










Incidence, severity, and time-course of motoneurone dysfunction in myotonic dystrophy

Table 4 Motor unit populations and M wave
amplitudes of EDB, thenar, and hypothenar muscles of
four members of the W family (Fig. 5) with myotonic
dystrophy. Of the 12 paired comparisons only the three
values marked by asterisks are larger in the second
generation. See text

Gener- PatientAge EDB Thenar Hypothenar
ation (yr)

Units Mwave Units M wave Units M wave
(no) (m V) (no) (m V) (no) (m V)

I B {52 172 638(L) 208 4.3 336 15.0

R 27 35 2.4 187 5.3* 294 8.4
II C 25 141 2.9 217* 7.8* 324 10.8

A 21 36 1.1 93 3.0 294 7.8
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Fig. 4 Serial estimates of numbers of functioning
motor units and of maximum response (M wave)
amplitudes in thenar, hypothenar, and EDB muscles of
a 26 year old control subject JW (left hand columns)
and of a 43 year old patient HC (right hand columns)
with myotonic dystrophy, both of whom were female.
In the lower right histogram the amplitudes of the M
waves generated by stimulation of the deep peroneal
nerve at the ankle are shown by solid bars; the
differences between these values and those indicated by
the interrupted columns represent the contributions to
the M waves made by excitation of the accessory deep
peroneal nerve. Notice the large fluctuations in the
results for the hypothenar and right EDB muscles of
the patient compared with corresponding control
measurements. See text.

seen at the age of 52 years; however, he had re-
cently become aware of some stiffness in his hands
and early lenticular opacities were present. Of the
four children with myotonic dystrophy in the next
generation, three could be studied electrophysio-
logically. R had a myopathic facies, muscular
weakness, and was mildly psychotic; his two
sisters, A and C, had quite severe muscle stiffness
but no detectable weakness. Since both EDB
muscles were studied in B, the father, six paired
comparisons of EDB motor unit numbers could be
made with the three children, and in each case the
values were lower in the latter, as were the M wave
amplitudes. Three sets of results were available for
the thenar muscles and a further three for the
hypothenar ones. Of the total of 12 pairs of motor
unit comparisons the lower values were obtained
in the second generation in 11 instances; on 10 out
of 12 occasions the M waves were smaller in the
second generation.
When the results in the 19 families were com-

bined it was found that 27 of the 36 EDB, 12 of
the 17 thenar and nine of the 13 hypothenar
muscle pairs had fewer units in members of the
second generation. The same trend was evident
when the amplitudes of the M waves were used
for comparison (Table 5). In relation to the
phenomenon of anticipation, the increased inci-
dence of greater abnormalities in the children
was statistically significant for EDB, particularly
when reasonable allowances were made for the
effects of aging (see Discussion).

Discussion

INCIDENCE AND SEVERITY OF MOTONEURONE
DYSFUNCTION

The present study confirms earlier ones from this
and other laboratories in showing that there are
losses of functioning motor units in muscles of the
majority of patients with myotonic dystrophy
(McComas et al., 1971a; Polgar et al., 1972;
Ballantyne and Hansen, 1974; Panayiotopoulos
and Scarpalezos, 1976). Of the four muscle groups
examined in this study, the EDB muscle emerged
as having the highest incidence of abnormal motor
unit counts, the observed value of 78% being
close to the earlier estimate of 71% by McComas
et al. (1971a). The mean reduction in EDB units
in our study amounted to 60% and was almost
identical to the loss estimated by Ballantyne and
Hansen (1974; 59%); both these values are con-
siderably greater than the 34% diminution found
by Panayiotopoulos and Scarpalezos (1976). It was
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Table 5 Paired comparisons of muscle function between members of first (I) and second (II) generations.
Values shown are numbers of occasions when respective generation had the worse results (fewer motor
units, smaller M waves). The upper part of the table compares the muscles as they are at present. In the
lower part of the table it is assumed that the numbers of units and sizes of M waves will have declined to
30% of their present values by the time the children reach the present ages of their parents. The lowest
set of probability values take into account the fact that only relatively mildly affected cases have been
parents (see text)

Motor units M wave

EDB Thenar Hypothenar EDB Thenar Hypothenar

rI 9 5 4 10 7 5
Present II 27 12 9 26 10 8

LP < 0.005 NS NS < 0.02 NS NS

<0.005 NS

(I 1 4 0 0 2 0
lI 35 13 13 36 15 13

Predicted < 0.001 < 0.05 < 0.001 < 0.001 < 0.05 < 0.001

P <<0.001 <0.001
<0.005 NS <0.05 <0.001 NS <0.05 Allowing for
k-- ' Y ~~ I t E selection of

