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IN TR ODUC ·rI ON 

Since Charles Be ll (1) described in 1880 what 

appeared clinically to be a case of progressive muscular 

dystrophy in an eighteen year old boy, there have been 

many papers written on the myopathies and especially on 

progressive muscular dystrophy . However, in reviewing 

the literature on the topic , very few sources were found 

which give a complete picture as to the present status 

of this disease . It must be said at the outset that 

although an attempt will be made to summarize most of 

the published work , the picture will be far from com

plete . 

Much information that ~as been amBssed during 

the past forty years is being discarded now, and the 

separation of the wheat from the chaff will be most bene

ficial in searching a solution of this perplexing medical 

mystery . 

The first cases of muscular atrophy or dystrophy 

mentioned in the literature were studied with no special 

reference to the condition of the spinal cord, peripheral 

nerves or of the muscles themselves , and the published 

reports have little validity in respect to progressive 

muscular dystrophy . Bell (1) was the first investigator 

who described what we now call progressive muscular 
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dystrophy. Bell reported a condition of 'progressive 

spinal paralysis" in an eighteen year old boy. He found 

that all the muscles of the lower extremities, hips and 

abdomen were debilitated and wasted. There was no 

sensory defect, nor were the upper extremities affected, 

but the boy had a sli ght lordosis and scoliosis and 

complained of palpitation of the heart . There were also 

no genitourinary or bowel complaints. In reviewing the 

patient's history , Bell found that the onset of this 

malady was at the age of ten and began with a weakness 

of the thi ghs, which prevented him from rising. Bell 

described that 11 it was curious to observe how he will 

twist and jerk his body to throw himself upright from 

his seat. I use this expression because it is a very 

different motion from that of rising from a chair", a 

very striking description indeed. 

In 1850, Aran (2) showed for the first time 

that there were changes in the spinal cord in the disease 

then known as progressive spinal paralysis, and this 

discovery proved that this disease was not, as previously 

believed , a primary myopathy . This was the beginning of 

the study of the myopathies . Meryon (3) in 1852 first 

demonstrated that in cases of pseudohypertrophic atrophy 

no microscopical changes are present in the spinal cord, 
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but that the muscles undergo a 11 fatty and granular 

de genera ti on 11
• 

Few cases were reported and almost no work 

was done on this condition . until, almost twenty years 

later , Charcot (1872) (4) discovered Amyotrophic Lateral 

Sclerosis and pointed out the differences between it 

and progressive spinal muscular atrophy . Duchenne (5) 

in 1868 had previously recognized that his disease was 

independent of changes in the spinal cord and the central 

nervous system . He narried this entity 11 pseudohypertrophic 

muscular atrophy 11
• Friedreich (6) in 1873 discussed 

fully the reasor1's for separating the muscular dystrophies 

from the forms of spinal muscular atr ophy • . Dejerine and 

others in 1882 showed that many cases formerly supposed 

to be due to spinal lesions were really due to multiple 

neuritis, and Landouzy and Dejerine were also the first 

to recognize the facio-scapulo - humeral type of dystrophy 

in 1884 (7) . Erb (8) in 1882 described the form of 

muscular dystrophy which he called the 11 juvenile 11 form 

and later (9) in 1884 he have a full account of this 

form of muscular dystrophy . Gowers (10) in 1879 col

lected and studied one hundred and sixty cases , the 

largest group of cases known up to that date . Later 

(1899) (11), he stated that the spinal cord was perfectly 
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normal 1n the majority of the cases studied . He 

noticed that although there were occasional hemorrhages 

and an increased number of neuroglia cells , the anter 

ior gray matter was always unaffected . 

It is obvious that up until the 20th 

century the studies of this disorder were mainly 

clinical and very few chemical and pathological 

studies were made . The lack of progress in the 

understanding of the condition led naturally to 

investi gations along the paths of pathological and 

chemical research . 
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SOME ASPECTS OF MUSCLE METABOLISM 

IN THE NORMAL INDIVIDUAL 

CREATINE AND CEEATININE METABOLISM 

Of approximately 120 grams of creatine con

tained in the human body, we find that 98% is contained 

in the muscles and 1.5% in the nervous system. The 

remaining 0.5% is distributed throughout the other 

organs of the body; of the1se, the testes contain it in 

the highest concentration. The skeletal and cardiac 

muscles and the gravid uterus contain a great deal more 

of this material than the smooth muscle of the gastro

intestinal tract and elsewhere. Approximately Bo% 

of the creatine in muscle is combined with phosphoric 

acid as phosphocreatine, the breakdown of which, it is 

aseu~ed, provides energy for the contraction of muscle. 

Of the striated muscles, the rapidly contracting pale 

type contain more than the slower contracting red var

iety. (12) 

Creatinine is present in muscle in much 

smaller quantities. One hundred grams of skeletal 

muscle, for example, contains 200 to 500 mg. of creatine 

and only 10 mg. of creatinine. The creatine of whole 

blood amounts to from 3.5 to 5.0 mg. and the creatinine 
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to less than 1.5 mg. per 100 cubic centimeters. By 

far the greater part, if not all, of the creatine ie 

contained in the corpuscles. The oreatinine is about 

equally distributed between the cells and the plasma. 

THE EXCRETION OF CREATINE AND CREATININE 

Whereas creatine is normally absent in the 

urine of the adult ma le, it is present in the urine of 

male and female children up to the age of puberty and 

frequently in the urine of adult women. 

It has been shown re peatedly that creatine 

also appears in the urine of either sex under the follow

ing conditions: High protein diet, starvation, carbo

hydrate deprivation, diabetes, wasting diseases and 

fevers, exophthalmic goitre and in certain of the 

muscular dystrophies. We are particularly interested 

in the muse le dystrophies. In· the other c ondi ti one, 

the increase is in all probability due to an increase 

in the normal catabolism of the muscular tissue, the 

liberation of creatine occurring more rapidly than its 

conversion to creatinine~ Protein food, for example, 

haa a stimulating effect upon metabolism, while in wasting 
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diseases, fevers, etc. tissue breakdown is acceller

ated. Carbohydra te deprivation probably acts indir

ectly in that its sparing effect upon the protein 

catabolism is absent. In the muscular dystrophies, 

e.g., myasthenia gravis, progressive muscular dys

trophy, amyotonia congenita, anterior poliomyelitis, 

etc., the urinary creatine is probably derived from 

the degenerative muscle fibers; the muscles also appear 

to be defective in their power to store creatine. The 

creatinuria of normal children has received no satis

factory explanation; it is said to be due to an in

creased production of creatine, induced in some way 

by the growth process, and also probably by a low capa

city of undeveloped muscles for creatine storage. 
,,,,;:---. 

Another possibility is that children/hav a relative-

ly low power for converting creatine to creatinine. (13) 

THE ORIGIN OF CREATININE 

Creatinine is undoubtedly derived from creatine 

and it is generally accepted that this takes place by 

the removal of a molecule of wa ter and the addition of 

the C-N linkage (Theory A, Wilkins and Fleishman (14)), 

though there have been a number of workers who have 

proposed that creatinine might be formed by the 
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dephosphorylation of phosphocreatine, as shown in 

Theory B. Boorsook and Dubnoff (15) found that 1!:!_ 

vitro at 38°0., without the intervention of an enzyme, 

phoaphocreatine breaks down to creatine at t he rate of 

2% in 24 hours, which is faster than the formation of 

creatinine from creatine under normal conditions. 

Rosengart (16) working with minced muscle obtained 

similiar results and Lipmann (17) also suggested this 

possib ility. Wang (18), as a result of extensive clin

ical investigation, stated that "the formation of 

creatinine may be somehow related to the amount of 

phosphocreatine present in the organism and not to the 

total creatine contents". 

In certain of the muscular dystrophiee there 
. ~ 

is a demonstrable diminution of the creatine output. -
Due to specific association of creatinine formation and 

excretion with the integrity of muscle processes, the 

urin~ry concentration of this material may, under 

certain conditions and in certain cases, give a more 

reliable indication of the disease than the urinary 

creatine. 

Shaffer (19) suggested that creatinine is not 

derived from all tissues, but that it arises as a re

sult of a special process of tissue catabolism taking 
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place "largely, if not wholly, in the muscles". Upon 

this hypothesis was based the belief that a large amount 

of creatinine excreted in the urine "bears a direct 

relationship to the potential efficiency of the muscles 

and is a reliable index of the muscular development of 

the individual". The belief originally stated by Falin, 

that creatinine represents a type of endogenous metabolism 

distinct from the exogenous metabolism of food protein 

is no longer tenable, as a result of the studies perform

ed by Shoenheimer and hie associates (20) with isotopic 

nitrogen. The constant daily excretion of creatinine 

in contrast to the highly inconstant excretion of 

other nitrogenous constituents of the urine, however, 

indicated that the formation of creatinine is an orderly 

and well regulated process, the biological significance 

of which is not entirely apparent. It has been proved 

that creatinine arises directly from creatine (Bloch, 

Sboenheimer and Rittenberg (21)). Moreover, it is 

also clear from the results obtained by numerous investi

gators that its origin from creatine is somehow associated 

with utilization of creatine by the muscles, and that 

the quantity of creatinine in the urine is a fairly 

adequate measure of the extent to which creatine is 

being metabolized. 
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The daily output of creatinine in the urine 

is constant for the individual, amounting to from 1.5 

to 2.0 grams for men and from 0.8 to 1.5 grams for women. 

Unlike the excretion of urea, which is derived largely 

from exogenous sources, the creatinine output is prac

tically independent of the protein level of the food. 

