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ABSTRACT

With a Quantimet 720, an automated image analysis
of muscle cross-sections has been developed, wusing the
property of muscle tissue to display two main fibre types
with the ATPase reaction. 14 parameters, including size,
number and spatial distribution, have been -investigated
on 53 biopsies of normal leg muscles. The data were tested
in relation with sex and increasing age. Some trends are
apparent which indicate a certain wide variability within
the morphometric parameters concerning the normal muscle.
A principal component analysis revealed 3 distinct groups
of parameters. The most reliable ones are the type I/type II
area ratio and the coefficient of variation of the fibre
size.

INTRODUCTION

wuantitation of morphological features is essential
tor a full appraisal of muscle biopsies and this approach
can be a useful aid to definite minor changes. The problem
is to know whether these small abnormalities are due to
physiological variations or to a beginning pathology.
For this purpose, it is necessary to obtain the best possi-
ble estimate of the limits of normality in healthy indivi-
duals.

A lot of papers have dealt with type 1 and type 2
fibre size and number. More recently, attention has been
drawn to the spatial arrangement of the two main muscle
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fibre types (Morris and Raybould, 1571 ; Jennekens et al.,

1971 ; Johnson, 1973 ; Lexell et al., 1983) according
to the "enclosed fibre" technique of Jennekens. In a pre-
vious paper (Tankosic et al. 1983), we have described
a quite different approach to this problem using an elec-
tronic image analyser (Quantimet 720). In this study,

a series of morphometric parameters, not only fibre size

and number, but also spatial distribution criteria, have
been determined on 53 biopsies of normal human leg muscles.
We will further discuss the correlations between all these
parameters and their importance to the diagnosis.

MATERTALS AND METHODS

Biopsies : Muscle samples were obtained from 53 not spe-
cially trained male and female patients aged between 2
months and 70 years. 32 open biopsies were taken from
peroneus longus and 21 from tibialis anterior. They were
considered by the anatomo-pathologists to be normal by
classical histological and histochemical criteria. The
tissue specimens were frozen in isopentane cooled to -150°C
in liquid nitrogen. Ten micrometer-thick cryostat cross
sections were stained to demonstrate the myofibrillar
ATPase activity at pH 9.4 after an acid preincubation
at pH 4.63 according to the technique of Brooke and Kaiser
(1969). With this technique, we observed strongly reactive
type 1 fibres, non reactive type 2A and weakly reactive
type 2B fibres (fig.l). As pointed out by Saltin et al.
(1977), the subdivision of type 2 fibres do not give rise
to identical sub-groups with regard to the technique used
by such and such author. For this reason, and in order
to be able to compare our results with others, type 2A
and type 2B fibres were grouped and considered as type
2 fibres.

Morphometry : The morphometric system consists essentially
of an electronic image analyser Quantimet 720 (Cambridge
Instrument) interfaced with a 9825 S Hewlett-Packard cal-
culator. The previously described method (Tankosic et
al., 1983) has been used to obtain 14 morphometric para-
meters

Size parameters

F1 Mean area of type 1 fibres
F2 Mean area of type 2 fibres
Ccvl Fl1 coefficient of variation
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cva F2 coefficient of variation

F1/F2 Mean area ratio

DN Ratio of the numerical densities of type 1 to
type 2 fibres

DS Ratio of the areal densities of type 1 to type 2
fibres

Spatial distribution parameters

S Number of sequences type 1 - type 2 events

X1 Mean size of type 1 fibre clusters in number of
standard frames of mesure (SFM)

X2 Mean size of type 2 fibre clusters in SFM

Al Size heterogenity of aggregates of type 1 fibres

A2 Size heterogenity of aggregates of type 2 fibres

Al1/X1 Spatial distribution index of type 1 fibres
A2/X2 Spatial distribution index of type 2 fibres

* type 1 fibre
A type 2a fibre

A type 2b fibre

Fig. 1 : Transverse cryostat section of normal peroneus
longus. A myosin ATPase reaction at pH 4.63 (x 200).

Statistical procedure : The possible correlations on
15 parameters (the 14 measured or calculated ones plus age)
have been investigated using a principal component analy-
sis as described by Colgan (1977). With this analytic
method, all the biopsies were mathematically classified
in a 15-dimensional space and plotted in several 2-dimen-
sional planes which axes form the single components.
The results were interpreted looking at the projections
on the different axes. Two variables are correlated on
a given axis, when their projections are observed far
from the centre of gravity, which represents the mean
parameter in the 15-dimensional space, on the same side
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for a positive correlation, on each side for a negative
correlation.

