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Origin and significance of small muscle fibres 
in neuromuscular disease 

Lok-Ming Tang and Michael Swash 
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Summary. Small muscle fibres, defined as those 
of less than 40 ~m diameter in the male and 30 gm 
in the female were encountered in muscle biopsies 
of patients with spinal muscular atrophy (SMA), 
amyotrophic lateral sclerosis (ALS), polymyositis 
(PM) and myopathy/dystrophy. Excessive reactivi- 
ty with NADH-TR in small fibres did not discrimi- 
nate between neurogenic and myopathic disorders. 
Quantification of perifascicular atrophic fibres, the 
number of nuclei in atrophic fibres, or the presence 
of isolated or grouped small fibres without histo- 
chemical kinship to their surrounding fibres did 
not aid recognition of the disease process in the 
groups studied. Small fibres which reacted strongly 
both with NADH-TR and ATPase at pH 9.4 
(Type 3 fibres) constituted 38% of small fibres in 
the biopsies of SMA; 25% in ALS; but only 1% 
and 2.7% in PM and myopathy/dystrophy respec- 
tively. Thus, the presence of small Type 3 fibres 
in muscle biopsies may be a useful marker for neu- 
rogenic disorders in adults. 
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Introduction 

Most muscle fibres in a normal muscle range be- 
tween 40 to 80 ~m diameter in the male and 30 
to 70 ~tm in the female (Brooke and Engel 1969). 
Fibres of lesser diameter than these limits are thus 
smaller than normal. Small muscle fibres have also 
been defined by their circumference and area (Wat- 
kins and Cullen 1982). They can be observed in 
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nearly all neuromuscular diseases, in systemic dis- 
orders and sometimes in healthy persons (Brooke 
and Engel 1969; Dubowitz and Brooke 1973). In- 
deed, it is one of the most common abnormalities 
encountered in the evaluation of a skeletal muscle 
biopsy. Most of the histological information on 
small muscle fibres comes from studies of denerva- 
tion. Genetically-determined diseases, such as spi- 
nal muscular atrophy and Duchenne muscular dys- 
trophy, are often associated with the presence of 
small fibres in the biopsy (Brooke and Engel 1969; 
Watkins and Cullen 1982). Small muscle fibres 
have also been recognized in acquired inflammato- 
ry myopathies, such as polymyositis, in myopathies 
secondary to metabolic or toxic disorders, and also 
in disuse atrophy. 

There are several possible sources of small mus- 
cle fibres in neurogenic and myopathic disorders. 
They may arise from atrophy of previously healthy 
muscle fibres, due to a decrease in protein synthesis 
(Griggs et al. 1980), an increase in protein break- 
down (Corbett et al. 1982), or both. Fibre splitting 
may also give rise to small fibres both in myopath- 
ies and neurogenic disorders (Swash and Schwartz 
1977), although the significance of this phenome- 
non is still controversial (Schmalbruch 1976; 
Swash and Schwartz 1977; Swash et al. 1978). Ab- 
normal development and differentiation of muscle 
fibres, for example in central core disease and he- 
maline myopathy, may result in small muscle 
fibres. In addition, it has been suggested that some 
small muscle fibres may represent the tapered ends 
of intrafascicularly terminating muscle fibres 
(Swatland 1983). Fibres undergoing regeneration 
following necrosis may also approach this size 
range (Schmalbruch 1976). 

The morphometric analysis of muscle biopsy 
specimens can be useful in diagnosis (Brooke and 
Engel 1969; Sandstedt et al. 1982; Watkins and 
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Table 1. Morphometric data:fibre types based on ATPase classification (Brooke and Engel 1969) 

Case Age Sex % Type 1 fibre Type 2 fibre 

diameter (gin) atrophy diameter (gm) atrophy 
mean + S.D. factor mean + S.D. factor 

Spinal muscular atrophy 
1 28 F 11 65.2+12.4 186 58.4+14.6 462 
2 25 M 61 95.4+47.0 387 112.9+47.6 97 
3 17 F 63 85.9+40.7 180 67.3+35.2 347 
4 58 M 25 66.8+11.4 15 64.1+22.4 361 
5 49 F 9 84.7 + 34.5 83 56.1 + 38.3 793 

Amyotrophic lateral sclerosis 
6 41 M 54 60.5+13.1 31 47.7+18.5 556 
7 71 M 12 64.4+24.7 647 56.6+29.6 755 
8 67 M 19 61.2+12.8 80 49.9+24.3 717 
9 57 F 71 36.7 + 19.2 620 51.5 + 29.3 683 