The creatinine excretion is, therefore, considered to 

b e an index of the magnitude of the metabolism of the 

tissues and especially of the muscle. The daily output 

of creatinine ia extraordinarily cons t ant for the 

ind ividual; it is not influenced by ordinary exercise or 

by the urine volume. The creatinine coefficient: 

Milligrams creatinine*excreted per day 
Body weight in kilograms 

is from 20 to 26 for the majority of normal men and 

from 14 to 22 for women. Its value depends upon the 

muscular development of the individual, the sex var

iation being presumably due to the different relative 

amounts of fatty and muscular tissues in male and 

female bodies. Therefore, an athletic man of very 

slight build might have a coefficient higher than the 

very fat lady of the circus. 

• Or creatine plus creatinine, when creatinuria exists. 
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ORIGIN OF CREATnrn 

Although there is some confusion as to the exact 

origin of creatinine, it is fairly well established that 

it comes from creatine . However , the origin of creatine 

is still a mystery . Man y theories have been advanced , \/ 

but there is still no definite conclusion made by the /\ 

majority of the investigators . One or the other of the 

substanc es which has a similar chemical formula e . g., 

guanidine, g l ycine, arginine , histidine , betaine or 

choline, has been considered as a precursor . Creatine 

has the follov1ing str uc tural formula: 

/ NH2 

NH=C 

"'N(CH3) . CH 2.COOH 

It is , therefore , obvious that from a chemical standpoint 

creatine may be looked upon as a derivative of glycine , 

of guanidine, or of 3ua nidino-acetic acid particularly . 

It is also related to arginine and probably to choline . 

The greatest help in the search for a precursor 

of creatine has been the fact that in certain of the 

mu scular dystrophies t here is a great creatinuria . Brand 

ana Harris (22) took advantage of this and fed dystrophic 

patients amino-acids in order to find whether or not there 
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was a lack of a precu~sor in th i s dis ease. They kept 

five patients with progressive muscular dystrophy on a 

standard purine and creatine - free diet of constant nitro

gen , phosphorus and sulfur content for a year and a half . 

Their urine wrs analyzed daily for creatinine , creatine , 

urea , ammonia , uric acid , amino acid £ind total nitrogen , 

in organic phosphorus, and tot a 1 su 1-fur . During the 

experimental periods , amino-acids and other substances 

were :iven in addition to the basic diet . There were 

seventy-four experimental and sixty- six contro l periods 

varying in duration fr om one to three wee ks . \\hen glycine 

or gelatine were given there was an increased creatine 

excret i on up to forty percent above the control level 

which increase was equivalent to a transformation of four 

to eight percent of the glycine . During these experiments 

the sulfur excretion dropped and the extra nitrogen 

eliminated was less than that given as glycine . This 

nitrogen and sulfur - sparing effect of glycine continued 

for more than a month after the period . The trans 

formation of glycine into creatine was further confirmed 

by a drop in creatine excretion followins benzoic acid 

and sodium benzoate feeding whlch calls on the body's 

glycine stores for detoxification purposes . The forty 

percent rise in the creatine excretion wa s not seen in 
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the normal patients studied . The proportion of ingested 

creatine which is retained is also much less than the 

normal as shown by the creatine tolerance test . It was 

also found that glycine plus a-arginine produced no 

greater creatinuria than the glycine alone . Guanidoacetic 

acid produced large amounts of creatine . There was a 

slightly diminished creatine excretion with sodium 

acetate and a slightly increased excretion with ammonium 

chloride , sarcosine , 1- alanine , and a - arginine . Nucleic 

acid , urea , lactic acid , uric acid , d-glutamic acid, 

1-histidine, 1- tyrosine, and 1- cystine were practically 

without effect on creatine excretion. Betaine produced 

an increased creatine excretion for a few days , which 

dropped below the control level in spite of continued 

feeding . With the preceeding evidence in mind, on the 

basis of the cyanic acid theory of Salkowski-Werner -Fosse, 

Brand and his associates (23) proposed the view that 

creatine may possibly arise from a side reaction between 

cyanic acid and glycine . 

(CYANIC ACID+2 GLYCINE ) CREATINE+C02+H20 

These results , aside from pointing to glycine 

as the logical precursor , also point to arginine and 

guanido - acetic acid as being instrumental of creetine 
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synthesis. 

Recently, the subject of the synthesis of 

creatine has been somewhat clarified by the work of Block 

and Shoenheimer (24) with isotopes used as markers to 

identify the particul~r substance under investigation 

after it had been absorbed . They showed that the adminis

tration of isotopic glycine , consisting of heavy nitrogen 

(Nl5) incorporated in the glycine molecule , gave rise to 

creatine with a high concentration of the nitrogen 

isotope . Of all the other amino - acids investigated by 

this method , arginine alone was found to be a primary 

precursor of creatine. 

Although the views of Beard and his associates 

(25) have not been generally accepted, they maintain -
that almost any amino-acid as well as urea and other ni-

trogenous substances can give rise to creatine, and that 

creatinine is not derived from creatine but that the 

latter is formed by the hydration of creatinine . The 

first reaction, it appears, is between arginine and 

glycine with the formation of guanido-acetic acid , ar 

ginine furnishing the amidine group . The guanido-acetic 

acid then undergoes methylation by the transference of 

the methyl group from methionine . 
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Thus: 

NH2 
I + 
CH2COOH 

NH2 
I 

NH2 C= NH 
I > I 

- C=NH NH 
I 

+ 
.B!1_cine 

fr om ar r:; in i ne CH2COOH 
Guanido-acetic 

acid 

NH2 
I 
C = NH 

► I - CH3 NCH3 

i 6H2COOH 
I creatine 

from methion ine 

Wilkins et. al. (14) corraborates this view 

stating that creatine is synthesized by the combination 

of arginine and glycine to form guanidoacetic acid or 

glycoc yamine which is methy lated by some agent such as 

methionine or choline. New creatine is constantly being 

formed to replace the urinary loss of creatine and 

creatinine. In the muscle creatine enters into a rapid 

equilibrium exchange with inor ga nic phosphate. The en

zymatic reactions necessary for this cycle involve the 

formation of adenosine triphosphate and the oxidation of 

carbohydrates. (26) The excretion of creatine is ap

parently influenced by factors different from those which 

govern the output of creatinine. It may very markedly 

in the same individual. It is hi ch in childhood and low 

in adult life. It is increased by starvation, hi gh 

protein diet , carbohydrate deprivation, fevers, 
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thyrotoxicosis, and by the administration of testosterone 

proprionate. The complete absence of creatine from the 

urine at times may be due to the fact that there is a 

renal threshold so that it is excreted only when the 1 
serum concentration exceeds o.58 mgm. percent. In 

marked contrast the excretion of creatinine is fairly 

constant for each individual. The relative stability 

of the output and the lack of effect of exercise and 

die t led originally to the concept that the total amount 

of creatinine excreted depended solely upon the total 

muscle mass of the body . The fact that changes sometimes 

occur which are greater than can be accounted for by 

alterations in the musc le .mass makes it seem more probable 

that the creatinine output depends upon the total stores 

of creatine in the muscle which might be subject to 

variation, rather than upon the muscle mass . Bloch, 

Schoenheimer and Rittenberg (21) showed that the rate 

of excretion of creatinine corresponded to the conversion 

of two percent of the creatine in the body in twenty-four 

hours. There is no renal threshold for creatinine. 

With the data collected so far, we can come to 

conclusions as to the different causes for the changes 

in excretion of creatine or creatinine. In the first 

place, changes in the rate of synthesis of creatine from 
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its precursors may affect the rate of excretion. It has 

been shown by Samue ls and Henschel (27) that the synthesis 

of creatine is increased by the administration of methyl 

testosterone, and other factors may affect this synthesis 

in the same manner , although they have not been fully in

vestigated. Secondly, there may be a change in the 

ability of the muscles to store or liberate creatine or 

phosphocreatine. Analysis of muscles have shown that 

the concentration of creatine is decreased in thyro

toxicosis (Wang , 18), in progressive muscular dystrophy 

(Nevin, 28) and in denervation atrophy (Tower , 29) Wang 

demonstrated increased creatine and phosphocreatine in 

the muscle of thyroidectomized animals and Wil liamson 

and Gulick (30) found an increased total creatine of 

muscle after the administration of testosterone proprion

ate. Thirdly, there may be changes in the rate or in the 

direct ion of the creatine-phosphocreatine cycle. Wang 

has suggested that the thyroid gland may have some bearing 

on this synthesis or breakdown of creatine. 
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PROGRESSIVE MUSCULAR DYSTROPHY 

CONFLICTS I N DEFI NITION 

Progressive muscular dystrophy is a disease 

characterized by degeneration, weakness, and atrophy 

of various groups of voluntary muscles, notably those 

of the lower extremity, pelvic and shoulder girdle. 

Several clinical varieties baaed on the onset and lo

c-ation of the affected muscles have been suggested, 

but it is becoming increasingly clear that no sharp 

division can be made among many of the clinical types. 

(Hoagland, 31) It is also apparent that some funda

mental defect common to the various syndromes may be 

responsible for the continuity and sequence of the 

phenomena observed in this group of muscle disorders. 

