Milestones: Held head up: 3 months; Sat up: , months ; 

Stood: 15 months; Walked: lb months . 

Initially no abnormality was noted but at 2! 
his mother observed that his iait was waddlin&. He was never able 

to run normally and had difficulty in negot:i.atin& steps an;i even the 

pavement. He fell frequently and from the a.&e of Ji climbed up 

himself. At that s~e he could walk the 4 mile but tended to tire. 

There was prominence of the calf muscles. 

He gradually became weaker and fell more 

frequently. At the aie of 4 he was WlB.ble to sit up from the supine 

and there was also weakness of the arms. By 5 his waJ.kini had 

deteriorated markedly and he had a marked waddle and lumbar lord.osis. 

After the 8.ie of 7 he could no longer walk. The pc,.ver in his arms 

iradually declined after that. At the age of 9 he developed a 

scoliosis of the spine and there was weakness of the neck and back. 

He cwld sit unsupported till the aie of 10. His feet tended to 

become blue and cold. From the time of iOi~ off his feet he became 

thinner and his muscles became wasted. No dii'ficul ty with swallowifli 

but "chewin~ seemed an effort." Intelli~ence seemed normal and he 

was sharp and bright but he was behind in his schoolin.. 

PAST 11.LNK~S: Whoopiui Cough (1) , Measles (7), chronio 
constipation (7) did not affect his muscle power. 

FAMILY HISTORY: Positive. 

There was a stead.)' decline in his muscle 

power. He was prone to con~tipation to the extent o.f requir~ 

colonic washouts. He died of a respiratory in1'ection. 
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CASE NO . 50. (contd. ) 

AUTOPSY RBPORT: Symmetrical. -.a ti.n& of entire musculature except 
for face ; especially marked in shoulder ~irdle , upper arms and thighs. 
Muscles very pale , r ather fibrous and occasionally fatty. Intercostals 
approached normal colour. Nervous system - brian moderately congested ; 
spiml oord: no ex terna.l abnor.ma.J.i ty . Respiratory system - collapse 
of both lower lobes. Fibrous thickening of pa.rench.yma. of lU?lis • 
Purulent exudate in bronchi which were moderatel y inflamed. 
Cardiovascular system: heart (128 i) ; myocardium, valves , coronaries 
healthy . Colon contained numerous scybali. Liver normal. 
His to lop;: There was sub-per ica.rdial fatty infiltration 
and patchy fibrosis of the myocardium and sub-endocardial fibrosis 
in papillary muscles . i<'ibrosis also seen around vessels. T~ue : 
sane variation in fibre stainin&, ? s~nificant. Several foci of 
abnormal fibres with macrop~es or inflammatory cells around them. 
Central llervous System - no abnormality. 
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CASE NO, 51 B<EN: l.6.12.47 

HISTORY: Pregnancy, labour and neonatal period nor.ma.1.. 

Milestones: Held head up: 3 months; Sat up: 5 months; 

Stood: 13 months; Walked: 17 months. 

Initially his gait and muscle power appeared 

to be normal. He could run and iet up and down steps. At the age 

of 4 he be,an to walk on his toes and his calf muscles became 

prominent and hard. He was unable to walk on his flat feet when 

encour8.ied to do so. He was stable on his feet m1til the a&e ot 5 

when he began to waddle and was prone to fall. He got up in the 

typical eys troph1.c manner. A dia~nosis was made at that s ta&e. 

He continued to walk to school until the 

At that time there was some weakness of 

the arms. 0.lI'ing the followi.~ yea:r he became more unstable 

on his feet and was transferred to a special school. The 

deterioration in his walki~ was iradual but became more rapid 

prior to ioing off his feet at 9. He continued to crawl about 

for some time. Intelligence normal. 

;EAST ILLNES.::IBS: Measles (o), and Chicken-pox (cl) did net 

affect his muscle power. 

QOURSE: There was a slight pro~ession of 

weakness over a period of 6 months. 
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CASE NO, 52. 

HISTORY: Pregnancy, labour and neonatal period normal. 

Milestones: Held head up: 2 months; Sat up: 5 months; 

Stood: 10 months; Walked: 14, months. 

Ini ti.ally he seemed quite normal, but from 

the aie of 18 months he walked with a sli&ht wa<.lcUe and was prone 

to fall. He was able to iet up from the floor, but wi tr some 

difficulty. No apparent deterioration in the foll~ o months. 

COURSl:.:: He had the characterist.1.c f eatures of early 

disease . No follow-up possible. 
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CASE NO. 53. BffiN: 5.12.42 

HISTORY: :B'oe tal movements reduced. 

and neonatal period otherwise normal. 

Milestones: 

bef'ore l year. 

Sat up: 1 yea:r. Slow in sit ting up - not 

Walked: approxi:na.tely li-2 years. 

From the be~innin~ walking was hesitant and 

he seemed to lack coni'idence. Gait appeared normal initially and 

he was able to walk u1, steps but tended to fall r'req_:.iently . At 

~e of~ dia~nosis of rickets suggested for slowness and 

unsteadiness of &a.it. Grau.ual deterioration in walld.n.. Progressive 

diff'icul ty clirnb~ steps and iot up from f loor by pull~ h.L::self 

up aiains t a chair or object. Afte!' star"ting school at age of 

5 he walked on his toes, was less stable on his feet and fell more 

frequentl • .L)iai;;nosis at 5!. No apparent swelling of any muscles. 

No pain in any muscles. Weakness of arms observtd at •• 

Unable to wb.lk after age of 7. Weakness 

noted in neck at 9 years and back at 10 yea:rs. t,iental development 

retar<led; cons.;.d.ercJ.. to be educationally s ubnormal. 

PAST IWIB.SSBS: Chicken-pox and measles di..i not set hi.'n back. 

COUR3E: There was a iradual decline in his muscle 

:pov,er over a period of 2 years. In November, 1959, follovrl.ni 

coryza for 2 days, he collapsed, was distressed and cyanosed and 

became unconscious. There was a tachycard.ia 1 and Cl'epi ta tions 

were present over both lungfields. He died 3 d.ays later. 

AUTOPSY REPORT: There was a thick layer of subcutaneous 

fat. Most of the proximal limb muscles were very wasted and 

almost completely replaced by fat. The forearm muscles, the 

intercostals and the dia.phr~m were less severely affected. The 

small muscles of the hands and the feet, the sternomastoids and 
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CASE NO. 53 (contd.) 

the strap muscles of the neck and larynz were relatively well 

preserved. The heart was not enlar~ed but the myocardiUJll of the 

left ventricle contained several areas of fibrosis. The coronary 

arteries and ireat vessels were normal. The trachea and bronchi 

contained abundant mucopurulent secretion. The left lung was 

markedly compressed by the scoliosis and the lower lobe was a.l.aost 

airless. The right ma.in bronchus contained thick tenaceous mucus 

and the upper lobe was collapsed. Generalised acute fibrinous 

peritonitis was present and the spleen was covered by an acute 

fibrinous exudate. The endocrine ilands, the tea te s and the 

genito-urillary tract were normal. The brain and spinal cord 

appeared normal. 

HIS'.rOL(l;.Y: 

muscular dystrophy. 

The muscles showed the c~es of advanced 

The lumbricals, diaphr~ and temporalis 

muscle were less severely affected. 

was normal. 

