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Dynamics of regeneration of striated muscles in rats
with posttraumatic reflex contractures
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In the comparative aspect the regeneration processes of striated muscles of hind left leg were researched
in rats with posttraumatic reflex contractures against the background of physiotherapeutic treatment. Mac-
roscopic and microscopic evaluation of pathomorphological changes has been conducted in this work. A
relative area of myogenic elements (striated muscle elements), connective-tissue elements and neovasculature
in the muscular-connective tissue in the scar in percentage has been determined using the method of point
counting (field method). Depending on the signs of pain behavior (behavioral changes, additional signs),
the intensity of myogenic pain syndrome (low, moderate, high, very high) has been studied. It has been
established that the use of magnetic-laser therapy led to the formation of muscular-connective tissue scar
up to the 28" day with a predominance of a portion of striated muscle tissue of 90.74+0.17 %. Behavioral
and motor responses became normalized; no pain was observed in 56 % of rats, pain intensity was low
in 44 %. In animals with the same trauma that were not treated, the portion of striated muscle tissue was
37.08+0.34 %, and signs of pain of high and moderate intensity were observed. By the 28" day, the animals
could brace against their hind limbs while moving, but due to a sharp restriction of the function of the left
hind limb, they could not move freely. The obtained results are the basis for developing new approaches to
improving the methods of remedial treatment of contractures using magnetic-laser therapy.
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INTRODUCTION

In connection with the increasing number of
patients with traumatic damages of the maxil-
lofacial area, settlement of problems arising
during remedial treatment of posttraumatic
reflex contractures of masticatory muscles
remains relevant [1, 2]. Muscles of the mas-
ticatory apparatus of a human include the m.
pterygoideus medialis. This muscle has a rich
blood supply. The arteries are intramuscularly
divided into branches of the 4-5 order and form
a dense network of homocladic and heterocladic
anastomoses by type end-to-end and end-to-
side. Such a dense network of anastomoses can
be traumatized with a subsequent formation
of hematoma, provided the muscle is injured
with an injection needle [3]. Assuming that
the damaging agent is not an injection needle,
but a blow, or fractures of the lower jaw, the
mechanism of development of posttraumatic
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and postinjection contractures of masticatory
muscles is similar. The m.gastrocnemius of rats
has the same striated structure as the human
medial pterygoid muscle, so it has been chosen
by us for the purpose of further simulation of
the reflex contracture [4 — 7].

The use of physiotherapeutic treatments
that have a corrective effect on the course of
acute inflammatory reaction and the process
of scarring, reduces the risk of development
of cicatricial contracture of masticatory musc-
les. The presence of scar, which consists
predominantly of connective tissue, cannot
ensure a full function of the muscle as an organ
[8 —11].

The objective of the research was to study
the dynamics of regeneration of striated muscles
with posttraumatic reflex contractures against
the background of physiotherapeutic treatment
of laboratory rats.
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METHODS

The study was performed on 65 white outbred
male rats 12 months of age with a weight of
180-200 g. Reflex posttraumatic muscle con-
tractures (traumatic myositis) were simulated
on the hind left legs, which arose as a result of
the bruise of gastrocnemius muscles (without
disturbing the integrity of muscular tissue) by
method Fedyachkin [12]. The rats were fixed in
the restraining chair in the face-down position.
Skin cover was depilated on the inner surface
of the thigh without excessive traumatism. The
gastrocnemius muscle was squeezed for 8 sec-
onds under ether anesthesia with the help of the
Collin’s Forceps until visible signs of hematoma
formation in subcutaneous fat were observed.

The rats were divided into two groups. The
1%t group included 40 animals that did not receive
treatment, wounds were healed by secondary
intention. The 2™ group — 25 rats, who had
magnetic-laser therapy procedures conducted on
the affected hind left limb on the 2"¢ day after
traumatic muscle damage.

A standard portable diode laser with a
magnetic nozzle “Lika-Therapist” (Ukraine) was
used in the work. The most optimal scanning-
lability method for striated muscles has been
applied at 10 Hz frequency, wavelength of red
radiation — 658 nm, emission power — 25 mW.
Exposure duration — 10 minutes, number of
sessions — 14 procedures, which were performed
daily in due time (during lunch).