The main point of differentiation is that 

between the primary and secondary myopatbies. Wechsler 

(32) gives the following anatomical classification 

of the muscular atrophies which is probably as useful 

as any classification available: 

-19-



GROUP I 

A. PRIMARY MYOPATHIES 

l. PRIMARY MUSCULAR DYSTROPHY 
(Usually of the lower limbs) 

a. Pseudohypertrophic type (Duchenne) 

b. Facio-scapulo-humeral type , 
(La.ndouzy-Dejerine) 

c. Bulbar type (Hoffmann) 

d. Juvenile scapular (Erb-Zimmerlin) 

e. Infantile-hereditary (Leyden) 

2. MYASTHENIA GRAVIS 

3. AMYOTONIA CONGENITA (Oppenheim) 

4. MYOTONIA CONGENITA (Thomsen) 

a. Early Life (Hereditary) 

b. Myotonia acquisita 

5. MYOTONIA ATROPHICA 

GROUP II 

B. PROGRESSIVE NUCLEAR MUSCULAR ATROPHY 

1. Mainly of the small muscles of the 
hand (Aran-Duchenne) . 

2. Hereditary¾ Familial, of infawy, 
childhood \Werdnig-Hoffman) 

3. Sub-acute and chronic poliomyelitis 

4. Bulbo-facial of Childhood (Fazio-Londe) 

5. Progressive bulbar palsy (Gloaao-labio
laryngeal, of Bruchard) 
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6. Chronic progressive ophthalmoplegia 
(von Graefe) 

Lewin (33) states that the myopathies are 

primary affections of the muscular system, character

ized by weakness and wasting, with or without prelim

inary enlargement of the muscles, and are not due to 
• 

involvement of the nervous system. 

Barker (34) lists five points of differentia

tion between the primary myopathiea and the progressive 

muscular atrophy of nervous origin. These points are 

· summari zed in Table I on the following page. 

Of the various myopathies, the paeud.ohyper

trophic muscular para lysis is the most outstanding. 

It is also referred to as pseudohypertrophic pr~gresaive 

muscular dystrophy, progressive muscular dystrophy, 

and idiopathic muscular atrophy. Hough (35) recognizes 

four distinct types of pseudohypertrophic muscular 

dystrophy which sometimes grade into each other. They 

are: 

l. The Duchenne paeudohypwrtrophic type 
• 

which is the most common variety. 

2. A leas common type, in which pseudohyper

trophy occurs early in the alignment of the muscles 

of the shou+der gird le. Compared to the Duchenne type, 
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this form has a later onset and/or a slower develop

ment. 

3. The Leyden-Moebiue type is similiar to, 

if not identical with the Duchenns type except for the 

absence of pseudohypertrophy. 

4. The facio-scapulo-humeral type of Landouzy

Dejerine is a form characterized by early development 

· and wasting of the facial muscles, with the appearance 

of the so-called "myopathic fac iea": apathetic, indiffer

ent expression, lose of wrinkling of the forehead and 

lessening of the nasolabial folds. The lips are large, 

the upper lip projecting as the so-called "tapir lip". 

The power to whistle and pucker the mouth is lost. 

Labial letters are pronounced with difficulty. The 

affected child is unable to elevate the corners of the 

mouth, presenting the so-called "transverse smile". 

The eyes cannot be completely closed causing lagophth

almos. 

Lewin (33) describes also about ten cases of 

another type: namely, the Endocrine type. Patients 

with this type of myopathy all look like brothers and 

sisters since they all have dystrophia adiposogenitalis 

or Froelich I a syndrome. 

These classifications are helpful for descrip

tive purposes, but they also have common characteristics: 
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they represent familial or hereditary conditions 

which develop early in life and usually are progress

ive. Therefore, the different types may be regarded 

as manifestations of the same disease entity. 

There are many forms that cannot be sharply 

demarcated, such as the Distal Type of Gowers. Whether 

or not this type should be included in a classification 

of the primary myopathiea is disputable. Batten (36) 

and Spiller (37) regard it as a primary myopathy. It 

does differ from the peroneal form of Charcot-Marie

Tooth since there are no peripheral sensory changes. 

Furthermore, facial involvement is not uncommon and, 

although atrophy begins in the distal parts, it soon 

spreads affecting also the muscles of the trunk. 
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ETIOLOGY 

It has become increasingly apparent that 

progressive muscular dystrophy has a definite familial 

origin . Bramwell (38) reported that in all the cases 

diagnosed as progressive muscular dystrophy which later 

recovered there was no record of a family background for 

the disorder as far as he could ascertain . The family 

background is so much a ' part of the disorder that this 

statement would lead one to believe that the patients 

referred to by Bramwell were not cases of progressive 

muscular dystrophy , but rather of toxic influence of the 

nervous control of the muscles involved , with probably 

an endocrine basis. 

Several members of the same family may be 

affected, brothers and sisters alike , but the disease is 

usually found in the male members . The following is 

quoted from Davison's review (39): "Bunting described 

one family in which three males were affected, while 

the females were not . Barnes found forty-two cases in 

fi ve generations in a family of about three hundred . to 

three hundred fifty individuals. Of the forty-seven 

who are living , the fifteen who developed muscular 

dystrophy were all males. In the first generation there 
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were six females and all transmitted the disease to 

eight of their ma le children (88 percent). The seven 

females of the second generation transmitted the disease 

to six out of eight males of the third generation . The 

children of the males who escaped the 9isease did not 

develop muscular dystrophy. The disease apparently is 

transmitted by the females and may appear in successive 

generations ." 

Hoagland (31) states that the disease occurs 

in a 6:1 ratio in males and females, and that males have 

the disease more severely. He also corraborates Davison 

in his belief that there is an hereditary and familial 

basis . 

The etiology of progressive muscular dystrophy 

has been a mystery since its discovery, n?twithstanding 

the fact that progressive muscular dystrophy has engaged 

the attention of the clinician, pathologist and neurolo

gist ever since its discovery in the middle of the nine

teenth century. The interest of the biochemist is tracea

ble to the work of Levene and Kristeller in 1909 (40). 

"Subsequently many studies have revealed a 

marked dera~ gement in the metabolism of creatine exists 

in this disease. Endogenous creatine , formed from 
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amino acids, is not retained nearly as effectively as 

in normal subjects . When creatine is ingested by patients 

with progressive muscular dystrophy , much of it is ex

creted in the urine, the amount retained depending to 

some extent upon the severity of the disease. This ob

servation has lea d to the concept that there is in pro

gressive muscular dystrophy a ''diabetic-like" state with 

respect to the ability of the patient to retain either 

ingested creatine, or creatine formed endogenously from 

amino-acids . Whe ther or not this concept is true , toe 

reco gnition of the biochemica l abberation in creatine 

metabolism is perhaps the only truly significant con

tribution made in the last thirty years toward an under

standing of the essential nature of this disease . " (31) 

THE CE:E1fi CAL APPROACH 

As already pointed out , the creatine metabolism 

is marked l y disturbed in the muscu lar dystrophies . In 

1925, Bramwell (38) said, "one is not likely to reach any 

rational conception of treatment of the myopathies from 

clinical investigation alone , and chemical investigation 

in these conditions is an uncultivated field which will 

repay any labor that is spent on it ." It is hard to say 
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at this time whether or not this prediction has 

proved itself true, but in the past twenty years 

investigators have worked endlessly on the topic . 

Evans and Burr (41) found in experiments 

with young rats, which were suckled by mothers 

deprived of vitamin E, that they not only showed 

decreased growth due to the vitamin E lack , but also 

displayed paralysis which developed about the twenty

first day of life . This was shown in forty - eight 

percent of their animals , while seventeen percent 

recovered and thirty- five percent died . It was 

shown beyond doubt that the condition was a vitamin 

deficiency and that the disease resembled an upper 

motor neuron lesion . They showed that in a great 

percentage of the affected animals the condition 

became arrested , the animals remaining normal . 

Among the affected animals , if the paralysis was 

not too far advanced the condition could be ameliorated 

by the administration of the lacking vitamin . 

It has been found that histologically 

the myopathy caused by vitamin E deficiency resem

bles markedly the muscular dystrophies and amyotrophic 

lateral sclerosis as far as the muscular and the 

nervous system is concerned . This finding led 
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investigators to the assumption that the dystrophies 

in the human subjects might be the same as those 

resulting ·rrom nutritional deficiency in animals . 

In 1939 , Einarson and Ringstead (42) , · on 

the basis of experiments on rats , suggested that the 

muscular dystrophies , amyotrophic lateral sclerosis 

and tabes dorsalis are due to a deficiency of vitamin E. 

In 1941 , Margulis and Eppstein (43) attempt

ed to show the minimum requirements for dl-a-tocopherol 

in albino rabbits . They obtained successful cures in 

two - thirds of the 112 animals that they studied . They 

showed , however , that as the quantity of a - tocopherol 

fed increased beyond a certain limit it became pro

gressively less effe~tive in the protection against 

the dystrophy . The animal tissues soon became satur 

ated with the vitamin and the excess was excreted . 

Another view put forth by these workers as to the 
' 

cause of the excr e tion was that the~e might possibly 

be a greater rate of destruction occurring , but if 

that did take place, it took place only after the 

tissues became saturated . The rabbits were fed a 

synthetic diet lacking in the vitamin E. The contr ol 

diet included the vitamins . Margulis and Eppstein 

corraborated the evidence of Mattill (44) that 
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injections of dl - a - tocopherol acetate were inefficient 

in the cure of dystrophi c rabbits . In these exper i ments 

they showed that the minimum requirements of dl-a - toco 

phery l acetate , as determined by the cure of dystrophic 

rabbits , is probably about 0 . 32 mg . for kilogram of body 

weight per day (calculated as free a-tocopherol) . They 

also showed that the interval during which a supplement 

protects the animal against dystrophy is directly pro 

portional to the total amount of a - tocopherol fed , 

provided the amount is be l ow approximately 60 mg . The 

minimum requirement were not affected by s ex or age . 

