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In dogs, the sciatic nerve is prone to damage from pelvic fractures due to trauma, or from internal fixation of
pelvic fractures due to iatrogenic injury. It had been the goal of previous studies to find a way to accelerate
nerve regeneration functionally. The present study aimed to investigate the effects of platelet-rich plasma (PRP)
and bone marrow (BM) aspirate on the functional healing of surgically severed sciatic nerve in dogs after its
end-to-end anastomosis. Fifteen adult healthy mongrel dogs of both sexes were included in this study. They had
been anesthetized and prepared for aseptic surgery as usual. The sciatic nerve was exposed midway between
the ischiatic tuberosity and the sacrococcygeal joint. It was severed and anastomosed by end-to-end fashion
using three to four interrupted stitches. Dogs were then randomly allocated into three groups; A, B, and C. In
group A (control), the sutured nerve was left without treatment. In group B, 1 ml of PRP was injected into the
epineurium and around the nerve at the suture site. In group C, 1 ml of BM aspirate was injected into the epi-
neurium and around the nerve at the suture site. In all groups, the muscular incision, subcutis, and skin were
sutured routinely. Animals were evaluated at monthly intervals for 3 months through the recording of physio-
logical parameters, neurological examination findings (postural reactions, and spinal reflexes), and laboratory
examination, while the histopathological examination was carried out at the end of study. Data were statistically
analyzed and expressed as mean + SEM. Differences were statistically significant at P<0.05. The results showed
a moderate degree of lameness, persistent knuckling, and dropped hock in the control group (A). The dogs of
the PRP group (B) did not show lameness, knuckling, or dropped hocks. There was a slight degree of lameness,
intermittent knuckling, and occasional dropping of the hock in the BM group (C). There were significant differ-
ences in hopping, extensor thrust, between groups A and both groups B and C but the righting reaction was var-
ied substantially between groups A and C. There was not a significant variation in the biochemical tests between
different groups except the creatine kinase, which was high in the BM group relative to PRP and control groups.
Histopathological examination revealed variations between groups in the architectural pattern of the repaired
nerves, which was better in the PRP group. It could be concluded that the addition of the PRP and BM aspirate
to the injured nerve after its suturing promotes the healing microscopically with little functional improvement
within months. Platelet rich plasma and Bone marrow aspirate are useful biological materials when are used in
the acute injury or rupture of the peripheral nerves in animals.

Introduction

The use of bone marrow (BM) aspirate for improvement of tissue healing
was reported in different previous studies (Herthel, 2001; Rolfe, 2008). It

Peripheral nerve injury is a common condition that occurs due to
penetrating injuries, crush, ischemia, and traction as well as surgical pro-
cedures. Severe nerve injury has a devastating impact on animals’ quality
of life (Forterre et al, 2007). The goal of peripheral nerve surgery is to
restore the structural and functional integrity of the damaged nerve. Al-
though progress in surgical techniques for nerve repair and understand-
ing of nerve regeneration over the last 30 years is acceptable, functional
recovery after a severe lesion of the major nerve trunk was often incom-
plete and unsatisfying. Functional recovery is particularly poor for injuries
that sever or damage the nerve far from the target making the target
re-innervation delayed (Yu et al., 2011).

Processes of nerve regeneration and target re-innervation are com-
plex, involving a myriad of factors about neuron, growth environment,
locus of the injury from the target, type of injury, the timing of nerve
repair, type of nerve repair, and other factors (Diao and Vannuyen, 2000;
Dvali and Mackinnon, 2003; Yu et al., 2011).

There are new potential therapies either chemical or biological, which
aim to improve the functional regeneration of the injured nerves through
an acceptable time. Recent studies have discussed the outcomes of using
platelet-rich plasma (PRP) in the healing of different tissue such as ten-
dons, ligaments, muscles, and bone (Cervelli et al., 2010; Lacci and Dard-
ik, 2010). The effects of PRP on peripheral nerve regeneration had been
discussed by some researchers (Sariguney et al,, 2008; Ding et al., 2009).