We have chosen magnetic-laser therapy
(MLRT) due to the possibility of conducting the
procedure by notouch, atraumatic way, without
disturbing the integrity of the skin, which pre-
vents the possibility of infection. The basis of
the mechanism of action make the general laws
of neurohumoral responses, which contribute
to increasing the adaptive, compensation and
protective abilities of the body [13]. Every day,
all rats were examined; their general condition,
appearance, nutritional activity, nature and phase
of the process of injury healing were evaluated.
Depending on signs of pain behavior (behavioral
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changes, additional signs), the intensity of the
myogenic pain syndrome (low, moderate, high,
very high) has been evaluated [14]. The rats
were decapitated (8 animals) at 7, 14, 21, 28
day after injury to the limbs.

Gastrocnemius muscles were removed
from the damaged limbs for macroscopic and
microscopic evaluation of pathomorphologi-
cal changes. For histological examination m.
gastrocnemius were fixed in 10% formalin
solution, poured into paraffin blocks, cuts were
made using a sliding microtome, stained with
hematoxylin - eosin, Van Gieson’s picrofuchsin.
Morphometric examination was performed using
the method of point counting (field method). A
grid of 60 equidistant points of “zero thickness”
was used [15]. Relative area of myogenic ele-
ments (striated muscle elements), connective-
tissue elements and newly formed vessels in the
muscular-connective tissue scar (or regenerate)
were determined in percentage.

The studies were conducted in compliance
with the provisions of the European Convention
for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986), GLP (1981), Order of the
Ministry of Health of Ukraine No. 281 dated
1 November 2000 “On Measures for Further
Improvement of Organizational Standards of
Work with the Use of Experimental Animals.”

The t Student criteria were applied for
estimating possible differences between the
two groups. The research results are shown as
arithmetic average values and standard devia-
tions (M£m).

RESULTS AND DISCUSSION

While studying the work by Odintsova [16], we
concluded that studying the regeneration of dam-
aged tissues is aimed, above all things, at solving
the task of influence on the course of wound
healing. The author investigated the reactive
ultrastructural changes of cellular programmed
differentiations and the typical processes of
regenerative histogenesis in musculocutaneous
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wounds in case of cut mechanical and gun-shot
injuries in the experiment, which helped us to
clearly determine all phases of the wound pro-
cess in case of trauma of the hind limb in rats.
In our study, we used the Flecknell, Liles [14]
method of assessment of the severity of pain
syndrome in animals by monitoring changes
in their overall behavioral activity (gentle han-
dling of an animal with its injured limb, refusal
of food and water) as a means of correction of
analgesic schemes.

It was found that in case of traumatic
damage of striated muscles, a pronounced acute
inflammatory reaction developed, which was
typical, nonspecific. In case of natural wound
healing, in all cases there was intense formation
of connective-tissue scars in the injured
gastrocnemius muscles of the legs. Clinically,
this was manifested in the formation of muscular
contracture.

On the 7™ day, in the study of histologic
specimen of the 1% group, a massive polymor-
phcellular infiltration was detected, karyolysis
and karyopyknosis were observed, and disturbed
architectonics of newly formed striated muscle
elements was

noted (Fig. 1, a). The processes of the scar
formation occurred slowly, with a significant
predominance of the amount of connective tissue
elements. On the 14" day, the development of
regenerative processes of striated muscle tissue
was only recorded in the peripheral zones of
the defect: thin myosymplasts appeared, which
penetrated to the center of the defect to a small
depth (Fig. 1, b). By the 215t day, the processes
of forming of muscular-connective tissue scar
finished. Myotubules and newly formed skeletal
muscle elements were located predominantly in
the peripheral regions and penetrated into the
central zone to a slight depth. The number of new
muscle elements in muscular connective-tissue
scar increased slightly (Fig. 1, c¢). On the 28"
day, a significant destruction of tissues resulted
in the formation of a scar with a predominance
of connective tissue, where the functional
activity of the vessels of the microcirculatory
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bloodstream was reduced. A small amount of
new muscle elements in the connective tissue
was mainly located in the peripheral zones of
the defect (Fig.1, d).