Further studies have been made to secure in 

formation on the manner in which a - tocopherol intervenes 

in the biolo8ical processes of oxidation in muscle , on 

its relation to changes in the creatine and chloride in 

muscle , and on the enzyne systems . These studies were 

made on dystrophic rabbits, rats , hamsters and chicks , 

and both in vitro and in vivo experiments were carried 

out . 

Morgulis and 0sheroff (45) found that in 

dystrophic ra bbit muscles there was a marked increase 

in the content of sodium and chloride , but this receded 

to normal within six to seven weeks when the def i cient 

diet was supplemented with wheat germ . Hurwitz in 1936 (46) 
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had previously noticed in two patients with progressive 

muscular dystrophy a re du ced blood chloride accompanied 

by an abnorma l salt toleran ce and retarded excretion of 

salt . Houchin and Ma till (47) reported that there was 

no chan ge in the chloride concentration of the muscle 

dystrophic ra bbi ts, and it remained high durin g the 

parenteral administration of a-tocopherol phosphate . 

DISTUR3ANCES I N TEE ~.rn TABO LISM 
OP TEE OTHER 11I NERl1L CONSTITUENTS 

In the nutritional muscular dystrophy, as in 

many other conditions, we find that there is an antithesis 

of action of the sodium and potassium . Whereas there is 

a marked increase in the sodium and chloride content of 

dystrophic muscles , there is a concompetent decrease in 

the potassium content, but this increases again when the 

re generative processes are initiated by proper dietary 

supplement. It is shown t ha t t he sodium and potassium 

changes almost compensate for each other. (Mor gulis and 

Osheroff) 

~ or gu lis and Osheroff (45) showed that there 

is an enormous increase in the calcium content of the 

dystrophic muscles in deficient rabbits, but this was 
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apparently ouickly restored to normal on the curative 

diet . 

In 1916 Mccrudden and Sargent (48) noted and 

reported hypocholesteremia in the blood of dystrophic 

patients . Morgulis and his associates (49) showed in 

work with normal and dystrophic rabbits that the lipid 

content of the heart was not changed in nutritional 

muscular dystrophy, but that the skeletal muscles of the 

dystrophic animals have a very markedly increased chole

sterol content . They came to the conclusion that there 

existed not only hypercholesterolemia , but also a specific 

and very striking rise in the cholesterol content in the 

skeletal muscles . The accumulation of the cholesterol 

raises the question as to its origin . We know that 

cholesterol can be synthesized in the organism of man 

and the higher animals as shown by Page 1937 (50) , but 

neither the site of its formation nor its source is 

definite according to this author . Margulis stated that 

we are dealing with an actual synthesis if cholesterol 

found in the muscles of dystrophic rabbits and not merely 

with a redistribution of cholesterol already present . 

Morguli~ et . al . (49) have shown that the skeletal 

muscles alone manifest a greatly increased fat, lipoid 

phosphorous and cholesterol content, and that the 
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gastrocnemious was affected the most while the abdominal 

muscles the least . 

Houchin and Ma till (47) in their studies with 

dystr ophic rats, rabbits and hamsters showed that the 

dystrophic muscles from vitamin E deficient animals , 

has a higher oxygen consumption , a lower creatine con

tent , and a higher chloride content than the muscle 

from normal animals . The differences are great and 

hamster dystrophic muscle has an oxygen consumption 

of 250% greater and rat muscle 160% greater than normal 

muscle . They showed that the oxygen uptake appeared to 

increase with the severity of the dystrophic condition . 

Oral administration of a-tocopherol to the dystrophic 

hamster resulted in the lowering of the oxygen con

sumption of the affected muscles to a normal level within 

t wenty-seve n hours , whereas the administration by mouth 

of the a - tocopherol acetate lowered the oxygen consumption 

of the muscle within ten hours . Later , Houchin (51) 

showed that the high oxygen consumption of slices from 

dystrophic rabbit and hamster muscle was lowered 40% by 

the addition of a-tocopherol phosphate directly to the 

medium , while the oxygen consumption of slices from normal 

muscle was not affected. Later , it was shown that paren

teral administration of a-tocopherol phosphate caused the high 
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oxygen consumption of the dystrophic rabbit muscle to 

drop to a nearl y normal level. A sharp decline in the 

muscle creatine content accompanied the lowering of the 

oxygen consumption. Houchin was led to the conclusion 

that a-tocopherol phosphate is intimately connected 

with the complicated and yet unknown enzyme systems by 

which the physiological integrity of mus cle tissue is 

maintaiDed . 

In the majority of the patients with pro

gressive muscular dystrophy there is an altered carbo

hydrate metabolism producing a hypoglucemia . Janney and 

his associates (52) and Kc Crudd en and Sargen (48) have 

reported this as early as 1918, but others deny that 

hypoglucemia is a constant feature . 

Janney, Goodhart and Issacson (52) state 

that "the constant presence of hypoglucemia and the 

evidence of delayed glucose utilization in muscular 

dystrophy make it probable that defects in carbo

hydrate metabolism are intimately connected with , 

if not directly causative of , the metabolic pictur~ 

of the disease . It seem likely that the muscles in 

this condition undergo weakness, atrophy, and degener

ation as the supply of their carbohydrate pablum 

is interfered with~ . 
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Mccrudden and Sargent (48) are of the opinion 

that the hypoglucemia may underlie the great fatigu 

ability . Goodhart and Globus (55) , who also emphasize 

the association of hypoglucemia with muscular dystrophy , 

hold similiar views . Bramwell (38) and Shrivastava (53) 

report that utilization of glucose is not always 

delayed and that in certain instances the utilization 

may even be rapid . Lewin (33) advocates the use of 

adrenalin to produce a hyperglucemia and an increase 

in the utilization of dextrose by mobilizing the stored 

glycogen . He also states that adrenal cortical 

extract increases glycogenolysis in the liver and 

should be beneficial . 
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ETIOLOGY---ENDOCRINE? 

The etiology of the muscle dystrophies being 

uncertain, it is not surprising that the endocrine glands 

should have been incriminated. Practically no gland 

escaped being implic a ted, but the pineal and pituitary 

glands were particularly singled out because of a 

similiarity of symptoms in diseases of the ductless 

glands and those found in the dystrophic patient. 

Hoagland (31), studying the effects of the administration 

of certain hormones on creatinuria in progressive 

muscular dystrophy, found that testosterone proprionate, 

administered over varying periods of time, resulted 

in the retention of creatine both in normal male child

ren and in male children with progressive muscular 

dystrophy. In normal children thia c aused diminished 

creatine output, and in both the normal and dystrophic 

child crea tinuria was increased for variable periods of 

time following the withdrawal of the hormone. An 

increase in the excretion of creatine in progressive 

muscular dystrophy occurred following the administration 

of methyl testosterone; but neither testosterone pro

prionate nor methyl testosterone appeared to bring about 

any cons istent change in the output of urinary creatinine. 
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Hoagland also studied the effects of concen

trates of the hormones of the hypophysis on the excre

tion of creatine and creatinine in progressive muscular 

dystrophy. The results led him to believe that the 

essential defect is not found in the mechanisms which 

control the synthesis of creatine or in the mechanisms 

responsible for the transport of this substance, but 

rather in those systems which are linked with the pro

duction of creatinine in normal muscles. 

There h~ve been few autopaie? on patients 

with pseudohypertrophic muscular dystrophy, but there 

are three cases that I could find in which there was 

found the presence of thymic tissue. (Bevans (54), and 

Goodhart and Globus (55)). Such findings, however, 

are not particularly significant, as the incidence of 

thymic tissue in normal persons is about the same. 

Some relationship between pituitary dysfunction 

and progressive muscular dystrophy has been suggested 

by many authors, due to the more than casual occurence 

of pituitary adiposity and acromegaly in dystrophic 

patients. In fact, Lewin (33), as previously stated, 

goes so far as to define a type of dystrophy which he 

calls the Endocrine Type, associated with a pituitary 

gland dysfunction, but concrete evidence for a relationship 
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ia lacking. Bramwell (38) admits that there appears 

to be a relationship between disorders of the pituitary 

gland and muscular dystrophiea, but thinks that both 

conditions might be due to a common cause rather than that 

the muscular dystrophy is secondary to the endocrine 

disturbance. 

A relationship between the pineal gland 

and muscular dystrophy has been suggested by Timme (56) 

who, in reporting four cases of "a somewhat atypical 

muscular dystrophy rather resembling Erb's infantile 

type, 11. states that, "the probability approaches pretty 

closely to proof that the disturbances of pineal gland 

play an important role in the pathogeny of progressive 

muscular dystrophy". He puts forth some proof that :? there 

is a real correlation between the glandular pathology 

and the dystrophy. 

-38-



ETIOLOGY----NERVOUS? 

Kure (57) suggested that progressive muscular 

dystrophy was caused by lesions of the autonomic nervous 

system. This was based upon the experimental fact 

that dystrophy of the leg muscles could be produced 

in dogs by extirpating the abdominal sympathetic chain. 

Furthermore, by cutting the corresponding posterior 

nerve roots at the same time, the dystrophic changes 

could be accellerated, and this was found later to be 

due to the parasympathetic innervation of the muscle. 

