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MORPHOLOGY AND PATHOLORPHOLOGY

Morphofunctional Changes in the Tibial and Peroneal Nerves
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A sustained decrease in the M-response amplitudes of m. gastrocnemius and m. tibialis an-
terior was revealed during experimental orthopedic shin lengthening in dogs using Ilizarov
external fixator with an automated drive (distraction 3 mm/day in 120 steps). Transverse con-
traction of intrafascicular content (by 13.2%), endoneural hypervascularization (by 28-95%),
axonal degeneration and myelin decompactization, and destructive changes of no more than
5% fibers were detected in the tibial nerve. In the peroneal nerve, the contraction reached
17.3%. Endoneurium hypovascularization (by 12%), axonal degeneration and demyeliniza-
tion, and destructive changes of more than 20% fibers were detected in 6 of 9 experiments.
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Distraction osteosynthesis is widely used in orthopedics
for repair of bone defects and for correction of short-
ened and deformed limbs. The daily rate of distraction
optimal for bone regenerate formation is 1 mm [6].
The flaw of the method is long duration of treatment
determining patient’s discomfort and high expenditures
of the public health. The use of fractionated distrac-
tion protocols [4,6,8] lead to more rapid osteogenesis
and improve soft tissue adaptation to lengthening. The
search for the optimal rate of highly fractionated dis-
traction is a promising trend [1,3]. Neuropathies are
among frequent complications of distraction [9], and
hence, studies of limb nerve reactions are essential for
evaluation of clinical use of new technologies.

We analyze morphofunctional changes in the tibi-
al and peroneal nerves during shin distraction in dogs
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with the use of an autodistractor at a high daily rate
of 3 mm in 120 steps.

MATERIALS AND METHODS

Five days after closed flexion osteoclasia of the tibial
bones at the level of the middle third, the shin was
distracted in adult dogs (»=9) by means of automated
Ilizarov external fixator at a daily rate of 3 mm over
120 steps. Distraction was carried out over 10 days,
after which the limb was fixed in the device over 30
days to attain consolidation of the bone regenerate,
and the device was then removed. The animals were
sacrificed by barbiturate overdosage (3 animals per
period) at the end of distraction (D10), fixation (F30),
and 30 days after the device removal (ND30). Evoked
bioelectric activity (M-responses) of m. gastrocnemius
and m. tibialis anterior was induced by stimulation
electromyography [5] and recorded by DISA-1500
digital system (DANTEC). The biopotentials were re-
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corded with monopolar electrodes with modified lead
surfaces (needles). The active pole was injected in the
test muscle belly, the indifferent one subcutaneously
in the tendon area. The M-responses were evoked by
stimulation of the sciatic nerve through a needle elec-
trode with rectangular pulses (1 msec long) at a priori
supramaximal intensity. The study was carried out
with due consideration for the European Convention
for protection of vertebrates used for experiments or
other research purposes (Strasbourg, 1986).

Specimens of the tibial and peroneal nerves were
routinely embedded in araldite. The images of total
transverse semithin sections of the nerves stained with
methylene blue and basic fuchsine were digitally pro-
cessed on a Diamorph complex, and the following
parameters were evaluated using VideoTestT-Master
4.0 software: summary area of fascicles and the mean
parameters of myelin fibers (diameters of fibers (D_)
and their axons (D_, thickness of myelin membranes
(L_)); the percentage of destroyed myelin guides in a
sample of 500 fibers from each nerve was calculated.
The numerical density of endoneural microvessels —
number of arteriolar and capillary profiles per 1 mm?
section area was evaluated as described previously
[10]. Vascularization changes were verified by immu-
nohistochemical reaction with von Willebrandt’s factor
on paraffin sections. Specimens of the tibial and pero-
neal nerves from 5 intact dogs served as the control.

The significance of differences was evaluated by
paired two-sample ¢ test and Wilcoxon’s test using
AtteStat 1.0 software [2].

RESULTS

Fibrillation and solitary positive acute waves were
recorded in the m. gastrocnemius and m. tibialis ante-
rior at the end of distraction and fixation. Spontaneous
activity decreased 30 days after removal of the device,
while the amplitude of M-responses increased signifi-
cantly (Table 1).

Morphological studies detected no signs of nerve
injury by elements of transosseous fixation or impair-
ment of the epineurium integrity; however, many epi-
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neural vessels were partially or completely obliterated
(Fig. 1).

Shrinkage of the summary fascicular area in the
distracted nerve in comparison with the contralateral
one at the end of distraction and fixation was more
pronounced in the peroneal nerve (Table 2). Signs of
destructive changes in the inner layer of perineural
cells, endoneurium arterioles and capillaries at the end
of distraction were manifest in the peroneal, but not
in the tibial nerve. In the tibial nerve, the numerical
density of the endoneural microvessels increased to
258+14 (end of distraction), 321438 (end of fixation),
and 211+24 (30 days after the device removal) and
surpassed the control values by 56.4, 94.5, and 28%
(»<0.05). In the peroneal nerve, this parameter de-
creased by 12% at the end of distraction (p<0.05) and
was 161.0£14.6, after which it increased to 174.7+£31.7
(end of fixation) and 179.3+41.2 (after removal of de-
vice), remaining slightly lower than in control. Simi-
lar proportions were found in immunohistochemical
preparations.

Demyelination, axonal and Wallerian degenera-
tion (Fig. 2), and regenerating nerve fibers (indicating
previous destruction of the guides) were detected in
both nerves. Destroyed fibers in the tibial nerve con-
stitute no more than 5% of all fibers in all experiments,
while in the peroneal nerve, this parameter surpassed
20% in 6 of 9 experiments.