The central nervous system 
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CASE NO, 54-

HISTORY: 

Milestones: 
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BORN: 2 . 11. 47 

Preinancy , labour anJ neon.a tal .Period normal . 

Held head up: 4 months ; Sat up: 8 months ; 

Stoud: 20 months; Walked: 22 months . 

His mother was worried by the de~ in 

holding his head up and thought that there was sane abnormality. 

When he started walking his gait seemed unusual and he wad.d.led from 

side to side. He fell frequently and ~ot up by climbing up his 

He was unable to climb stairs normally and could not run. 

His calf IJTWicles and shoulders were prominent at 3. Diagnos ed at 4. 

His w-d.lking gradually deteriorated, 

pb.Iticularly after the a.;e of 5. He tired very readily. There 

was no pain in his musclee. at any ti.'I!e. He was no lonier able t,::> 

walk after the ~e of Bi. No weal:..ness apparent i.n the arms. He 

occasionally had difficulty with swallowing and tended to choke 

when eating. His to~ue appeared abnormally lar~e. He ioained 

wei~ht after iOing off his feet. His intellilence was difficult 

to assess because he was always " of a dreaIIJiY temperament and very 

introverted .• " 

Pertussis (4) , Scarlet fever (5) , 

Chicken-pox ( 6) and Measles ( 11) did not affect his muscle p owe1·. 

courGr.:: No · chai~e observed in course of , months . 
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CASB NO, 55. BORN: l.}.4.45 

HISTORY: Pregnancy, labour and neona. tal period normal. 

Milestones: Held head up: 6 months; Sat up: 8 months; 

Stood: JJ+ months; Walked: 16 months. 

lni ti.ally his ~ai t was unusual in that he 

walked. un his toes with his arms above his head. However, his 

parents were not disconcerted about it at that stage. He seemed 

able to ~et about and run normally, but tired after walking lo~ 

distances. From the age of 3 became hesitant to step down f'rorr, the 

pavement or Jown stairs. He had great J.if'ficul ty in getting up 

steps and did so on all fours . When startine school at the age of 

5 he had great difficulty in wal.k::i.n& to school uphill and had to be 

taken in a push-chair. Tended to be knocked 0ver very easily at 

school. After the age of 6 started climb~ up himself in a 

t;:,,pical ~stro1Jhic manner. Had very well developed calves at that 

sta&e. From the ~e of , he walked on his toes and seemed unable 

to put his feet flat . D1a&nose<1 8.-"t •i• 

At the ~e of 7, after being in bed for 

2 days with rubellu., he was unable to walk again. No ap_varent 

weakness o!" arms. No pain in muscles at any tiine. J.i'eet became 

deformed and calves teuded to waste af'ter ~oin.; off his feet . Did 

not put on weia..ht. Hands and feet tendeu. to be colli and mottled. 

1ient,~l develo1Jment apparer1tly normal. 

PJW ILLNESSES; Chicken-pox, (5;, rubella ( 7) . 

COURSE: Over a period of 2 years there was no gross 

deterioration in his muscle power and no marked change in the 

deformities. 



HISTORY: 

Milestones: 

Walked: 16 months. 

to skip and run. 
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.BORN: 12.7.48 

Pregnancy, labour and neana tal period normal. 

Sat up: 8 months; Stood: 1.4 months; 

Initial l.y her gait was nOI'IIB.l. and she was able 

Prominence at: the lateral aspect of both thi&h• 

was noted at 4 and at 5 she beian to lt'8.l.k on her toes and had 

dit'ficul t y with ascending steps. At school she could not keep pace 

with her mates. She was unable t o walk fast and tired readily. 

She walked an her toes with a waddl~ &ai t and an ass ociated lcrdoais 

of the spine. From the age at: 6 she fell frequent ly and climbed 

up herself' in t he typical d;ystrophic manner. Weakness of the arms 

was noted at the age of 7. Diagnosed at ci . 

There was a gradual pr~ression of the 

weakness and a marked deterioration at the ace of 10 followi.Jl& 

con.finement to bed for .3 weeks with influenza.. 

intelliience. 

She was of normal 

PAST ILLNESSES: Measles , Chicken-pox, Whoop~ COU,ih and Mumps 

in infancy a.nd Tonsillectomy (5) did not set her back. · Influenza 

(10) caused marked deterioration. 

FAMILY HISTORY: Positive. 

COURSE: When first seen (April , 1959) she was still 

able to walk but had to be helped onto her feet. She walked on 

her toes, on a wide base , with a waddling gait and marked lumbar 

lordosi.s . She was unable to get up f'rom the floor or sit up from 

the supine position. When re-examined 4 months later she was 

unable to walk. This had folloned a minor injury to her lalee . 

'l'here was a deterioration in most of the trunk and prODma] limb 

muscles. 
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!.ASE NO, 57. 

liISTCBY: 

Miles tones: 
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BORN: 10.11.51 

Fre&nancy, labour and neonatal period normal. 

Sat up: 8 months; Stood: 12 months; 

Walked: 16 months. No abnormality noted till the a&e of, when her 

mother observed that her feet appeared stif~ and she had difficulty 

in put~ on her shoes. From that time she had dif:ficulty in 

climbi.ni stairs and tired readily on wal.kini with a tendency to 

inversion of the feet. She fell frequently and ~ot up with 

considerable difficulty in the tY}Jical dystrophic marmer. There waa 

no apparent weakness of the arms. .From the ~e of 7 she had 

difficulty in "etti~ \Ji> from the supine position. Her wa.l.ki.n& 

~adually deteriorated. Her intel~ence was normal. From the 

a~e of 7 she attended a school for Physically Handicapped children. 

Sphincter control, chewing and swallowi~ were unaffected. 

PAST ILLNESSES: 

.b'AMILY HISTCBY: 

COUl~: 

Measles a,nd l,lumpS did not set her back. 

Positive • 

·nhen first examined in April, 1959 she walked 

with a sli~t waddle and associated lumbar lordosis. She ~ot up 

from the floor with difficulty in the typical dys trophic manner and 

was able to sit Uf> from the supine with the use of her hands. 

When re-examined 4 months later there was a marked deterioration. 

She was no longer able to ~et up from the floor and was much less 

stable on her feet. Her walki.n.; had deteriorated. There was 

also a decline in the power of many of the ~dle muscles. 
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CASE N01 58 

HISl'CRY: Preina.ncY, labour and neona;tal period normal. 

Milestones: Stood up: 11 months; Crawled: 11 months; 

Walked: 2 years. (previous child walked at 11 months;. 

The exact aie of onset is in doubt. The 

mother was concerned at the delay i.n walking. His iai t was said 

to be quite normal initially but in retrospect the mother recalled 

that there was prominence of the calves at 2 and that he was unable 

to run or climb stairs. She did not suspect any abnorm9.lity 

till 5, when he started to tall frequently and iOt up in the typi cal 

d.ystrophic manner. His iait became wacldl~. D~osis at •• 

Lordosis of the s1,>ine was s tr ikin& at 7 • 

Weakness was slowly pro&ressive . Mt.er 

o wiable to ie t up fi·om iI'Ound. At ~e of 10,ma.rked difficult y 

with wal~ and he used a wheel-chair most of the time. Unable 

to walk soon ai'ter. Still arawled far a.bout 3 months after that 

time. Always tired rapidly after wal.lc.n& but no pa.in present. 