10 46 M 37 60.4 + 20.7 342 49.1 + 26.4 940 
Idiopathic polymyositis 
11 55 F 40 57.4+12.6 27 35.4+11.1 375 
12 50 F 63 47.0+10.7 36 47.9+10.9 61 
13 35 F 42 53.8+16.2 109 42.0+22.7 743 
14 55 M 52 54.4+16.9 256 27.4+10.6 1639 
15 66 M 48 40.3+ 8.5 417 41.8+11.2 484 
Myopathy/dystrophy 
16 75 M 86 50.2+18.4 422 80.9+25.1 77 
17 22 M 39 77.1 + 14.6 31 83.2+ 23.8 150 
18 54 M 64 55.9+17.3 224 36.0+17.5 1144 
19 53 M 59 57.6+10.6 41 57.9+12.2 44 
20 17 M 54 51.2+13.2 286 64.6+10.7 17 
Controls 

1 19 M 53 56.7+ 9.9 21 77.3+15.4 8 
2 45 M 54 50.4 + 11.4 80 62.4 + 14.2 0 
3 33 F 38 58.6+11.3 0 53.8+12.2 0 
4 31 M 43 68.4+12.9 0 62.0+11.9 0 
5 22 M 23 65.2+ 9.9 0 57.4+12,7 37 

Cullen 1982). We have used this quantitative ap- 
proach to examine the significance of small muscle 
fibres in neurogenic and myopathic disorders. 

Materials and methods 

Patients with neuromuscular diseases. Four groups of muscle 
biopsies were defined on the basis of site of dysfunction as 
follows: Group 1, five patients with type III or type IV spinal 
muscular atrophy (SMA) in whom the basic lesion was in the 
lower motor neuron; Group 2, five patients with amyotrophic 
lateral sclerosis (ALS) in whom, in addition to lower motor 
neuron deficit, the upper motor neuron was also involved; 
Group 3, five patients with adult-type idiopathic polymyositis 
(PM), an acquired, inflammatory muscular disorder; Group 4, 
various metabolic or genetic myopathies including patients with 
osteomalacia, hypothyroid myopathy, and myotonia congenita 
respectively, and two unrelated patients with facioscapulohu- 
meral dystrophy. The ages of these 20 patients ranged from 
17-75 years (mean 47 yrs). 

Controlpatients. Control data were obtained from muscle biop- 
sies from five patients, four males and one female, aged 19- 

53 years. These patients were biopsied for various clinical indi- 
cations, including non-specific muscle pain, as part of negative 
investigation for suspected polyarteritis, and during an elective 
orthopaedic procedure. The muscle biopsies in these patients 
were all histologically normal and no clinical abnormality de- 
veloped during at least one year's subsequent observation. 

Histochemical methods. Open muscle biopsy was performed 
under local anaesthesia in 21 of 25 patients and needle biopsy 
was used in four patients. In most cases, the biopsy was taken 
from the quadriceps, deltoid or biceps brachii, but in two pa- 
tients, the flexor carpi ulnaris muscle was chosen. Each biopsied 
specimen was frozen immediately in isopentane which had been 
cooled with liquid nitrogen. Serial, 6 ~tm thick, transverse sec- 
tions were cut in a cryostat. 

Routine histological evaluation. A routine assessment of mor- 
phological changes was made on each biopsy by using haema- 
toxylin and eosin (H & E) and modified Gomori trichrome 
stains and a battery of histochemical methods including reduced 
nicotine adenine tetrazolium reductase (NADH-TR),  myosine 
adenosine triphosphatase (ATPase) preincubated at pH 9.4, 4.6 
and 4.3, periodic acid schiff (PAS) and oil red 0 methods (Du- 
bowitz and Brooke 1973). Particular attention was paid to the 
occurrence of small angular fibres, fibre hypertrophy, grouped 
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atrophy, fibre type grouping, central nucleation (normal < 3%) 
(Dubowitz and Brooke 1973), fibre splitting, basophilic fibres, 
fibre necrosis and phagocytosis, inflammatory changes, endo- 
mysial and perimysial fibrosis, and architectural changes. 

Quantitative hBtological evaluation. Each section was examined 
by light microscopy with a X25 objective, using an eyepiece 
micrometer. The analyses were performed on muscle fibres in 
five random microscopic fields. Fibres were classified as Type 1 
or Type 2 based on the ATPase reactions (Brooke and Engel 
1969). The proportions of each fibre type were recorded and 
the lesser fibre diameters were measured (Brooke and Engel 
1969). The atrophy factor, corrected for sex, was calculated 
for Type 1 and Type 2 fibres (Brooke and Engel •969). 