is quick, economical, and contains high levels of transforming growth fac-
tor beta (TGFP) and platelet-derived growth factor (PDGF). Both growth
factors induce collagen synthesis (Schnabel et al, 2006). Moreover, BM
aspirate is a rich source of mesenchymal stem cells (MSCs) or stem cells.
Typically, aspirated bone marrow is described to contain 40 million nu-
cleated cells, of which 2,000 are stem cells per milliliter (or 1 stem cell per
20,000 cells) (Nathan et al., 2003). Several recent studies have examined
the healing effects of PRP and BM aspirates on a variety of tissue types in
humans and animals because of the ease of preparation and extraction.
The present study aimed to investigate the effects of platelet-rich plasma
(PRP) and bone marrow (BM) aspirate on the functional healing of surgi-
cally severed sciatic nerve in dogs after its end-to-end suturing.

Materials and methods
Experimental Animals and Care

The study has been approved by The Ethical Committee of The Facul-
ty of Veterinary Medicine, Assiut University, Assiut, Egypt according to the
OIE standards for use of animals in research under the No. 06/2024/0163.
It was carried out under relevant guidelines and regulations. All animals
have been accommodated and cared for according to the Egyptian ani-
mal welfare law (No. 53, 1966). The experiment was carried out as a pro-
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spective study at the Department of Surgery, Anesthesiology, and Radiol-
ogy, Veterinary Teaching Hospital, Faculty of Veterinary Medicine, Assiut
University, Assiut, Egypt. All institutional ethical regulations were followed
during the study procedures. Fifteen adult healthy mongrel dogs of both
sexes (9 males and 6 non-pregnant, non-lactating females) were select-
ed and housed in separate standard cages. The average body weight of
the dogs was 15.65 kg (range =13-21 kg). The dogs were dewormed by
subcutaneous injection of 1ml/50kg Ivermectin (Noromectin ® Norbrook
Laboratories Ltd., Newry, Co. Down, Northern Ireland), provided daily
with adequate amounts of feed and water ad libitum, and kept for two
weeks to adapt.

Preparation for Surgery

In preparation for surgery, each animal was weighed to determine
the dosage of anesthetics. The animals were clinically assessed to deter-
mine rectal temperature (RT), heart rate (HR), respiratory rate (RR), and
capillary refill time (CRT). Dogs were fasted for 12 hours and operated on
under general anesthesia by intramuscular injection of 2mg/kg Xylazine
HCI 2% (Xyla-Ject, ADWIA Co., SAE, Egypt) and 10min later by intravenous
injection of 10mg/kg Ketamine HCl 5% (Ketamine hydrochloride, Rotex-
medica, Trittau, Germany). With the animal on left lateral recumbency,
the area from the sacrum to the mid-thigh on the right side was prepared
aseptically using an appropriate aseptic technique by clipping and shav-
ing of hair and application of Povidone-iodine solution 10% (Betadine,
El-Nile Co. for Pharmaceutical and Chemical Industries, Cairo, Egypt) and
draped except for the surgical site.

Sciatic Neurotomy Technique

A 7-cm linear skin incision was performed midway between the is-
chiatic tuberosity and sacrococcygeal joint. Blunt dissection of muscles
(superficial and deep fascia lata) was used to expose the sciatic nerve
trunk, which presented on the greater sciatic notch of the femur. The
sciatic nerve appeared as two nerve trunks that were surrounded by a
nerve sheath. To ensure the sciatic nerve, the sciatic reflex was induced
by slight percussion on the nerve trunk, which forced the dog to pull up
the right hind limb. After exposure, the intended site of sciatic neurotomy
was gently elevated using two un-tied stay stitches of Polyglycolic Acid
# 6-0 (Polyglycolic Acid # 6-0, M-NATUR®, International Sutures Man-
ufacturing Co., Egypt). A volume of 1ml Lidocaine HCl 2% (Debocaine
2%, Al-Debeiky Pharma, Egypt) was applied directly to the nerve. After 5
minutes, the nerve was severed using a scalpel blade. The nerve trunk was
anastomosed in an end-to-end fashion by suturing the epineurium using
4 simple interrupted stitches of Polyglycolic Acid #6-0 (Figure 1).