Weakness in arms only noted at ~e of 12 but previous difficulty 

in ma.n.ipulatin& wheel-cha:i.r. Contractures of knees after ~e of 

12. Mental development apparently normal. 

PAST ILLNE~SES: Whoop~ CoU&h ( 2) , Measles and Chicken-pox 

(4) did not at'fect his muscle power. 

b"'Al,tlLY HISTORY: Positive. 
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CASE N01 59 .:BQRN: 1. 5 .4-1 

HISTORY: rteduced foetal movements. Prei118J1cy, 

labour and neonatal period otherwise normal. 

Miles tones: 

s~e set him back). 

Stood up: 1 year; (Whoopini co~ at that 

Cravlled: 18 months; Walked: 2 years, 

Gait quite normal initially and stable on 

his feet. B~ calves and people COOYnented on ~ood shape. Able 

to run and ~et up quite readily from the prone and supine posi ti.on 

and mother did not suspect any abnormali t;:i till the a~e of 7, when 

he had difficulty in ietti~ up stairs. Supported one hand on the 

knee to lift the other le~ up. .Jia~nosis of flat feet. Frequent 

falls with difficulty in iett~ up, which he did in typical dystrophic 

manner. "Fell suddenly at times without trip.i,;ing - leis just &ave 

way under hirn. 11 Dia.gnosis at 8. 

From 10 lordosis of lumbar spine more marked 

witt prani.nence of iluteal re.ion and .inturnin~ of toes. Afraid 

to turn ro'Wld for fear of fall.in.. No c~e in appearance of 

calves or other muscles. 

muscular power. 

No pain. Gradual deterioration in 

Wa.lki~ deteriorateJ. considerably at ll 

after 1 week in bed with influenza, and he went off his feet 3 months 

later. Unable to manipulate wheel-chair himself. No weakness 

noted in arms prior to that. Contractures of knees developed after 

iOin~ off his feet. Operation performed on both le~s in order to 

straighten them. (Forreste1· 1 s knee hin~es applied). Extension 

on his wheel-chair required in order to nia.nage leis in that position. 

After 8.ie of 10 pro~essively lost weiiht• 

Over a period of 4- years face and bcxly ~ed from plump 

appearance to thin and wasted one. Appetite remained iOod. 
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Q.ASE NO. 52 (contd.) 

The ton.:ue was enlari;ed t'rom an early a.ge. 

Mental development apparently normal. 

PAST ILLllli.:xiES: Whoopin. Co~ 1 year delayed his ability 

to stand. Measles (4) , Tonsillectoll\Y (6), Chicken-pox (10) no 

ai'fect on walk.in.. Influenza (11) set him back. 
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CASE NO. '° BOON: ,. 7 .J+I+ 

HIS'l'ORY: Foetal movements reduced. Precnancy, labour 

and neon.a tal period otherwise normal. 

Mileatenea: Sat up: 9 montha; Stood: 3 yeara; 

Walked: 3 yeara. 

From the be&~ he had a waddl~ &a.it and 

waa unable to climb s_ta.ira. He waa unata.ble on hia feet and fell 

frequently. He had cii.fficulty &ettin& up from the irOW1u.. 

From the a&e of 5 his weakness was more marked. and at school he waa 

readily knocked over. His calves became prominent at that time. 

There was a ~ad.ual pro.ression of the disease 

until he went off hia feet at the &&e of 9. No weakneas ot the 

a.rma waa apparent. 

PAST Iw-4ESSE.':i: 

FAMILY HI::iTORY: 

Hia menta.l development appeared nora&l. 

Measlea and Scarlet teYer. 

Peai.tive. 
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CASE N01 .-l BORN: 15.5.44 

HISTORY: Preinancy - mother has con&enita.1 cystic 

kidneys. No complications of preinancy but cerebrovascular 

accident post-partum. Foetal movements less than previous 

pre~nancies. 

Milestones; 

Prolo~ed labour. Child required resuscitation . 

Unknown as he was reared in Nursery till 

2 years. ~tood; 2; ,'ialkecl: .}. 

Gait appeared normal initially but he was 

never able to get up sta.irs or t o run. }'rom a~e of 4 he fell 

frequently. Initial di~osis of backwardness; later flat feet. 

At 5 tired readily and complained of aching in the legs. Fell 

frequently - "legs aave way under him." Pro&1ressive difficulty 

in iett~ up which he did in typical dystrophic mariner. Di~nosis 

at o. 

Swelli~ of calves noted at ~e of 8. Calves 

felt hard. Gait became wadcUin& "like a crab." Buttoc·k.s prominent 

and back lordosed. Gradual progression of weakness a.nu went off 

feet at ~e of 11. Put on wei.ht after that. No weakness of arms 

or face noted. Mental development initially backward but appeared 

to catch up with chronolo~ical ~e. 



CASE NO. •2. 

HISTORY: 

Miles tones : 

- 22.7 ;-- --

Prei;nancy, la"bour and neonatal period normal. 

Held head up: 4 months; Sat up: 9 months; 

Crawled: 9 months; S_tood; 15 months; Walked: 18 months. 

wa.l~. 

for help. 

initially. 

From early age seemed lazy or"slu.&iish"with 

~t:tl2 tended to· flop on floor and look up at his mother 

Encour~ed to walk. Noth~ abnormal about gait 

Calves appeared normal. Frequent falls. Unable to 

run at any staie and flopped onto the floor when doing so. A.t a.&e 

of 2t fit lasting half an hour. Three days later he developed 

measles and after bei~ in bed 2 weeks refused to walk a&ain. 

Diagnosis made at a.;e ot 7. 

Able to sit up nonially and continued to 

crawl a.i'ter ~oing off feet. Muscles felt firm. Tone in shoulQer 

&irrlle normaJ. No apparent we~~ness of arms, neck or. back. 

Muscles not enlarged or wasted. No complaint of pain. After 

~oin~ off feet became proiJ'essively more obese. This became more 

marked after the aee of sixteen. 'Nears size 20 collars and specially 

made trousers.. Mental development normal. 

CCl?!lliNT : Unusual fea tures in this case were the 

early .inabil.i ty to walk, the absence of contractures at the elbows, 

and the limitation of flexion of the knees beyond JJ+O~ with full 

extension. There was marked weakness of the toes and feet. 

Il1 view of the apparent norrnali ty prior to the onset., which was 

relativezy late, a ~nosis of muscular dystrophy is more likely 

than either amyotonia co~enita or Werdni&-Hoffman's Disease. 
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CASE N01 •3. 

HISTORI: PreiJ18.11cy, labour and neonatal period normal • 

.Milestones: Held head up: 3 months; Sat up: 8 months; 

Stood up: 2 years; Walked: 3 yea:rs. 

Mother tho~t walking delayed. Fran the 

be&inning he seemed to limp to one aide. He fell frequently, but 

was able to iet up wi t.hout difficulty. The muscles were normal in 

appearance. He had dif1'icul ty with runnin& at 4- but walked 

reasonably well till 5. One foot turned inwards. Progressive 

J.i.fficulty with getting up after f'a.lli.ni which he did in typical 

dystrophic manner. At 8-ie of • more rapid pro.;ression of wealmess 

and ~nosis of muscular dystropey made. Went off his feet at ~e 

of 9. No weakness noted in arms. Intelliience normal. 