The results obtained in this paper coincide
with the data by Fediachkin [12], who studied
morphological changes in muscular tissue
damaged by injury, which we used for further
generalization of diagnostic criteria for the
viability of injured tissues.

Complete adynamia was visually observed
in the animals of the 1% group during the first
3 days. Intensity of the pain reaction was
very high or high. Animals often licked their
affected limbs, squeaked loudly when the
affected areas where touched, and they showed
increased aggression against other animals and
the researcher when there were attempts to take
them in hand and remove from the cage. These
rats had lowered appetite and they drank little.
There was a significant postraumatic edema,
decreased motor activity of rats. Subsequently,
there was a gradual restoration of motor
functions of the left hind limbs, but the animals
continued to “spare” their damaged limbs. On
the 28™ day, the animals could brace against
their hind limbs while moving, but due to a sharp
restriction of the function of the left hind limb,
they could not move freely.

On the 7 day, in the study of histologic
specimen of the 2" group, a significant
number of vessels was found in the regenerate,
most of which were expanded and filled with
erythrocytes, indicating a good functional
activity of vessels of the microcirculatory
bloodstream (Fig. 2, a). On the 14" day, muscle
buds were found in zones of damage, around
which a moderate amount of myoblasts was
accumulated. The presence of myotubules at
different stages of differentiation has been noted.
A significant amount of newly formed vessels
was located in the connective tissue (Fig. 2, b).
On the 215 day, inflammatory changes were
mild, but still some vessels of intermuscular
connective tissue were expanded and overflown
with blood. In the connective tissue newly
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formed vessels were moderately expanded
and filled with red blood cells (Fig. 2, ¢). The
processes of scar formation finished on the
28 day. In the newly formed striated muscle
elements, the nuclei were located in the central
part of the sarcoplasm. A moderate filling with
blood of the stroma vessels of striated muscle
tissue was detected in muscles (Fig. 2, d).

A decrease in motor activity and a moderate
pain reaction was observed in animals of the
second group on the 7 day. There were no
manifestations of aggression in their behavior. A
posttraumatic edema was significantly less than
that of animals in the first group. On the 14" and

C

215t day, there was a gradual restoration of the
motor function of the hind left limbs. The rats
braced against their damaged limb while moving
and were hunched. On the 28" day, rats had fully
restored their motor activity.

The conducted studies revealed that during
the first days after injury of the limbs, the
structure of muscle fibers was significantly
damaged. This manifested itself in a disturbed
architectonics, fragmentation and aggregation
in a conglomerate. There was a significant
accumulation of exudate between the fibers,
which was reflected in the edema of the
endomysium. Vacuoles of various shapes and

Fig. 1. Microphotographs of striated muscle of rats that did not receive treatment (1% group): a — on the 7 day: 1 - hlybchastyy
posmuhovanyh disintegration of muscle fibers; 2 - accumulation of macrophages, neutrophils, lymphocytes; b —on the 14 day:
1 - miotuby; 2 - fibroblasts and collagen fibers; ¢ — on the 21% day 1 - muscle fibers; 2 - single capillaries; 3 -fibroblasty and
collagen fibers; d — on the 28" day: 1 - muscle fiber; 2 - fibroblasts and collagen fibers
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Fig. 2. Microphotographs of muscles of rats that performed the procedures of magnetic-laser therapy (2" group): a — on the 7t
day: 1 - newly formed muscle fibers; 2 - neutrophilic granulocytes; b — on the 14™ day: 1 - miotuby; 2 - capillary; 3 — fibroblasts;
¢ —on the 21% day: 1 - capillary; 2 - red blood cells; 3 - intramuscular connective tissue; 4 - muscle fibers; d — on the 28" day:
1 - capillary; 2 - red blood cells; 3 - muscle fibers

sizes appeared inside the fibers. Against the
background of destructive changes in muscle
fibers in the area of damage, there was a
marked hemorrhage with significant contents
of erythrocytes, leukocytes and macrophages.
A muscular connective-tissue regenerate later
formed on the site of damaged skeletal muscle
tissue, the formation of which was completed
by the 28 day.

