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Abstract

Chronic constriction injury (CCl) is a common clinical entity and characterized by allodynia or spontaneous neuropathic pain.
Treatment of neuropathic pain is difficult, because a lack of knowledge about the underlying mechanisms and limited effectiveness
of the existing drugs. Surgical decompression enables a more radical treatment by releasing the compressed nerve. Beside the pain
behaviour morphological changes occur in CCl. Ultrastructural morphological changes at the injury site of the sciatic nerve and in the
dorsal root ganglia (DRG) are believed to play role in the pathogenesis of CCl and in the development of neuropathic pain behaviour in
individuals. However, the effects of surgical decompression on the ultrastructure of constricted nerve site as well as in the dorsal root
ganglia have not been studied in details. We investigated the effect of nerve decompression on ultrastructure of rat sciatic nerve and
DRG by light and transmission electron microscopic methods. For this aim, CCl was established on the rat sciatic nerve with four loose
ligatures. Surgical decompression was held at 1, 3" and 5" the weeks after CCl by removing the ligatures. Our results suggest that the
efficacy of decompression was superior when applied one week after compression. The results of the study verify the need for early
surgical decompression to prevent irreversible damage of the peripheral nerve and DRG.
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Periferik Sinirde Kronik Konstriiksiyon Hasari Tedavisi Uzerine
Dekompresyonun Etkisi

Ozet

Kronik konstriksiyon hasari (CCl), yaygin klinik bir olusumdur ve allodini ya da spontan ndropatik agri ile karakterize edilir. Noropatik
agrinin tedavisi, altta yatan mekanizmalarin yeterince bilinmemesi ve mevcut ilaglarin sinirl etkisinden dolayi oldukga zordur. Cerrahi
dekompresyon uygulamasi, sikismis sinirin serbestlestirilmesi suretiyle oldukga radikal bir tedavi imkani saglar. CCl'da agrinin yanisira
morfolojik degisimler de olur. Siyatik sinirin yarali bolgesi ve dorsal kok gangliyonundaki (DRG) ultrayapisal morfolojik degisimlerin,
CCl patojenezinde ve bireylerdeki néropatik agri davranisi gelisiminde rol oynadigina inanilir. Ancak, sikismis sinir bélgesinde ve dorsal
kok gangliyonlarindaki ultrayapi tizerine cerrahi dekompresyonun etkileri hentiz detayli olarak ¢alisiimamistir. Calismamizda rat siyatik
siniri ve DRG'nun ultrayapisi tizerine sinir dekompresyonunun etkisini 1sik ve gecirimli elektron mikroskobik metodlarla inceledik. Bu
amacla CCl rat siyatik siniri Uzerine yapilan dort gevsek bag ile olusturulmustur. Cerrahi dekompresyon, CCl sonrasi 1. 3. ve 5. haftalarda
baglarin uzaklastiriimasiyla saglanmistir. Verilerimiz dekompresyon etkisinin sinir sikistirilmasindan bir hafta sonra uygulandiginda ¢cok
daha iyi sonug verdigini desteklemektedir. Erken cerrahi dekompresyonun, periferik sinir ve dorsal kék ganglionunun geri dénlsimsuz
hasarini dnlemeye etkileri Gzerine ilave ¢alismalara ihtiya¢ bulunmaktadir.

Anahtar sozciikler: Dekompresyon, Siyatik sinir, Kronik konsttiksiyon hasari, TEM
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INTRODUCTION

Neuropathic pain arises as a consequence of nerve
injury either of the peripheral or central nervous system. It
tends to be chronic, and less responsive to the administration
of analgesic drugs and other conventional medical mana-
gement 2, Following peripheral nerve injury, a cascade
of events in the primary afferents leads to peripheral
sensitization, resulting in spontaneous nociceptor activity,
decreased threshold, and increased response to supra-
threshold stimuli Bl. However, the pathophysiological
mechanisms underlying neuropathic pain are poorly under-
stood and the available treatments are unsatisfactory .