In six patients out of twenty-one, whose cervical 

sympathetic had been severed for therapeutic purposes, 

Kure found that there was marked atrophy of the trapeziue, 

deltoid, and pectoralie major several months after the 

operation, and histological examination reveal3d typical 

dystrophic changes. Occasionally the upper arm muscles 

were involved, but the forearm and hand were always free 

from change. He suggested that the reason why muscular 

dystrophy d id not appear in all the operated cases may 

be due to a difference in the muscular innervation in 

different individuals, whether they are vagotonic or 

eyrnpatheticotonic. In eympatheticotonic individuals, 

since their muse lea are chiefly under the trophic infl~ 
... 

ence of the sympathetic system, the resection of this 
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supply would induce muscular dystrophy. As further 

evidence tha t muscle dystrophy is an autonomic nervous 

system disease, he showed that both sympathectomized and 

dystrophic muscles have a decreased tone and reflex 

patterns which are almost identical. Besides, both 

react to adrenalin upon fatigue, which is not char

acteristic of normal muscle. Kure also pointed out 

in his paper that there were varying amounts of sympath

etic fibers going to the different muscles, and that the 

phrenic, intercostal and muscularis nerves contained 

many sympathetic fibers which innervated the pectoralis 

major, gluteus maximue and quadriceps femoris, while 

there were extremely few sympathetic fibers to the 

policus brevi and the lumbricalea in the hand, which is 

seldom involved in muscular dystrophy. A falacy in his 

theory seams to be that, although the heart and the 

muscles of the respiratory system are extensively 

supplied with autonomic fibers, these muscles are among 

the last to be affected in progressive dystrophy. 

Bramwell (38) also postulated a sympathetic 

nervous system lesion as one of the causes of muscular 

dystrophy, and pre s ented considerable evidence suggest

ing that the skeletal muscles in man have a dual innerv

ation; a somatic supply concerned with movement and a 
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sympathetic supply concerned with fixation. He stated 

that the gradual loss of power and wasting may be deter

mined as either a direct consequence of interference 

with the sympathetic innervation or as a consequence 

of secondary involvement of the somatic nerve fibrils 

to the changes in muscles and interstitial tissue which 

result from disease of the sympathetic nerve supply. 
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HISTOLOGIC CHANGES IN 
PSEUDOHYPERTROPHIC MUSCULAR DYSTROPHY 

In progressive muscular dystrophy changes 

occur in the muscle fibers themselves which accounts 

for the weakness and paralysis of the muscles in the 

presence of a motor nerve which, to all appearances, 

is perfectly normal. This is in contrast to the 

secondary myopathies , where the basic lesion is in the 

spinal cord Qr in the peripheral nerve, while the 

changes in the muscle are due to the alteration in 

the lower motor neurons rather than to loss of integ

rity of the muscle tissue~~• 

In the pseudohypertrophic form of muscular 

dystrophy the muscles are enlarged and are firmer 

than normal, which makes a bizarre picture considering 

the profound weakness exhibited by the muscles . 

These changes are most often seen in the gastrocnem-

ius, deltoid , supraspinatus and infraspinatus muscles . 

The "infant Hercules" is the common term used to describe 

the appearance of these children. 

The microscopic findings vary in the diff

erent muscles involved and even in different parts 

of the same muscle . In some musc les, especially in 

the early stage, the muscle fibers are swollen and 
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ro~nded , with loss of the characteristic transverse 

striations . The nuclei of t he sarcolemrna are more 

numerous, but there is no increase in interstit i al 

tissue . In other muscles , especially in the later 

s t a ges , many of the fibers are smaller than norma l, 

with marke d increase in the interstitial tissue and 

thickening of the walls of the blood vessels . This 

interstitial increase is greater than can be accounted 

for by a mere repla cement fibrosis , and is much more 

marked than that seen in progressive muscular atrophy . 

It has been suggested that the changes in the muscle 

and the interstitial tis s ue are due to s orr..e co"::Lrnon 

cause . 

In the pse udohypertrophic form, the enlarge 

ment of the muscles is at first due to the large size 

of the muscle fibers. Later, a great deposit of fat 

occurs between the fibers, thus makin g the enlargement 

greater . In a number of patients , the pseudohypertrophy 

is associated with an endocrine disorder of pituitary 

gland origin . It is thought by some that the deposition 

of fat in pseudohypertrophic muscular dystrophy is 

due to this pituitary dys f unction , but there are no 

actual pathological observati on s to corraborate this 

ide2 . 

Bevans (54) i n a recent review of the 
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literature states that the changes of smooth muscle in 

the gastrointestinal tract and elsewhere had not , in the 

study of progressive muscular atrophy, received adequate 

attention . He reviewed the histories of four patients 

(ages 14 to 20 years), and necropsy findings showing 

that all of these patients presented myocardial lesions 

of varying severity . The lesions were similar to but 

not identical with the chanGes seen in the skeletal 

muscles . One of the four patients died of cardiac 

failure ana the others showed symptoms of disturbed 

cardiac rhythm . The tongue and the upper esophagus pre 

sented changes differing only in degree from those seen 

in the skeletal muscles , but these changes were not ac 

companied by symptoms, except in one patient . The 

changes in the gastrointestinal tract were remarkable . 

The smooth muscle of the sastrointestinal tract showed 

edema , variation of size , atrophy and disappearance of 

cells and, occasionally , small areas of necrosis . Gross 

lesions included marked dilatation of the stomach ( in 

2 cases) and perforation (in one) , dilatation of the 

colon (in 2 cases) and fecal impaction (in one) . The 

changes in the smooth muscles were not considered spe

cific, although it was suggested that, in many ways , 

they were comparable to those seen in the skeletal 
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muscles . No outstanding abnormalities of the endocrine 

system were found , in these four patients , and there 

were no lesions of the smooth muscle , of the vascular 

system or of other organs . 

Globus, studyin g the heart muscle in pro

gressive muscular dystrophy (59) also found that the 

heart was involved in a r;reat number of patients . While 

observing the clinical course of several cases of pro

gressive muscular dystrophy he noticed that patients who 

had remained in statu quo for fairly long periods of 

time , would, suddenly and without warning , develop in 

rapid succession hypostatic pneumonia , pulmonary edema , 

hydropericardium and hydrothorax , culminating in death . 

It was natural to suppose that some cardiovascular dis

turbance wa~ involved in this condition . 

Glo bus collected all the case histories found 

in the literature and discovered in all of them fairly 

definite indications of myocardial disease of varying 

degree . Although acute infection was present in three 

patients, this was not suf ficient to explain the diffuse 

nature an d the morphologic character of the myocardial 

involvement. He found in the intercurrent diseases 

causin g terminal ill ness that there was one case of pulmo

nary tuberculosis , a "pulmonary condition" , two cases of 
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pneumonia and the balancB of the group were classified 

as pulmonary edema and grave gastrointestinal disturbances. 

There is little reason to suppose that the terminal acute 

pulmonary conditions or the gastrointestinal disturbances 

accounted for the chronic lesions of the heart, and he 

concludes that proba bly the cardiac insuf ~iciency was 

responsib le for the development of the con ditions lead

ing to death . 

In studyin g the reports on the findings in 

organs other than the heart , Globus found few pathologic 

chan ges which could in any way sugrest an etiologic 

factor responsible for the heart lesions other than the 

primary myopathy. The character of the lesions which 

he found lent further support to his views. He explained 

the decreased pathology in the microscopic examination 

of the heart as being due to a certain de gree of re

sista nce or partial immunity to the morbid process on 

the part of the heart muscle . This resistance or immun

ity prevents the heart muscle from goin g beyond the stage 

of fibrosis. 

The su ggestion that the skeletal muscle changes 

are different in primary and secondary myopathies led 

Bowden to investigate this in an endeavor to find diag

nostic points in the differentiation of cases of these 
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similar disorders. In a recent paper (58) Bowden de

scribed extensive studies of biopsy material from a case 

of progressive muscular dystrophy, from which he came 

to the conclusion that the early changes consisted in a 

reaction of the nuclei and the granular constituents of 

the sarcoplasm, but that there is complete dedifferentia

tion of the striated material leading to fra gmentation 

of the muscle fibers, accompanied by a breakdown of the 

chromatin of the nuclei. He thus showed that the late 

changes in dystro phic muscle fibers are identical with 

those observed in the final stages of denervation 

atrophy. He found, as had been previously noted, that 

in progressive muscular dystrophy the fibers in the nerve 

trunks remained intact, but that degeneration of the 

muscle fibers apparently led to loss of contact at the 

myoneural junction, which was followed by an abortive 

regeneration of the terminal nerve fibers. From such 

evidence he concluded that examination of biopsy material 

of muscle in suspected cases should afford valuable evi

dence for dia gnosis. 
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SYI'/IPTOMS AND SIGNS 

The symptoms of progressive muscular dys 

trophy are so striking that the condition can hardly 

be overlooked . The symptoms come on e arly in childhood , 

nearly always before the tenth year , and generally 

between the second and s eventh years . The disease 

represents an atrophy and pseudohypertrophy, usually 

first noticed in the muscles of the pelvis , thigh , and 

the extensors of the spinal column , resulting in gen 

eral weakness of the lower extremities accompanied 

by a marked increase in the size of certain muscle 

groups, usually those of the calves . But pseudohyper

trophy may affect any muscle group of the lower extr em

ity . The muscular weakness results in a waddling gait 

which c ~nsists of an excessive raisin g and lowering of 

the pelvis in walking . Or with involvement of other 

muscle groups , the patient experiences difficulty 

in getting up from the sitting or reclinin g position . 