For all the data, the means between the two conside-
red muscles and between male and female patients with
regard to age were compared by a two-way analysis of
variance. No significant differences have been observed
in any age-group. This can be explained in part by the
fact +that these two leg muscles are antagonist, both
having the same activity level in men as well as in women.
Consequently, the data listed in table 1 have been consi-
dered regardless of the sex of the patient and the muscle
sample. For each morphometric parameter, a one-way analy-
sis of variance was performed and the statistical diffe-
rences were localized with Student's t-test using the
common variance of the six age sub-groups.

RESULTS
Principal component analysis
been observed on the 3 first single components

The 15 parameters have
(sC).

The first one (fig. 2a, axis 1), which carries 41.7%
axe 2 axe 3
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Fig.2 : The first, second (a) and the third (b) single

components are considered.

of the total variance of all the results, shows a good cor-
relation with the surface density ratio (DS), the numerical
density ratio (DN) and the calculated distribution parame-
ters (S,A,X,A/X). An increase of the number of type 1 fi-
bres (which gives a higher DN ratio) involves a decrease
of the A1/X1 ratio, which is interpreted as a presence of
type 1 fibre clusters. A decrease of S, indicating a fibre
type grouping tendency, is only related to an Al1/X1 decrea-
se.
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We have to point out that the spatial distribution para-
meters are little or not correlated with age. Except for
the high Al value in the class 1, the analysis of variance
states this independence (table 1).

The second SC (axis 2), of minor importance (22.7%
of the total variance), shows an expected positive correla
tion of the mean fibre area with age and a noteworthy
high positive correlation between F1 and F2 (r 0.96).
Therefore a normal biopsy which shows large fibres of
one type, have also large fibres of the other type and
the reverse is true (Fig. 3).
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Fig. 3 Graph of type 1 versus type 2 fibre size within

the studied biopsies.

The two last parameters CV1 and CV2 stand apart on
the third SC (10.8% of the total variance) (Fig. 2b).
Consequently, they seem to be independent of the other
parameters, in particular age.

Fibre size (tables 1 and 2) Whatever the histochemical

fibre type or the age of the patient may be, the histograms
of the fibre sizes show a more or less symmetric distribu-

tion of cross-sectional areas around a modal peak. We

restricted the age range of the subjects to 6 groups,

taking into consideration the variations of fiber sizes

with age observed by Brooke and Engel (1969).

37
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Table 1 : MEAN PARAMETERS AND STANDARD ERROR OF THE MEAN IN THE DIFFERENT
MUSCLE BIOPSIES WITH RESPECT TO AGE

age classes (years)

1 2 3 4 5 6
Parameters (n0-5) (5-10) (10-20) (20-30) (30-50) (50-70) F-statistic*®
Number of biopsies
18 7 7 7 6 8
F1 581 1453 2737 4189 4226 3624 #97_ 45.03
2 + + + + + + - i
um + 87 + 232 + 370 + 345 + 321 + 375 ¢ 0,001
F2 609 1740 3273 5679 5795 4726 47
ym?2 + 89 + 324 + 365 + 364 + 514 + 644 F = 49.36
pg 0.001
cvi 27 24 26 30 25 25
% +2 + 2 +a +3 +3 1 n.s.
cvz : 21 25 22 27 23 26
% +1 +3 +5 +5 ! +3 n.s.
F1/F2 0.96 0.90 0.83 0.74 0.74 0.80 ns
+ 0.06 +0.13 + 0.04 +0.05 + 0.05 + 0.06 -8
DN 1.56 2.37 1.97 2.05 1.75 1.30 .
+ 0.26 + 0.57 + 0.25 +0.22 +0.18 + 0.19 8-
DS 1.28 2.21 1.56 1.36 1.10 0.97 .
+ 0.24 + 0.55 + 0.20 +0.13  + 0.05 + 0.15 n.s.
s 97 83 91 30 88 a4
+ 3 + 6 +4 +5 + 4 t 4 n.s.
X1 2.7 3.9 a.1 3.1 2.9 2.5
SFM + 0.3 + 0.6 + 0.3 +0.3 +0.1 + 0.2 n.s.
X2 2.4 2.0 2.2 2.3 2.6 2.7 ns
SFM + 0.1 + 0.2 +0.2 + 0.2 + 0.1 + 0.3 -8
Al 19 12 11 12 12 17 47
F _= 5.00
+ + + + +
2 2 +1 +1 +1 +1 5 & 0.001
a2 19 22 19 20 16 16
t2 + 2 +2 +2 +1 t2 n.s.
AL/X1 9.2 4.1 3.8 4.1 4.3 7.4 #7363
+ + + + + + Tt
+1.4 + 1.5 + 0.5 + 0.5 + 0.5 + 0.8 o< 0.01
K2/X2 9.1 11.9 9.2 8.8 6.1 6.3 .
t1.5 + 2.4 +1.5 + 1.2 + 0.6 + 1.2 n.s.

