
J. Anat. (1976), 122, 1, pp. 121-131 121
With 5 figures
Printed in Great Britain

Compensatory muscular hypertrophy in the extensor
digitorum longus muscle of the mouse

N. T. JAMES

Department ofHuman Biology and Anatomy, University of Sheffield,
Sheffield S10 2TN

(Accepted 13 August 1975)

INTRODUCTION

It has been reported on numerous occasions that strenuous exercise rapidly induces
skeletal muscle hypertrophy by increasing the cross sectional areas of the muscle
fibres without increasing their number (Morpurgo, 1897, 1898; Hoffman, 1947;
Bigland & Jehring, 1951; Crawford, 1961; Goldspink, 1964; Walker, 1966; Hamosch,
Lesch, Baron & Kaufman, 1967; Goldberg, 1967; Gordon, 1967; Rowe & Gold-
spink, 1968; Goldberg & Goodman, 1969; Binkhorst, 1969; Schiaffino & Hanzlikova,
1970; Gutmann, Schiaffino & Hanzlikova, 1971).

Severe overloading of skeletal muscles seems to induce fibre splitting (Van Linge,
1962; Reitsma, 1969, 1970; Edgerton, 1970; Hall-Craggs, 1970, 1972; Hall-Craggs &
Lawrence, 1970) and even necrosis and loss of muscle fibres (Highman & Atland,
1963). Although such apparent fibre splitting could also be interpreted as a fusion
proc2ss (James, 1973), its relationship to any possible increase in the number of
fibres during hypertrophy has not previously been studied. Evidence which suggests
that the number of fibres is increased in exercised muscles, i.e. hyperplasia, has been
obtained by several investigators (Rowe & Goldspink, 1968; Etamadi & Hosseini,
1968; Faulkner, Maxwell, Brook & Lieberman, 1971; Sola, Christensen & Martin,
1973; Yellin, 1974).
The complex morphology of many skeletal muscles makes difficult any attempt at

an accurate comparison of the number of fibres in hypertrophic and control muscles.
Previous studies designed to establish whether hyperplasia occurs during muscular
hypertrophy have usually involved calculating the total number of fibres indirectly
from small samples of control and hypertrophic muscles. Most muscles are too large
for all the fibres to be counted directly - in a teased preparation, for example.
Transverse sections of a muscle as a rule cannot be used to make direct counts since
such sections rarely include all the fibres (Karpati & Engel, 1968; Maxwell, Faulkner
& Hyatt, 1974). Indeed recent theoretical and experimental studies on the geometry
of skeletal muscles have shown that alterations in the number of fibres per cross
section of a muscle do not necessarily indicate alterations in the total number of
fibres in that muscle (Maxwell, Faulkner & Hyatt, 1974). Fibres can vary in their
diameters or in their lengths in different regions of a muscle, and consequently
estimates of the total number present can be markedly inaccurate. Moreover, since
few muscles are homogeneous with respect to their fibre type samples may be
obtained which are not representative of the whole muscle.



The present study was undertaken to establish whether hyperplasia had occurred
in extensor digitorum longus (EDL) muscles which had been induced to undergo
compensatory hypertrophy by the surgical removal of their companion tibialis
anterior muscles. Estimates of the total number of fibres in EDL muscles requiring
assumptions to be made about fibre numbers in unsampled areas were specifically
avoided. Using an alternative technique, comparisons were made between the in-
crease in muscle weight and the size of their fibres as measured in supposedly
representative samples. Major discrepancies between these two parameters (which
should be linearly related if length and fibre number remain constant) would
necessarily have to be attributed to a change in the number of fibres, for there is no
reason to think that the fibre would change in length in the circumstances of the
experiment.

MATERIALS AND METHODS

Operative technique
Adult male mice weighing 20-25 g were selected for study and kept individually in

cages for 1 week prior to operation. The cages measured 15 cm x 30 cm. Food and
water was available ad libitum.
Under sterile conditions and under ether anaesthesia, a mid-line longitudinal

incision was made anterior to the ankle joint and extended proximally over the
tibialis anterior muscle. The tendons of the tibialis anterior and extensor digitorum
longus (EDL) muscles were identified as they passed deep to the extensor retina-
culum. The tendon of the tibialis anterior muscle was transected at the upper margin
of the retinaculum, the proximal cut end of the tendon was reflected and the nervous
and arterior supply to the muscle was interrupted. The deep proximal attachments
of the muscle were severed and the muscle removed. Particular care was taken to
ensure that, as far as possible, the remaining leg structures were undisturbed and
undamaged. The skin flaps were sutured with fine silk and the wound covered with
Nob-cutaneR.
Mice were sacrificed at 35 and 80 days after operation. The EDL muscles from