P-"ST ILLNESciES: Pneumonia. (2), Mastoid.itis (8 months). 



CASE N01 "t 

HISTORY: 

Mileatonea: 

Walked: 15 months. 
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Pregnancy, labour and neonatal period normal. 

Sat up:• months; Stood: 10 months; 

Noth.uig abnormal noteu till the ~e of 5. 

Able to walk with normal gait. Able to run normally and iet up steps. 

No abnormal tendency to fall. .From 3.ie of 5 walked with shoulders 

back, abdomen prominent and had a "stilted unnatural iait." Difficulty 

in iett~ up stairs. Did so with one hand on the knee and the other 

on the rail. Di.fficul ty in ~et tilli up from the floor. Did so in 

typical eys trophic marmer. 

Often fell without tripping. 

Uns teaey on r'ee t. l''ell frequently. 

"Legs sim1,>ly gave wey Wlder him." 

Calves were hard and prominent. No complaint of pain in muscles. 

No prominence of other muscle iroups. Dia6 nosis at a,e or 5. 

Able to walk appro.ximately i mile to school at 5, but tired readily. 

Walkin& &radually deteriorated. (Weakness of arms first noted at 7). 

Grad..ial pro~ession of weakness. Ina.bill ty to walk after 11. 

Always b~ and plump. No ~e after iOirl. off feet. Intelli.&ence 

normal. 

Chicken-pox, Measles (4) did not set him back. 
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CASE NO. ,5 BCllN: 6.10.40 

HISTORY: 

Mileatenea: 

Pre&nancy, labour and neonatal peri'1d normal. 

Sat up: 6 months; Crawled: 9 mentha; 

Walked: lo montha. 

From early a~e tended to tire easily when 

wallc:il1£ and a.t &&e ot 3 asked to be carried after wa.lki.n& short 

distances. His &a.it was normal. 

mus<JUla. ture nwmal. 

Gener~l appearance of 

At a&e ef 4-, left foot became inverted and 

left le& appeared amaller than ri&ht. Ne apparent lilllp. Started 

tal.J.in& frequently at that 8-ie. Treated a.s polio in 194-5. Feet 

became more inverted, were .manipulated and put into plaster. 

Wal~ irons applied, which were mare of a handicap. 

ateadily worae. Gait unatea.dy. Went up ateps very alMJly, one 

at a. time. Leis always aeemed tired. From &&e 2! tell frequently 

but atill able to ~et up on a1Jn. Thia became preil'easively mare 

difficulty. From &&e 4- &ot up in typical dys trophic manner. Never 

able to run. Gradual pro~ression in weakness. Went off teet at 

a&e or 7. Dia&noaed at 8. Continued. to crawl till a&e of 9. 

:Ba.ck became wri.f ermly lc-deaed. From a&e of 8 tended to ie t abeut 

by alid.ing on butteck:s. Intelli&ence normal. 

tell tiae before the ace of 5. Passed G.C.E. 

Able to read and 

Faoia.l muscles seemed a.ffected at early a&e. 

Never able to clese eyelids. Eyes turne<i up when sleepil:l£. Mother 

tru.nka t'a.ci.a.l muscles were a.lrea.ey affected when he was teethit:i& at 

J+. montha. Never able to ami.lc normally. Phot•irapher coounentcd on 

this whezi he was a toda.ler. In recent years jaw has droeped. No 

apparent weakness of arms. Able to hold onto father 's neck when · 

bein~ lifted. No c,mtra.ctures of· knees or elbows until recently. 

Muscles not enlar&ed at aJ'.\Y ata&e. No localiaed wasti~ apart :from 
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left le&• No histery of pain. 

PAST ILL.NESSES: Who~pin& COU&h ( 3) set him back. 

Measles (5), mwnps (6) did not set him back. 

EXAMINATION: E:xpreaaionloss face. Peutin& 14ffl'er lip. 

Generalised :facial weakness. Ocular mll8cles normal. Ton&ue atrophic • 

.Musculeskeletal system: tzeneralised hypotenia. Diffuse lerdeaia of 

spine. Sli&}lt sceliosis, concave right. Lies farwa.rd in comfort 

with abdomen flat on bed. Able to "roll" from supine into sittin& 

pesition. Hyperextenaibility of interphalai'lieal joints, more on right 

than left. 

Contra.ctures: Neck 

Elbo,rs 

Wrists 

Knees 

An.kl.ea 

: Limitation of rotation and flexion. 

(r~e) 

(r&n&e) 4-5-160 • 
marked bilateral varws deformity with 

a.liih t equ.i.nu.s. 

Ri&ht le& lar~er than .left - mea.surementa: &reater 

" trochanter to end of fibula 35, 32"; Circumference 

•f thi&h ( .. ximaJ): 2,", 21", calf: 15", 14". 

No apparent enla.riement of any muscle &roups. 

Gonera.liaed obesity, except in fa_.. Generalised weakness ot 

aheulders, arms, trw1k and l•er limbs. Gross wa.stin& of ri&ht 

deltoid. ., bilate_ral waatin& of sterno-mastoids. 

b th pectorals. 

Other teatures: hi&h-a.rched palate, narrow jaw. 

Gross wast~ of 

Penis small. 

Testes doaoended, but W1deraized. 

normal. 

Pubic hair scanty. Other systems 

CONCIDSIONS: The sequence of weakness in this oaae seema to 

have been facial muscles, pelvic &irdle and trunk and then upper limbs. 
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gAliii: NO. ,s {oentd.) 

It ia difficult to explain the discrepancy in size between the twe 

le&a. a.nd the unilateral waatin& of the deltoid. There is no clear ­

cut hist.ry ef poliomyelitis. While the precreasion of the weakness 

of the pelvic &ird.le and lower limbs oenfcmed te the wiual .uuchenne 

type, the weakness of the faoe reaembled that aeen in f~cio-aca.pule­

humeral muscular czyatrophy. The ae.xua.l hypeplaab. is also an 

unwsual. feature in a.asgcia.tion with muscular dystrephy. 
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APPENDIX IV. 

TABLES. 



· Cue He. 

l 
2 
3 
4-
5 

' 7 
8 
9 

10 
11 
12 
13 
14 
1.5 1, 
17 
18 
19 
20 
21. 
22 
23 
24-
25 
2, 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3, 
37 
38 
39 
40 
41 
42 
43 
41+ 
45 
4' 
47 I 
48 I 
49 
50 
51 
52 
53 
54 
55 
5• 
57 
58 
59 ,o ,1 
62 
,3 
~ 
,5 
-

APPE?mll IY I TAILI I'i l I • Io ... .. __ ~ . - I ·-.- l 
ENt. "I" Glf Mrr,1-r 

Calf' Other iM 

+ 34 • . 
+ -- -
+ thi&h SpC 
+ -
+ -
+ 34 •. 
+ .D 
+ -
+ SA. . 

