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Abstract

Objective: To analyze the influence of muscle tension in the histological changes of the skeletal muscle. Methods:
Fifty-four Sprague-Dawley (SD) rats were randomly divided into 3 groups. The left gastrocnemius muscles of the
rats were dissected with only the neurovascular pedicles intact; the tibial nerves were cut and immediately repaired
by epineurial suture. Then the Achilles tendons were isolated and treated accordingly; the Achilles tendon were
lengthened by 0.5 cm in lengthened group, shortened by 0.5 cm in shortened group and left alone in normal (control)
group. In the 2" 4™ and 8™ weeks after operation, the specimens were taken from gastrocnemius muscle for
histological study by light and electron microscope. Results: In comparison between the groups, the gastrocnemius
muscles in the shortened group showed less severe muscle atrophy and connective tissue proliferation, bigger
diameter and cross section area of the muscle fibre than those in the normal and lengthened groups in all the
postoperative periods. Conclusion: A proper high tension of the muscle may decrease the muscle dystrophy and
stops the histological changes of skeletal muscle by having much longer fibre length and bigger cross sectional area.
Also increases the muscle function as the muscle active force-generating range is determined by muscle fibre length,
while maximum muscle force is determined by physiologic cross-sectional area.
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linically, a neurovascularized free muscle group), the Achilles tendons were divided with stair
transfer is an ideal solution to the reconstruction cut and sutured back with their length increased by
of a devastated skeletal muscle or a paralyzed 0.5 cm. The wounds were then closed and the rats
extremity ', However, histopathological changes of were allowed to move freely.
muscle is inevitable also the most challenging task. In
literature, many reconstructive surgeons emphasized At 2nd, 4th and 8th weeks after operation, 6 rats from
the need of placing the transferred muscle in an each group, the gastrocnemius muscle specimens
optimal tension. It remains unknown how a skeletal were taken for histological study by light microscope
muscle responds towards the tension in terms of (Olympus, Japan) with HE stain and electron
histological changes as the muscle active force- microscopic (JEW-200 CX, Olympus, Japan) study
generating range is determined by muscle fibre respectively. The cross section area and diameter of
length, while maximum muscle force is determined myofiber of the gastrocnemius muscle were
by physiologic cross-sectional area.’ measured with the assistance of computer. All the
data were analyzed by the software SPSS 11.0 for
Materials and Methods Windows
Fifty-four Sprague-Dawley (SD) rats were used in the
experiment. The left gastrocnemius muscles of the Results
rats were dissected with only the neurovascular 1. Diameter and cross section area of the myofiber
pedicles intact; the tibial nerves were cut and In the very beginning, the diameter and cross section
immediately repaired by epineurial suture. Then the area of the gastrocnemius muscle fibre decreased in
Achilles tendons were isolated and treated all groups as the time went on, being the least at the
accordingly. The rats were randomly divided into 3 4™ postoperative week, but increased gradually as the
groups with 18 rats in each, based on the manner of reinnervation of the muscle proceeded (Table 2, 3).
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They were found increased at the 8" week after
operation in all groups. Observed in the same time
period, the cross section area and diameter of the
muscle fibre differed in different groups. The
difference in cross section area and diameter of the
gastrocnemius muscle fibre were significant between
the shortened group and the lengthened group, with
the P value being 0.002 and 0.004 at the 2™ week,
0.015 and 0.01 at the 4™ week, 0.013 and 0.05 at the

8" week. The differences in cross section area and
diameter of the gastrocnemius muscle fibre were not
statistically significant between the normal group and
the lengthened group, between the shortened group
and the normal group at all time periods, with an
exception of the difference of the diameter of the
gastrocnemius muscle fibre between the normal
group and the lengthened group, which had a P value
0f 0.035.

Table 1: The diameter of the gastrocnemius muscle fibre (um)

Time
Groups 2™ week 4™ week 8™ week
Lengthened 11.26+1.83 6.48+1.81 7.53+1.78
Normal 12.18+1.73 7.86+1.94 10.2+1.86
Shortened 12.83+1.61 9.31+1.85 11.82+1.67

Table 2: Cross section area of the gastrocnemius muscle fibre (um?)

Time
Groups 2" week 4™ week 8™ week
Lengthened 625.76+£72.29 475.49465.21 576.48+75.79
Normal 728.32+68.46 512.48+46.08 592.86+83.56
Shortened 786.12+72.52 589.12£71.15 647.16+46.49

2. Histological changes of the muscle
Under Light Microscope:

As the tibial nerve was cut, although repaired immediately, the gastrocnemius muscles in both groups underwent
denervation and demonstrated muscle atrophies of different extents. Mesenchymal connective tissue proliferations
were also seen under the light microscope. At the 4™ week, both the muscle atrophy and the connective tissue
generation seemed to be the most severe. Since then, as the sutured tibial nerves generated and the gastrocnemius
muscles were reinnervated gradually, the muscle atrophy was improved consequently. However, there did some
differences in muscle fibre atrophy between the two groups. Even in 4™ postoperative week, the muscle atrophy and

mesenchymal connective tissue hyperplasia seen in the cross section of muscle fibre ( HEx100 ) in the shortened

groups were less severe than those in both the normal and the lengthened groups (Figs. 1-3).

