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Summary. The reliability of muscle fibre typing of post mortem specimens
was investigated with special reference to the influence of time and tempera-
ture. In specimens stored at +4° C, muscle fibre typing could be reliably
performed up to at least ten and fifteen days post mortem for the masseter
and biceps brachii muscles respectively. The corresponding figures for storage
at room temperature were three and six days. The difference in the preserva-
tion of enzyme activity between masticatory and limb muscles might be
related to the demonstrated difference in the fibre type composition and
thus the enzyme content and energy sources.

Introduction

Analysis of muscle biopsies treated by histochemical methods has become a
routine method in evaluation of muscle structure and function in health and
disease (Dubowitz and Brooke, 1973). Human limb muscles are usually accessi-
ble for biopsy, while studies of the human masticatory muscles have been
hampered because of their complex structure and topography. A preferential
alternative for investigating the histochemical appearance of the functionally .
different parts of the human masticatory muscles is to use specimens obtained
post mortem.

To provide a basis for a comprehensive study on the fibre type composition
of the human masticatory muscles, we have systematically investigated the re-

liability of muscle fibre typing of post mortem specimens with special reference
to the influence of time and temperature.

Materials and Methods

Muscle Samples. Specimens from the superficial part of the left masseter and the left biceps brachii
muscles were obtained within 24 h of sudden death from three previously physically healthy subjects,
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two males (aged 30 and 40 years) and one female (aged 19 years). Strips from each of the two
muscles were divided into portions equal in size (approximately 5x 5x 5 mm). Ten portions from
cach muscle were placed in a humified chamber and stored in the refrigerator (+4°C, 100%
relative humidity) for one to ten days post mortem. Another ten portions from each muscle were
stored at room temperature (+21° C, 100% relative humidity) for the same periods. All pieces
were located with the fibres lying parallel to and in contact with the bottom of the chamber.
Each day (1 to 10), muscle samples from both temperature groups were mounted for transverse
sectioning and frozen in isopentane chilled with liquid nitrogen. In one case (female 19 years)
four pieces from each muscle were stored at +4° C and 100% relative humidity also for extended
periods (15, 20, 25 and 30 days post mortem).

Enzyme Histochemistry. The sections were stained for the demonstration of myofibrillar ATPase
at pH 9.4 (Padykula and Herman, 1955) and after acid preincubation (Brooke and Kaiser, 1970)
and for the demonstration of NADH-tetrazolium reductase (Nystrém, 1968). In addition, a modified
Gomori trichrome staining was used (Engel and Cunningham, 1963).

Examination. The sections were analyzed in a Leitz Dialux-20 light microscope. Sections stained
with Gomori trichrome were analyzed for the assessment of cell borders and nuclear staining.
NADH-tetrazolium reductase and ATPase were used for differentiation of fibre types (Dubowitz
and Brooke, 1973; Ringgvist, 1974).

Results

With increased storage time, the depth of staining became weaker and uneven
and the fibre size decreased. This was especially true for storage at room tempera-
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Fig. 1. The influence of time and temperature upon the ability to distinguish cell borders and
nuclei (Gomori trichrome, GT) and different fibre types (ATPase and NADH-TR) in post mortem
specimens of human limb (biceps brachii, Bic) and masticatory (masseter, Mass) muscles. The
results of the analyses of one female (aged 19 years) and two male (aged 30 and 40 years) subjects
are summarized. Cell borders, nuclei and different muscle fibre types are in all areas clearly dis-
tinguishable (—), in general or in large areas (more than half of the section) distinguishable (---),
or distinguishable only in small areas (less than half of the section) (---)
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ture. The morphological changes observed, were found to be variable within
and between the different muscles. The results of the analyses of the three
cases are summarized below and in Fig. 1.

Storage at +4° C

ATPase (pH 94, pH4.6;, pH4.3)

Biceps brachii. 1-10 days post mortem: Different muscle fibre types (type I, 1A,
[IB and, relatively few in number, type IIC) were clearly observed in a mosaic
pattern (Fig. 2A-C). In two subjects (female 19 years and male 30 years) fibres
intermediately stained for ATPase at pH 9.4, and strongly stained after acid
preincubation at pH 4.3 and pH 4.6 were observed (Fig. 2A-C). These fibres
showed a stronger activity for NADH-tetrazolium reductase than the type [
fibres (Fig. 2D) and were more intensely stained by the modified Gomori
trichrome than the other fibre types. The frequency of these intermediately
stained fibres was estimated to be approximately 3% of the total fibre popula-
tion.