Since most normal fibres are between 40 to 80 ttm diameter 
in the male and 30 to 70 pm in the female (Brooke and Engel 
1969), we defined small muscle fibres as those with a diameter 
less than these lower limits. The diameters of these small fibres 
were measured and their intensity of reaction with ATPase at 
pH 9.4 or 4.3, and with NADH-TR methods was compared. 
The location of each small fibre as related to perimysium, endo- 
mysium or other muscle fibres of either histochemical type was 
recorded. The number of isolated and grouped small fibres 
which were histochemically unrelated to surrounding normal 
and/or hypertrophic fibres was counted. The number of nuclei 
in each small fibre was also counted. 

R e s u l t s  

Routine histological evaluation 

Small angular  fibres were present in three of  the 
five patients in the group with SMA.  Near ly  all 
the small muscle fibres in the patients with ALS  
and a major i ty  o f  the small fibres in three o f  the 
five patients with S M A  were angular,  whereas in 
the other  two patients with S M A  the small fibres 
had a rounded  shape. Both  rounded  and angular  
small fibres were present in the patients in G r o u p  3 
with P M  and in patients in G r o u p  4 with myo-  
pa thy /dys t rophy .  Fibre hype r t rophy  and grouped  
a t rophy  were p rominen t  in the cases o f  neurogenic 
disorders. In G r o u p  4, only the two patients with 
fac ioscapulohumeral  dys t rophy  showed fibre hy- 
per t rophy.  G r o u p e d  a t rophy  was also found  in the 
cases o f  PM. Central  nucleat ion was part icularly 
prevalent in G r o u p  1 with SMA. Fibre necrosis 
was present in some cases in all four  groups  but  
was mos t  marked  in the group with PM. Fibre 
splitting was seen in six cases in the four  groups.  
Basophilic fibres and phagocytos is  were observed 
in some cases o f  PM and in the two cases o f  facio- 
scapulohumeral  dyst rophy.  I n f l amm ato ry  changes 
were noted only in biopsies f rom patients with PM. 
Fibrosis was p rominen t  in 13 o f  the 20 biopsies. 
Marked  disorganizat ion o f  the intermyofibri l lar  
ne twork  was noted  in two cases o f  ALS as target 
fibres, and in two cases o f  PM and one case o f  
fac ioscapulohumeral  dys t rophy  as moth-ea ten  
fibres. 

Table 2. Numbers of Type 1 and Type 2 small muscle fibres 
(based on ATPase reaction) reactive with NADH-TR method 

Case No. of small fibres 

Type 1 fibres Type 2 fibres 

NADH-TR NATH-TR NADH-TR" NADH-TR 
Dark Intermediate Dark Intermediate 

1 3 0 0 16 
2 10 0 i 0 
3 9 0 3 9 
4 1 0 4 24 
5 1 0 43 7 
6 3 0 5 34 
7 10 0 44 34 
8 2 0 17 52 
9 194 0 25 25 

10 19 0 43 34 
11 14 0 4 158 
12 33 0 0 28 
13 54 0 0 3 
14 b . . . .  
15 66 0 0 84 
16 63 0 0 2 
17 2 0 2 9 
18 18 0 2 48 
19 6 0 1 2 
20 30 0 0 2 

a Type 3 fibres 
b Failure to classify due to technical problem 

Morphometric analysis 

Morphomet r i c  data  on the muscle fibres are shown 
in Table 1. T y p e /  fibre p redominance  was seen 
in seven cases in the four  groups ;  it was mos t  
p rominent  in G r o u p  4 with myopa thy /dys t rophy .  
F o u r  cases in Groups  1 and 2 with ALS or S M A  
showed Type 2 fibre predominance.  All cases, ex- 
cept one in the group with PM and two in the 
g roup  with m y o p a t h y / d y s t r o p h y  had increased at- 
rophy  factors in Type 1 or Type 2 fibres, or in both  
fibre types. However ,  a significant difference in the 
a t rophy  factor  a m o n g  the four  groups o f  neu- 
romuscular  disorders was not  proven by the Wil- 
coxon ' s  rank  sum test (P > 0.1). 