Animal models of neuropathic pain are available that
help to clarify the underlying mechanisms ®. Especially,
compression-related nerve injury is the main model for
neuropathic pain, and it includes chronic construction
injury (CCl), partial sciatic nerve ligation, and spinal nerve
ligation ©. CCl is relatively simple to perform, and produces
robust and stable pain hypersensitivity for at least one
month after injury. It is also commonly used to investigate
both the pathophysiology, and potential therapeutic agents
for treatment of neuropathic pain V.,

In clinical practice, surgical decompression is frequently
used to relieve symptoms of neuropathic pain, e.g. carpal
tunel syndrome, spinal root compression, and trigeminal
neuralgia due to vascular compression ®, Few studies
have investigated the molecular mechanisms of CCl and
decompression ! whereas some studies evaluated morpho-
logical changes "2, However experimental evidence on
neuropathic pain and CCl is still lacking. Further research
is required to correlate the effects of decompression on
neuropathic pain mechanisms and morphological changes
in constricted nerves.

The aim of this study is to investigate changes in the
ultrastructural morphology of constricted peripheral
nerve and its associated DRGs and whether surgical
decompresion at given times after established CCl can
reverse these changes.

MATERIAL and METHODS

All the experiments were approved by the Local Ethical
Committee of Osmangazi University (Protocol No: 376/2014)
in Eskisehir (Turkey) and conducted according to the health-
care guidelines for the laboratory animals and Universal
Declaration on Animal Welfare. The animals used for
the experiments were provided by the Center for Medical
and Surgical Research (TICAM). The animals were housed
in seperate cages with day and night cycle. Access to free
standard rodent food and water ad libitum were allowed
for all animals in the course of experiments.

Thirty adult female Sprague-Dawley rats, weighing 250-
300 g, were used in this study. Rats were divided randomly

in five groups (n=6). The first group comprised of SHAM
operated rats (SHAM). CCl was established in the other
groups which were entitled as control (C) and chronic
constriction release groups at first, third and fifth weeks
after CCl (CCR1w, CCR3w, CCR5w) respectively.

Surgical procedures were performed under Thiopenthal
Sodium (40-50 mg /kg) anesthesia via intraperitoneal
injection. After depilation of the right hindlimb the right
sciatic nerve was exposed at the mid-thigh level. CCl was
induced by four silk ligatures loosely tied around the nerve
at 1 mm intervals proximal to the trifurcation. Thereafter
the wound was closed by muscle and skin layers and
animals were left to recover. The constricting ligatures
were remained in control animals for 8 weeks. CCR groups
were operated for surgical decompression at given times
under the same anesthesia procedure. All four ligatures
were carefully removed at first, third and fifth weeks after
CCl. All experiments were ended for CCR groups at the
end of the 8" week from the CCl operation.

Animals were euthenized by blood exsanguination and
intracardiac perfusion of 2.5% gluteralaldehyde in 0.TM
pH 7.4 Sodium phosphate buffer (PBS). Right Sciatic nerve
segments (site of the constriction and its 5mm proximal
and distal parts) and associated DRGs were dissected out
carefully and stored in the same fixative solution.

Light and Transmission Electron Microscopy

Tissue samples were prepared by fixation in 2.5%
glutaraldehyde in 0.1 M phosphate buffer for 24 h at
4°C and then rinsed with phosphate buffer. Specimens
postfixed with 1% osmium tetroxide in 0.1 M phosphate
buffer for 2 h at room temperature. All specimens were
then dehydrated in graded solutions of ethyl alcohol
(30%, 50%, 70%, 90%, 96% and 100%) and embedded
in epon-araldite resin. Semithin sections (700 nm) were
collected at a variety of depths of the sample and stained
with toluidine blue. The sections were examined by light
microscope (Olympus BX50) to select appropriate areas
for TEM analysis. Degenerated axons were determined by
two criteria involving myelin debris formation and finer
degeneration in axons. In addition, the number of
normal and degenerated nerve fibres was counted
and Degenerated/Normal Axons Ratio (Deg/Nor) were
calculated. The measurements were done blindly by two
investigators (0.0 and 1.D) to minimize subjectively affected
differences in results. Later, ultrathin sections (60 nm) were
taken on an ultramicrotome (Leica Ultracut RM, Wetzlar,
Germany) and counterstained with uranyl acetate-lead
citrate 3, They were examined and photographed using
a TEM (JEOL JEM 1220) with digital imaging capabilities.