15-30 days: In places, or in small areas (less than half the area of the
section), fibres with a weak reaction product were seen. Different muscle fibre
types could still in general, or in large areas {(more than half the area of the
section) be distinguished (Fig. 3A-B).

Masseter. 1-9 days post mortem: Muscle fibres with a weak (type I), intermediate
and strong (type II) reaction for ATPase at pH 9.4 could clearly be distinguished.
The variability in size and distribution was great. The type II fibres, as a
rule very small compared with the type I fibres, could be subdivided into one
group in which the staining reaction was inhibited at pH 4.3, type IIB, and
a second group in which the reaction was partially inhibited at pH 4.3, type
IIC. Only three fibres in the whole material (in one and the same subject)
were identified as type IIA (staining reaction inhibited at pH 4.6). In addition,
in all three subjects there were occasional, relatively large, usually round fibres
(range 50-80 pum) with a strong reaction for all stains.

10-20 days: In places, or in small areas, fibres with a weak staining reaction
and sometimes with areas devoid of reaction product were seen. Different muscle
fibre types were still in general or in large areas distinguishable (Fig. 4 A).

25-30 days: In general, the reaction products were very weak and areas
lacking enzyme activity could be seen in the fibres. Different muscle fibre types
could only be distinguished locally.

NADH-Tetrazolium Reductase

Biceps brachii. 1-10 days post mortem: Different muscle fibres with different
degrees (three or more) of activity could clearly be distinguished (Fig. 2D).
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Fig. 2A-D. Biceps brachii muscle one day post mortem. Sections stained for the demonstration
of ATPase pH 9.4 (A), ATPase pH 4.3 (B), ATPase pH 4.6 {C) and NADH-TR (D). Type I,
type IIA, type 1IB and ATPase intermediately stained fibres can be clearly distinguished in a
mosaic pattern. Type IIB are smaller than the other fibres. Fibres intermediately stained for ATPase
at pH 9.4 (arrows) are strongly stained after acid preincubation at pH 4.3 and 4.6 and show a
stronger NADH-TR activity than the type I fibres. Bar, 50 pm. x 100
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Fig. 3A-=D. Biceps brachii muscle thirty days post mortem after storage at +4° C. Sections stained
for the demonstration of ATPase pH 9.4 (A), ATPase pH 4.3 (B), NADH-TR (C) and with Gomori
trichrome (D). Cell borders, muscle nuclei and different muscle fibre types are in general clearly
distinguishable. Fibres with three or more degrees of activity can be seen in NADH-TR. The
decrease of the mean diameter was estimated to be about 18% compared with the fibres measured
one day post mortem. Bar, 50 um. x 100
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Fig. 4 A-C. Masseter muscle twenty days
post mortem after storage at +4° C.
Sections stained for the demonstration of
ATPase pH 9.4 (A), NADH-TR (B) and
with Gomori trichrome (C). Most muscle
nuclei are not stained. Type I, small type
II and ATPase intermediately stained
fibres are distinguishable in ATPase. In
NADH-TR, the cell borders are indistinct
and fibres with an uneven reaction
product are seen. Bar,. 50 um. x 250
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15-30 days: In places, or in small areas, fibres with a weak and/or uneven
reaction product (centrally lucent) were seen. Different muscle fibre types were
still in general or in large areas distinguishable (Fig. 3C).

Masseter. 1-4 days post mortem: Different muscle fibre types with different
degrees (three or more) of activity could be distinguished.

5-10 days: In places, or in small areas, fibres with a weak and/or uneven
(centrally lucent) reaction product were seen. Different muscle fibre types were
still in general or in large areas distinguishable.

15-20 days: Fibres with a weak and/or uneven reaction product were fre-
quently seen (Fig. 4B). Different muscle fibre types could be distinguished only
in small areas.

25-30 days: In general, the staining reaction was very weak and/or uneven
with only peripheral activity. Different muscle fibre types could not be dis-
tinguished.

Gomori Trichrome

Biceps brachii. 1-10 days post mortem: The cell borders and the muscle nuclei
were clearly distinguishable.

15-30 days: In places or in small areas the cell borders were indistinct
and the nuclei did not stain. In general, or in large arcas, the cell borders
and the nuclei were distinguishable (Fig. 3D).

Masseter. 1-9 days post mortem: The cell borders and the muscle nuclei were
clearly distinguishable.

10 days: In places, the cell borders were indistinct and the nuclei did not
stain.

15-20 days: In large areas the cell borders were indistinct and there was
no nuclear staining (Fig. 4C).