* The localizations of the significant differences oy the Student t-test
are reported in table 2.
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Table 2 : LOCALIZATION OF THE SIGNIFICANT DIFFERENCES
BY THE STUDENT'S t-TEST

t(1-2)=2.69 t(1-3)=6.66 t(1-4)=11.14 t(1-5)=10.63 t(1-6)=9.39
p< 0.02 p< 0.001 p < 0.001 p< 0.001 p< 0.001
e £(2-3)=3.30 t(2-4)=7.04 t(2-5)=6.86 t(2-6)=5.59
p< 0.01 p< 0.001 p< 0.001 p< 0.001
t(3-4)=3.74 t(3-5)=3.68 t(3-6)=2.28
p < 0.001 p< 0.001 p< 0.05
£(1-2)=2.62 t(1-3)=6.16 t(1-4)=11.73 t(1-5)=11.34 t(1-6)=9.52
p < 0.02 p < 0.001 p< 0.001 p< 0.001 p<< 0.001
£ t(2-3)=2.96 t(2-4)=7.60 t(2-5)=7.51 t(2-6)=5.76
p< 0.02 p< 0.001 p< 0.001 p~< 0.001
t(3-4)=4.64 t(3-5)=4.67 t(3-6)=2.80
p< 0.001 p< 0.001 p< 0.02
0 t(1-2)=3.19 t(1-3)=3.58 t(1-4)=3.25 t(1-5)=3.06
p< 0.01 p< 0.01 p=< 0.01 p< 0.01
AL/X1 t(1-2)=2.83 t(1-3)=3.01 t(1-4)=2.84 t(1-5)=2.58
p< 0.01 p< 0.01 p< 0.01 p< 0.02

t (a-b): calculated t-statistic between class a and classb.

For the 53 subjects, fibre areas display two periods
with regard to age (Fig. 4) : a rapid growth until the
20-30 year-old group (F1 : r = 0.89 p< 0.001, F2 : r =
0.90 p £ 0.001) and thereafter a non significant linear
decrease (F1 : r = -0.36, F2 : r = -0.33). In childhood
a 4.5 fold increase of the average fibre area is observed
petween classes 1 and 3. The mean size of type 2 fibres
was found to be greater than the mean type 1 area in
46 out of the 53 samples (87%). The fibre area type 1/type 2
ratio shows no significant variation within the studied
age groups. The variability of fibre size, as assessed

39
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by the coefficient of variation, is similar in both fibre
types and is consistently about 25% (table 3).
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Fig. 4 : Relationship between type 1 (F1) and type 2 (F2)
fibre size and age.

Fibre distribution (table 3) : A slightly larger numerical
percentage of type 1 fibres is observed. The mean distri-
bution is 64% of type 1 fibres and 36% of the other type.
The data for the surface density area are more or less
similar. The coefficient of variation of S (number of
type 1 - type 2 fibre alternances) is low, indicating
a quite similar arrangement in all the studied biopsies.

Table 3 : THE MEAN AND STANDARD DEVIATION OF SIZE AND
DISTRIBUTION PARAMETERS FOR THE 53 STUDIED BIOPSIES.

SIZE PARAMETERS DISTRIBUTION PARAMETERS
F1/F2 0.83 £ 0.20 S 90 £ 11
Cvli 26.5 * 7.5 X1 2.9 £ 1.3
cvz 23.6 * 7.4 X2 2.4 £ 0.5

57 % F1 Al 18 +* 4
+
DS 1.39 % 0.88 33 % F2 A2 22 * 4
64 % F1 A1/X1 6.19 = 4.9
+
DN 1.77 % 0.96 36 % F2 A2/X2 8.67 £ 5.0

70
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The A2/X2 value is observed to be generally higher
than the Al1/X1 value. The former parameter is constant
in all age-groups. The latter one shows a significant
higher value in the 0-5 year-old group (F4$’= 3.63 p € 0.01
table 2). The individual A1/X1 values range from 1.1 to
22.9 and A2/X2 values from 2.1 to 23.6.