<0.005 <0.001 J parents

t

B Ca? Ltv
Ca Liver

LR L tC ( A b b a
27 26 25 23 21 20 18 17

Fig. 5 Pedigree of W family with myotonic dystrophy,
the affected individuals being shown by solid symbols;
ages are given below each case. In the last generation
patient L has been diagnosed by a neurologist
elsewhere and was unavailable for electrophysiological
study. See text.

of interest that motor unit depletion could be
demonstrated in 10 of the 15 soleus muscles ex-

amined in this study even though the larger
muscles of the limbs are considered to be less
affected than the intrinsic muscles of the hands
and feet in this type of dystrophy. The muscles
which showed least abnormality were those of the
hypothenar group, most patients having values
within the normal range. The relative resistance
of these muscles to neuropathic involvement is an

observation which has been commented upon pre-
viously (McComas et al., 1974a,b) and for which it
is still not possible to provide a satisfactory explan-
ation. A similar situation pertains to Duchenne
muscular dystrophy (McComas et al., 1977). Since
the greater involvement of the thenar and EDB
muscles is a feature of young children as well as

of older subjects we are now less inclined than

formerly to incriminate subclinical entrapment of
the median and peroneal nerves as the only ad-
ditional influence involved. Since such factors as
motor unit size, axon length, and amount of use
would be expected to involve the thenar and
hypothenar muscles equally, one is left with a
possibility that there may be a genetically-
determined susceptibility of individual moto-
neurone pools to neuropathic influences.
The measurements of motor unit potential

amplitude were used to shed some light on the
sizes of the surviving motor units in the partially
depleted muscles of patients with myotonic
dystrophy. Although some of the muscles were
composed of extremely small motor units (Fig. 2)
in most cases the amplitudes were normal. It
would, therefore, appear that the loss of function-
ing motor units in myotonic dystrophy is a selec-
tive one and not simply due to the gradual paring
away of muscle fibre colonies as part of a myo-
pathic process (see also McComas et al., 1971a).
In some of the EDB muscles abnormally large
motor unit potentials suggested that collateral re-
innervation had taken place and a similar inter-
pretation has been attached to the histological
finding of an increased terminal innervation ratio
by Coers et al. (1973). Other histological studies,
when subjected to orthodox interpretations, are
less easily reconciled with the present findings.
For example, Pollock and Dyck (1976) were un-
able to demonstrate any loss of large diameter
fibres in the peroneal nerves of four patients with
myotonic dystrophy. Similarly, Walton et al.
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(1977) concluded from a necropsy study of five
patients that there was no evidence of a loss of
motoneurones in the. spinal cords. Their conclu-
sion is weakened, however, by the observation that
the number of motoneurones in one of the cases
was below the lower limit of the normal range.
Further, the difference between the mean numbers
of motoneurones in the cords of dystrophic and
control subjects would have bordered on statistical
significance if all the control values below the age
of 60 years had been considered rather than the
relatively small number within the age range of
the patients. Such a strategy would appear justified
since two of the authors have demonstrated that
there is no disappearance of motoneurones in
control subjects before 60 years of age (Tomlinson
and Irving, 1977). Even with this adjustment there
is no doubt that the electrophysiological abnor-
malities are more extensive than the anatomical
ones, and one is forced to postulate the existence
of motoneurones and axons which do not have
excitable synaptic connections with muscle fibres
(see Sica and McComas, 1978). This possibility
was an integral feature of the sick motoneurone
hypothesis advanced for the muscular dystrophies
and certain other myopathies (McComas et al.,
1971c; McComas, 1977).

TIME-COURSE OF NEUROMUSCULAR DYSFUNCTION

The present study furnished one other type of
observation which strongly supports the concept of
sick motoneurones. This was the marked fluctu-
ation in numbers of functioning motor units (and
of maximum evoked muscle responses) in one of
the patients who was under surveillance for several
years (HC, Fig. 4). In this patient function could
be shown to improve temporarily in some muscles
while worsening in others. This discrepancy sug-
gested that individual motoneurone pools, or even
parts of a pool-for example, main and accessory
deep peroneal nerve divisions of EDB neurones-
could behave autonomously in relation to dys-
trophy. Despite such fluctuation in effective inner-
vation, the serial studies performed in HC and in
nine other patients showed that there was an un-
mistakable trend towards deterioration in neuro-
muscular function with advancing age. If the
results from the 10 patients were pooled, the
average losses of EDB and thenar motor units per
annum were about 3% of the respective control
means, while the corresponding value for the M
wave, reflecting excitable muscle fibre mass, was
2%. In normal subjects below the age of 60 years
there is no loss of functioning motor units (Camp-
bell et al., 1973; Ballantyne and Hansen, 1974,