Data Analysis

All data were obtained and originally analyzed uzing
SPSS v2.2 for Windows (IBM Inc. Istanbul, Turkey). Shapiro-
Wilk test was used to assess the normal distribution of
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data. Independent samples Kruskal -Wallis test was used
for comparing differences between groups. Data were
presented both as mean +SD and median (25%, 75%)
percentiles. P <0,05 was accepted as statistically significant.

RESULTS

Light Microscopic Results

Light microscopic findings showed the normal structural
features in the SHAM animals. Myelinated axons of sciatic
nerve was normal in appearance and a few unmyelinated
axons were observed (Fig. 1a). After CCl, axonal damage
and thinly myelin sheaths were increased and common
decrease was seen in the number of myelinated axon.
Some areas with a depletion of nerve fibers were also
shown (Fig. 1b). One week after decompression, significant
increase in the number of myelinated axon was observed
and only a few degenerated fibres were determined.
Remyelinised axons were also abundant (Fig. 1c). After
the third week, several degrees of axonal injury were seen
and its progression to myelinated fiber degeneration are
shown. Degenerated myelin fibres increased from the
third to fifth week decompression. Morphological signs
of axonal regeneration were reduced remarkably (Fig. 1d-e).
DRGs associated both in the control and CCR1w animals
showed compact and regularly arranged structures (Fig.
2a-c). After CCl, the major pathological change was that of
microvacuolisation of the DRG cells (Fig. 2b). In addition,
cell membrane lines were lost and their sizes were larger.
These changes were seen in CCR3w and CCR5w groups
less frequently (Fig. 2d-e).

In the present study compared to the the SHAM

group (0.07+0.01), CCl group (1.98+0.20) demonstrated
a significant increase in Deg/Nor (P<0.05). A significant
decrease was found in Deg/Nor of CCRTw (0.20+0.03)
compared to CCl (P<0.05). However there were no significant
differences between CCl, CCR3w (0.50+0.07) and CCR5w
group (1.00+0.22) (P>0.05). In addition, no significant
differences were found in Deg/Nor among CCR1w, CCR3w
and CCR5w (P>0.05). The data were summarized in Table
1 and Fig. 3.

Electron Microscopic Results

Changes in the ultrastructure of nerve fibres became
increasingly noticeable in TEM studies. Axons in SHAM
groups exhibited an organized, dark stained filament
network. The cytoplasm of the axon appears normal ultra-
structural morphology. In CCl group, the most remarkable
morphological changes that occurred in myelinated axons
were vacuolisation, myelin sheath degeneration loss of
axoplasm, and lamellar separation. Also, blebbing lipid-like
materials on axonal shrinkages were determined (Fig. 4a-c).
In addition, increased numbers of mitochondria and dense
neurofilament network were observed in myelinated axon.
There were no significant changes in the ultrastructure
of unmyelinated fibers in all groups compared to SHAM.
Decompression at one week after CCl, no axonal shrinkage
or myelin sheath degeneration were observed (Fig. 5a).
In particular areas, uncompleted remyelinisation was
also observed (Fig. 5b). In general, a few large vacuoles
and several mitochondria were observed in axoplasm.
Decompression at third and fifth week, myelin sheath
degeneration accompanied with less marked regeneration
of related structures. Myelinated axons exhibited axon-
myelin separations and numerous intracellular organelles.

respectively (Bar: 10 pm)

Fig 1. Semithin sections stained with toluidine blue of the sciatic nerve. a- Normal neural morphology in SHAM group, b- Note
that the swollen appearance of the axons and the decrease in number of axons with intact myelin sheath in CCl group, c-
Marked regeneration of axons of CCR1w group, d,e- Less marked recovery of the neural structures in CCR3w and CCR5w group,