Therefore, wide variations are observed because,
though the majority of the values (90%) are grouped
(Fig. 5), some of them stand out by a high proportion
of one of the two. histochemical fibre types and a conse-
quent presence of clusters. Obviously the fibres of the
other type become more and more isolated. This fact has
been especially observed in the young patients.
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Fig. 5 : Graph of the spatial distribution index with
reference to fibre type and age groups.

DISCUSSION

The vast majority of the individual data of fibre
size fits neatly within the normal range for peroneus
longus and tibialis anterior with regard to age of the
patients as defined by previous studies (Edstrom and
Nystrom, 1969 ; Renierset al., 1970).

Slightly lower values have been found by Polgar et
al. (1973), but they used an autopsy material where a
shrinkage is observed (Larsson, 1978). In agreement with
these authors the mean area of type 2 fibres was found

41
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to be greater than the mean type 1 area in 87% of the
biopsies. However, the tendency for type 2 fibres to be
larger in male subjects as compared with female subjects
in biceps brachii (Brooke and Engel, 1969), in deltoideus
(Schmitt, 1978), in quadriceps (Larsson, 1978) is not
found in our muscle samples.

The increasing size with growth and the following
little size decrease after the third decade is more pro-
nounced in the type 2 fibres. The invariability of F1/F2
ratio involves that this size variation occurs with the
same proportion in the two fibre types. This ratio seems
to be a better size parameter to define a normal muscle
as suggested by Maunder-Sewry and Dubowitz (1981) and
Cornelisse et al. (1979).

It has been stated that coefficients of variation
of the mean cross-sectional area of normal muscle fibres
lie below 30% for Pongratz and Bodechtel (1976) and Cornelisse
et al. (1979), 25% for Dubowitz and Pearse (1960) and
Brooke and Engel (1969). Suchenwirth et al. (1969) consider
a CV of 35% as the upper 1limit for normal tissue, which
is in agreement with our results. There is no significant
difference between the CV of the two fibre types:CVl =
26.5% + 7.5, CV2 = 23.6% + 7.4.

In a previous paper (Tankosic et al., 1983) we have
pointed out that fibre +type grouping was characterized
by a decrease of the S value, the A/X parameter indicating
the size (X) and the heterogenity (A) of the aggregates.

In this study, for the evaluation of the spatial
parameters, the linear contiguity of the fibres is consi-
dered, whereas the majority of authors (Telerman-Toppet
and Coers, 1973, Lexell et al., 1983) adopts the measure
of counting the number of enclosed fibres defined by
Jennekens et al. (1971) as fibres completely surrounded
by fibres of their own histochemical type. Though the
approach of the problem is different, it is reasonable
to think that one enclosed fibre is never observed in
an "alignment" smaller than 3 or 4 frames of measure.
With our technique, a mean Al value of 18 corresponds
to a mosaic pattern where 68% of the aggregates are equal
or smaller than 3 frames of measure, that is about 3 type
1 fibres, and a mean A2 value of 22 to 88% of aggregates
equal or smaller than 3 type 2 fibres. The method takes
into consideration the fact that a fibre type can differ
in size from the other type.
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From the analysis of variance, no grouping tendency
is observed with increasing age in our studied population.
These results are apparently not in agreement with those
of Tomonaga and Maki (1980) who studied a large sample
of old patients, and with Bass et al. (1975) who studied
rat muscle biopsies.

The main objective of this study was to obtain all
the possible morphometric parameters and their 1limit of
variability with our image analysis system. Resulting
from the principal component analysis, a normal muscle must be
necessarily characterized by three groups of parameters

- size parameters

- coefficient of variation of fibre areas

- spatial distribution parameters.

In the first group, it is well known that fibre sizes
‘vary considerably with many factors : age, training,
disuse.... (Larsson, 1978). Our study shows that the most
constant and therefore the most reliable size parameters
is the fibre area ratio.

The clear-cut advantage of the CV consists in its
low variability and its independence towards the other
parameters.

For the third group, we must keep in mind that the
spatial distribution parameters show the greatest varia-
bility (4L,7% on the first SC). Therefore, in order to
interpret the spatial distribuction in a muscle biopsy,
S, Al/X1, A2/X2 need to be considered conjointly. This
study indicates that the vast majority of normal biopsies
shows a mosaic pattern with small aggregates and preferably
of type 1 fibres.

Actually, we focus our attention on various muscular
diseases. Our aim is to know what parameters are suscep-
tible of variation and if they remain correlated on the
same way with the others. We think that such a multipara-
metric study is able to detect minor changes caused by
a beginning pathology.
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