The manner of rising from the reclinin g position is 

almost pathognomic for the dystrophies . If the patient 

is lyin g on his back, he rolls over on his face and 

abdomen , rests the hands upon the ground and raises 

the trun k until he is in a kneeling position , lifts 
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the knees from the ground and sup ports himself only 

with his hands and feet on the ground . Then , by 

placing one hand on the knee of the same side, he 

brings the body up with a jerk or he places both hands 

at successively higher levels on the thigh until he 

assume s the erect posture. This latter method of 

"climbing up his own legs" is one of the most common 

symptoms described in the literature . With progression 

of the disease , the pa tient can no longer rise from 

the ground unless assisted or unless he can grasp a 
' 

stationary object . Children walk very unsteadily and 

fall easily; this may be one of the first signs 

noticed in the very young child . 

The weakness of the abdominal muscles and . 
of the muscles producing extension of the hip joint 

causes a lordosis . A scoliosis may also be observed . 

The classical "loose shoulders" or "winged scapulae" 

result when the disorder involves the muscles of the 

shoulder girdle . The weakness or falling in of the 

abdominal muscles causes , on deep inspiration , almost 

an hour-glass constriction of the waist , the "taille 

de guepe", or "wasp waist" . 

The atrophy usually begins in the proximal 

parts of the body and in the trunk muscles . The dis 

tal musculature of the hands and feet is usually spared . 
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Instead of atrophy , there may be pseudohypertrophy and 

this may be noticed in the muscles of the calf or arm 

and the posterior muscles of the thigh . The pseudo

hypertrophy of the upper extremi ty is usually seen in 

the triceps and deltoid muscles . The combination of 

atrophy and pseudohypertrophy causes an alteration in 

the confi guratibn of the muscles . Bu t in spite of the 

hypertrophy , the muscles have less power . The most fre

quently enlarged is the infraspinatus , next the supra

spinatus and the deltoid . The pectoralis and the 

latissimus 6orsi are not enlar ged but , on the contrary, 

are generally marked ly wasted . Bramwell (38) states 

that the muscles especially predisposed to dystrophy 

are: (a) those which develop ear l y (wit~ the most 

rapidity) in the foetus; (b) those which are regressive 

(in the sense that they no longer fulfil such an im

portant function as in an earlier stage of evolution) 

as oppo sed to those which have been acquired at a later 

date or have taken on new functions; and (c) those 

especially as s ociated with the function of fixation . 

The weakness of the shoulder muscles produces the charac

teristic condition t hat , when the affected children are 

picked up by grasping them by the arms , they slip through 

the hands . The rhomb oids and the levator an guli scapulae , 
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the biceps and the triceps are gradually involved, and 

later in the disease there is such extensive atrophy, 

with corresponding weakness, of all the affected muscle 

groups that the patient may be unable to walk or even 

stand, and is absolutely he lples s except for the use of 

his hands. Dystrophy of the orbicularis oculi and oris 

and of the muscles of mastication has been described. 

In case the orbicularis oris muscles are involved there 

is usually pseudohypertrophy and, the lips being swollen, 

the patient is unable to pout the mouth or whistle . The 

affection of the muscles of the neck and face results in 

the myopathic facies ("facies of a sphinx"). Atrophy of 

the muscles of respiration of the heart and of the viscer

al muscles has also been demonstrated. The dystrophy is 

always bilateral. 

Fribrillations due to anterior horn cell disease, 

as in the ordinary atrophies, are not found in this order. 

Cases with fibrillations reported belong possibly in the 

group of neural disorders . The electrical reactions 

show lessened response to faradism and galvanism but no 

reaction of degeneration. (Bowden and Gutmann , 58) 

The tendon reflexes of the atrophic and pseudo

hypertrophic groups of muscles are diminished or absent 

depending upon the degree of atrophy. The ankle jerk 
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remains the longest . 

Contractures of the tendons are known to take 

place , and permanent contractures of the biceps , f l exors 

of the knees and calf muscles are known as dystrophia 

myoscleratica . Atrophy of bones , arthropathies and 

scleroderma have been recorded . In some instances , dis 

turbances in the endocrine glands as manifested by 

scantiness of hair , female distribution of pubic hair , 

atrophic genitalia and hypopituitary obesity are not un 

usual . Apparently the mental status of these people is 

perfectly normal although due to their disability they 

are somewhat retarded . 

As for the other forms of the muscular dystro 

phies, there is little to be said . In the juvenile form , 

the symptoms do not make their appearance until between 

the tenth and sixteenth year , and in the facio-scapulo 

humeral form the disability is confined chiefly to the 

upper extremities and the process begins in the muscles 

of the face . 
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THE TREATMENT OF 
PROGRESSIVE MUSCULAR DYSTROPHY 

The treatment of progressive muscular dystrophy 

has only been able to follow the lines of research on 

the etiology of the disease. Since the etiology is 

unknovm, the only logical approach to treatment is to 

follow the various leads given by the biochemist working 

with laboratory animals. This has lead to more or leas 

a "faddish" treatment cycle, with the various endocrine 

preparations, amino-acids, vitamins, etc. The results, 

so far, have been inconclusive, but in certain cases 

some progress has been made. It is difficult to 

evaluate the methods of treatment since the patients 

have not been observed for long enough periods, and it 

is hard to tell whether remissions have been spontaneous 

or therapeutic. 

Brand, Harris, Sandberg and Ringer {23), who 

were the first to suggest the relationship of glycine 

to muscle metabolism, found that the ingestion of this 

amino-acid was followed by a large increase in urinary 

creatine. Such increased excretion of creatine after 

administration of glycine occurs not only in progress

ive muscular dystrophy but in a variety of other con

ditions in which the muscles are involved. The normal 
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person can readily synthesize glycine. The relation

ship between glycine and creatine seem to play an import

ant role in muscle function. The da ily ingestion of 5 

grams of glycine is followed by a definite rise in the 

creatinuria; ingestion of 15 to 20 grams, however, is 

generally advocated and this amount will increase the 

daily excretion of cr eatine 300 to 500 mg., the more 

advanced cases excreting l arger amounts. After a period 

of from two to eight weeks, the creatinuria begins to 

decrease in spite of c ontinued rise of the glycine, 

until it falls to the c on tro l level. A ri se in the 

cre &tinine out put coincides with the decreas e in the 

creatinuria and an improvement in the patient's ability 

to reta in ingested crea tine. These chang~s in the meta.. 

bolism disappear in the course of a few weeks after 

the cessa tion of glycine ingestion, but return when the 

administration is resumed. While the s e changes in 

metabolism are taking place, the patients improved 

remarkably. However, none of the patients with muscular 

dystrophy treated with glycine showed such striking 

improvement as those reported by Thomas, Milhorat and 

Techner. (60) 

Thomas, Milhorat and Technor found that dis

continuence and resumption of the glycine thera py were 
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followed by retrogression and improvement, respectively. 

The first symptoms reported in half of their patients 

was a f eeling of crawling or rumbling sensation in the 

muscles which in one ceses was so severe that it inter

fered with the patient's sleep. The muscle groups 

most affected were those whose function was the most 

impaired. This curious feeling appears some days 

before the crea tinuria begins t o fall and disappears 

in two t o f ourteen days after further administration of 

glycine. Fatigue, which frequently constitutes a 

prominent and d istre ss ing symptom in this disease, 

also disappears. Gradually the functi on of certa in 

groups of muscles improves to such an extent that stair 

climbing, ri s ing from the floor and bicycle riding are 

carried out more effe ctively. 

The effects of glycine feeding were studied by 

Lewin (33) for periods of u~ to fourte en months, but 

he found little tang i ble evidence of improvement in the 

muscular function. However, muse le biopsy specimens 

removed after treatment were distinctly better in 

quality, chemically and histologic a lly, than similar 

specimens . taken before treatment. Regeneration of the 

muscle fibers was accompanied by re s toration of various 

characteristic muscle components. 
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Hurwitz (46) states that the opinion regarding 

the value of glycine is divided. Milhorat (60) and 

Tripoli (61), and their co-workers, reported definite 

improvement on thi s therapy, but Br and (62) reported 

no striking benefit with thi s therapy in 46 patients 

studied. Boothby (63) and Cheney (64) also share this 

opinion. Hurwitz trea ted 12 patients with 4 to 30 

grams of glycine daily for 6 to 25 months. He found 

subjective improvement in 7 patients; increased appetite, 

gain in weight, a feeling of well being, and greater 

endurance due to the decreased fatiguability of the 

muscles involved. There were no paraetheaias in this 

group. Hurwitz believes that in t wo of his patients 

treated with glycine the disease was arrested. 

The mode of act ion of glycine is still unsett Jed 

but it is believed that in dystrophy the muscles are 

unable to reta in creatine . Within the body the glycine 

forms cree.tine which is retc. ined in the muse les 

for a short time, at least; and clinical impr ovement 

result s . Furthermore, the glycine increases the specif

ic dynamic action of proteins , it forms glutathione with 

cystine and glut amic acid, and it al s o has a sparing 

effect on nitrogen and sulfur metabolism. The stim

ula t ion of mete.bolism with glycine probably accounts 
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for the subjective improvement of the patients. 

In 1938, Einaraon and Ringsted (42) suggest

ed that the muscular dystrophies, amyotrophic lateral 

sclerosis and tabes dorsalis wer e due to a deficiency 

of vitamin E in the diet. Bicknell (65) and St one (66) 

were strongly in favor of supplying vitamin E, and 

Bicknell report ed that twelve out of thirteen patients 

with progressive muscular dystrophy improved on a diet 

including 14 grams of whole wheat germ fed twice da ily. 

The believed that normal diets are deficient in vitamin 

E, but did not think tha t the anti-sterility factor 

(alpha-tocopherol) was identical with the myotrophic 

and neurotrophic factors. 