each animal were weighed and then fixed at their resting lengths in neutral buffered
formalin. Particular care was taken to ensure that in each animal the EDL muscle
from the operated side was fixed at the same length as that from the contralateral
side. They were subsequently embedded in paraffin and sections were cut at about
6 ,um. The sections were stained either with haematoxylin and eosin, or by the picro-
Sirius Supra Blue GL method for the demonstration of endomysium (Sweat, Puchtler
& Woo, 1964).

Quantitative technique
An image of each section was superimposed at a known magnification on a

randomly orientated grid network formed by a series of horizontal and vertical
straight lines. The regular lattice of points formed by the intersecting lines were used
to determine the total cross sectional area (A) of each fibre using the formula

A = n.d2,
where n is the number of intersections falling on each fibre. Values for the grid
constant (d) were obtained by dividing the distance between the grid lines by the
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magnification of the image. The magnification was determined by using a stage
micrometer. Particular care was taken to ensure that at least 30 points fell on the
smallest fibres examined. Sections used for quantitative analysis were cut from the
mid belly of each EDL muscle. The individual cross sectional areas of at least
100 contiguous fibres lying in the central regions of each muscle were measured. It
has previously been shown that 100 fibres are a sufficiently large sample to character-
ize the fibre size distribution of a skeletal muscle (Joubert, 1956). The statistical
parameters listed in Table 1 were calculated for muscle fibre populations in muscles
80 days subsequent to the operation.
No correction for the shrinkage of muscle fibres was carried out. It was assumed

that all muscle fibres underwent similar degrees of shrinkage in both the control and
the hypertrophic muscles during fixation and processing.

RESULTS

From previous work the following histological stages of hypertrophy may be
defined:
Early stage. During this stage there is a rapid gain in weight of the muscle and

some increase in muscle fibre size. There are no characteristic histological changes.
Intermediate stage. During this stage there are prominent and characteristic histo-

logical changes. Most fibres possess central nuclei. In serial sections many fibres are
associated with apparently newly formed structures variously termed sub-fibres
(Edgerton, 1970), satellite structures (James, 1973) and satellite fibres (Yellin, 1974).
Some vesicular nuclei are also visible.
Late stage. During this stage the hypertrophic skeletal muscles achieve their

largest maintained weight increase when compared with control muscles. The histo-
logical features of the intermediate stage have disappeared and the seemingly normal
muscle fibres achieve their largest maintained increase in diameter.

Six hypertrophic EDL muscles in each of the intermediate and late stages of hyper-
trophy as well as their control muscles were examined in this study.

All the hypertrophic muscles seemed larger and redder than their controls. No
post-operative adhesions were seen in any animal and in each the tendon of the
hypertrophic EDL muscles was completely free to move deep to the extensor
retinaculum.

Hypertrophic muscles examined 35 days after removal of the ipsilateral tibialis
anterior muscle were found to be in the intermediate stage of hypertrophy. Many
of the muscle fibres were seen to contain central nuclei (Fig. 2). A proportion of the
muscle fibres (about 7 %) seemed to be associated with newly formed 'satellite'
structures identical with those previously described in hypertrophic EDL muscle of
the rat (James, 1973). Occasionally they contained vesicular nuclei. In sections stained
by the picro-Sirius Supra Blue GL method, contrary to expectation, the majority of
the satellite structures were found to be enclosed in distinct endomysia separate from
those of normal muscle fibres.

Hypertrophic muscles examined 80 days after the removal of the ipsilateral tibialis
anterior muscle were found to be in the late stage of hypertrophy: none of them
showed histological features characteristic of the intermediate stage (Fig. 4), nor did
any of the contralateral EDL muscles (Figs. 3, 5).
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Muscular hypertrophy

Mouse 3, n = 100
Control EDL

Mouse 3, n = 100
Hypertrophic EDL

Frequency

Frequency

0 5 10 15 20 0 5 10 15 20 25 30 35 40
x102 #m2 x102,Um2

Cross sectional area of fibres Cross sectional area of fibres

Fig. 1. Histogram illustrating fibre size-frequency distribution of control and hypertrophic
muscles for a single mouse.