see also Tomlinson and Irving, 1977). In spite of
the evidence of progressive deterioration in neuro-
muscular function in our sample of 10 patients,
the pooled results failed to show an inverse cor-
relation between age and number of motor units
(see also Ballantyne and Hansen, 1974, and
Panayiotopoulos and Scarpalezos, 1976). The
reason for this rather unexpected result is that
there is a marked variability in the severity of the
disease within the population because of the exist-
ence of "anticipation" (see below). The relation-
ship which we had previously noted between age
and motor unit number (McComas et al., 1971a)
was evidently fortuitous since it has disappeared
with the examination of many additional cases of
myotonic dystrophy.

ANTICIPATION
The deterioration in muscle function with advanc-
ing age is crucial for an analysis of the present
results in relation to the phenomenon of anticipa-
tion. The latter term has been used to describe the
more severe phenotypic expression of a genetic
trait in succeeding generations. Penrose (1948)
has argued that a number of statistical artefacts
can lead to the impression of anticipation. These
include the likelihood of only mildy affected cases
becoming parents, the selection of severely affected
children for study, and the possibility that some
children, who will develop the clinical manifesta-
tions of myotonic dystrophy at a later age, may
be mistakenly regarded as normal at the time of
study. Although these are important factors it
would still appear possible to overcome the diffi-
culties which they present for a satisfactory genetic
analysis of myotonic dystrophy. Thus, in relation
to the first point, one would expect equal inci-
dences of mildly and severely affected cases in
children born to mildly affected parents, were
anticipation not to occur. In relation to the
second point, the attention given to the families of
severely affected children should be balanced by
that directed to the offspring of any severely
affected adults presenting for diagnosis. Finally, if
any mildly affected children were missed at the
time of pedigree study, the incidence of dystrophy
in their generation should be less than the value
of 50% expected for a condition inherited by an
autosomal dominant gene. In relation to the last
point it has 'been possible to demonstrate EMG
evidence of myotonic dystrophy in 31 out of 52
children born to 19 affected parents. Since this
incidence, 60%, is actually larger than that pre-
dicted it is unlikely that any mildly affected cases
were missed in the second generation.
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This study has differed from previous investiga-
tions of anticipation in using objective measure-
ments of neuromuscular involvement rather than
the age of onset of symptoms as a basis for com-
parison. It was found that the numbers of func-
tioning motor units were usually lower and the
M waves were frequently smaller, in members of
the second generation. This difference between the
two generations was statistically significant in the
case of EDB motor units, and became significant
for the remaining comparisons when the predicted
deterioration of neuromuscular function with age
was taken into account for members of the second
generation. Their predicted values of neuro-
muscular function were made on the basis of serial
observations on 10 patients; in these subjects, the
average loss of motor units per annum was about
3% of the respective control mean. In a pedigree
analysis, however, it is necessary to consider the
anticipated loss in terms of the initial value for a
patient. This decline amounted to 23% of the
starting value over an average period of observa-
tion of 44 months. Assuming that the decline
continued and was exponential, it would have
amounted to about 86% over the average time
interval separating the two generations in the
pedigree study (27.3 years). Making reasonable
allowances for error in the serial study, one may
assume that the motor unit numbers of the second
generation would have declined by at least 70%
when these patients had attained the present ages
of their respective parents. At that time 92% of
the motor unit counts would be lower in the
second generation while the corresponding value
for the M wave amplitudes would be even higher
(97%). As stated earlier, the greater incidence of
abnormalities in the second generation would then
be statistically significant for motor unit numbers
and M wave amplitudes in all three types of
muscle examined. This finding demonstrates con-
clusively that neuromuscular function does indeed
deteriorate in succeeding generations. Does it
overcome one of the objections raised by Penrose
(1948)-namely, that only mildly affected persons
can become parents whereas mildly and severely
affected cases might occur among their offspring?
In order to test the contribution of this factor to
the present results it is necessary to assume that,
on a chance basis, there would be as many severely
affected as mildly affected cases in the second
generation. Taking the simplest case, suppose that
a mildly affected patient has two children with
myotonic dystrophy, one mildly and the other
severely affected. We would expect that, whereas
each neuromuscular parameter compared would

be worse in the severely affected child than in the
parent, there would be a 50% chance of this being
the case when the mildly affected child was con-
sidered. Thus, for every two sets of results, the
ratio of probabilities that the parent would have
the worse values would be:

0.5: (0.5+1.0)
=1 :3

We should, therefore, expect that the children
would be more severely involved in 75% of the
comparisons made between the two generations.
However, this high proportion is still significantly
less than the observed incidences of 92 and 97%
for the numbers of units and M wave amplitudes
respectively (see Table 5). Even if the predicted
deterioration in the second generation were 60%,
rather than the value of 70% used in these calcu-
lations, the results for the M waves would remain
significantly different from those to be expected on
the basis of Penrose's argument.
The conclusion from this part of the study is

that anticipation is a true phenomenon of myotonic
dystrophy and cannot be accounted for solely in
terms of the biasing factors discussed by Penrose
(1948). Penrose himself felt that there was still
sufficient evidence in his own data to support the
concept of anticipation, and he explained the
latter in terms of a modifying action exerted by a
gene allelic to the one responsible for myotonic
dystrophy. Thus, a parent with a protective allele
would have a milder form of the disease than an
affected child who would have inherited the
dominant gene for dystrophy without the allele.
If the modifying allele had a high incidence in the
general population, a requirement of Penrose's
hypothesis, one would expect that in some families
mildly affected children would appear through the
inheritance of the modifying gene from the non-
dystrophic parent. Our results suggest that this
was not the case. Further, although one might
explain the difference in the severity of the disease
between two generations it is difficult to explain
the still greater severity of the disease in a third
generation on the basis of a modifying allele. A
comprehensive scheme for the genetics of myo-
tonic dystrophy must also include an explanation
for the remarkable observation of Harper and
Dyken (1972) that the affected parent of a child
born with manifest myotonic dystrophy is almost
invariably the mother. This association was also
found to be true for the four cases with neonatal
onset considered in the present study. However, a
less dramatic anticipation effect could also be ob-
served in four of the five families in which the
father suffered from myotonic dystrophy. In
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passing, it should be noted that our data are
incompatible with the view of Bundey and Carter
(1972) that there are several genes which may
cause myotonic dystrophy, with the implication
that individual families have either mild, inter-
mediate, or severe forms of the disease. While we
cannot offer an explanation for anticipation, the
case for the reality of this phenomenon now seems
sufficiently strong to demand further attention
from geneticists. Further, it follows from the
existence of anticipation that the disease will tend
to disappear in individual families since ultimately
the cases in later generations will be so severely
affected as to be incapable of marrying and having
children of their own. Under these circumstances,
the gene frequency within the population can only
be maintained by fresh mutations. Although muta-
tions are said not to occur in myotonic dystrophy,
we have encountered one family in which detailed
testing failed to reveal the existence of myotonic
dystrophy in an earlier generation.

NEONATAL MYOTONIC DYSTROPHY
The final aspect of this study concerns neuro-
muscular function in the two premature infants
with severe weakness. While our control obser-
vations are limited, both of these infants had
motor unit populations which were very much
smaller than those encountered in similarly prema-
ture infants without neurological disease. One
of the two mothers commented that she had not
felt the movements of her dystrophic fetus until
she was five and a half months pregnant, com-
pared with the (normal) time of four months for
her unaffected earlier child. In the child in whom
motor unit counts were repeated eight weeks later,
the number of functioning motor units had in-
creased threefold in EDB and fivefold in the
thenar muscle group; the maximum M waves
exhibited three and tenfold increases respectively.
In this child, the EMG evidence of improvement
was associated with a steady gain in strength such
that the infant was able to leave hospital and
achieve almost normal physical development in
the following months (see Results). This tendency
to improve in strength is true of most myotonic
infants provided the initial difficulties with respira-
tion and feeding can be surmounted. It is also
relevant that Sarnat and Silbert (1976), studying
muscle obtained by biopsy or at necropsy, found
evidence consistent with an arrest in fetal muscle
maturation (see also Karpati et al., 1973; Karpati
and Carpenter, 1976). Although Sarnat and Silbert
noted the resemblance of the immature muscle
fibres to those persisting in rats after denervation

in the newborn period (Engel and Karpati, 1968),
they preferred to interpret the situation not in
terms of faulty motor innervation, as we do, but
rather as being due to "unresponsiveness of an
abnormal sarcolemma to trophic influences of
normal innervation." In passing, it is of some
interest that fibrillations were recorded in one of
the muscles examined even though EMG evi-
dence of myotonia could not be elicited. It would
appear that a denervated, presumably immature,
muscle fibre may not be capable of myotonic
activity even though it possesses a mechanism
capable of initiating and propagating spontaneous
action potentials. The absence of myotonia in very
young myotonic infants has been noted previously
(Karpati et al., 1973).