Sekil 1. Siyatik sinirin toluidin mavisi ile boyanmis yari ince kesitleri. a- SHAM grubunda normal noral morfoloji, b- CCl grupta
aksonlarin sismis gorinimu ve intakt miyelin kilifli aksonlarin sayisinda azalma, c- CCR1w grubunda aksonlarin belirgin
rejenerasyonu, d,e- Sirastyla CCR3w ve CCR5w gruplarinda noral yapinin daha az belirgin diizelmesi (Bar: 10 um)
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Fig 2. Semi-thin sections of the dorsal root ganglions of same samples. Figures show parallel data with sciatic nerve. a- SHAM, b-
CCl group, c- CCR1w, d- CCR3w, e- CCR5w, note that the microvacuolisation of DRG cells in CCl and CCR5w groups (Bar: 10 um)

Sekil 2. Ayni 6rneklerin dorsal root ganglionlarinin yari ince kesitleri. Sekiller siyatik sinir ile benzer verileri gosterir. a- SHAM,
b- CCl grup, c- CCR1w, d- CCR3w, e- CCR5w, CCl ve CCR5w gruplarinda DRG hiicrelerinin mikrovakuolizasyonu goriilmektedir
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Fig 3. Graphic presentation of the mean numbers of
degenerated/normal axon ratios

Sekil 3. Dejenere/normal akson oranlarinin ortalama sayila-
rinin grafik gosterimi
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Table 1. The number of degenerated/normal axon ratios counted in semithin
sections obtained from each study group

Tablo 1. Her calisma grubunda yari ince kesitlerin sayimindan elde edilen|
dejenere/normal akson oranlari

Degenerated/Normal Axons Ratio
Groups
Mean+STD Median (25%-75%)
SHAM 0.07+0.01 0.07 (0.06- 0.08)
Cccl 1.98+0.20 1.96 (1.77-2.13)
CCR1w 0.20+0.03 0.20 (0.18-0.23)
CCR3w 0.50+0.07 0.49 (0.43-0.59)
CCR5w 1.00+0.22 0.88 (0.86-1.26)

In some areas, axonal shrinkage occurred (Fig. 6a). Loss
of axoplasm was abundantly. Separations between the
axoplasm and myelin sheath were prominent. Widened
interface was observed between the Schwann cell and the
axoplasm (Fig. 6b). In addition, unmyelinated nerve fibres

showed no important morphological changes except a
few vacuol formation.

The DRG of SHAM showed normal histologic features.
Neurons are surrounded satellite glial cells (SGCs) and
nuclei of SGC is visible (Fig. 7a). The DRG morphology was
found similar in both CCR1w and CCR3w groups as in
SHAM. No degenerative changes were observed in DRGc
and Surrounding SGCs. Massive degenerations such as
loss of cell membrane and swelling were determined in CCl
and CCR5w. However the most striking alteration in these
latter groups was vacuolisation in DRGc. These vacuoles
appeared as variably sized, but generally they were in
clear content. Some dark inclusions were also determined
within the cytoplasm (Fig. 7b). Loss of cell membranes
of DRGc and cytoplasmic vacuolation were the typical
characteristics of apoptosis in some sections of both CCI
and CCR5w groups (Fig. 7c). Electron microscopic results
were summarized in Table 2.
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Fig 4. Transmission electron microscopic (TEM) analysis results of rat sciatic nerve after chronic construction damage (CCl). a-
There are some vacuoles (white arrow) and myelin separations (black arrow) (Ms: myelin sheath; Ax: axon), (Bar: 5 um), b- Axon
showed the high degree of axoplasm loss. White asterisks indicates the lamellar separation of myelin sheath (Bar: 1 ym), c-
Axonal shrinkage (AxS) is seen in axon. Bb indicates blebbing lipid-like materials on axonal shrinkages (Bar: 2 pm)