~.o. 
- -
+ D.1.l.Q 
+ l:li.D.FJ. 
+ triceps 
- -

SA..s»O• . 
+ D + 
- -
+ vast lat. 
+ -
+ -
- -
+ -

'?+ -
+ SA.. 
+ s,A., 

- -- ~ 
+ -- -- -- - + 
+ D.SA.Sp.C 
+ -- -- -
- -
- -- -
+ -- • , - -- -
+ -
+ -- ... 
? -- -
+ -
+ -
+ -
+ D + 
- F.A. 
+ D.~. 
'? vast. lat.,~ 
- -- -
+ n., ... 
- - + 
- SA.. .JJ; 
- -- - + 

v.1•">T•AIG 

T R I i L p D UA 

+ + 
+ + + + 
Generalised wa.atizl&. 
+ 

+ 
Generalised wastin&. 
Generalised wastin&. 

+ 

+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ + 
+ + + + + 
+ + 
+ + + 

+ + 

+ + + 
+ + + 

+ + + 
+ + 

+ + 
+ + 
No waatin&. 
+ + + + 
+ + + 
+ + + 
Generalised wastinc. 

+ 
No wasting apparent. 
Ne wa.s~ apparent. 

+ + 
+ + 

Generalised wast~ 
Generalised wasting (alight). 
+ + + 

+ + + 
+ 

+ + 
Generalised wastin&. 
Generalised wastin&. 
Generalised wa.stJ.n&. 

+ 
Na wasting 
No we.still& 
Generalised wastin&. 
No was tina 

+ 
+ + + + + 
Generalised wast~ 

+ 
Generalised wastin& 
+ + + 
No vra.stin& 
Genera.liaed wastin& 
+ + 

+ 
+ + + + 
Ne wastin& 

+ + 
Generalised wasti~ 

No wastin& 
+ 
+ + 

+ 

f. l'\f'f<aSfa ,,,._+••~ 
s. s.,.,p_~"' sp;11t:1.ft.&s . 
L. lo..t, ss,~"s ,/ors' 
y. Pt,cA,r•/rs 

FA 

+ 

+ 

+ 

+ 

+ 

G • 0 

+ 

+ 
+ 

+ 

+ 

+ + 
+ 

+ 

+ 

+ + 

1 

+ I 

I 

l 

uA. '-'J>;u a,....... 
G. G,L&dt.i.. 
T1' . Thi_GJ_C. • 
C. CAIJ-. 



APPENDIX I:V. TABLE !V .2 . l)EfORIV\1T1e'.S. 

Case No. 0COlJ.OSJ..S ~noi..u.J.cr .....:lbow Wr~3t Hip Knee AnJr.le Tongue Ylealmess 
T R 1VL P./L P/L P./L enlarged of face 
.u 

l 
• 120° 

EV - + 
2 + 100/JJ+0° :!,V - + 

3 + 120(S) 90t R) 85 :E.Y - + 

4 + 160 140 110 EV";90 + s 
t:: + 175 160 150 90 - -.) 

5 - :1+5 u.O EV - -
7 - 150 100 100 - -

·a - 160 14-0 90 - s 
9 - i.;~ sl. + -.... 

10 - ? -
11 - 170 l)i..0 120 90 + -, ') - 150 l,:;O IN;llO - -...... 
13 + 160 90/110 11(.. + -
l.!.. - 10) + -
15 + 110 }t-::,/ - ... 
16 16C no 90 - -
17 + 171.'(S) 150 1w hV - s 
ld + + , )r 

..1. .... ._, 11.., 90 EV - -
,n + ••iu,/170 ',/J l.)G/160 h""'V - -.;.,1 

20 + l !}~l l..,O '.)C EV + + 
21 - 1<' 

, -,,;, .J.J... -
')? ...... - - -
23 + - -
')/ ._,. - 1 .-.I" ~.,,,J :60/1:JO 100 - + 

25 + 120 90/1'.)0 hV - -
26 - 17:,(3) lL) 90 85/75 + + 
27 - E sl. + -
')~' _..., - + -
2? + 145 l.1..0 90 90+ - -
30 + l.Ju(s) SG/60 - -
31 - 170 1..,0/170 llu/160 IN - -
32 + 11)/130 8:;/105 E .. -
33 + llC/140 .10 - -
3,1.,. + 17:, 150 l(,1i130 130 - -
};· - 170 :-/:, 150 E - s 
36 - 160 170 luO E - s 
37 + 1£0/120 JO :E.V - + 
y ·.) + ::..)./135 160 - -
39 + 110 + 120 Elf - -
w + l}J/lJ+.O 40 EV + -
.w. ... 160 - .. 
.!,.2 , 90 ? -
:,.3 t 1:,0 80 "EV - -
'A - j_.,Olixt,rell tis E - -
It:. - l'.;O + 12U/::;O 40/130 EV .,..., - -
1._5 - 1.3~ 110 95 + -
47 - 160 - ... 
.!.,.8 + ... llO(S; + 9(;/110 110 + -
.!.,.) - 175 160/170 140/loO 95 + -
jJ + 135 + 90/100 90 ldO - -
51 + 1.35 )0 E - -
.? 
)- - - -
.53 + 170 100 + 8 

A- + 170 170 EV + + 
').) + 110 + (it) 11\.; TN - -
56 - 90 ... -
t:7 - - -.) I 

58 + + 130/120 + 110 "EV + s 
59 + 110 + 85 90/110 E.'V + + 
61) + lJi.0/170 El/ - -
61 + 160 ]N + + 
62 + + 180 ext . + + 

63 - 170 E - -
64 - 13tif1o(s) 

160 100 FN + + 
65 + + - + .. 

Jff fi~"-rC. ~-c,;, ... +&\. ~~It '1,. ... ,..,.;"'!A I t.Y.Ht\Sto~. (S•"'e. bolC. ~,.t,s) . 
•~ l\t-f,;,re re,~t'IU111ts ,r,'-'.tS•~e. R: [1"1t1i~a.-t,i,._ ,t,R,n..fion. 
(.S):: L,',,.,j1'4,f101\ o}- f..._p,,u;,fion - €\/: i:,,.HnOVct.f"'&.lS. 



APPENDIX .1Y,. 

'DABLE rl .3 - 7. MUSCLE POWER CHARTS. 

CASi NO l 2 3 it. 5 6 7 8 9 10 11 

NECK: 
1.1'lexors 3 2 2 2 3 2 2 2 3 3 1 
i::xtensors 3 2 .3 3 4 3 3 3 3 4 3 
s ternurnas toid 2 2 2 .3 } 2 } 3, j ) 2 

lliAP.C:Zil: 
Rhomboids l l 2 0 4 2 2 0 2 2 1 

SHUuillut; 
Jsbducto:rs 2 1 2 2 3 2 .i 3 4 Lr 1 
.Aaductors 2 l L. 2 .2 2 3 2 3 3 l 
l!'le.xors 2 l '- 2 2. 2 3 ~ .3 3 1 
~tei.sors 2 1 2 2 3 2 3 ,:!. 3 3 1 

Ex'terne:l Rotators 2 1 2 2. 3 2 3 2 3 ) 2 

JJ~1.er1.u. ... ,u w tors 2 l ' ) ... 2 3 2 G. 2 j j 1 

Pectoruls L 0 1 1 3 ~ 2 3 3 (.) 