ROLE OF MOTONEURONE DYSFUNCTION IN
PATHOGENESIS OF MYOTONIC DYSTROPHY
When our observations in premature infants are
combined with those in adults, it becomes easier
to understand the events involved in the patho-
genesis of myotonic dystrophy. We postulate that
in this disorder there is a delay in the innervation
of skeletal muscles during fetal development and
that this, in the more extreme cases, is responsible
for the severe weakness of some infants at birth.
The subsequent improvement in such cases is due
to a continuation of the innervation process in
the first weeks after birth. It seems quite possible,
however, that the later "health" of the muscle
fibres may have been compromised as a result of
the absence of a neural influence at a critical
stage of embryonic development. Despite the con-
tinuation of the innervating mechanism into the
neonatal period, many muscles will have failed to
achieve their full complement of motor units when
the process is eventually halted; this is responsible
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Fig. 6 Time-course of muscle innervation contrasted
in a normal individual and in a patient with neonatal
myotonic dystrophy; times measured from conception
(arrow, a). Note that innervation commences later in
dystrophic patient, is incomplete at premature birth
(arrow, b), and is still improving at end of normal
gestation period (arrow, c). See text.
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for the reduced motor unit counts observed in
older children and in adults (Fig. 6). However,
since an almost full population of motor axons
will have grown out to the muscle during develop-
ment there is always the possibility that some of
the dormant axons will establish temporarily
effective synaptic connections with muscle fibres.
This occurrence is responsible for the fluctuations
in motor unit number and in M wave amplitude
observed in a minority of the patients.
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and Glenn Shine for technical assistance, and to
Norma Zimmerman for secretarial services.

References

Ballantyne, J. P., and Hansen, S. (1974). New method
for the estimation of the number of motor units in
a muscle. 2. Duchenne, limb-girdle and facioscapulo-
humeral, and myotonic muscular dystrophies. Jour-
nal of Neurology, Neurosurgery, and Psychiatry, 37,
1195-1201.

Borenstein, S., Noel, P., Jacquy, J., and Flament-
Durand, J. (1977). Myotonic dystrophy with nerve
hypertrophy. Report of a case with electrophysio-
logical and ultrastructural study of the sural nerve.
Journal of the Neurological Sciences, 34, 87-98.

Bundey, S., and Carter, C. 0. (1972). Genetic hetero-
geneity for dystrophia myotonica. Journal of Medi-
cal Genetics, 9, 311-315.

Caccia, M. R., Negri, S., and Preto Parvis, V. (1972).
Myotonic dystrophy with neural involvement. Jour-
nal of the Neurological Sciences, 16, 253-268.

Campbell, M. J., McComas, A. J., and Petito, F.
(1973). Physiological changes in aging muscles.
Journal of Neurology, Neurosurgery, and Psychiatry,
36, 174-182.

Coers, C., Telerman-Toppet, N., and Gerard, J-M.
(1973). Terminal innervation ratio in neuromuscular
disease. Archives of Neurology (Chicago), 29, 210-
222.

Engel, W. K., and Karpati, G. (1968). Impaired
skeletal muscle maturation following neonatal
neurectomy. Developmental Biology, 17, 713-723.

Harper, R. S., and Dyken, P. S. (1972). Early-onset
dystrophia myotonica. Lancet, 2, 52-54.

Jennekens, F. G. I., Tomlinson, B. E., and Walton,
J. N. (1972). The extensor digitorum brevis: histo-

logical and histochemical aspects. Journal of Neur-
ology, Neurosurgery, and Psychiatry, 35, 124-132.

Karpati, G., and Carpenter, S. (1976). Maturational
arrest (letter). Archives of Neurology (Chicago), 33,
847.

Karpati, G., Carpenter, S., Watters, G. V., Eisen,
A. A., and Andermann, F. (1973). Infantile myo-
tonic dystrophy. Histochemical and electron micro-
scopic features in skeletal muscle. Neurology
(Minneapolis), 23, 1066-1077.