Sekil 4. Rat siyatik sinirine uygulanan Kronik Konstriksiyon hasarindan (CCl) sonra elde edilen transmisyon elektron mikroskobik
(TEM) sonuglarin analizi. a- myelin seperasyonlar (siyah ok) ve vakuoller (beyaz ok) (Ms: myelin kilif; Ax: akson), (Bar: 5 um), b-
aksoplazma kaybinin cok oldugu aksonlar gorilmektedir. Beyaz yildizlar myelin kiliftaki lameller seperasyonu gostermektedir
(Bar: 1 pm), c- aksonda aksonal sisme (AxS) gorilmektedir. Bb aksonal biiziismede blebbing lipid benzeri materyali
gostermektedir (Bar: 2 um)

Fig 5.a- Transmission electron microscopic (TEM) analysis results of sciatic nerve from decompression at one week after CCl (CCR1w).
Myelinated sheaths (Ms) show normal ultrastructural features. The cytoplasm of the axon (Ax) demonstrates no morphological
abnormality (no axonal shrinkage or myelin sheath separation) (Bar: 5 um), b- black arrowheads indicate uncompleted remyelinisated
areas (Bar: 2 um)

Sekil 5. CCI (CCR1w) den bir hafta sonra serbestlestirilen siyatik sinirin transmisyon elektron mikroskobik (TEM) analiz sonuclari.
Miyelin kiliflar normal ultrastriikttrel yapi gostermektedir. Aksonlarin sitoplazmasi morfolojik olarak normal gériinimdedir (aksonal
biizlisme veya miyelin kilif seperasyonu yok) (Bar: 5 um), b- siyah okbaslari inkomplet remyelinize alanlar gostermektedir (Bar: 2 um)

Fig 6. Transmission electron microscopic (TEM) analysis results obtained from decompression at five week after chronic
construction injury (CCR5w). a- on left image, there is an axonal shrinkage (AxS) (Bar: 2 pm), b- The nerve fibers included in
figure on right are vacuolisation areas (Va); two headed arrow demonstrate the widened interface was observed between the
schwann cell and the axoplasm (Bar: 5 um)

Sekil 6. Kronik konstriksiyon hasari sonrasi besinci haftada serbestlestirilen gruptan (CCR5w) elde edilen Transmisyon elektron
mikroskobik (TEM) gortintiler. a- soldaki goruntiide bir axonal biiziisme var (AxS) (Bar: 2 pm), b- sagdaki sekilde sinir lifinde
vakuolizasyon alani (Va); iki basli ok schwann hiicresi ve aksoplazma arasindaki genislemis araytizii géstermektedir (Bar: 5 pum)
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Fig 7. Transmission electron microscopic (TEM) analysis results of normal and damaged DRGc. a- Normal ultrastructural
morphology in SHAM. Similar findings were found in CCRTw and CCR3w groups (Bar: 10 um), b- loss of cell membrane and
swelling in CCI. Clear vacuoles (black arrow) and dark inclusions (white arrow) in the cytoplasm (Bar: 5 pm), c- Apoptotic changes
in cell membranes (arrowhead), DRGc: Dorsal Root Ganglion cells, SGe: Satellite Glial cell, Nu: Nucleus (Bar: 2 um)

Sekil 7. Normal ve hasarli DRG hiicrelerinin transmisyon elektron mikroskobik (TEM) analiz sonuglari. a- SHAM grubunda normal
ultrastrikttrel yapr. CCR1w ve CCR3w gruplarinda benzer bulgular elde edildi (Bar: 10 um), b- CCl grubunda hiicre membran
kaybi ve sisme. Sitoplazmada vakuoller (siyah ok) ve siyah inkliizyonlar (beyaz ok) (Bar: 5 um), c- hiicre membraninda apopitotik
degisiklikler (okbasi), DRGc: Dorsal Root Gangliyon hiicreleri, SGe: Satellit Glial hiicreler, Nu: Nucleus (Bar: 2 um)

Table 2. Summary of the ultrastructural changes in sciatic nerve and its associated DRG

Tablo 2. Siyatik sinir ve iliskili DRG nin ultrastriktiirel degisikliklerinin 6zeti