ELbOW: 
1''lt::xors 2 2 3 3 4 3 ':i: .3 .3 4 1 .,I 

.Ex terl::lors -. 
"" l ~ 2. .3 2 3 3 3 3 () 

Pror ... ,tors 3 ,:!. 3 4 it 2. 3 3 I 4 2 '+ 
8.upD.w tors .3 2 3 4 lr 2 3 3 4 4 2 

WRIST: 
1''lcX.ors 3 2 4 i,. 4 3 3 I+ 4 4- 2 

LX tc:1.sors 3 2 4 4 1.- ~ 3 4 I 4 2 Li-

.F~er ,;.'1-:xors 3 2 3 4 4 .3 3 4 4 4 2 
h.xte wors 3 ' 4 3 4 3 3 4 3 4 ~ 

.h.)dUv tors 3 ,:!. 3 3 '+ 3 3 L+ .3 4 ' ) 

Au.ductors 3 ,:!. 3 j 4 ) 3 4 3 4 2 

Thumb iauscles 3 .,, - .3 3 4 j j 4 4 '+ 2 

':RID-Ot : 
1"1,;xurs 2 1 2. 2 2 2 £ 2 3 3 l 
~tensors 2 1 l l 2 3 ' L 3 2 1 G 

Hil'.S: 
l<'lexors j 1 3 1 3 3 

, ') 3 3 1 I!.. '-

&tensors l l 2 1 2. 2 1 1 2 2 1 
.a.bductors ~ l 3/2 1 3 j j .. 

) 3 1 ' Aciu.uctors 2 l 2 1 •) 2. 3 2 3 ::. 2 .:. 

ID. terr..l.l Rota tors 2 0 L/1 l 5 ,:. 3 2 .3 3 1 
IHterr..al Rotutors .3 1 1./j 1 ··, .... 2 j 2 3 ' l 

Kl.E:.:: : 
1''lexora Meuhi.l .3 2 5 2 L,. j .3 .3 4- .3 2 
L''lc:x~rs Lutei·al 3 ~ 2. ~ 4 .., ., 3 J 3 3 1 
~ten~ors ~ l 2.. 2. j 3 2 2 .3 J :2 

.ANKlE: 
.LJoraif l cxors 2 l 

.,. 
.3 4 3 .3 3 I .3 2 ..., -+ 

Plw.tur f lt-xors 4 ~ 4 Lt, ) ) j ,.,. .) 4 3 
]foot Inv~1· t~d 3 ,:!. 2 .3 4 3 3 4 '1- 4 i. 
Foot Averted 2 -· ~ 2 4 3 j .3 li- 4 2 
.roes .JO!'.:,L.'lex1.on 2 2 j ~ 4 / 3 ) 4 3 2 ... 
Toes Plati'k.u• flexion 3 4 4 1 .. • 3 .3 4 i~ .3 ) ., ., 

Talll,.. IV . } . ''w.rt or mu.scl..: row,·r . ( cnsvs l - 13) 

~ tre1~th of Co• t.rac ti,m: 

v . I~o (.!QJ1tz·actlo11. 
1. .tl.i.cker 0111.1· . 

::;. . Co11trucL.i0 .. uut 1.ot a.:.ullst i,;.r~wity. 
j. Coi ,t.ruct.loll u.;a.J..ns L rruvit., . 
11- . Co11trnct.io11 u...,a.1..ust ._ravi t w ,d. resi ::. tu.nce. 
!.,. I,orrnal cvn tr&ct.1.01.. 

l2 13 

1 1 
3 3 
2 2 

0 0 

2 2/0 
l 1/1 
2 1/0 
1 1/0 
2 2/1 
2 2/2 
1 1/1 

2 3 
2 3/2 
3 3 
3 .3 

3 4 
3 3 
3 4 
2. 3 
3 3 
3 3 
3 4 

2 2 
0 1 

3 2 
1 1 
2 !. 

2 1 
~ 2 
2 2 

3 3 
2 2 
2 2 

3 3 
3 4 
2 3 
2 3 
3 3 
) 4 · 



CASE NO. 

HECK: 
:B'lexors 
Extensors 
Sternoma.stoid 
Trul-ezii. 
.tili.oL..b U.l.tiS 

BHVl.i.4JLJ; ' : 
.Abductoi·s 
AdJ..uctors 
l',lr.;;XOJ:'..l 

KA t.ew:iors 
.L.x.tt.:r!u.d. .:ot: tors 
I . it.:ri.ia.l .:.iut,.1 toi·s 
.t'vctor ..us 

~Loo;;: 
.E'le.-..o:.;; 
~ - 1..er...3e4•.., 

1-ro, .:... .. .,rs 
~1.. .. ,:1.. .... t.oi.· s 

·.v~.r: 
1'1 le.,;.or 
~.x i1_:1.so.rs 
i''iti..~l.' 1-

111 r2:.'.. 0.l, 3 

J: l. '- C:L' - XlCl~ZOl'3 

.l:''i -----· 
.. l,ut,...:tors 

Fi_.. ~-- .11 .... l , .lU('· t U-.-. ~ 

.:.' : .t.... • .t .. ....... .u..cles 
T.:.lv J\. : 

Flexol's 
..t:::{ tC!l.304."'S 

m.PJ: 
l<'h: 01'.3 

,;_;X ~e,..J O.L' !J 

~'lb uctor~ 
.ri.C..-L,.l......: ... 0,.~ !:; 

.1£'l Le .. ·~ ... Ll _ ot.t taro 
L- t, ·.c1,u.l 1{(.l't;... 0.1.'3 

K2_· ' • 4-..~ . 

l' l \!._l)J.' !,, l,,t: .,.h.l 
~·le_(1. .... ~ .. ~ - '-'l 'l'i..l 

...:..... 1..t:r.sur .3 

AJ..1,.~: 
..:iorsit'le ... ors 
Plw. t l.1' f lL~((JJ' oJ 

.b'o t luVCl';;i.l.Vll 

.t'wot h'v~rs.lvll 
Toee Dorsiflexion 
.2oes Fl...u1tar .!.'l•JXe 

... 237 "' 

3 2 2 
l+ 3 j 

4 2 3 
3 ' > 3 .... 
2 () 0 

74 2 2 ., 
3 ' <- "-

3 
r, 

2. ,::. 

3 I ) 

'" ... 
3 ,::. 
j ; ' l ... '-

) .: ' -
3 3 3 
3 .3 
4 3 3 
4 ) j 

I 3 4 !-... j ) 
4 3 j 
j ) j 

3 ' j 

3 j 3 
j 3 j 

j l 
.) 1 

3 2. !i, 

3 .:. .3 , 
.) L 

) - .) 
I ·, j - .. 

... .2. j 

~ I 
.I .... 
j ... .) 

' 2 4 ._ 

3 'J ) ... 
4 2 4 
3 ,:;. j 
) l 3 
~ -z; ., ., ., 
i._ .3 4-

, ) -· 1 , . 
Le 

). 

20 

2 2 2 l 
3 2 2 3 
2. 2 2 2 
3 -' 2 2 
.!. l l 1 

2 l 1 2 
2 L ,!. 

2 1 1 l 
2 1 l l 
r l ,._ L l 
~ l 2 0 
~ 1 1 l 

3 3 3 
,._ ) '- ... 
3 j 3 3 
) 3 j ) 

1 .3 " 3 'r ., 
'+ j ) j 
4 'J, ·, j .., ., 
) j j ,::. 

3 7 .,. 
.; ., 
3 j 

"' 
7, 

;) .) ., ., 

" 1 l .:. V 

l 1 ' ,., 

" , 
l 1 '- ... 