A detailed analysis of the muscle fibre sizes and whole muscle weights for the
hypertrophic and contralateral EDL muscles is presented in Table 1. In most of
the control EDL muscles there was a marked tendency for the cross sectional areas
of the fibres to form a bimodal population. The increase in fibre size during the
late stage of hypertrophy seemed variable. In some muscles the fibres showed an
increased tendency to form a bimodal population whilst in two other EDL muscles
the fibres formed a unimodal, though markedly skewed, distribution. The results
indicate that the proportional increase in fibre cross sectional area exceeded the
corresponding increase in muscle weight in all six animals.

DISCUSSION

The induction of hypertrophy in a muscle by means of the surgical removal of a
synergist is both convenient and readily reproducible. In contrast with exercise-
induced hypertrophy, there is usually a 'control' muscle available from the same
animal. The contralateral EDL muscles, rather than those of unoperated animals,
were preferred as controls because systematic effects, for example, general metabolic
upsets following surgery or alterations in exercise patterns following operation are
automatically counterbalanced thereby. In the present study slight hypertrophy may
have occurred in the contralateral control: any such hypertrophy would of course
reduce observable differences between the EDL muscles on the two sides.
The terms 'early', 'intermediate' and 'late' in relation to muscle hypertrophy are

proposed for the following reasons. The terms relate to stages which can be identified
histologically. They can be used whatever the time scale; and this is important be-
cause the rate at which a muscle hypertrophies could well vary with the particular
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muscle, the species body weight, metabolic rate and type of hypertrophy. It should
be stressed that the intermediate stage in some cases is quite transient, and easily
missed.

In the present study it can only be assumed that 'satellite structures' had been
present at the intermediate stage of hypertrophy in those specimens which were
examined at the late 80 day stage. Direct confirmation by sampling at the inter-
mediate stage is not feasible because regenerative changes following trauma are
similar to those occurring during hypertrophy and because the use of the leg may be
inhibited. It has previously been suggested that, in the rat, these satellite structures
either regress or fuse with mature fibres (James, 1973), though in birds they seem to
be capable of forming new fibres (Sola et al. 1973). The absence of any final increase
in the number of fibres seems to preclude any extensive transformation of satellite
structures into new fibres. The presence of a distinct endomysium enclosing each
satellite structure would seem to preclude their fusion with adjacent muscle fibres.
Their complete regression, as with satellite cells after minor trauma (Teravainen,
1970), is therefore probable. The appearance of satellite structures, along with the
other described histological changes, perhaps indicates attempts at regeneration
consequent upon damage to muscle fibres caused by excessive work or excessive
stretching. Alternatively, satellite structures could represent damaged or severely
atrophic fibres undergoing degeneration.

In the present study no attempt was made to estimate the total number of fibres
in the EDL muscle. Theoretically, it should be possible to draw some conclusion as
to the occurrence of either hypoplasia or hyperplasia in a hypertrophic muscle by
comparing the increase in weight of the muscle with the mean size increase of its
contained fibres. For example, if the weight of a muscle increased relatively more
than the mean size of its muscle fibres then hyperplasia can be suspected. In the
present study, however, the mean muscle fibre size increased relatively more than
the corresponding muscle weight suggesting that hypoplasia was occurring. More-
house & Miller (1967) reported that the increase of connective tissue, capillaries and
interstitial fluid during hypertrophy contributed only a small fraction to the total
increase in weight and consequently those components were neglected in the present
study. As in all previous studies on muscular hypertrophy, several possibly un-
warranted assumptions were made. First, it was assumed that the small oxidative
type I fibres and the larger glycolytic type II fibres (Dubowitz & Pearse, 1960) under-
went the same percentage increase in size in 80 days. Gutmann et al (1971) have
demonstrated the validity of such an assumption after 5 days of hypertrophy.
Secondly, it was assumed that all regions of the muscle underwent the same degree