Dogs were then divided into three groups A, B, and C (n=5 dogs
in each group) according to the method of treatment. In group A, the
control group, the nerve was not treated but left sutured as previously
described. In group B, the platelet-rich plasma (PRP) group, 1 ml of PRP
was injected into the epineurium and around the nerve at the suture site
using a 1 ml syringe and fine needle. In group C, the bone marrow (BM)
group, Tml of BM was injected into the epineurium and around the nerve
at the suture site using a 1 ml syringe and fine needle.

In all groups, the muscular layer and subcutaneous layer were su-
tured separately by simple continuous stitches of polyglycolic acid #2-0.
The skin was then sutured by simple interrupted silk #2-0 sutures. Simple
interrupted stitches were used to stitch a stint bandage to the skin over
the surgical site as a form of protection.

Post-operative Care
Postoperative antibiotics were administered to dogs at a dose of

25 mg/kg. Amoxicillin and Clavulanic acid (Augmentin 1.2g vial; Glaxo
Smithkline Co., Egypt) intravenously for 3 days and 0.5mg nonsteroidal

anti-inflammatory Meloxicam (15 mg/2 ml; Amoun Co., Egypt) subcuta-
neously two times with a 24-hour interval.

Dogs were examined daily for 14 days, postoperatively, for the pres-
ence of any swellings, exudates from the operation site, dehiscence of
skin stitches, or any other complications.

Figure 1. A to E) Surgical incision for exploration and fixation of the sciatic nerve, then
its severing and end to end anastomosis using interrupted stitches and 3/0 suture material.

Platelet-rich Plasma Preparation (Dhurat and Sukesh, 2014)

A volume of 8 ml of blood was obtained from the jugular vein by
venipuncture in acid-citrate dextrose (ACD) tubes. The sample was then
centrifuged using a soft spin at 1800 rpm/10min. The supernatant plasma
containing platelets was transferred into another sterile plain tube (with-
out anticoagulant).

The tube was centrifuged at a higher speed (hard spin at 2500rp-
m/15min) to obtain a platelet concentrate. The lower third was plate-
let-rich plasma (PRP) and the upper two-thirds were platelet-poor plasma
(PPP). At the bottom of the tube, platelet pellets were formed. After re-
moving the PPP, the platelet pellets were suspended in a minimum quan-
tity of plasma (2 ml).

Bone Marrow Aspiration (Bexfeld and Lee, 2070)

The skin over the iliac crest was prepared aseptically. While the pa-
tient was anesthetized and positioned in lateral recumbency a skin stab
incision was done. Then a sterile 14-gauge Klima needle with stylet was
advanced into the bone using firm pressure and back-and-forth twisting
motion, while the bone was being stabilized with the other hand. When
the needle was correctly seated in the marrow cavity, the stylet was then
removed and the collecting syringe containing the sodium citrate solu-
tion was attached. The Marrow was aspirated by applying short bursts of
negative pressure using a pumping action of the syringe plunger.

Evaluation Criteria

Physiological parameters including heart rate, respiratory rate, and
rectal temperature were recorded pre and at 1, 2, and 3 months post-
operatively. Body weight was recorded before the experiment and at the
end of the study.
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Gait evaluation included the presence or absence of lameness and
ataxia was carried out. Dogs were video recorded for gait analysis at the
end of the study. The numerical rate scaling (NRS) in dogs for grading
lameness was used according to Quinn et al. (2007) . The scoring was clin-
ically sound (0), barely detectable lameness (1), mild lameness (2), mod-
erate lameness (3), severe lameness (dog might be weight bearing when
standing or walking) (4), and could not be lamer (if the limb was never
weight-bearing when standing or moving) (5).

Neurological examination

Neurological examination was carried out for all animals before and
after surgical operation according to Abdelhakiem et al. (2015) and Dew-
ey et al. (2016) at one-month intervals for 3 months, postoperatively.
Neurological tests included a. posture reaction (knuckling, hopping, ex-
tensor thrust, hemi-walking, and righting) and b. spinal reflexes. Spinal re-
flexes that included; withdrawal, gastrocnemius, cranial tibialis, and sciatic
reflexes were tested and recorded according to Dewey et al. (2016). The
nociception was evaluated after the strong clamping of the lateral digit
of the treated limb using a hemostat. A scoring system was used to nu-
merically record the results of neurological tests on a neurological sheet
from 0 to 3; where 0 is the absence of response or reflex, 1 is a sluggish
response, 2 is a normal response, and 3 is exaggerated or hyperreflexia.