Sciatic Nerve Dorsal Root Ganglion
Groups
LM* TEM* LM TEM
Normal myelinated and Centrally placed nuclei, neurons | Satellite glial cells around the
SHAM Normal myelinated and | unmyelinated fibers, typical are completely covered by neurons, quite evenly distributed
unmyelinated fibers appearance axoplasm and myelin satellite cells, most of the cell organelles throughout the
sheath have an angular outline cytoplasm
Axonal damage, Vacuolisation, loss of axoplasm,
thin myelin myelin sheath, degeneration lamellar | Microvacuolisation of the Microvacuolisation of the DRG cells,
ccl sheaths,common separation. increased numbers of DRG cells, weakness in cell weakness in cell membrane lines,
decrease in the number | mitochondria, blebbing lipid-like membrane lines, swollen cells | swollen cells
of myelinated axon materials on axonal shrinkages
Marked increase in the | No loss of axoplasm, axonal
number of myelinated | shrinkage or myelin sheath SHAM like, normal morphological
CCR1w | axon, only a few degeneration, uncompleted Normal morphological findings | findings, a few axon-myelin
degenerated fibres, remyelinisation areas. a few large separation
Remyelinised axons vacuoles several mitochondria
Axon-myelin separation, Loss of
. . A few microvacuolisation in axoplasm, Increased mitochondria,
Myelinated fiber . . .
CCR3w degeneration Less marked regeneration DRG cells, weakness in cell Lamellar separation, Normal
9 membrane lines, swollen cells nuclear membrane morphology,
Axonal shrinkage
. . Loss of cell membranes, Many
. . Axon-myelin separations L
Marked increase in . . . . . .. . |vacuolisation in cytoplasm,
. Increasing electron dense in Increasing microvacuolisation in | . . .
CCR5w | degenerated myelin . increased mitochondria, dark
X some unmyelinated axons, axonal DRG cells, loss of cell membrane | . X . .
fibres counts X inclusions, axon-myelin separation,
shrinkage, Lost of axoplasm
neuronal membrane damage

DISCUSSION

CCl of the rat sciatic nerve is an injury model established
to investigate neuropathic pain. The injury is characterised
behaviorally as mechanical allodynia and thermal hyper-
algesia after a few day of the lesion. While some neuro-
transmitters such Substance PCGRP and pERK play role
in development of neuropathic pain ®'*! morphological
changes may occur at the injury site of sciatic nerve 101618,
endorgan ® or dorsal horn ®'* which is central terminals of for
nociceptive information and DRG "". Neuropathic pain is
treated with drugs symptomatically in clinical practice 92"

and also various agents were tested experimentally after
CCl established in animals 2?2, However conservative
treatment of neuropathic pain is still limited "¥. Unique
radical intervention is decompression which is performed
by removing of the ligatures on the sciatic nerve and
works for treatment of underlyig cause. It is shown that
decompression not only relieves neuropathic pain; in
addition, it also promotes the regeneration in associated
central and peripheral nerves %3,

In the present study the effect of CCl and CCR on
morphology of constricted site of nerve and associated
DRG have been investigated in an conventional animal
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model. CCl caused marked decrease in the number of
myelinated axon, loss of axoplasm and vacuolisation at the
constricted site of the nerve. deg/reg axon ratio was high
in CCl group. In TEM analysis these pathological features
were more evident. Axon-myelin separations, vacuolisation
and loss of axoplasm were observed exhaustively. Large
myelinated axons were found more degenerated compared
to other structures. Surprisingly, unmyelinated fibers
were not affected from CCl. This findings are somewhat
consistent with previous studies. Similar microscopic
findings have been reported with CCl injury in the rat,
with massive degeneration of large myelinated fibers
and less severe changes in small myelinated fibers and
unmyelinated fibers 242¢, Later Prinz et al.'% have
reported the ultrastructural changes of peripheral nerve
lesions induced by chronic compression using an
experimental model by light and electron microscopy
myelinated axons at the compression sites displayed a
remarkable increase in the number of small axons up to
60% in comparison with the normal axons. Additionally,
remarkable axonal degeneration was obswerved both
in central and in marginal regions of the distal to the
constriction. In contrast, we observed significant decrease
in the number of both small and large myelinated axons.
However, distal and proximal nerve sections were found
less damaged, and they were limited with a few lamellar
separations in our study (data not shown).