Table 2 shows the reactivity o f  the small fibres 
to the ATPase  and N A D H - T R  reactions. All 
Type 1 small fibres were darkly  reactive with the 
N A D H - T R  method.  A m o n g  the 131 small fibres 
in the g roup  with SMA, 75 (57%) small fibres 
reacted strongly with N A D H - T R ;  in the group 
with ALS,  362 (67%) of  541 small fibres reacted 
densely; 171 (39%) of  444 small fibres reacted 
darkly in P M ;  and 124 (66%) of  187 small fibres 
in the group with myopa thy /dys t rophy .  On the 
other hand,  51 (38%) small fibres in the group 
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Fig. l a  and b. Small Type III muscle fibres in a patient with ALS. a ATPase pH 9.4 b N A D H - T R  x 175 

Table 3. Number of isolated or grouped small fibres histochemically unrelated to surrounding fibres in different groups of neuromus- 
cular diseases 

Group No. of isolated small fibres No. of grouped small fibres 

unrelated to (%) Total unrelated to 
surrounding surrounding 
fibres fibres 

(%) Total 

1 22 (16) 140 6 (17) 34 
2 7 (12) 60 11 (10) 105 
3 41 (26) 159 26 (21) 122 
4 14 (13) 105 0 (0) 26 

Fig. 2a and b. Small muscle fibres occur a alone and b in pair unrelated histochemically to their surrounding fibres. ATPase 
pH 9.4 x 175 

with SMA reacted densely both with N A D H - T R  
and ATPase at pH 9.4 (Fig. 1). Similar features 
were noted in 134 (25%) small fibres in the group 
with ALS, 4 (1%) small fibres in the group with 
PM and 5 (2.7%) small fibres in the group w i t h  
myopathy/dystrophy. 

In all of  the 20 cases, some of the small fibres 

were located adjacent to the fascicular margin. The 
mean percentages of  small fibres in this location 
were 19% in the group with SMA, 17% in ALS, 
27% in PM and 14% in myopathy/dystrophy. No 
statistically significant differences were noted 
among these groups. 

Small fibres were found alone as well as in 
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groups; they were surrounded by normal and/or 
hypertrophic fibres. Usually, each group of small 
fibres consisted of only two to four small fibres, 
but groups of up to 26 small fibres were seen. Small 
fibres which appeared unrelated to their surround- 
ing fibres, based on the ATPase reaction, were ob- 
served in all four groups of neuromuscular diseases 
(Table 3 and Fig. 2). 

Most small fibres contained less than five nu- 
clei. The arithmetic mean of the number of nuclei 
per small fibre in the group with SMA was 1.4; 
in ALS, 2.8; in PM, 2.3; and in myopathy/dystro- 
phy, 2.2. Clumps of nuclei were seen in small fibres 
in the biopsies with ALS, SMA and PM. 

Discussion 

In this study, small muscle fibres were defined as 
fibres with a diameter less than 40 gm in the male 
and less than 30 gm in the female (Brooke and 
Engel 1969). All our cases of SMA, ALS, PM and 
myopathy/dystrophy demonstrated the presence of 
small muscle fibres. Fibres undergoing necrosis or 
regeneration were present in 12 of the 20 cases, 
but they represented an insignificant number of 
small fibres. Hausmanowa-Petrusewicz et al. 
(1980) have suggested that hypotrophy, or a defect 
in the process of myogenesis, may be responsible 
for the smallness and unusual fibre type character- 
istics in Type III SMA. On the other hand, shrink- 
age of previously normal fibres, fibre splitting or 
both may account for most small fibres in ALS, 
PM and myopathy/dystrophy. 

The degree of change of fibre size can be esti- 
mated from the atrophy factor. An abnormal atro- 
phy factor may be a feature of both neurogenic 
and myopathic disorders (Dubowitz and Brooke 
1973). As indicated from our results, no differenti- 
ation of the latter is possible from consideration 
of the atrophy factor alone. All our cases of SMA 
and ALS had increased atrophy factors. Further- 
more, 9 of 10 cases in these two neurogenic groups 
showed either selective Type 2 fibre atrophy or 
nonselective Type 1 and Type 2 atrophy. On the 
other hand, 4 cases in the group with PM and 
3 cases in the group with myopathy/dystrophy had 
abnormal atrophy values. Two of the 3 cases in 
the group with myopathy/dystrophy showing ab- 
normal values displayed selective Type 1 atrophy. 