We found that the decrease in the intensity
of pain syndrome depended on the sessions of
magnetic-laser therapy. According to Zubkova’s,
Samosiuk’s [9] data, laser therapy itself is an
analgesic factor, and this effect is doubled in
combination with a low-intensity magnetic field.
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On the 7™ day, the intensity of the pain reaction
in animals of the 1% group remained high or
very high, in the majority of animals of the 2™
group - moderate.

The least pronounced changes in pain
syndrome were recorded in animals of the 1%
group. On day 28, 13% of rats showed signs
of high intensity pain, 44% - signs of moderate
pain, 22% - pain of low intensity. Only in 21%
of rats we did not register any pain syndrome
(Fig. 3, a).

The most pronounced decrease in the
intensity of pain syndrome was recorded on
the 28™ day in the 2™ group: in 56% we did
not register any pain syndrome, pain intensity
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was low in 44%. There was a normalization of
behavioral and motor reactions. The difference
in the distribution of the rats of the two groups
by the intensity of myogenic pain syndrome is
likely to be significant (Fig. 3, b).

Analysis of the dynamics of the content of
muscle elements showed: in the 15t group the
content of muscle fibers increased by 4.17 times
on the 28™ day compared to the 7" day and
was 37.08+0.34 %, while in the 2" group — it
grew by 8.22 and amounted to 90.74+0.17 %
(P<0.05). There was a probable decrease in the
content of connective tissue, but in the 2" group
it was more intense — by 9.68 times (9.26+0.12
% on the 28" day) and in the 1% group — by 1.44
(62.92+0.26 % on the 28" day).

Thus, a muscular-connective tissue scar
with significant content of connective tissue
elements (collagen fibers, fibroblasts) is formed
in the animals of the 1% group. A normotrophic
scar with a significant increase in the elements

100%

of muscular tissue (muscle fibers) is formed in
the animals of the 2" group. A morphometric
study showed a direct dependence of the course
of regeneration processes of striated muscles
with posttraumatic reflex contractures on the
conducted treatment.

We have found that against the use of MLRT
there was a slowdown in the development of
acute inflammatory reaction in the damaged
muscular tissue of the hind limb of the animal,
reparative processes accelerated and optimized,
which prevented the excessive, functionally
significant sclerosis.

CONCLUSIONS

1. Experimental-histological examination
allowed to distinguish in the wound process
the phase of traumatic necrosis, the phase of
inflammation and the phase of regenerative
histogenesis. The area of primary necrosis and
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Fig. 3. The intensity of myogenic pain syndrome in rats with trauma of the m. gastrocnemius: a - rats that did not receive treatment
(1%t group); B — rats that performed the procedures of magnetic-laser therapy (2™ group)
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areas, where the basic regular processes of
regenerative histogenesis and stress shielding of
tissue elements are manifested, are determined
in tissues.

2. It has been found that the use of magnetic-
laser therapy led to the formation of muscular-
connective tissue scar by the 28™ day, with the
predominance of the portion of striated muscle
tissue in it — 90.74+0.17 %, connective tissue
elements — 9.26+0.12 %. The animals with
the same trauma that were not treated, a scar
formed with significant content of connective
tissue elements (collagen fibers, fibroblasts) —
62.92+0.26 %, and the portion of striated muscle
tissue was 37.08+0.34 %.

3. The most pronounced reduction in pain
intensity was recorded on the 28™ day in the
group where treatment with magnetic-laser
therapy was performed: 56 % of the rats did
not show any pain signs, 44 % had a low pain
intensity. Behavioral and motor responses were
normalized.