25-30 days: In general, the cell borders were indistinct and the nuclei did
not stain.

Storage at +21° C
ATPase (pH 9.4; pH 4.6, pH4.3)

Biceps brachii. 1-5 days post mortem: Different muscle fibre types could clearly
be distinguished in a mosaic pattern. In one case (male 30 years), muscle fibres
in parts of the sections showed an inverse reaction for ATPase at pH 9.4 after
storage for four days or more.

6 days: In places, or in small areas, the reaction product was weak and
areas lacking enzyme activity could be seen in the fibres. Different muscle
fibre types could still in general, or in large areas, be distinguished (Fig. 5A-B).

7-10 days: In large areas, the muscle fibres showed a weak staining reaction
and contained areas devoid of reaction product.
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Fig. 5A-D. Biceps brachii muscle six days post mortem after storage at +21° C. Sections stained
for the demonstration of ATPase pH 9.4 (A), ATPase pH 4.3 (B), NADH-TR (C) and with Gomori
trichrome (D). In places the muscle nuclei are not stained. Cell borders and different fibre types
are in general clearly distinguishable. In NADH-TR, three or more degrees of activity can be
seen. The decrease of the mean diameter was estimated to be about 25% compared with the
fibres measured one day post mortem. Bar, 50 um. x 100
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Masseter. 1-2 days post mortem: Type I, small type II and intermediately
stained muscle fibres could clearly be distinguished.

3-5 days: In places, or in small areas, the reaction product was weak and
areas lacking enzyme activity could be seen in the fibres. Different muscle
fibre types were still in general, or in large areas, distinguishable (Fig. 6 A-B).
In one case (male 30 years), fibres in parts of the sections showed an inverse
reaction for ATPase at pH 9.4 after storage for four days or more.

6-7 days: In large areas, the muscle fibres showed a weak reaction product
and areas lacking enzyme activity.

8-10 days: In general, the reaction product was very weak or absent. Differ-
ent muscle fibre types were only locally distinguishable.

NADH-Tetrazolium Reductase

Biceps brachii. 1-2 days post mortem: Different muscle fibre types with different
degrees (three or more) of activity could clearly be distinguished.

3-6 days: Fibres with a weak and/or uneven reaction product were seen
in places or in small areas. Different muscle fibre types with different degrees
(three or more) of activity could still in general, or in large areas, be distinguished
(Fig. 5C).

7-10 days: In general, the reaction product was weak to very weak andjor
unieven with only peripheral activity. Diiferent muscle fibre types could only
be distinguished locally.

Masseter. 1-2 days post mortem: Different muscle fibre types with different
degrees (three or more) of activity could be distinguished.

3-5days: Fibres with a weak and/or uneven reaction product were frequently
seen. Different muscle fibre types with different degrees (three or more) of
activity could be distinguished only in small areas (Fig. 6C).

6-10 days: In general, the reaction product was weak to very weak and/or
uneven with only peripheral activity. Different muscle fibre types could not
be distinguished.

Gomori Trichrome

Biceps brachii. 1-3 days post mortem: The cell borders and the muscle nuclei
could clearly be distinguished.

4-6 days: In places, or in small areas, the cell borders were indistinct and
the nuclei did not stain. In general or in large areas, the cell borders and
the nuclei were distingnishable (Fig. 5D).

7-10 days: The cell borders were generally indistinct and the nucle; did
not stain.

Masseter. 1-2 days post mortem: The cell borders and the muscle nuclei could
clearly be distinguished.
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Fig. 6 A-D. Masseter muscle five days post mortem after storage at +21° C. Sections stained for
the demonstration of ATPase pH 9.4 (A), ATPase pH 4.3 (B), NADH-TR (C) and with Gomori
trichrome (D). Most muscle nuclei are not stained. Type I and small type Il fibres are clearly
observed. An ATPase intermediately stained fibre is encircled. In NADH-TR, three or more degrees
of activity can be seen in this part of the section. Bar, 50 um. x 250
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3-5 days: In large areas, the cell borders were indistinct and most nuclei
did not stain (Fig. 6 D).

6-10 days: In general, the cell borders were indistinct, the nuclei did not
stain and vacuoles could be seen in the fibres.