Kito, S., Yamamoto, M., Fujimori, N., Itoga, E.,
and Kosaka, K. (1973). Studies on myotonic dys-
trophy. 1. Ultrastructural lesions of the muscle and
the nerve in myotonic dystrophy; 2. Insulin and
HGH responses in myotonic dystrophy. In Basic
Research in Myology, pp. 651-673. Edited by B. A.
Kakulas. Excerpta Medica: Amsterdam.

Lambert, E. H. (1969. The accessory deep peroneal
nerve. A common variation in innervation of exten-
sor digitorum brevis. Neurology (Minneapolis), 19,
1169-111176.

McComas, A. J. (1977). Neuromuscular Function and
Disorders. Butterworths: London.

McComas, A. J., Campbell, M. J., and Sica, R. E. P.
(1971a). Electrophysiological study of dystrophia
myotonica. Journal of Neurology, Neurosurgery,
and Psychiatry, 34, 132-139.

McComas, A. J., Fawcett, P. R. W., Campbell, M. J.,
and Sica, R. E. P. (1971b). Electrophysiological
estimation of the number of motor units within a
human muscle. Journal of Neurology, Neurosurgery,
and Psychiatry, 34, 121-131.

McComas, A. J., Sica, R. E. P., and Campbell, M. J.
(19771c). "Sick" motoneurones. A unifying concept
of muscle disease. Lancet, 1, 321-325.

McComas, A. J., Sica, R. E. P., and Upton, A. R. M.
(1974a). Multiple muscle analysis of motor units in
muscular dystrophy. A rchives of Neurology
(Chicago), 30, 249-251.

McComas, A. J., Sica, R. E. P., Upton, A. R. M.,
and Petito, F. (1974b). Sick motoneurones and
muscle disease. In Trophic Functions of the Neuron.
Edited by D. B. Drachman. Annals of the New
York Academy of Sciences, 228, 261-279.

McComas, A. J., Sica, R. E. P., and Brandstater,
M. E. (1977). Further motor unit studies in
Duchenne muscular dystrophy. Journal of Neur-
ology, Neurosurgery, and Psychiatry, 40, 1147-
1151.

Panayiotopoulos, C. P., and Scarpalezos, S. (1976).
Dystrophia myotonica. Peripheral nerve involvement
and pathogenetic implications. Journal of the
Neurological Sciences, 27, 1-16.

Penrose, L. S. (1948). The problem of anticipation in
pedigrees of dystrophia myotonica. Annals of
Eugenics, 14, 125-132.

Polgar, J. G., Bradley, W. G., Upton, A. R. M.,
Anderson, J., Howat, J. M. L., Petito, F., Roberts,
D. F., and Scopa, J. (1972). The early detection of
dystrophia myotonica. Brain, 95, 761-776.

892

guest. P
rotected by copyright.

 on O
ctober 23, 2020 by

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.41.10.882 on 1 O
ctober 1978. D

ow
nloaded from

 

http://jnnp.bmj.com/


Incidence, severitv, and time-course of motoneurone dysfunction in myotonic dystrophy

Pollock, M., and Dyck, P. J. (1976). Peripheral
nerve morphometry in myotonic dystrophy. Archives
of Neurology (Chicago), 33, 33-39.

Sarnat, H. B., and Silbert, S. W. (1976). Maturational
arrest of fetal muscle in neonatal myotonic dys-
trophy. A pathologic study of four cases. Archives
of Neurology (Chicago), 33, 466-474.

Sica, R. E. P., and McComas, A. J. (1978). The
neural hypothesis of muscular dystrophy. A review
of recent experimental evidence with particular
reference to the Duchenne form. Canadian Journal
of the Neurological Sciences, 5, 189-198.

Sica, R. E. P., McComas, A. J., Upton, A. R. M.,
and Longmire, D. (1974). Estimations of motor
units in small muscles of the hand. Journal of
Neurology, Neurosurgery, and Psychiatry, 37, 55-67.

Tomlinson, B. E., and Irving, D. (1977). The numbers
of limb motor neurons in the human lumbosacral
cord throughout life. Journal of the Neurological
Sciences, 34, 213-219.

Walton, J. N., Irving, D., and Tomlinson, B. E.
(1977). Spinal cord limb motor neurons in dys-
trophia myotonica. Journal of the Neurological
Sciences, 34, 199-211.

893

guest. P
rotected by copyright.

 on O
ctober 23, 2020 by

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.41.10.882 on 1 O
ctober 1978. D

ow
nloaded from

 

http://jnnp.bmj.com/

