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Investigations of ultrastructure of damaged and regenerated
skeletal muscle fibers

Loss of muscle power closely depends on muscle atrophy, thus immobilization and inactivity of
knee joints rapidly result in quadriceps muscle degeneration. The majority of hitherto prevailing
investigation done on volunteer patients had dealt with only changes concerning the peripheral part of
extremities and concerned muscle thickness, measured with help of CT or ultrasound, or disturbances
in electric conductivity and loss of muscle power, as well as with some of the morphological and
biochemical parameters.

Our investigations concerned the head of the parietal part of quadriceps femoris, and were based
on observations of the ultrastructure of muscle fibers using an electron microscope. We observed
tissue samples taken from patients (10 men) 25-35 years old, who had old damage of knee joints (after
about 6 weeks’ immobilization). Legal consent was obtained from each individual tissue donor.

MATERIAL AND METHODS

In the first group, segments of tissue of parietal head of quadriceps femoris were taken inter-
operationally from patients in whom there was found old damage of knee joint ligament. The second
group were of tissue segments of this muscle after surgical repair of knee and rehabilitation, which
consisted in power training using resistance machines. Specimens of muscle tissue from both two groups
were fixed with glutaraldehyde and 1% OsO, solution. After dehydration in successively higher alcohol
concentrations and propylene oxide, the specimens were embedded in “Spurr” resin. The sections used
for electron microscope examination were cut using an ultramicrotom (Reichert Ultracut S). Ultrathin
sections were contrasted with urany! acetate and lead citrate plumb. Ultrastructural observations and
electron micrographs were taken using a Tesla BS-500 transmission electron microscope.

RESULTS

The muscle fiber samples of quadriceps femoris which were taken from patients during the first
operation, showed big changes in their ultrastructure. These changes included: myofibrils disintegration;
disturbance of regularly arranged striation in sarcomers; dissappearance of Z line. In the sarcoplasm, we
observed large vacuolisation, and in the interfibrillar spaces — an accumulation of exudate and morphotic
elements of blood outside the capillary vessels. After surgical repair of their knees, patients were submitted
to rehabilitation, which involved resistance training. After 12 months, during the operation to remove
metal elements used to repair the knee, samples were taken from the same patients, for the next investigation
phase (the second group).
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CONCLUSIONS

From the above observations we have made the following conclusions: Damage

of knee joint ligaments cause in quadriceps femoris fibers, changes of the ultrastructure
such as atrophia, which are visible after 6 weeks’ immobilization. One year after
operation to repair the knee and after rehabilitation in young men in whom full
reconstruction of clinical efficiency was obtained, on the level of the ultrastructure,
considerable improvement was evident, particularly in the picture of myofibrils. We
believe however, that the improvement process is not finished yet because numerous
satellite cells are present.
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SUMMARY

Our investigations concerned the head of the parietal part of quadriceps femoris, and we based
our investigation on observations of the ultrastructure of muscle fibers using an electron microscope.
We observed tissue samples taken from patients (10 men) 25-35 years old, who had old damage of
knee joint ligament (after about 6 week’ s immobilization). In the first group, segments of tissue of
parietal head of quadriceps femoris were taken inter-operationally from patients in whom there was
found old damage of knee joint ligament . The second group was of tissue segments of this muscle
after surgical repair of knee and rehabilitation, which consisted in power training using resistance
machines. The muscle fiber samples of quadriceps femoris which were taken from patients during the
first operation, showed big changes in their ultrastructure. These changes included: myofibrils
disintegration; disturbance of regularly arranged striation in sarcomers; dissappearance of Z line. In
the sarcoplasm, we observed large vacuolisation, and in the interfibrillar spaces — an accumulation of
exudate and morphotic elements of blood outside the capillary vessels. Observations of muscle tissue
after regeneration, showed a big improvement in the muscle cell’s ultrastructure — the myofibrils were
regularly arranged, and the sarcomers striations showed no deviations from normal structure. We also
observed a considerable increase in the number of properly formed ultrastructure mitochondria when
compared with the first group.

Badania ultrastruktury uszkodzonych i regenerujacych wiékien migsni szkieletowych

Badania dotyczace tkanki glowy przysrodkowej mig$nia czworoglowego uda oparliSmy na
obserwacjach ultrastruktury wiékien mig§niowych w mikroskopie elektronowym. Obserwowano
wycinki pobrane od pacjentéw (10 mgzczyzn) w wieku 25-35 lat, u ktérych wystgpowalo zadawnione
uszkodzenie stawu kolanowego (okoto 6 tyg. unieruchomienia). Wycinki tkanki glowy przysrodkowe;j
mig¢snia czworoglowego uda pobrane §rédoperacyjnie od pacjentéw, u ktérych wystepowato zadawnione
uszkodzenie wigzadel stawu kolanowego, stanowily pierwszg grupg¢ badana, drugg grupg stanowily
wycinki tkanki migsniowej tego migsnia po operacji chirurgicznej naprawy kolana i rehabilitacji,
polegajacej na prowadzeniu treningu wytrzymalosciowego z elementami treningu sitowego. We
widknach migsniowych migsnia czworoglowego uda u pacjentéw, pobranych podczas pierwszej
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operacji, przed operacja stwierdzili§my znaczne zmiany ultrastruktury widkien migsniowych. Polegaty
one przede wszystkim na dezintegracji widkienek kurczliwych oraz na zaburzeniu prawidtowego uktadu
prazkéw w sarkomerach, czgsto obserwowano zanik prazka Z. W sarkoplazmie obserwowalismy
znaczng wakuolizacjg, za$ w przestrzeniach migdzywidknistych — nagromadzenie wysigku i elementéw
morfotycznych krwi poza naczyniami wiosowatymi. Obserwacje tkanki mig$niowej po regeneracji
wykazaly duzg poprawe obrazu ultrastruktury komérkowej. Widkienka kurczliwe mialy regularny
uklad, prazki sarkomeréw nie wykazywaly odchyleri od normy. W poréwnaniu z pierwszg grupa badang
stwierdzamy znaczne zwigkszenie ilogci mitochondriéw o prawidlowej budowie ultrastrukturalne;j.