Laboratory Examination

Blood samples were collected from the jugular vein before and at
one month, 2 months, and 3 months, postoperatively, on clean dry tubes
without anticoagulant. Blood samples were centrifuged for 20 minutes at
2000 rpm. Sera were collected in clean and dry Eppendorf tubes and kept
frozen at -20°C until used for biochemical examinations, which included
measuring aspartate transaminase (AST), creatine kinase (CK), creatinine,
and urea.

Macroscopic and histopathological examination

At the end of the study, specimens of the repaired sciatic nerves were
obtained for histopathological examination under the effect of general
anesthesia. The skin over the operated sciatic nerve was incised. The sci-
atic nerve at the suture site was exposed and examined grossly for the
presence of adhesions, swelling, and defect of healing. A nerve segment
was then taken by cutting 1 cm above and 1cm below the suture site.
Specimens were fixed in 10% neutral buffered formalin. The fixed spec-
imens were dehydrated in graded alcohol series, cleared, embedded in
paraffin, and sectioned at 3-5 pm thick sections using Richert Leica RM
2125 Microtome, Germany. The obtained sections were stained with Har-
ris Hematoxylin and Eosin stain (H&E) (Fischer et al., 2008). Other stains
such as Masson's Trichrome and Grimelius’ Silver Stain were used. The
former was used for the detection of connective tissue at the healing site.
The latter has been used for studies of the cells of the peripheral nervous
system. The methods utilize the reduction of silver salt to inorganic sil-
ver or silver oxide, which is deposited on specific structures (Westermark,
2015). The stained sections were examined using a LeitzDialux 20 micro-
scope to study the histopathological features. Images were taken using a
Canon digital camera (CandisonPowershot A95).

Statistical Analysis

Data were presented as mean * standard error of the mean (SEM).
GraphPad Prism Software version 5 (GraphPad Software Inc., La Jolla, CA,
USA) was used for data analysis. Comparison among groups was carried
out using repeated measures of one-way analysis of variance (ANOVA)
followed by the Bonferroni Posthoc test. Differences were statistically sig-
nificant at P<0.05. Two-way ANOVA also was used to analyze the data of

the spinal reflexes at different times in the different groups.

Results

Clinical Findings

Postoperative pain was tolerated by animals in all groups clinical-
ly. There was no change in their eating or drinking habits. There was a
non-significant increase in the dogs' body weight (average body weight
at the end of the study was 16.8 kg (range=14-22.3kg) compared to 15.65
kg (range =13-21 kg) at the beginning of the study. Physiological pa-
rameters (RT, HR, and RR) were also not significantly different between
dogs of the same group at different times and between dogs of different
groups pre- and post-surgery.

The animals lifted their treated limb for 3 days post-operation, and
then they dragged them. The treated limbs in all animals were in a knuck-
led under posture. All dogs survived until the end of the experiment (3
months) except two animals, which were replaced by others. One of the
two animals died 1 month from the beginning of surgery. The other ani-
mal was excluded because of the severe swelling of the paw of the treat-
ed limb. There was a mild swelling at the surgical site that was observed
on the first postoperative day, but gradually reduced and completely
subsided on the fourth-day post-operation.

Gait Evaluation

All animals developed a significant (P= 0.0001) postoperative ataxia.
There were no significant differences in the degree of ataxia at different
times between the groups. Regarding the presence or absence of lame-
ness, all animals in different groups suffered from a significant (P=0.0002)
postoperative lameness. The difference in lameness score was significant
between animals of group A and those of groups B and C, but there is no
significant variation in the degree of lameness between groups B and C.

Neurological Examination

Postural Reaction

Proprioceptive deficits (Knuckling) were significantly changed be-
tween groups (A) and (B), (A) and (C) (P=0.041), and (B) and (C) (P=0.041).
The knuckling score was improved in dogs of the treated groups when
compared to dogs of the control group. In addition, the knuckling score
was improved in dogs of the PRP group (B) when compared to that of the
BM group (C). There were significant differences in the hopping between
groups A and both groups B and C (P=0.00), and there was a signifi-
cant variation between groups B and C (P=0.003). The statistical analysis
showed a significant (P=0.0027) variation in the hemi-walking between
groups A and C, but there were no clear changes between groups A and
B and groups B and C. The extensor thrust was significantly (P=0.0032)
different between group A and both groups B and C, but the variation
between groups B and C was not clear. The righting reaction was signifi-
cantly (P< 0.0001) different between groups A and C, but there were no
clear changes between groups A and B and groups B and C.