Hafner and his associates (68) claim that the 

pathologic change in vitamin E deficient animals (degen

erative changes in the central nervous sys tem and in 

the striated muscles) bear a marked resemblance to those 

present in certa in human neuromuscular diseases, par

ticularly progressive muscular dystrophy and amyotrophic 

lateral sclerosis. Although the possible relationship 

between vitamin E deficiency and the pathogenesis of 

these human disorders was apparent, it was not until 

1940 that the first re ports were published of clinical 

observations on the use of vitamin~ in these condition~ 
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Wechsler (67) found some improvement in 

patients with amyotrophic laterel sclerosis feeding 

wheat germ and a-tocopherol acetate both orally and 

intramuscularly. In a recent paper, Hafner (68) re

ports nine patients treated with 75 mg. of eynthetic

dl-a-tocopherol (ephynal acetate) daily over periods 

of three to twenty-seven months, in which he determined 

muscle strength as well as urinary creatine and creatin

ine excretion. Four showed objective evidence of an 

increase in strength in certain muscle groups, together 

with some subjective improvement; two remained station

ary and three became progressively weaker. There were 

no changes in the urinary excretion of creatine and 

creatinine. Hafner found it imposs ible from his ob

servations to draw definite conclusions as to the efficacy 

of synthetic dl-a-tocopherol in the treatment of pro

gress ive muscular dystrophy, although about half of the 

patients showed some improvement even though the die-

ee.s e usually runs a progressively downhill course. 

However, the failures in the treatment of 

progressive muscular dystrophy with vitamin E prepar~

tions have just begun to be reported. Since 1942, 

Schw~rz, Gammon and Masland (69), Pohl and Baethke (70), 

Alphera, Gaskill and Cantrow (71), Zech and Telford (72), 
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Lubin (73) and Davison (39) all agree in their reports 

that the treatment whether with wheat germ or with the 

synthetic tocopherol prepata.tion is of little or of 

no value. 

Antopol and Shetland (74) _advocated the use of 

pyrodoxine (vitamin B6) in the treatment of progressive 

meucular dystrophy and r eported considerab le improve

ment in six patients. However, the use of this vitamin 

has not been extensive and does not seem to be of much 

_value. 

The failure of alpha-tocopherol in the form 

of wheat germ or as the synthetic acetate ester has 

been one of the strongest arguments against the idea 

that progressive muscular dystrophy in man is similar 

to the nutritional muscular dystrophy in animals. Blinn 

(75), in 1946, reviewed the relati onship between these 

t wo disorders. 

No report has been found in the literature 

on the use of the water soluble phosphate ester of 

a-tocopherol in human subjects. This ester was used 

by Houchin (51) in hamsters and rabbits, and earlier, 

by Morgulis and Eppstein with admirable results, and 

whether er not there is a correllation between the nutri

tional dystrophiee and the human myopathiee, it would 
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be of interest to try this preparation on human sub

jects. 

In 1930, Kure and Okinaka (76) expressed the 

be l ief that the basic disturbance in progressive mus

cular dystrophy was an alteration of the autonomic 

nervous system, and they advocated the use of from 

thirty t o fifty injections daily or on alternate days 

of from 0.2 to 0.3 cc. of a 1:1000 solution of epin

ephrine hydrochloride and from l. 0 to 2. O cc. of a 

1% solution of pilocarpin hydrochloride. Hough (35) 

studied the effect of thi s treatment in 38 patients. 

Hurwitz, in similar studies agrees with the claim that 

this treatment causes symptomatic relief and may slow the 

rate of progres s of the disease, but does not cure it 

or alter the mortality. 

Many other t~erapeutic measures have been 

tried, but there i s little to indic a te a curative action 
\ 

on the disease. The patient is helped symptomatically 

and for this reason they should be employed. In 1914 

Parhon (77) fed preparations of fetal muscle and report

ed improvement in t wo cases, but other reports on this 

therapy are lacking. Some have reported that calcium 

lactate is of value, but Hurwitz (46) had poor re sults. 

Many investigators recommend a high vitamin diet 
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c ons is t ing of an abundance of fresh fruits and vege

t able s, etc. 

Endocrine therapy should be used whenever 

tenable , es pecially i n cases resembling what Lewin 

calls the endocrine t ype of the d i sor der. The chief 

glands used ar e the t hyroid, pituitary, parathyroid 

and adrenals. The therapy with the ·adrenal medulla ry 

and cortical hormones has alr ead y been d iscussed. 

Hurwitz used all the glandular products without apparent 

benefit, but it seems that they should not be over

looked where there is any indic a tion of a possible 

need. 

Otber general measures consist in avoidance 

of overexertion, moderate massage and physiotherapy, 

es pecially in the early stages of the disorder, .at 

which time galvanic stimulation amy also be of some 

value. Orthopedic appliances have been advocated by 

some, but Davison (39) doubts their value. He also 

decries the use of tenotomy in case s where there has 

been a contracture, because this operation merely 

increases the patient's disability. 
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SUMMARY AND CONCLUSIONS 

1. Although there is considerable confusion 

as to the origin of creatine , it appears that this 

substance is synthesized from amino-acids , by a react 

ion between the amidine group of arginine ana glycine 

forming glycocyamine which , in turn , is methylated by 

the transference of methyl groups from methionine. 

2 . Due to the fact that human progressive 

muscular dystrophy does not behave like the muscular 

dystrophy in animals of nutritional ori 6in (vitamin E 

deficiency) it should be regarded a dissimilar process . 

3. It is apparent that although the t~eories 

of nervous and endocrine origin of progressive muscular 

dystrophy have more or less fallen into disrepute , the 

points in favor of a sympathetic , or at least an auto 

nomic nervous system lesion in muscular dystrophy are 

too important to be disregarded completely; and it 

appears that more work should be done along these lines . 

4 . With the information at hand , it a ppears 

that we cannot place the etiology of muscular dystrophy 
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into any single cate gory, an d it must be said that the 

etiology of this disease is still not understood. 

5 . There is, as yet , no satisfactory treatment 

for muscular dystrophy. 

6 . There is excellent evidence for the presence 

of a fa~ily diathesis , and the hereditary nature of the 

dise a se is fairly certain . 

-63-



BIBLIOGRAPHY 

1. Be ll, Charles : The Nervous System of the Human 
Body . Second Edition . London , Longman and others , 
1830 pp . 182-183 . 

2 . Ar an , Arch . gen . de. Med . xxiv : 42 , 1850 (Cited 
by Ingbert) 

3 . Meryon , Med . Chir . Trans . xxiv : 73 , 1852 (Cited 
by Ingbert) 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10 . 

11. 

12 . 

13 . 

Charcot , J . M. : Lecons sur des maladies du system 
nerveux , ii: 192 , 1880 (Cited by Ingbert) 

Duchenne , G. B. A., Arch . gen . de . Med . Paris , 
1868 (Cited by Ingbert) 

Friedreich , N. , Ueber progressive muske l atrophie , 
Berlin . 1873 (Cited by Ingbert) 

Landouzy , L. and Dejerine , J .: De la myopathie 
atrophique progressive , Rev . de Med . 5: 81 , 
1885 . 

Erb , W. H. : Handbuch der Electrotherapie . New York , 
William Wood , 1883 p . 332 (Translated by Putzel; 

Erb , W. H. : Ueber die juvenile form der progress 
iven muskelatrophie , Arch . f . Klin . Med . 34 : 464 , 
1884 . 

Gowers , W. : Pseudohypertrophic muscular paralysis , 
Lancet July : 1, 1879 . 

Gowers , W.: Diseases of the Nervous System. Third 
edition . Philadelphia , P. Blakiston , 1898 1 : 503-
530 . 

Best , C. H. and Taylor , N. B.: The Physiologic Basis 
of Medical Practice . Third edition . Baltimore , 
Williams and Wilkins , 1943 p . 919 . 

Hunter , A.: The physiology of creatine and creatinine , 
Physiol . Rev . 2 : 586 , 1922 . 

- i-



14. Wilkins, L. and Fleishmann , w. : Effects of thyroid 
on creatine metabolism; with a discussion of the 
mechanism of stor~ ge and excretion of creatine 
bodies , J . Clin . Inve s ti gation 25 : 360 , 1946 . 

15 . Boorsook , H. and Dubnoff , J .W. : The formation of 
g lycocyamine in animal tissues , J . Biol . Chem . 
138: 389 , 1941. 

16 . Rosengart , V.: Formation of creatinine in the 
animal body , Nature 154 : 829 , 1944 . 

17 . Lipmann, F .: Advances Enzymol. 1: 99 , 1941. 

18 . Wan g , E.: Clinical and experimental investi gations 
on creatine metabolism, Acta . Med . Scandinav . 
1 : suppl . 105 , 1939 (Cited by Wilkins and Fleishmann) 

19 . Shaffer , P . J .: Protein metabolism in exophthalmic 
goitre , J.Biol . Chem. 3 :xiii , 1907 . 

20 . Schoenheimer , R. : The Dynamic State of Body Constit
uents . Cambridge , Harvard Univ . Press , 1942. 

21 . Bloch, K. , Schoenheimer , R. , and Rittenberg , D. T.: 
Rate of formation and disappearance of body creatine 
in normal animals , J . Biol . Chem. 138: 155, 1941 . 

22 . Brana , E. M., Harris , M. ; Further studies on the 
administration of glycine in muscular and neuro
muscular diseases , J . Biol. Chem . 100: 20 , 1933 . 

23 . Brand , E. M., Harris , M. , Sandberg , M., and Ringer , A.I.: 
Studies on the origin of creatine , Am . J . Physiol . 
90 : 296 , 1929 . 