4. It has been found that the use of MLRT
has a multifactorial effect on the processes of
reparative histogenesis of striated muscle tissue.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or financial
relations, relations with organizations and/or
individuals who may have been related to the study,
and interrelations of co-authors of the article.
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JTUHAMIKA PETEHEPAIIII TIOCMYTOBA-
HUX M’A31B Y IIYPIB I3 HICJAATPABMA-
TUYHUMU PEOJIEKTOPHUMU KOHTPAK-
TYPAMHU

VYV HopiBHAIBPHOMY acCHEKTi JOCTIIKYBalIH IPOIECH pe-
reHeparii T0CMyTOBaHHUX M’ sI31B 3aJHBO1 JIIBOI TOMIJIKH y IITy-
PpiB i3 miCIATPaBMaTHIHUMH PeQIICKTOPHIMY KOHTPAKTyPaMH
Ha I (i310TeparneBTHYHOTO JIIKyBaHHS. Y poOOTi IpOBEIEHO
MaKpo- Ta MiKpOCKOIIIYHY OIIHKY TaTOMOP(OJIOTIYHUX 3MiH.
BusHadeHo BiTHOCHY IUIONLY MiOT€HHUX €JIEMEHTIB (TTI0CMYTO-
BaHUX M SI30BHX €JICMEHTIB), CHOJyYHOTKAaHWHHUX €JIEMEHTIB
Ta HOBOYTBOPEHUX CYIUH Y M’S30BO-CIIOIYYHOTKAHHHHOMY
pyO1i y BiICOTKax 3a JOMOMOTOK METOTy TOYKOBOTO ITijpa-
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XYHKY (METOJLy MOJIiB). 3aJIeXKHO Bijl 03HaK OOJIBOBOT ITIOBE/IiH-
KU (3MiH HOBEIiHKH, TOATKOBUX O3HAK) BUBYAJIN IHTCHCHB-
HICTh MiOTE€HHOTO OOJILOBOTO CHHIPOMY (HM3bKHA, TOMiIpHUI,
BUCOKUI1, Ty’ke BUCOKHUIT). BcTaHOBNIEHO, 11I0 BUKOPUCTAHHS
MarHiTonaseporeparii mpusseno 10 popmyBaHHs 10 28-1
11061 M’5130BO-CIIOTyYHOTKAaHUHHOTO PYOILIs 3 IepeBakaHHIM
y HbOMY YacCTKM MOCMYTOBaHOi M’s130B01 TkaHMHU — 90,74+
0,17 %. IToBeniHKOBa Ta pyxoBa peaxiiii HopMalizyBaiCh, Y
56 % utypiB mposiBiB 0010 He crocTepiraiy, y 44 % iHteH-
CHBHICTB HOr0 Oys1a HU3bKOIO. Y TBapHH i3 TAKOIO CAMOIO TPaB-
MOI0, SIKUM HE TIPOBOJIMIIH JIIKyBaHHs, YaCTKa IIOCMYTOBaHOT
M’s130B0i TkanuHu Oyna 37,08+0,34 %, criocTepirain 03Haku
601110 BUCOKOI Ta 1oMipHOT iHTeHcuBHOCTI. Ha 28-My 100y
TBapUHU MOTJIM CIIUPATUCH HA 3a/IHi KiHIIIBKHU i Yac mepe-
MIILIIEHHSI, O/THAK 32 PaXyHOK Pi3KOro oOMexeHHsI QyHKIIiT 1iBOT
3a/IHBOT KiHI[IBKH IM HE B/IaBAJIOCH TOBHOLIIHHO I1€PECYBaTHCh.
OTpuMaHi pe3yabTaTd € IiJICTaBOIO JJIsl pO3POOKH HOBUX
HiIXOMiB 1O YAOCKOHAJEHHS METO/IB BiJHOBJIIOBAJIBHOIO
JIIKyBaHHS KOHTPAKTY 3a JJOIIOMOTO0 MarHiTojIa3epoTepartii.
KirouoBi ciioBa: mocMmyroBaHi M’si3u; HicCIsTpaBMaTHYHI
pedIeKTOPHI KOHTPAKTYPH; MarHiTojJa3epoTeparisi.