The current scientific information suggests that the
DRG is an active participant in the development of neuro-
pathic pain 2., Although Changes in gene expression of
inflammatory cytokines, neuropeptides and ion current
of ion channels in response to CCl or other types of nerve
injuries have been reported previously ?7-?! morphologic
changes within the DRG have been less documented ",
In addition to constricted peripheral nerve segment histo-
pathologic changes were observed within the DRG in
the present study. The major morphologic change was
formation of microvacuoles within the DRG cells of the CCl
group which appeared both in in light and TEM sections.
As known, neuronal vacuolisation may be seen in neurons
undergoing degeneration and it is a particular concern
for neuropathologic significance of DRG. Besides loss
of cell mebrane and swelling of the DRG cells was also
characteristic.

The morphologic changes in CCl injury were clearly
demonstrated in the present work and previous studies.
decompression can prevent or reverse these pathological
conditions, in particular if performed early. In CCR1w group
deg/normal axon ratio was found lower than CCl, CCR3w
and CCR5w groups. Myelin structures and axoplasms thereby
myelin-axon integrity were preserved in CCR1w. Normal
schwann cell appearance and less lamellar separation
was observed in TEM. Similar to our findings Jancalek
and Dupovy " showed that decompression after 1-week
compression caused a rapid increase in the number of

both small and large myelinated axons within the spinal
root including the site of compression. In contrast the
degenerative processes with a reduction of the MA number
were very distinct when spinal roots were compressed
for 5 weeks with subsequently decompressed for 3 weeks
similar to the findings of our CCR3w and CCR5w groups.

Decompresssion also reversed the changes in the
sensorial terminals of the peripheral nerves. Attenuation
of neuropathic pain by surgical decompression caused
normalization of dorsal horn activities ©'\. The structure of
DRG cells were preserved after decompression at first and
third weeks whereas degeneration of DRG cells in CCR5w
group persisted. However the recovery of peripheral nerve
and its central terminals do not guarantee recovery at the
endorgan etc skin. Although nerve decompression was
accompanied with the disappearance of neuropathic pain
behaviors after CCl, morphological studies have shown the
evidence of an incomplete skin reinnervation &7,

The present study posesses two limiting factors. First
the scope was restricted to investigate only morphologic
changes of constricted nerve and its associated DRGs
during CCl and after decompression. Thus behavioral tests
to evaluate the signs of neuropathic pain such as allodynia
and hyperalgesia or biochemichal analysis to determine
neuroinflammatory response were not conducted. Second
the pathologic condition is limited to eight weeks period
intervened at first, third and fifth week to determine the
appropriate timing of decompression for a given disease
period. Therefore time course after decompression was not
equal between the groups. One can argue that recovery
period was shorther for late decompressed groups. Thus
degeneration is more apparent in these groups. On the
contrary, El-Barrany et al.B% reported that degenerative
changes have been reversed as time course after
decompression prolonged. According to their findings,
severe degenerative changes in schwann cells and
myelinated axons were observed one week after
decompression. After the second week of decompression,
the endoneurium showed extentive edema with an
increase in the regenerating myelinated and unmyelinated
nerve fibers. Three weeks after decompression, edema
decreased and six weeks after decompression, the endo-
neurium appeared nearly normal. Nevertheless a further
study in our laboratory was planned to investigate how
decompression at first, third and fifth weeks affect on
morphologic recovery of peripheral nerve and DRG and
whether these changes are reversible after a constant
follow-up period (8 week after decompression).

Results of our light and electron microscopy studies
showed that early decompression preserve the histo-
pathological features of nerve at the constriction site and
DRG cells. In the late decompression groups, ultrastructural
damages were observed as more intensely similar to the
CCl group (Table 2).
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Our study data support previous reports of the
importance of early surgical intervention in providing
optimal treatment for nerve compression conditions.
Future quantitative histological studies on regeneration
of constricted sciatic nerve will enable us to have better
understanding of the these mechanisms.
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