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Structural changes in the early stages of
Duchenne muscular dystrophy
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SUMMARY The finding of a relative absence of degeneration and regeneration in a muscle biopsy
taken at 24 weeks of age from a boy who later showed the florid pathological changes of preclinical
Duchenne muscular dystrophy prompted a review of muscle biopsies taken from boys in the pre-
clinical and early clinical stages of this disease. Only one other biopsy obtained in the first year of
life was available. In this, taken at 2 months, there were active changes present. These findings
suggest that biopsies taken to detect preclinical cases should not be performed at less than 2 months
of age, and raise the possibility of the existence of a stage in Duchenne muscular dystrophy before
active degeneration when the muscle shows little or no change on light microscopy.

The pathological changes in skeletal muscle and
the changes in the serum levels of enzymes
released from muscle in established cases of
Duchenne muscular dystrophy are well-known.
In the past 10 years it has been recognized that
at a time (termed the preclinical stage) before the
boys develop clinical signs of this disease, the
serum levels of these enzymes are raised, the
peak being at about the age of 18 months with a
progressive fall thereafter (Pearson, 1957;
Pearce, Pennington, and Walton, 1964; Heyck,
Laudahn, and Carsten, 1966). In the preclinical
stage muscle necrosis, phagocytosis, and re-
generation appear to be far more active than in
the later clinical stage (Pearson, 1962; Hudgson,
Pearce, and Walton, 1967).

Investigation during the first few weeks of life
ofa boy at risk for Duchenne muscular dystrophy
is sometimes required for prognostication,
particularly before adoption of the child, and
for genetic counselling. In such a boy, who later
developed clinical signs of the disease and florid
changes in the muscle biopsy, we found that a
muscle biopsy taken at the age of 21 weeks
showed none of the active necrosis and phago-
cytosis typical of the preclinical stage. In view of
this finding, we have reviewed our muscle
biopsies taken from boys under the age of
7 years, who either showed signs of Duchenne
muscular dystrophy, or who were in the pre-
clinical stage at the time of biopsy.

45]

CASE HISTORY

The patient, G.P., was born after a full-term normal
pregnancy, and appeared normal at birth. His
mother, two brothers of whom had Duchenne
muscular dystrophy, had a normal serum creatine
kinase activity (25 i.u.) and a normal electromyogram
(Dr. David Gardner-Medwin). The serum creatine
kinase activity on cord blood was 1,600 i.u., and the
child was investigated at the age of 24 weeks. The
serum creatine kinase activity at that time was
1,433 i.u., and a biopsy of the left quadriceps muscle
showed abnormal variability of fibre size, a moderate
number of hyaline fibres, and a slight increase of
fibrous connective tissue. There was no certain
phagocytosis or regeneration (Figs 1 and 2).
Because these changes differed strikingly from
previous experience with preclinical muscular
dystrophy, the diagnosis at that time was uncertain.
At the age of 2 years 4 months the serum creatine
kinase activity was 7,400 i.u., and at the age of
3 years 2 months, when he was still clinically normal,
the creatine kinase was 2,160 i.u. A biopsy of the
right quadriceps muscle at this time showed the
changes typically reported in the preclinical stage
(Figs 3 and 4).

METHODS

Muscle biopsies taken from 19 boys with Duchenne
muscular dystrophy at the age of 6 years or less
were reviewed. Several of these boys had minimal
signs of the disease, and were investigated early
because of a family history ofthe disease. In addition,
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FIG. 1. G.P. Quadriceps biopsy age 21 weeks. Transverse section showinig an abnormal number
ofhyaline fibres, a slightly increased variability offibre size, and rounding offibres with increased
endomysial fibrous tissue. H and E, x 384.

FIG. 2. G.P. As Fig. 1, longitudinal section. H and E, x 384.
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FIG. 3. G.P. Quadriceps muscle biopsy age 3 years 2 months. Transverse section showing
hyaline, necrotic, and regenerating fibres, with increased endomysial fibrosis. H and E, x 384.