Discussion

Starting at the moment of death, a series of post mortem events develops
in more or less orderly fashion including loss of enzyme activities. The reliability
of histochemical fibre typing of post mortem muscles depends, of course, on
the extent of such cellular alterations. Although histochemical fibre typing of
human necropsy muscles has been performed previously (Jennekens et al., 1971 a,
b; Johnson et al., 1973; Polgar et al., 1973; Serratrice et al., 1976; Susheela
and Walton, 1969; Wachstein and Meisel, 1955), no systematic analysis of
the influence of time and temperature on the reliability of the method has
been reported.

The present study indicates that muscle fibre typing can be reliably performed
up to at least ten and fifteen days post mortem for the masseter and biceps
brachii muscles respectively, when the specimens are stored at +4° C. The
corresponding figures for storage at room temperature were three and six days.
When necropsy specimens are used for diagnosis of neuromuscular disease or
research, the samples are most often obtained well within these time limits.

The morphological changes, which occur in muscle tissues during rigor
process and autolysis, are known to be highly variable within and between
different muscles and have been related to the activity of ATPase and the
levels and decrease of high energy phosphates and glycogen (Bendall, 1973;
Goldspink et al., 1973; Heffron and Hegarty, 1974; Heffron and McLoughlin,
1971 ; McNaughtan 1978a, b; Tarrant et al., 1972a, b).

From our study it is also obvious that post mortem degradation varies
within and between different muscles. The myofibrils were more resistant than
the mitochondria as expressed by preserved ATPase activity and destroyed
NADH-tetrazolium reductase activity. Myofibrillar ATPase activity was also
more resistant than membranes and nuclei, as fibre typing could be performed
in sections stained for myofibrillar ATPase, while in serial sections stained
for Gomori trichrome, membranes and nuclei did not stain. These findings
can be correlated with ultrastructural investigations where changes in post mor-
tem skeletal muscles have been demonstrated in the mitochondria prior to
any observable changes in myofibrillar proteins (Hegarty et al., 1978). Also,
in the central part of transplanted cat muscles, fibre typing has been successfully
performed in sections stained for myofibrillar ATPase, despite necrosis of the
muscle fibres with demolition of all membranes, as shown by electron microscopy
(Schiaffino et al., 1975).

The staining and fibre size pattern we have found in our biceps brachii
and masseter samples within 24 h post mortem are similar to those in biopsy
specimens (Dubowitz and Brooke, 1973 ; Ringqvist, 1974 ; Serratrice et al., 1976).
The demonstrated differences between the masseter and biceps brachii concern-
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ing post mortem preservation of enzyme activity might be related to the different
fibre composition and thus to differences in enzyme content and energy sources.

Our observation of a decrease in fibre diameter with increased time of
storage (cf. Figs. 2A, 3A and 5A) is in accordance with previous studies, where
a decrease in fibre diameter of about 15% was shown within 24 h post mortem
(Goldspink et al., 1973; Heffron and Hegarty, 1974). Fibre diameter measure-
ments in autopsy material thus are not directly comparable with measurements
in fresh frozen biopsies, which has not always been taken into consideration
by other authors (Jennekens et al., 1971a; Polgar et al., 1973; Serratrice et al.,
1976).

Intermediately stained fibres in standard ATPase staining of human limb
muscles have been infrequently observed or discussed. We sometimes observe
ATPase intermediately stained fibres in our routine biopsies, which we use
for diagnostic and research purposes (unpubl. observations). Karpati et al. (1975)
have, with the myofibrillar ATPase reaction at pH 9.4, observed intermediately
stained fibres in morphologically normal human muscle biopsies and proposed
that they be called type IB fibres. Askansas and Engel (1975) did not observe
any subtypes of type I fibres in the ATPase stained sections but noticed two
distinct type 1 subtypes by oxidative enzyme reactions. Recent classification
of fibre types in human limb muscles by photometric evaluation of staining
intensity (Dahl, 1979) shows a subgroup of fibres with staining properties as
for the intermediately stained fibres which we have seen in the biceps brachii.
The variation of histochemical fibre typing between various laboratories might
reflect slight methodological differences.

The large fibres we found locally in our masseter samples, and which showed
a strong reactivity for all stains as compared with the other fibres, might be
a contraction artefact (McNaughtan, 1978a; Schmalbruch, 1973) induced by
excision and fixation. Compared with the biceps brachii, the masseter muscle
has a more complicated structure and thus more manipulation was needed
for dissection and mounting.

Conclusions

While fibre typing in different muscles is reliable several days post mortem
on the basis of myofibrillar ATPase activity, the use of NADH-tetrazolium
reductase activity is less reliable. The speed with which decomposition develops
differs within and between various muscles and probably reflects differences
in fibre type composition and thus in enzyme and energy content.
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