It could be briefly summarized that the dogs of the control group
(A) showed a moderate degree of lameness, persistent knuckling, and
dropped hock. However, dogs of the PRP group (B) showed no lameness,
no knuckling, and absence of dropped hock. Dogs of the BM group (C)
showed a slight degree of lameness, intermittent knuckling, and drop-
ping of the hock.

Spinal reflexes

The results of the different spinal reflexes in different groups at dif-
ferent times after surgery were expressed in Figure 2. There were signif-
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icant differences in the withdrawal reflex (WR) between both of BM and
PRP groups and control group starting from the 4th week after operation
till the end of the experiment. There were substantial changes in the WR
between the BM and PRP groups at four and eight weeks after sciatic
neurorraphy. There were clear differences between the PRP and both of
BM and control group from two weeks till eight weeks post-operation.
Gastrocnemius reflex was varied clearly between the PRP and control
groups at 2, 4, 6, 8- and 12-weeks post-operation. It was a significant vari-
ation between BM and control groups at 4, 6, 8 and 12-weeks. There was
highly significant variation between the PRP and BM at 2, 4, and 6 weeks,
but there was a significant difference (0.0429) at 8 weeks post-operation.
The cranial tibialis reflex showed a significant change at two, four and
six weeks post-operatively between the PRP and both BM and control
groups and at the eight and twelve weeks between the PRP and control
groups. The BM group varied significantly from the control group at 4, 6,
8 and 12 weeks after operation. Regarding the sciatic reflex there were
a high significant variance between the PRP and control group at 4, 6,
8- and 12-weeks post-operation. The BM group was significant (0.0144)
and highly significant different from the control group at 4, 6, 8 and 12
-weeks respectively post-operatively. There was a significant difference
(0.0144) between the PRP and BM groups at 4 weeks post-operation. The
nociception was lost in all groups and not regained even after 3 months
of the operation.

Withdrawal reflex Gastroconemius
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Figure 2. The results of the spinal reflexes before surgery and 1, 2, 4, 6, 8 and 12-weeks
after surgery in different groups showed the improvement of the reflexes in the PRP and BM
groups, especially, at the 12 weeks.

Biochemical Tests

There were non-significant (P= 0.95) changes in AST values between
different groups at different times. There were significant (P= 0.0148)
variations in the CK values between dogs of groups A (control) and B
(PRP) versus group C (BM), but there was a non-significant change be-
tween groups A and B. There was a significant (P=0.01) increase in CK
in the first-month post-surgery compared to the pre-treatment values.
The variations in the Creatinine values between the different groups were
not significant (P= 0.3028). Also, the values of Urea were not changed
significantly (P= 0.8335) between the different groups at different times.

Macroscopic Examination

Gross examination of the operation site three months postoperative-

ly in dogs of the control group (A) revealed the presence of an obvious
and severe adhesion between the sciatic neurotomy site and surrounding
structures that made dissection and isolation of the nerve difficult, in ad-
dition to the presence of marked swelling at the neurotomy site. In dogs
of the PRP group (B), there was a slight swelling at the neurotomy site
without adhesions to the surrounding tissues. However, the sciatic nerves
of dogs of the BM group (C) showed the presence of a slight swelling at
the neurotomy site with slight adhesions to the surrounding structures in
all animals and the presence of ossification at the neurotomy site of one
dog (Figure 3).

Figure 3. Gross examination of the sciatic neurotomy site 12 weeks after induction of neu-
rotomies; adhesions and marked swelling (circle) at the neurotomy site in a dog of the
control group (A), slight swelling at the neurotomy site (circle) in a dog of the PRP group
(B), and ossification of neurotomy site (circle) in a dog of the BM group (C).