2 .:.. 1 u 
'-

l .,_ \., 

t) v 
1 

.:.'. 2 1 0 

j j '> 2 .. 
) l 

) .:. l ._ 

;; j .:: l 
·+ .3 .. 

J ) 3 1 
3 ) 

. , 
1 .. 

;, . 
.J.. ., "'· 

4-
, 

.3 Ir (. 

:,o GO!ltr!..J.l'\.l. J l • 

Fl. r:;k 1· nr.l.,. 

21 22 2 

4 4 2 
4 4 4 ') .. 
5 3 4 2 
5 3 3 3 
c, 2 3 l ., 

r , 3 , .. 3 .I 

;, 3 4- 3 
c.. 3 4 3 ., 
.) j .3 .) 
.,I 5 3 3 
'~ 3 .5 3 .I 

.,I j 3 3 

) + 5 j 
., ) 3 j 
., 4 ' r ;r 
;) 4- 4. • ..I 

.,I l,. l1, 4 

.I 4- ,... 5 
:; .:..- li- , i,_ 

.,I 4 lt, ~ .., 
:., 3 1.- 3 
.,) 3 + j 
., Lj- '-1- ) 

3 ~ .3 l 
) ~ 4 .., '-

4 3 3 3 
4 2. .:. :.:: 
1,. :; ,; j ., ., 
4 3 3 5 
r .:,.. 3 3 .., 
• 3 ) 3 .,, 

1 /-r. ,, . .. . ., 
., .3 J/.:. 3 
': j j 3 

5 ' 3 4 .... 
s lr 
., ( . j 4 .. 4- .3 3 .I 

..I J,. J J 
;) 'T 

1 i .. '+-

Cuni..t' ,.1.Gt..J.. u l. bt.d. ,,ot U£,l ;. ,s !; gn.1. it:,. 
Cui , trfac t. Lu;: ~ · .:..:.st. ..;i·u v1. t ... 

:,, , nOl'llltt l C•)J .trr.1C ti )1. • 

26 

l 2 
2 3 
2 2 
l 2 
0 0 

1 2 
2 2: 
l 2 
l 2 ., 2 ' l 2 
l 2 

2 j 
... 3 

~ - .., 
3 

3 
3 3 
.3 3 
J 3 
,._ ) 

• .. ..I 

3 4 

l 2 
u 1 

l 2 
u 2 
1 .:. 

1 3 
1 2 
l .:.. 

2 .3 
l J 
r, 2 '-

l 2 
.2 
l ') -
l ') 

L. 

2 2 
J. .3 
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27 2ti 29 30 .31 .32_).} A 3) 36 37 36 39 

JJECK: 
.l."lcxors 3 3 ') 2 3 1 2 2 2 1 l 3 0 '-
~x1..,rnsors 4 4 4 2 3 3 3 3 2 2 2 0 2 
Sternoma.atoid 3 3 3 2 3 2 3 2 2 2 2 1 2 
Trapesil 3 3 2 2 2 1 2 2 2 l 0 3 0 
Rhomboids 2 2 l 2 1 0 1 l l 0 0 2 0 

SHOULD.ER: 
Abductors 4 3 2 2 3 l 3 2 2 2 l 2 1 Adductors 4 3 2 2 2 l 3 2 2 2 1 2 0 1',lexora 3 3 2 1 3 l 3 2 l 2 0 2 0 
.Extenaora 3 3 2 l 3 0 3 2 1 2 0 2 0 
External Rotatara 3 3 3 l 2 0 3 2 l 2 0 2 0 
Internal Rotators 3 3 2 l 2 0 3 2 1 2 0 2 0 
Pectorals 3 3 2 l 2 l 3 l l l 0 2 0 ELBCM: 
Flexora 4 4, 3 3 3 2 3 3 3 3 l 3 1 Extenaora 3 3 3 3 2 l 3 3 } 2 2 l 1 
Pronatora 4 4, 3 3 3 2 3 3 3 2 2 2 1 Supinatora 4 4 3 3 3 2 3 3 3 2 2 2 1 

WRIST: 
Flexora 4, 4, 3 3 3 3 4 4, 4 3 3 3 1 E.xteneora 4, 4, 3 3 3 3 4 4 3 3 3 2 0 
li'~er Flexors 4 5 4 3 4 3 4, 4, 4, 3 2 3 2 ~~er Extoneora 3 4 3 3 3 3 4, 4 3 3 2 2 2 
Abduotora 3 4 3 3 3 2 3 3 3 3 2 2 2 
Adductora 3 4 3 3 3 2 3 3 3 3 2 2 2 Thumb Muscles 4 5 3 3 3 2 3 4 4 3 3 3 2 TRUNK: 
Flexora 2 3 2 2 2 0 2 2 2 1 0 2 l Extenaora 3 4, 2 l 2 0 2 2 1 0 0 2 1 HIP: 
Flexora 3 3 2 2 2 1 3 2 1 l 0 3 1 Extenaera 2 2 l 2 2 0 l 2 1 0 0 l l Abductora 3 4 2 2 0 1 2 2 2 l 0 3 l .ldducters 3 3 2 2 1 1 2 1 2 l l 2 l External .t<Atta.tora 3 4 3 2 2 l 3 3 2 1 0 3 0 Internal RotAtera } 4 } 2 2 l 3 2 1 l 0 3 G 

KNim: 
nexera Medial 4 4 3 3 3 2 4 3 2 2 2 3 2 Floxora Lateral 3 4 2 2 3 l 2 3 2 0 l 3 1 Kxtenaara 3 3 2 2 2 l 2 2 3 2 0 3 1 A.NKIE: 
Dc-aiflexara 4 4 2 3 3 2 4 3 3 2 1 3 l Plantar flcxera 5 5 3 3 3 2 4- 4 4 2 2 2 2 Feot Inveraion 3 4 3 2 3 2 J 3 .} 2 2 2 l Foot Evcraion } 4- } 2 3 0 3 3 3 1 0 2 l T1tea Dorai:flox. 3 3 2 3 3 2 4 3 3 1 l 3 l Toea Plantar t l ox. .It, 4 3 3 } 2 4 4 4 3 2 2 2 

Ta.bl• • . I'V .S" .. : Chart of musole pewer. (caaca 27- - 39) 

Stren&th ot Contraction: o. No contr&oti.Qll. 
1. Flicker on.13. 
2. Contraction but not againat il,"avity. 
}. Centraction a1aillat i,l"&vi ty • 
.It,. Oentraoti.on a&aiut &ravity and reaiatance. 
5. Nermal oontraotim. 
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CASE NO. 2 

NECK: 
:i'l.xwa 1 2 4 2 0/1 2 2 .... 2 3 l 2 5 
Rxtenaera 2 3 5 3 3 3 3 4 } 3 1 3 5 
S~nomaateida 1 3 4 3 2/1 2 2 4- 2 3 l 2 5 
'rrapezil l 2 4 2 l 2 3 4 2 } } 3 5 
Rhemboida 0 0 3 0 0 0 2 2 0 2 l/0 l 5 