Jlvsiscorutl HayionanbHutl MeOudnull ynigepcumem im. Jla-
nuna Ianuyvkoeco, Ykpaina; e-mail: ulyanam23@gmail.com

V.. Marosuu, B.B. [TanbkeBuu, C.B. Ymiran

JAUHAMMUKA PETEHEPAIIUU UCITOJIOCO-
BAHHBIX MBI Y KPBIC C IOCTTPABMA-
TUYECKUMMU PE®JEKTOPHBIMUA
KOHTPAKTYPAMHU

B cpaBHUTENBHOM aceKkTe MCCIeJOBaIN MPOLIECCHl pere-
Hepaluy UCIOJ0COBAHHBIX MBIIII 33aJHEH JIEBOH I'OJICHU Y
KPBIC C MOCTTPAaBMAaTHYECKHM PE(ICKTOPHBIMUA KOHTPAKTY-
pamu Ha (oHe PpHU3HNOTEpPaNeBTHIECKOro JeueHus. B padore
IPOBEZCHO MaKpO- U MUKPOCKOIIMUYECKYIO OLIEHKY ITaTOMOpP-
(dosornyeckux u3MeHeHni. ONpenesIeHHO OTHOCUTEIbHYIO
IUIOLIAIb MUOTCHHBIX 3JICMEHTOB (UCIIOJIOCOBAHHBIX MBIIIEY-
HBIX 3JIEMEHTOB), COCIMHUTEIIbHOTKAHHBIX JIEMEHTOB M HOBO-
00pa30BaHHBIX COCY/I0B B MBIIIEUHO-COCAMHUTEIIbHOTKAHHOM
pyOlLie B IPOLIEHTAX C IIOMOILbI0 METO/Ia TOYEUHOT0 IOZICUeTa
(Merozna moseit). B 3aBHCMMOCTH OT MpPU3HAKOB 0OJIEBOTO
noBeleHUs (M3MEHEHUN MOBEAEHMS, AOMOJHUTEIbHBIX
IPU3HAKOB) U3YYaJIl HHTEHCUBHOCTh MHOI'€HHOTO O0JIEBOTO
CUHJIpOMA (HU3KHUH, YMEPEHHBIN, BBICOKUHN, O4€Hb BBICOKHUI).
YcTaHOBIEHO, YTO MCIIOIb30BAaHUE MAarHUTOJIA3epOTEpauu
HPHBENO K GOPMUPOBAHHUIO JI0 28-X CYTOK MBIILIETHO-COCIH-
HUTEJIBHOTKAHHOTO pyOla ¢ mpeobiagaHueM B HEM J0JIU
HCIIOJI0COBAHHOM MBIIeUHOH TKaHu — 90,74+0,17 %. ITose-
JIeHYeCKasl ¥ JIBUrarebHasi peakliii HOpMaJIM30BaIUCh, y 56
% KpbIC NposABJICHUH 001 He HaOmonanu, y 44 % HHTEHCHB-
HOCTb €€ Obula HU3KOH. Y )KMBOTHBIX C TaKOM k€ TPaBMOH,
KOTOPBIM HE IPOBOJMIIN JICUEHHE, J10JI UCIOJIOCOBAaHHOMN
MbIeuHO# Tkauu Obu1a 37,08+0,34 %, HaOMronaIu MPU3HAKU
00JTH BHICOKOW 1 yMepeHHO# nHTeHcuBHOCTH. Ha 28-¢ cyTkn
JKMBOTHBIE MOIJIM OITUPATHCS Ha 3aJHUE KOHCYHOCTH IPH Iie-
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PEMEIICHUH, OJHAKO 33 CUET PE3KOT0 OrpaHNYeHHUs QYHKIIUH
JICBOW 3aJHel KOHEYHOCTH UM HE YIaBaJOCh IIOJHOLIEHHO
l'lepe)lBI/ll"aTbCﬂ. nOJ’Iy'—leHHbIe pe3yn1>TaT1>1 SIBJISIFOTCSI OCHO-
BaHUEM IJIA pa3pa60TKM HOBBIX IIOAXOO0B K COBepLLlCHCTBO—
BAaHUIO ME€TOZ0B BOCCTAHOBUTECIBHOTI'O JICUCHUST KOHTpaKTyp C
MIOMOIIIBI0 MarHUTOJIA3EPOTEPAITHH.

KiroueBple ci10Ba: MCIOJOCOBAHHBIE MBILIILI, TOCTT-
paBMaTH4YecKue pedIeKTOPHbIE KOHTPAKTYphl; MarHu-
TOJIA3ePOTEPAITHSL.
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