4

Fig 1: Cross section of muscle fibre severe
muscle fibre atrophy and hyperplasia of
mesenchymal connective tissue. 4™ week
(HEX100) the lengthened group
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Fig2: Cross section of muscle fibre, light
muscle fibre atrophy and proliferation of
connective tissue. 4™ Week (HE X 100) the
shortened group



Fig 3: Cross section of muscle fibre

Less severe muscle atrophy and hyperplasia of
mesenchymal connective tissue. 4™ week (HE
X 100) the normal group

Under Electron Microscope

The histological changes seen under electron
microscope are similar with that light microscope.
Each group went through dystrophy of muscle in
different extend but the most severe is seen in the 4"
week and less severe in the 8" week. The lengthened
group got the most severe dystrophy that other

Less Oedema and muscle fibre

Fig 5:
distribution less disorderedly clearly seen 4™
week (EM X 3000) the normal group

Discussion

The morphological structure of the tissue is the basis
for the function of tissue organ’. When denervated, a
muscle will certainly have its morphological structure
changed as it loses the nutrition provided by the
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Fig 4: Oedema, fatty changes and muscle
fibre disorderedly distributed clearly seen 4"
week (EM X 3000) the lengthened group

groups and the shortened group got the less severe
dystrophy with more and enlarged muscle fibre and
multiple mitochondrial cristae. The muscle fibres
seen disorderly distributed, oedema between
parenchyma cells, clear fatty tissue, oedema of
mitochondria in different extend.

Oedema and muscle fibre distribution
is much less disorderedly than other groups. 4™
week (EM X 3000) the shortened group

Fig 6:

nerve. In this study the tibial nerves in all groups had
been cut and repaired immediately by direct suture.
All the gastrocnemius muscles presented with typical
muscle atrophy after denervation. However the extent
of atrophy differed time to time and group by group.



Before the fourth postoperative week the muscle
atrophy in the same group increased as the time went
on, but then gradually improved as a result of the
regeneration of the sutured tibial nerves. This study
revealed that there existed some relationship between
the tension that the muscle force and the histological
change that the muscle presents. Although the
differences in cross section area and diameter of the
gastrocnemius muscle fibre were not statistically
significant between the normal group and the
lengthened group, between the shortened group and
the normal group at all time periods, but the
difference in cross section area and diameter of the
gastrocnemius muscle fibre were significant between
the shortened group and the lengthened group, with
the P value being 0.002 and 0.004 at the 2™ week,
0.015 and 0.01 at the 4% week, 0.013 and 0.05 at the
8" week. This finding has specific importance in term
of clinical practice. It means that in performing a
neurovascularized free muscle transplantation if the
transplanted muscle is fixed under a properly high
tension it may have better functional recovery
following its reinnervation as the muscle active force-
generating range is determined by muscle fibre
length, while maximum muscle force is determined
by physiologic  cross-sectional area’.  The
ultrastructural changes seen under the electron
microscope is similar with the light microscope being
the severe changes seen on the lengthened groups and
the least severe changes seen in the shortened groups.
In the 4™ week the changes seen is the most severe
than other time groups.

Muscle Tension also increases in the number and
length of sarcomeres and also the new muscle
tissue™® so increases the function. Illizarov’ observed
the changes in muscle during bone lengthening under
the electron microscope and reported that by the
influence of tension-stress effect, muscle fibre
become enlarged with multiple mitochondrial cristae
and with hypertrophy of their nuclei, and that
elongation of the muscle occurs not only by
myofibrillogenesis in preextisting muscle fibre but
also by the formation of new muscle tissue
characterized by an increased number of satellite
cells, the appearance of muscle myoblasts, and their
fusion into myotubes. Rantanen® found that
immobilization in a relaxed position led to a
significantly more extensive fibre atrophy in the calf
muscles than tensioned positions in rat.
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Conclusion

This study has revealed that tension of the muscle can
influence the histological changes of muscle. To keep
a suitably high tension on the muscle with its nerve
cut and repaired immediately can reduce its atrophy
extent, increase the length and cross section area of
the muscle fibre. It is therefore suggested that, in
order to get better functional recovery, a transplanted
muscle should have proper high tension
intraoperatively, and an injured limb should be
immobilized in such a position that a high tension can
be put on the paralyzed muscle after its nerve repair

Reference

1. Doi K, Hattori Y, Kuwata N et al. Free
muscle transfer can restore hand function
after injuries of the lower brachial plexus. J
Bone Joint Surg [Br] 1998; 80-B: 117-120.

2. Chuang DCC, Carver N, Wei FC. Results of
Functioning Free Muscle Transplantation for
Elbow Flexion. J Hand Surg 1996; 21A:

1071-1077.
3. Lieber-RL Skeletal muscle architecture:
implications for muscle function and

surgical tendon transfer. J-Hand-Ther. 1993
Apr-Jun; 6(2): 105-13.

4. Kalliainen,-Loree-K;  Jejurikar,-Sameer-S;
Liang,-Lawrence-W; et al. A specific force
deficit exists in skeletal muscle after partial
denervation. Muscle-Nerve. 2002 Jan; 25(1):
31-8

5. Friden J, Ponten E, Lieber RL. Effect of
Muscle Tension During Tendon Transfer on
Sarcomerogenesis in a Rabbit Model. J
Hand Surg.2000 Jan Vol 25 A No. 138-143.

6. Day CS, Moreland MS, Floyd SS Jr, et al.
Limb lengthening promotes muscle growth.
J Orthop Res. 1997; 15(2): 227-34.

7. lllizarov G A. The tension stress effect on
the genesis and growth of tissues. Part I. The
influence of stability of fixation and soft
tissue preservation. Clin Orthop 1989a: 238:
249-81.

8. Rantanen-J; Hurme-T; Kalimo-H Calf
muscle atrophy and Achilles tendon healing
following experimental tendon division and
surgery in rats. Comparison of postoperative
immobilization of the muscle-tendon
complex in relaxed and tensioned positions
Scand-J-Med-Sci-Sports. 1999 Feb; 9(1):
57-61