Microscopic Examination
Sections of the sciatic nerve that was stained by H&E
The Control Group (A)

The proximal part (just above the neurotomy site) 3 months, post-
operatively, showed increased vascularization, irregular arrangement,
degeneration, and necrosis of nerve fibers (Figure 4A). The intermediate
part (at the neurotomy site) showed massive fibrosis and fibroblastic pro-
liferation in addition to irregular arrangement and degeneration of the
nerve fibers (Figure 4B). The distal part (just below the neurotomy site)
displayed irregular configuration and severe necrosis of nerve fibers with
massive fibroblastic proliferation (Figure 4C).

The PRP Group (B)

The proximal part showed Schwann cell proliferation in a regular ar-
rangement and mild degenerated nerve fibers (Figure 4D). At the neurec-
tomy site, there was an increase in Schwann cell proliferation in addition
to newly formed nerve fibers in irregular arrangement (Figure 4E). Distal
to neurotomy, there were newly formed nerve fibers with an irregular
arrangement and mild fibroblastic proliferation (Figure 4F).

The BM group (C)

The proximal section demonstrated an irregular arrangement and
degeneration of the nerve fibers associated with increased vasculariza-
tion (Figure 4G). At the neurotomy spot, there was Schwann cell prolifer-
ation in addition to newly formed nerve fibers in irregular arrangement
with vascularization (fig, 4H). Distally, there was an irregular layout of vac-
uolated nerve fibers with moderate fibroblastic proliferation (Figure 41).

Sections of the sciatic nerve that was stained by Masson's Trichrome
The Control Group (A)

The proximal section of the nerve above the neurotomy site showed
mild collagen formation and degeneration of nerve fibers (Figure 5A). At
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Figure 4. Longitudinal section stained by H&E from the Sciatic nerve of dogs, 3 months
postoperatively: Control group; proximal part showing increased vascularization, irregu-
lar arrangement and necrotic degenerated nerve fibers (A), the intermediate part showing
massive fibrosis and fibroblastic proliferation in addition to irregular arrangement and de-
generated nerve fibers (B), the distal part showing the irregular arrangement and severe
necrosis of nerve fibers with massive fibroblastic proliferation (C). PRP group; proximal
part shows Schwann cells proliferation in a regular arrangement and mild degenerated nerve
fibers (D), the intermediate part shows increase Schwann cells proliferation in addition to
newly formed nerve fibers in irregular arrangement (E), the distal part shows newly formed
nerve fibers with irregular arrangement with mild fibroblastic proliferation (F). PM group;
the proximal part shows the irregular arrangement and degenerated nerve fibers associated
with increased vascularization (G), the intermediate part shows Schwann cells proliferation
in addition to newly formed nerve fibers in irregular arrangement with vascularization (H),
the distal part shows the irregular arrangement of vacuolated nerve fibers with moderate
fibroblastic proliferation (I).

the neurotomy site, there was an increase in collagen fiber formation in
addition to irregular arrangement and necrosis of the nerve fibers (Figure
5B). In the distal segment, there was an irregular arrangement and severe
necrosis of nerve fibers with massive collagen formation (Figure 5C).

The PRP Group (B)

The proximal histopathological section above the neurotomy site
showed Schwann cell proliferation in a regular arrangement and in-
creased newly formed nerve fibers (Figure 5D). At the neurotomy site,
indicated an increase of Schwann cell proliferation in addition to vac-
uolation of nerve fibers in irregular arrangement (Figure 5E). Distal to
the neurotomy site, there were newly formed nerve fibers and increased
vascularization (Figure 5F).

The BM group (C)

Sections proximal to the neurotomy site showed Schwann cell pro-
liferation in irregular arrangement with the presence of newly formed
nerve fibers (fig 5G). At the neurotomy site, there was minimal Schwann
cell proliferation in addition to the presence of vacuolated nerve fibers in
irregular arrangement (Figure 5H). Distal to the neurotomy site, there was
an increase in collagen formation that replaced the degenerated nerve
fibers (Figure 5I).