Fig. 2. Transverse section of hypertrophic EDL muscle 35 days after operation. Central nuclei
typical of the intermediate stage of hypertrophy are clearly visible. H. & E. x 240.
Fig. 3. Transverse section of contralateral EDL muscle 35 days after operation. Normal
histology. H. & E. x 240.
Fig. 4. Transverse section of hypertrophic EDL muscle 80 days after operation. Normal
histology, but fibres larger than in control muscle. H. & E. x 210.
Fig. 5. Transverse section of control EDL muscle 80 days after operation. Normal histology.
H.&E. x210.
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of hypertrophy. Thirdly, it was assumed there was no increase in the number of
sarcomeres in each fibre. Though care was taken to ensure that both hypertrophic
and contralateral muscles were fixed under identical conditions, any additional
formation of sarcomeres within hypertrophic fibres could have resulted in shorter
sarcomere lengths with spuriously broader fibres. Some workers have suggested
(Mackova & Hnik, 1973) that the hypertrophy induced by surgical methods is not
a true hypertrophy, partly because of the minimal weight increases shown by the
hypertrophic muscles. However, the large increases in muscle weight and fibre
diameter present at 80 days in the present study suggests that a true hypertrophy had
taken place. In physiological and biochemical studies muscles are frequently allowed
to hypertrophy for only 5 days prior to analysis, since it is often asserted that the
maximum weight increase supposedly achieved at this stage indicates the completion
of the hypertrophic process (Goldberg, 1967, 1972; Jablecki & Kaufman, 1972;
Stewart, 1972). That marked changes continue to occur in some hypertrophic muscles
after 5 days suggests that physiological and biochemical studies in the late stage of
hypertrophy might yield results significantly different from those carried out earlier.

It is not clear whether any kind of exercise-induced hypertrophy is comparable
with the hypertrophy induced by the surgical removal of synergistic muscles.
Surgically-induced hypertrophy could be a consequence of increased work load or
it could be a response to passive stretching. The latter is considered to be a powerful
stimulus to hypertrophy, even in denervated muscles (Sola & Martin, 1953; Feng &
Lu, 1965; Stewart, Sola & Martin, 1972; Jirmanova & Zelena, 1970; Sola et al. 1973).
There may be different types of hypertrophy, since the effects of 'isometric' training
differ significantly from those of 'isotonic' training (Rasch & Morehouse, 1957;
Darcus & Salter, 1955). The surgically-induced hypertrophy in the mouse could well
be more 'isometric' than that induced by exercise. That all muscle fibre types showed
a similar increase in size suggests that mechanical (e.g. stretching) rather than neuro-
logical (e.g. increased voluntary movement) factors are important in the generation
of surgically-induced hypertrophy. In exercise-induced hypertrophy, there is dis-
parity in the size changes undergone by the different types of muscle fibre, possibly
because of selective recruitment of motor units composed of the smaller type I fibres
(Maxwell, Faulkner & Lieberman, 1973).
The observation that size-frequency distributions of the EDL muscle fibres often

form a bimodal population seems to contradict previous reports of a unimodal
distribution (Goldspink & Rowe, 1968). A bimodal distribution most likely reflects
the presence of type I and type II fibres which are both present in the EDL muscle
(James, 1971). Several factors could account for this apparent discrepancy. In the
present study the contralateral 'control' muscle might have been subjected to some
additional load or stretching which could have induced hypertrophy affecting only
some of the fibres: pooling of data from different muscles could convert several
bimodal populations to a single unimodal population: the fibre sampling technique
could have distorted the fibre size distributions. In the present study care was taken
to ensure that all sizes of muscle fibres and consequently all fibre types, were pro-
portionally represented in each sample. Random selection of single fibres was
specifically avoided to avoid population bias toward the larger fibres (Joubert, 1956).
Random selection of fibres using any point scattering technique would be expected
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to generate a size frequency distribution which reflects the relative cross sectional area
of the different types of muscle fibre. A contiguous sampling technique, as used in
the present study, which includes all the fibres in a randomly selected area, generates
a size frequency distribution which more accurately reflects the relative frequency of
occurrence of the different fibre types.

SUMMARY

Hypertrophy of the extensor digitorum longus muscle after surgical removal of its
companion tibialis anterior muscle has been studied in mice.

Early, intermediate and late stages in the process of hypertrophy have been
defined.
The proportional increase in the mean cross sectional area of fibres in a hyper-

trophic muscle consistently exceeded the proportional increase in the weight of the
same muscle in all animals. This suggests that hypoplasia (loss of fibres) was
occurring.

This work was carried out with the aid of grants from the Medical Research Council
and Science Research Council of Great Britain.

REFERENCES

BINKHORST, R. A. (1969). The effect of training on some isometric contraction characteristics of a fast
muscle. European Journal of Physiology 309, 193-202.

BIGLAND, B. & JEHRING, B. (1951). Muscle performance in rats, normal and treated with growth hormone.
Journal of Physiology 117, 129-136.

CRAWFORD, G. N. C. (1961). Experimentally induced hypertrophy of growing voluntary muscle. Pro-
ceedings of the Royal Society (London) B 154, 130-138.