SHOOLDER: 
.Abductera l 3 4 2 1 2 2 3 2 } 0/1 3 5 
Add.uotara l 2 4- 2 0 2 2 3 2 3 1 3 5 
Flexora l 2 4 2 l 2 2 4- 2 3 l 3 5 
Rxtcnsors l 2 4, 2 l 2 2 3 2 2 l 3 5 
External R•tatara 1 3 4 2 0 2 2 3 2 2 l 3 5 
Internal Reta.tors l l 4 2 0 2 2 3 2 3 l 3 5 
Peoterala 1 2 4- l 0 l 2 3 2 } l 3 5 ELBON: 
Flexllt'a 2 } 5 2 3/2 3 } 3 2 3 1 3 5 
Ext naera 2 3 4 1 2 3 3 } 2 3 l 2 5 Pren.a.tar• 2 } 5 2 0 3 3 4, 3 3 2 3 5 Supinatara 2 3 5 2 0 3 3 4 3 3 2 3 5 WRIST: 
Flexora 3 4 5 4 3 4 , .. 4 3 3 3 3 5 Extenaers 3 4 5 3 3 4 3 4 3 3 } 3 5 Finger Flexera 3 4- 5 3 3/2 4- 4 3 4 3 3 4 5 F~er Extenaera 3 3 5 3 3 3 } 3 3 3 a. 3 5 Abductors 2 3 5 2 2 3 3 3 .3 3 2 4 5 .A.dductOl'a 2 } 5 2 2 3 3 J 3 ' 2 4 5 
Thumb Musel•• 3 4- 5 3 3 4- 3 3 4 } } 4- 5 TRUNK: 
Flex•a l 2 4 1 l 2 2 2 0 2 0 3 5 htenaera 0 l 4 2 0 l l 2 2 2 0 2 4-KIP: 
Flexera l 1 4 2 2 J 2 3 2 3 l/O 2 5 Extenaera 0 1 } l l 2 l 2 0 2 0 1 5 Abductws 0 0 4- 0 0/l 2 l 3 l } 0 2 5 Adductera l l 4- 0 2/1 3 l 3 l 2 l 2 5 External •ta.tars 0 l 4 2 0/1 3 3 3 2/0 3 0 2 5 Internal Reta.tera 0 l 5 2 2 3 2 3 2/0 3 ' 0 2 5 ~: 
Ylexera M.edial l 3 5 3 3 4 3 4- 4 4- 2 I+ 5 Flexera Lateral 0 0 5 0 l/2 2 3 3 2 3 2 3 5 Extenaera l 2 5 2 l/0 2 2 2 2 3 0 2 5 ANKIE: 
Deraiflexers 1 3 4- 3 2 4 3 3 2/3 3 l 2 5 Plantar flexors 2 4 5 3 3 4 4- 3 4 4- 2 I+ 5 Feet Inverai•n l 3 4 0 2/1 3 3 3 2 3 2 2 5 Fe•t Evcraion l 3 4 0 3 3 3 3 2 } l 3 5 T.ea Dc•it'lex. 2 3 5 2 2/1 3 3 3 }/0 3 l 2 5 Teea Plantar Flex. 2 4- 5 3 4- 4 4 } 3 I+ 3 4- 5 
Table • .n .. 4 ... . : Chart or muaole pfter. (caaoa ,40 - 52) 

Strength ot Centra.ction: o. 1'4o contraction. 
l. Flicker only. 
2. Ct>ntraotion but not a&ainst gravity. 
}. Contra.otion ~a.inst iravity. 
4. Centra.ctien ~ainat ira.vity and reai•tancc. 
5. Nerma.L con traction. 



- 240 -

,1 ,2 ' NSCK: 
nuer. l 1 l 4 3 2 2 3 3 3 2 3 0 
Rxtenaora 2 3 2 4 4 2 3 3 3 2 3 J 3 
Sternomutoida 2 2 2 5 l+ l+ ' 4 4 3 3 } 3 
Tra.pe.zii 0 l 2 l+ 4 2 3 3 3 3 2 3 1 
Rhomboid.a 0 0 2 2 4, 0 3 2 3 2 2 2 l 

SHOUIDER: 
Abductor a 2 l 2 3 4 0 2 2 3 2 3 2 2 
Adductora 2 l 2 3 4 0 2 2 3 2 J 2 3, 
Flexora 2 l 2 3 4 0 2 2 2 2 3 2 2 
Extenaora 1 1 1 3 4 0 2 2 2 2 3 2 J 
External Rotatora 0 2 l 3 4 l 2 2 3 2 2 2 2 
Internal Rota.tore 1 2 l 3 4 l ' 2 1 3 2 2 2 2 
Peotorala l 0 l 3 4, l 2 0 J l l 2 1 

ELBOt'i: 
Flexora l 3 3 4 5 2 2 3 3 3 3 4- 3 Extenaora l 3 l I+ 4 2 2 3 3 3 3 3 2 
Pronatare 2 3 3 5 4 2 2 3 4 3 3 4 } 
Supinatora 2 3 3 5 4 2 2 3 4, 3 3 3 l 

'NRIST: 
Flexora 3 3 3 5 5 3 3 3 3 3 4 4- 3 Extenaora 3 3 3 5 5 3 3 3 3 3 3 4 2 
FiJJ&er 1'1le.xor• 3 3 3 5 5 } 4 4 3 3 4 4 3 F.in&er htensora 3 3 3 5 5 3 4 4 3 3 3 3 2 
.Abauotara 3 4 3 5 5 3 3 J 3 3 3 4 2 
Adductora 3 4 3 5 5 3 3 3 3 3 } 4 2 Thumb lrl.uacles 3 4- 3 5 5 3 4 3 } 3 4 4 3 TRUNK: 
i'lexors 0 l l 2 4 2 l l 2 2 3 3 2 
Extensors 0 l 0 2 3 2 l 2 2 2 2 3 2 

IP: 
Flexara 0 1 2 3 4 l 3 l 2 2 2 2 3 :Extenaora 0 1 l 3 4 Q, l l 2 3 l 2 2 
Abductors 0 0, l 2 4 1 2 2 2 l 2 2 4 Adductora 0 l 2 2 4 l 2 l 2 l 2 3 4 hternal Rota.tor• 0 l l 3 4 l 2 2 3 2 2 2 3 Internal Rota.tor• 0 l 0 3 4 l 2 2 3 2 2 3 3 

2 2 3 4 5 2 4 3 3 l 3 4 4 
l 2 0 4 4 3 3 3 2 l 3 3 3 
0 l 2 4 4 2 3 2 2 1 J 3 3 . . 

Dor aiflexora l l 0 5 5 2 2 3 ) l/2 3 3 3 Plantar Flexora 2 2 3 5 5 4 2 4 4 l 3 3 3 Foot Inveraion l 3 2 5 5 3 2 3 4- l 3 3 3 Foot Eversion 1 2 0 5 5 3 2 3 3 1 3 3 3 Toes Doraiflex. 0 3 l 5 5 2 3 2 } 0/2 3 3 3 Toes Plantar Flex. l 3 5 5 3 3 3 4 l/2 3 4 3 

Table.lV • 7. . .. : Chart of muscle power. ( cases 53-- ~5) 

Stren&th or Contraction: o. No contraction. 
1. Flicker only. 
2. Contraotion but not &&ainat il'avity. 
}. Contraction &&ainat iravity. 
4,. Contraotion against &ravity and reaistanoe. 
5. Normal ccntraotion. 
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