FIG. 4. G.P. As Fig. 3, longitudinal section showing necrotic fibres undergoing phagocytosis,
and chains of nuclki in regenerating fibres. H and E, x 384.
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biopsies obtained from three boys in the preclinical
stage were reviewed. Twenty biopsies oflimb muscles
from 19 patients were available. Sixteen biopsies
were from the quadriceps femoris muscle, and the
remainder from biceps, triceps, gastrocnemius, and
deltoid muscles. The diagnosis in these cases was
based on typical clinical findings of the distribution
of muscle weakness and wasting, the age of onset,
and the rate of progression of the disease. There was
a family history of affected cases in two generations
in four, of affected uncles in three, and of affected
siblings in four; eight cases were sporadic. The
serum creatine kinase activity was estimated in 17
and found to lie in the range of 100 to 400 times
normal. In six the electromyogram was myopathic.
Three cases have previously been reported by
Hudgson et al. (1967).
The light microscopic abnormalities of abnormal

variation in fibre size, the proportion of hyaline
fibres, phagocytosis, regeneration, and fibrosis were
each graded, and the average taken of the various
observers' scores.

RESULTS

The only biopsy we have from patients less than
2 months of age was that from G.P. described
above. Biopsies from patients in the preclinical
stage aged 2 months, 1 year, and 2 years showed
active necrosis, phagocytosis, and regeneration,
which have previously been reported as typical
of the preclinical stage of Duchenne muscular
dystrophy.

Figure 5 shows the grading of histological
abnormalities in the 20 biopsies. Though there
is a considerable variation between individual
biopsies, the tendency with increasing age is for
a gradual increase in the amount of variability of
fibre size and of phagocytosis, but a gradual
decrease in the amount of regenerative activity.
Hyaline fibres were frequent and perimysial and
endomysial fibrosis prominent even in the
biopsies from the youngest patients. The degree
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of these latter abnormalities remained approxi-
mately constant up till the age of 6 years.

DISCUSSION

This study was prompted by the finding of only
minor changes in a muscle biopsy taken at the
age of 21 weeks from a boy, who at the age of
3 years had florid changes characteristic of the
preclinical stage of Duchenne muscular dys-
trophy in a repeat muscle biopsy. Only one other
biopsy within the first year of life was available
for review, taken at the age of 2 months (pre-
viously reported by Hudgson et al., 1967), which
showed active necrosis, phagocytosis, and re-
generation. From the practical point of view
these findings suggest that it is important to
delay the biopsy of the muscle until at least the
age of 2 months in patients who require to be
investigated soon after birth.
The earliest stages of Duchenne muscular

dystrophy have yet to be explored. Whether the
muscle is at any time structurally and function-
ally normal is unknown. While studies of muscle
from affected male foetuses obtained by thera-
peutic abortion of known carriers of the disease
could provide this information, the identifica-
tion of these foetuses has proved difficult. Since
the serum creatine kinase activity in the umbilical
cord blood of 36 foetuses therapeutically aborted
for psychiatric and sociological reasons (and
assumed to be normal) was up to 995 i.u., the
serum creatine kinase activity in the dystrophic
foetus would have to be greatly elevated for
identification (Larson and Park, 1972). Larson
and Jenkison (1972) found myotubes in the
quadriceps muscle of a 24 week male foetus
aborted from a known carrier of Duchenne
muscular dystrophy. Myotubes had already
disappeared from normal foetuses by that stage
of gestation. While these findings suggested
a delay in maturation of skeletal muscle in that
foetus, the identification and study of more
affected foetuses is required to show the sequence
of events in myogenesis in this disease.
The presence of hyaline fibres and endomysial

fibrosis in biopsies at the earliest times after
delivery in this disease suggests that these changes
are not secondary to muscle fibre necrosis,
phagocytosis, and regeneration, but rather a
primary response. The degree of these abnormal-
ities did not change significantly in the first six
years of life. On the other hand, this review of
the muscle from the preclinical and early clinical
stages of Duchenne muscular dystrophy confirms
earlier experience that there is an increasing
amount of variation in fibre size and phagocyto-
sis, and a decreasing amount of regeneration with
increasing age.
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