24 . Bloch, K., and Schoenheimer , R. ; The biological 
formation of creatine , J. Biol . Chem. 133 : 633 , 1940. 

25 . Beard , H. H.: The biochemistry of creatine and 
creatinine , Ann . Rev . Biochem. 10 : 246 , 1941 . 

26 . Needham, D. M.: The Biochemistry of Muscle. London , 
Methven and Co ., Ltd . 1932 . 

,. 

27 . Samuels , L. T. and Henshel , A. F . and Keyes , A.: 
The influence of methyl testosterone on muscular 
work and creatine metabolism in norma l young men . 
J . Clin . Endocrinol . 6: 597 , 1942. 

-ii -



28. Nevin, S.: A study of the musc le chemistry in 
myasthenia gravis, pseudohypertrophic muscular 
dystrophy and myotonia, Brain 57: 239, 1934. 

29. Tower, S.S.: The reaction of muscle to denervation, 
Physiol. Rev. 19: 1, 1939. 

30. Williamson, M. and Gulick, A.: Influence of testo
sterone on the distribution and excretion of .creat
ine, Endocrino logy , 28: 654, 1941. 

31. Hoagland, C.L., and Gilder, H.: The synthesis, stor
age and excretion of creatine, creatinine and gly
cocyamine in progressive muscular dystrophy and the 
effects of certain hormones on these processes, J. 
Exper. Med . Bl: 423, 1945 . 

32. Wechsler, L.S.: Textbook of Clinical Neurology. 
Fifth Edition . Philadelphi'a, W.B. Saunders, 1944 . 
p. 185. 

33. Lewin, P.: Progressive Muscula r Dystrophy ; Brenne
mann's Practice of Pediatrics. Hagerstown, Md ., 
W. F . Prior, 1945. Chap. 37 pp. 1-57. 

34. Barker: Cited from Lewin . 

35. Hough , G. de N. Jr.: P~ogressive pseudohypertrophic 
muscular dystrophy, J. Bone and Joint Surg. 13: 825, 1931. 

36. Batten, F.E.: The myopathies or muscular dystrophies, 
Quart . J. Med . 3: 313, 1909-1910. 

37 . Spiller, A.G.: The reaction of the myopathies , 
Br a in , ( pt • 1 ) , 3 6 : 7 5 , 1913 • 

38. Bramwell, E.: The muscular dystrophies , sympathetic 
system and endocrine glands 2: 1103, 1925. 

39. Davison, Chas.: Progressive Pseudohypertrophic 
Muscular Dystrophy; Tice's Practice of Medicine . 
Hagerstown, Md ., W.F. Prior, 1945. p. 480. 

40. Levene, P.A. and Kristeller, L.: Factors regulating 
the creatinine output in man, Am. J. Physiol . 
24: 45, 1909. 

41. Evans , H. E. and Burr , G. 0 .: Development of paralysis 
in the suckling young of mothers deprived of vitamin E. 
J. Biol . Chem. 76: 273, 1928. 

-iii-



42 . Einarson , L., and Ringsted , A. : Effect of chronic 
vitamin E deficiency on the nervous system and 
skeletal musculature of adu l t r ats ; A neurotr ophi c 
fa c tor i n Vi he a t ge r m o i l , J • A • I<"1 • A • ( abs tr a c t ) 
111: 1321, 1938 . 

43 . ~orgulis , s ., and Eppstein , S . H.: The ~in i mum 
require~ents of rabbits for a - tocophero l, J . 
Nutrition 22 : 415 , 1941. 

44 . hlattill , H. A. Fat soluble vitamins , Ann . Rev . 
Biochem . 10 : 395 , 1941 . 

45 . Llorgulis , s ., and Oscheroff , ~ .: Kineral composi 
tion of tje muscles of rabbits on a diet produc -
ing muscular dystrophy, J . Biol . Chem . 124 : 767 , 1938 . 

46 . Hurwitz , R. : Primary myopathies , Arch . Neuro l. nnd 
Psychiat . 36: 1294 , 1936 . 

47 . Houchin , O. B., and Matti l l , IT . A.: On oxygen con 
sumption , creatine and chl oride content , J . Bi ol. 
Chem . 146 : 301 , 1942 . 

48 . I.!cCrudden, F . H., and Sargent , c. s . : Hypoglycemia 
and progressive muscular dystrophy , Ar ch . Int . Ked . 
1 7 : 46 5 , 1916 . 

49 . Morgulis , s ., 1~a1der , v.rn ., Spencer , rr.c ., and 
Eppstein , S.H .: Studies on the li"id content of 
normal and dystrophic rabbits , J . Biol . Chem . 
124 : 755 , 1938 . 

50 . Page, I.F. Chemistry of the Brain . Springfield and 
Baltimore , C. C. Thomas, 1937 . 

51. aouchin , 0 . 3 .: The in vitro eff'ect of a - tocopherol 
and its nhosphate derivative on oxydation in 
musc l e tissue , J . Biol . Chem . 146: 313 , 1942 . 

52 . Janney , N.'; ., Goodhart, S . P . and Isaacson , V. L. : 
The endocrine origin of muscular dystrophy , Arch . 
Int . Eed . 21: 188 , 1918 . 

- iv -



53. Hughes, T.A., and Shrivastava, D.L.: Carbohydrate 
tolerance in t wo cases of muscular dystrophy, 
Indian. J. K. Researc h , 15: 437, 1929. 

54. Bevans, S. M.: Chan ges in the musculature of the 
gastr0intesti nal tract and t he myocardium in 
progressive muscular dys trophy , Arch. Path. 
40: 225, 1945. 

55. Goodhart, S. P., an d Globus, J.H.: On the nature 
of the muscular dystrophies, with a report of 
chan ges in cardiac muscle in two cases, Neurol. 
Bull. 1: 386, 1918 . 

56. Tim.~e, W.: Pr ogressive muscular dystrophy as an 
endocrine dise ase, Arc h . Int. Med. 19: 79, 1917. 

57. Kure, K.: On t he pathogenesis of dystrophia musculorum 
pro gressive, Lanc e t 1: 441, 1928. 

58. Bowden, R.E. K ., and Gutmann, E.: Observations 
in a case of muscular dystrophy with reference to 
dia gnostic significan ce, Arch. Neurol. and Psychiat. 
56: 1, 1946 . 

59. Globus, J. H.: The pathogenic findin gs in the heart 
muscle in progressive muscular dystro phy, Arch. 
Neurol. and Ps ychiat. 9: 59, 1923. 

60. Thomas, K., Milhorat, A.T. and Tec hner, F.: Signif
icance of creatine in progressive muscular dystrophy 
and tr eatment of this disease with r,l ycine , Proc. 

• Soc. Exp. Biol. and Med. 29: 609, 1932. 

61. Tri poli, C.V., McCord, W.IC and Beard, H. H.: Muscular 
dystrophy, muscular atrophy , myasthenia gravis and 
strabismus, J.A~M.A. 103, 1595, 1934. 

62. Brand , E.: Con genital anomalies of metabol i sm 
with special reference to cys t inuria and myo
pathies, Bull. New York Aced. Med. 10: 289, 1934. 

-v-



63. Boothby , "' .Ifi.: In discussion with Tripoli, McCord 
and Beard . 

64 . Cheney , C.O . : In discussion with McCord, Tripoli 
and Beard. 

65 . Bicknell, F . : Vitamin E in the treatment of muscu 
lar dystrophies and nervous diseases , Lancet 
l: 10, 1940 . 

66 . Stone, S.: Treatment of the muscul8r dystrophies 
and allied conditions , J .A . lll . A. _114: 2187 , 1940 . 

67 . Wechsler , L.S. : The treatment of amyotrophic lateral 
sclerosis with a-tocopherol , J.A . ~ . A. 114: 948 , 1940 . 

68 . hafner, P . G. , Davis, H. , and Chuinard , E.G. : 
The treatment of progressive muscular dystrophy 
with synthetic dl - a - tocopherol, Northwest Med ., 
45: 256 , 1946 . 

69 . Schwarz , G. A. , Gal"1Illon , G. D. a nd Mas land , R. L.: 
Use of dl - a - tocopherol acetate in various 
neuromuscular disturbances , J . Nerv. and Ment . 
Dis . 96: 286, 1945 . 

70 . Pohl , J.F. , Baethke, D.: Vitamin E in progressive 
muscular dystrophy , Am . Dis . of Child . 64 : 455 , 1942 . 

71 . Alphers , B. J . , Gaskill, H. S., and Cantrow , A.: 
The effect of vitamin Eon the muscular dystrophies, 
J . Nerv. and Ment . Dis . 96: 384, 1942 . 

72 . Zech, V.L . and Telford , I . R. : Negative therapeutic 
effect of massive doses of vitamin Eon amyotrophic 
lateral sclerosis , Arch . Neurol and Psychiat . 
50: 190 , 1943 . 

73 . Lubin , A. J . : Use of a - tocopherol in the treatment 
of neuromusc ular disorders , Arch . Int . Med . 69 : 836 , 
1942 . 

74 . Antapol, w. and Shetland, C.E . : The use of vitamin 
B6 in pseudohypertrophic muscular dystrophy , J . A.M.A . 
114 , 1058 , 1940 . 

75 . Blinn , K.: Senior thesis Uni . Nebr . 1946 . 

- vi -



76. Kure , K. and Okinaka : 1930. (Cited from Hurwitz) 

77. Parhon : (Cited from Hurwitz) 

-vii-


	Progressive pseudohypertrophic muscular dystrophy
	Recommended Citation

	tmp.1672868162.pdf.qaXBR