DARCUS,H. D. & SALTER, N. (1955). The effect of repeated muscular exertion on muscle strength. Journal
of Physiology 129, 325-336.

DUBOWITZ, V. & PEARSE, A. G. E. (1960). A comparative histochemical study of oxidative enzyme and
phosphorylase activity in skeletal muscle. Histochemie 2, 105-117.

EDGERTON, V. R. (1970). Morphology and histochemistry of the soleus muscle from normal and exercised
rats. American Journal of Anatomy 127, 81-88.

ETAMADI, A. A. & HOSSEINI, F. (1968). Frequency and size of muscle fibres in athletic body build.
Anatomical Record 162, 269-274.

FAULKNER, J. A., MAXWELL, L. C., BROOK, D. A. & LIEBERMAN, D. A. (1971). Adaptation of guinea pig
plantaris muscle fibres to endurance training. American Journal of Physiology 221, 291-297.

FENG, T. P. & Lu, D. X. (1965). New lights on the phenomenon of transient hypertrophy in the de-
nervated hemi diaphragm of the rat. Scientia sinica 14, 1772-1784.

GOLDBERG, A. L. (1967). Work induced growth of skeletal muscle in normal and hypophysectomized
rats. American Journal of Physiology 213, 1193-1198.

GOLDBERG, A. L. (1972). Mechanisms of growth and atrophy of skeletal muscle. In: Muscle Biology,
vol. 1 (Ed. R. G. Cassens), pp. 89-118. New York: Marcell Dekker.

GOLDBERG, A. L. & GOODMAN, H. M. (1969). Amino acid transport during work induced growth of
skeletal muscle. American Journal of Physiology 216, 1111-1115.

GOLDSPINK, G. (1964). Cytological basis of decrease in muscle strength during starvation. American
Journal of Physiology 209, 100-104.

GOLDSPINK, G. & ROWE, R. W. D. (1968). The growth and development of muscle fibres in normal and
dystrophic mice. In Research in Muscular Dystrophy. The Proceedings of the Fourth Symposium on
Current Research in Muscular Dystrophy. London: Pitman Medical Publishing Co.

GORDON, E. E. (1967). Anatomical and biochemical adaptations of muscle to different exercises. Journal
of the American Medical Association 201, 755-758.