It has been suggested that angular atrophic 
fibres react intensely and darkly with the NADH- 
TR method (Dubowitz and Brooke 1973; Degiro- 
lami and Smith 1982). However, in the group with 
ALS in our study 33% of small fibres, of which 
most were angular, did not react strongly with 

NADH-TR. This pattern of reactivity was also 
found in 40% of the small fibres in 3 of the 5 
patients with SMA. In the other 2 patients in this 
group, small fibres were all of the rounded type. 
In 61% of the small fibres, of both round and 
angular types, in the patients with PM, and in 34% 
in patients in Group 4 with myopathy/dystrophy, 
the reaction with NADH-TR was weak. Therefore, 
a large proportion of small atrophic fibres did not 
react consistently darkly either in neurogenic or 
myopathic disorders. 

Coars and Telerman-Toppet (1979) concluded 
from their studies that small angular fibres with 
excessive activity of oxidative enzymes do not nec- 
essarily indicate denervation. This conclusion is 
supported by our finding that 39% of small, round 
or angular fibres showed strong reactions with 
NADH-TR in the group with PM, and 66% in 
the group with myopathy/dystrophy respectively. 
Thus, small fibres, reacting intensely with NADH- 
TR are not a good marker of neurogenic disorders. 

Usually, fibres which react strongly with 
NADH-TR appear pale with ATPase at pH 9.4 
and are classified as Type I. However, small angu- 
lar fibres, darkly reactive with NADH-TR, can be 
categorized as either Type 1 or Type 2 on the basis 
of the ATPase reaction. Those fibres which show 
high activity for both NADH-TR and ATPase at 
pH 9.4 have been termed Type 3 fibres (Telerman- 
Toppet and CoOrs 1971). Fibres of this histochemi- 
cal type have been reported in a number of differ- 
ent diseases, including Duchenne dystrophy (CoOrs 
and Telerman-Toppet 1977), ALS and Charcot- 
Marie-Tooth disease (Telerman-Toppet and Coars 
1978), limb-girdle muscular dystrophy and SMA 
(Coars and Telerman-Toppet 1979), and in oculo- 
pharyngeal muscular dystrophy (Dubowitz and 
Brooke 1973). 

In spite of different pathogenic mechanisms, 
both the small angular fibres which were derived 
from denervation in the group with ALS and the 
small round fibres presumed to arise as a conse- 
quence of maturational arrest during development 
of myogenesis in SMA (Hausmanowa-Petrusewicz 
et al. 1980) could react strongly with NADH-TR 
and ATPase at pH 9.4. Furthermore, small Type 3 
fibres were also found in PM, facioscapulohumeral 
dystrophy, osteomalacic myopathy, and hypothy- 
roid myopathy. It seems, therefore, that the pres- 
ence of small fibres of Type 3 histochemical type 
are not unique features of any specific neuromus- 
cular disorder. However, this fibre type constituted 
38% of small fibres in the group with SMA, 25% 
in the group with ALS, but only 1% in the group 
with PM and 2.7% in the group with myopathy/ 
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dystrophy. These data thus suggest that in adults 
quantification of small fibres of Type 3 histochemi- 
cal type may be an indicator of a neurogenic dis- 
order. 

Although perifascicular atrophy is by no means 
a specific feature of any particular myopathy, it 
has been recognized as a useful marker for child- 
hood-type dermatomyositis (Mastaglia and Wal- 
ton 1982; Swash and Schwartz 1984). Such a distri- 
bution of atrophic fibers was seen in all four 
groups of neuromuscular diseases in our study. 
Among the four groups, cases in the group with 
PM had the highest mean percentage occurrence 
(27%) of small fibres located at the periphery of 
muscle fibre fascicles. However, the mean percent- 
age occurrence of such fibres was not significantly 
different from that in the other groups. In addition, 
there was no significant difference in regard to the 
mean number of nuclei in atrophic fibres in the 
four groups of neuromuscular disorders. 

Isolated or grouped small fibres which were un- 
related to their surrounding fibres, based on the 
ATPase reaction, were seen in all groups. Since 
the normal distribution of muscle fibres is a mosaic 
pattern of different fibre types, it is likely that iso- 
lated small fibres without histochemical kinship to 
their surrounding fibres result from shrinkage of 
previously normal fibres. Groups of small fibres, 
of the same histochemical type without kinship to 
surrounding fibres, probably originate either from 
fibre splitting (Swash and Schwartz 1977) or from 
atrophy after ineffective reinnervation (Swash and 
Schwartz 1984). As compared to the other groups, 
the biopsies of PM had an apparently higher pro- 
portion of isolated small fibres which were unre- 
lated to the surrounding fibres, but this did not 
reach statistical significance and quantification of 
groups of small fibres lacking kinship to their sur- 
rounding fibres also did not discriminate the four 
groups of  disorders. 
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