Changes in the morphometric characteristics of
myelin fibers (Table 3) indicated gradual reduction in
the number of fibers with signs of axonal degenera-
tion and emergence of fibers with myelin compacti-
zation in the tibial nerve. In the peroneal nerve, the
axonal degeneration augmented at the end of fixation,
while myelin decompactization, manifest at the end of
distraction, was replaced by hypomyelinization of an
appreciable number of fibers. The following correla-
tions of M-response amplitudes were detected: with
axon diameters (+=0.985 for tibial nerve and 7=0.810
for peroneal nerve), medium correlations with myelin
fiber diameter (=0.598 for tibial and =0.618 for pe-
roneal nerve) and numerical density of myelin-free
guides (=0.539 for tibial and »=0.610 for peroneal

TABLE 1. Dynamics of M-Response Amplitude in m. gastrocnemius and m. tibialis anterior (M+m)

Distraction (10 days)

After device removal

Fixation (30 days) (after 30 days)

Muscle Ai
A, AA_/A, A, AA /A, A, AA_/A,
m. gastrocnemius | 26.13+1.66 | 5.00+0.82* -81 6.63+2.10* -75 13.50+1.50* -48
m. tibialis anterior | 22.00+1.15 | 3.56+0.62* -84 3.83x0.71* -83 9.00+1.00* -59

Note. A, — initial amplitude; A, — experiment amplitude; AA_ — difference between experiment amplitude and initial amplitude values;
AA /A, — difference between experiment and initial amplitude values in %. *p<0.05 vs. A (Wilcoxon’s test).
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Fig. 1. Epineural vessels of the dog tibial and peroneal nerves. Vessels with obliterated lumens in tibial (a) and peroneal (b, ¢) epineurium.
Fragments of semithin sections after 10-day distraction. Staining by methylene blue and basic fuchsine, ob. 16, oc. 12.5 (a), ob. 40, oc.

12.5 (b, c).

Fig. 2. Dog peroneal nerves. Fragments of semithin sections after 10-day distraction (a), after 30-day fixation (b), and 30 days after device
removal (c). Methylene blue and basic fuchsine staining, ob. 100, oc. 12.5 (a), ob. 40, oc. 12.5 (b, c).

nerve), and a strong correlation with the percentage
of degenerating myelin fibers (»=-0.873 for tibial and
r=-0.993 for peroneal nerve).

The results indicate that in comparison with the
manual protocol (1 mm/day in 4 steps) [4], a similar
recovery of M-response amplitude after automated dis-
traction (3 mm/day in 120 steps) was attained sooner
(distraction period 18 days shorter, fixation period 30
days shorter). The severity of disorders in the muscle
bioelectrical activity during shin lengthening is deter-
mined by disintegration of myofibrillar system, isch-
emization and denervation of intramuscular nerves

[7], and by the severity of tibial and peroneal nerve
injuries. Obliteration of the epineurial vessels and thin-
ning of fascicles, more manifest in the peroneal nerves,
indicates their hyperstretching. A similar phenomenon,
called transverse contraction, is described ex vivo [11].
The most probable cause of more pronounced dege-
neration of myelin guides in the peroneal nerve in this
experiment is maladaptation of the endoneural vascu-
larization. Changes in the size of the myelin fibers in
peroneal nerve reflect more intense degeneration of
axons and neurolemmocyte dysfunction than in the
tibial nerve. Hypervascularization of the endoneurium

TABLE 2. Summary Area of Nerve Fiber Bundles with Perineurium (M+m)

TN PN
Day of study
experimental contralateral A% experimental contralateral A%
Distraction (10 days) 64.37+2.56* 74.18+0.93 -13.2 22.18+3.78* 26.07+3.13 -17.3
Fixation (30 days) 87.56+7.16 87.73%7.01 -0.2 26.80+2.32* 28.23+2.74 -5.1
After device removal
(after 30 days) 82.30+3.69 81.33 £5.11 -1.2 29.84+3.27* 27.10+0.96 +10.1

Note. A% — difference between experimental and control limb values. *p<0.05 in comparison with the contralateral limb (paired two-sample

t test).
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TABLE 3. Parameters of Myelin Fibers at Various Stages of Experiment (M+m)

Distraction Fixation After device removal
Parameter Control (10 days) (30 days) (after 30 days)
TN fiber diameter, p 6.75+0.28 5.82+0.24* 6.63+0.23 6.84+0.05
axon diameter, p 4.63+0.33 3.65+0.09* 3.78%x0.14* 3.92+0.06*
myelin membrane thickness, p 1.06+0.05 1.08+0.08 1.43+0.19* 1.46+0.02*
PN fiber diameter, p 6.46+0.07 5.95+0.20* 4.45+1.02* 4.64+0.58*
axon diameter, p 4.39+0.08 3.56+0.10* 2.82+0.59* 2.98+0.29*
myelin membrane thickness, p 1.04+0.04 1.20+0.05* 0.81+0.22* 0.84+0.15*
Note. *p<0.01 in comparison with the control (Wilcoxon’s test).
4. G. A. llizarov, M. M. Schudlo, N. R. Karymov, and M. S.

develops in the tibial nerve, and the structure of the
majority of myelin fibers is retained. The decrease
of M-response amplitude is more manifest in the m.
tibialis anterior, the difference in comparison with m.
gastrocnemius increasing by the end of experiment.

Hence, automated distraction by the protocol “3
mm/day in 120 steps” is rather sparing for the tibial
nerve, but is fraught with a risk of the peroneal nerve
neuropathy, and hence, this protocol cannot be con-
sidered as optimal.

The study was partially supported by the Rus-
sian Foundation for Basic Research (grant No. 14-44-
00010).
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