GUTMANN, E., SCHIAFFINO, S. & HANZLIKOVA, V. (1971). Mechanism of compensatory hypertrophy in
skeletal muscle of the rat. Experimental Neurology 31, 451-464.
9

~~~~~~~~~~~~~~~~~~~A NA I22

Muscular hypertrophy 129

ANA I229



130 N. T. JAMES

HALL-CRAGGs, N. C. B. (1970). The longitudinal division of fibres in overloaded rat skeletal muscle.
Journal of Anatomy 107, 459-470.

HALL-CRAGGS, N. C. B. (1972). The significance of longitudinal fibre division in skeletal muscle. Journal
of the Neurological Sciences 15, 27-33.

HALL-CRAGGS, N. C. B. & LAWRENCE, C. A. (1970). Longitudinal fibre division in skeletal muscle.
Zeitschrift fur Zellforschung und mikroskcopische Anatomie 109, 491-494.

HAMOSCH, M., LESCH, M., BARON, J. & KAUFMAN, S. (1967). Enhanced protein synthesis in a cell free
system from hypertrophied skeletal muscle. Science 157, 935-937.

HIGHMAN, B. & ATLAND, P. D. (1963). Effects ofexercise and training on serum enzyme and tissue changes
in rats. American Journal of Physiology 205, 162-166.

HOFFMAN, A. (1947). Weitere Untersuchungen uber den Einfluss des Trainierung auf die Skeletmusculatur.
Anatomischer Anzeiger 96, 919-203.

JABLECKI, C. & KAUFMAN, S. (1972). Myosin adenosine triphosphatase activity during work-induced
growth of slow and fast skeletal muscle in the normal rat. Journal of Biological Chemistry 248, 1056-
1062.

JAMES, N. T. (1971). The distribution of muscle fibre types in fasciculi and their analysis. Journal of
Anatomy 110, 335-342.

JAMES, N. T. (1973). Compensatory hypertrophy in the extensor digitorum longus muscle of the rat.
Journal of Anatomy 116, 57-65.

JIRMANOVA, I. & ZELENA, J. (1970). Effects of denervation and tenotomy on slow and fast muscles of the
chicken. Zeitschriftfiur Zellforschung und mikroskopische Anatomie 106, 333-347.

JOUBERT, D. M. (1956). An analysis of factors influencing post natal growth and development of the
muscle fibre. Journal of Agricultural Science 47, 59-102.

KARPATI, G. & ENGEL, W. K. (1968). Histochemical investigation of fibre type ratios with the myofibrillar
ATPase reaction in normal and denervated skeletal muscles of the guinea pig. American Journal of
Anatomy 122, 145-156.

MACKOVA, E. & HNIK, P. (1973). Compensatory muscle hypertrophy induced by tenotomy of synergists
is not true working hypertrophy. Physiologia bohemoslovenica 22, 43-49.

MAXWELL, L. C., FAULKNER, J. A. & LIEBERMAN, D. A. (1973). Histochemical manifestations of age and
endurance training in skeletal muscle fibres. American Journal of Physiology 224, 356-361.

MAXWELL, L. C., FAULKNER, J. A. & HYATT, G. J. (1974). Estimation of number of fibres in guinea pig
skeletal muscles. Journal of Applied Physiology 37, 259-264.

MOREHOUSE, L. E. & MILLER, A. T. (1967). Physiology of Exercise, 5th edn. St Louis: C. V. Mosby.
MORPURGO, B. (1897). Uber Activats-hypertrophie der willkurlicher Muskeln. Virchows Archiv far
pathologische Anatomie und Physiologie 150, 522-554.

MORPURGO, B. (1898). Uber die post-embryonale Entwicklung der quergestreiften Muskeln von weissen
Ratten. Anatomischer Anzeiger 15, 200-206.

RASCH, P. J. & MOREHOUSE, L. E. (1957). Effect of static and dynamic exercise on muscular strength and
hypertrophy. Journal of Applied Physiology 11, 29-34.

REITSMA, W. (1969). Skeletal muscle hypertrophy after heavy exercise in rats with reduced muscle function.
American Journal of Physical Medicine 48, 237-258.

REITSMA, W. (1970). Some changes in skeletal muscles of the rat after intensive training. Acta Morpho-
logica neerlandica-scandinavica 7, 224-238.

ROWE, R. W. D. & GOLDSPINK, G. (1968). Surgically induced hypertrophy in skeletal muscles of the
laboratory mouse. Anatomical Record 161, 69-75.

SCHIAFFINO, S. & HANZLIKOVA, V. (1970). On the mechanism of compensatory hypertrophy in skeletal
muscles. Experientia 26, 152-153.

SOKAL, R. R. & ROHLF, F. J. (1969). Biometry. The Principles and Practice of Statistics in Biological
Research. San Francisco: W. H. Freeman and Co.

SOLA, 0. M., CHRISTENSEN, D. C. & MARTIN, A. W. (1973). Hypertrophy and hyperplasia of adult
chicken anterior latissimus dorsi muscles following stretch with and without denervation. Experimental
Neurology 41, 76-100.

SOLA, 0. M. & MARTIN, A. W. (1953). Denervation hypertrophy and atrophy of the hemi-diaphragm of
the rat. American Journal of Physiology 172, 324-332.

STEWART, D. M. (1972). Role of Tension in Muscle Growth. In: Regulation of Organ and Tissue Growth
(Ed. R. J. Goss), ch. 5, pp. 77-100. London: Academic Press.

STEWART, D. M., SOLA, 0. M. & MARTIN, A. W. (1972). Hypertrophy as a response to denervation in
skeletal muscle. Zeitschrift far vergleichenden Physiologie 76, 146-167.

SWEAT, F., PUCHTLER, H. & Woo, P. (1964). A light fast modification of Lillie's Allochrome stain. Archives
of Pathology 78, 73-75.



Muscular hypertrophy 131
TERAVAINEN, H. (1970). Satellite cells of striated muscle after compression injury so slight as not to

cause degeneration of the muscle fibres. Zeitschrift fur Zellforschung und mikroskopische Anatomie 103,
320-327.

VAN LINGE, B. (1962). The response of muscle to strenuous exercise. Journal of Bone and Joint Surgery
44B, 711-721.

WALKER, M. G. (1966). The effect of exercise on skeletal muscle fibres. Comparative Biochemistry and
Physiology 197, 791-797.

YELLIN, H. (1974). Changes in fibre types of the hypertrophying denervated hemi-diaphragm. Experimental
Neurology 42, 412-428.

9-2