Sections of the sciatic nerve that was stained using Grimelius' Silver Stain

The Control Group (A)

The proximal section of the nerve above the neurotomy site and the

Figure 5. Longitudinal section stained by Masson’s Trichrome Stain from the Sciatic nerve
of dogs, 3 months postoperatively: Control group; proximal part showing mild collagen
formation and degenerated nerve fibers (A), the intermediate part shows an increase in col-
lagen fiber formation in addition to irregular arrangement and necrotic nerve fibers (B), the
distal part shows the irregular arrangement and severe necrosis of nerve fibers with massive
collagen formation (C). PRP group; proximal part shows Schwann cells proliferation in a
regular arrangement and an increase of newly formed nerve fibers (D), and the intermediate
part shows an increase in Schwann cells proliferation in addition to vacuolation of nerve
fibers in irregular arrangement (E), the distal part showing newly formed of nerve fibers
and increase vascularization (F). PM group; the proximal part showing Schwann cells pro-
liferation in irregular arrangement with the presence of newly formed nerve fibers (G), the
intermediate part showing minimal Schwann cells proliferation in addition to the presence
of vacuolated nerve fibers in irregular arrangement (H), the distal part showing an increase
in collagen formation replaced the degenerated nerve fibers (I).

section that was taken at the neurotomy site revealed vacuolar degener-
ation of the nerve fibers (Figure 6 A&B). In the distal segment, there was
massive disappearance of nerve axons (Figure 6C).

The PRP Group (B)

Sections proximal to the neurotomy site showed an increase in nerve
axon formation in a regular arrangement and mild vacuolar degenera-
tion in the nerve fibers (Figure 6D). At the neurotomy site, there was an
increase in the axonal appearance of newly formed and vacuolated nerve
fibers in irregular arrangement (Figure 6E). Distal to the neurotomy site,
sections revealed the presence of nerve axons in irregular and distorted
arrangement (Figure 6F).

The BM group (C)

Proximal to the neurotomy site, the histopathological section of the
sciatic nerve showed an increase in nerve axons formation in irregular
arrangement and vacuolar degeneration in nerve fibers (Figure 6G). At
the neurotomy site, sections showed degenerated axons with vacuolated
nerve fibers (Figure 6H). Distally, there was an absence of nerve axons in
some areas of the nerve (Figure 6l).

The microscopic changes at the neurotomy site and above and below
it after staining with different stains in the different groups were recorded
and summarized in Table 1.

Discussion

The present study was conducted to investigate the effect of both
platelet-rich plasma (PRP) and bone marrow (PM) aspirate on the func-
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nerve axons in some areas of the nerve (I).

nerve injury and damage.
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limb may occur but rarely because of nerve injury as was reported before
(Crisman, 1993).

The post-operative physiological parameters in all animals did not
show any significant variation from that of pre-operative values. These
results might be attributed to the absence of post-operation wound in-
fection because of using strict aseptic intraoperative procedures and the
use of broad-spectrum antibiotics, post-operatively. Moreover, the use of
analgesics, post-operatively, imparts to the animals the ability and toler-
ance to withstand pain due to nerve injury (Pypendop and Barter, 2016).

In the present study, the dogs showed clinically a knuckled under
posture of the treated limb till the end of the experiment in group A and
some animals of group C. However, the animals supported their weight
on the treated limb. The reason for this was that the quadriceps muscle
was functional due to the integrity of the femoral nerve (Chambers and
Hardie, 1986). The improvement in animals of group B especially in the
3rd-month post-operation might indicate an improvement in the sensory
fibers of the sciatic nerve to transmit a signal to the brain (De Lahunta
and Glass, 2009).

The dogs in the present study showed post-operative ataxia. This
type of ataxia is proprioceptive ataxia. The sciatic nerve is a mixed nerve
(Ueyama, 1977). The injury of that nerve leads to the loss of function of
both sensory and motor nerve fibers, which is manifested in the animal
as proprioceptive deficit and muscle atrophy, respectively (Dewey et al.,
2016). Ataxia is an important sign that aid in differentiation between the
lesions in the peripheral nerve or the lower motor neurons (LMNs). The
latter is not associated with ataxia due to the intact sensory nerve fibers
(De Lahunta and Glass, 2009).

According to the findings of this study, the dogs in the PRP and BM
groups showed some clinical improvement relative to the dogs in the
control group through the evaluation and grading of lameness in ani-
mals. It was documented that the degree of functional recovery varies
from 80% of normal in motor nerves to 50% or 60% of normal in mixed
nerves (Ducker, 1972). The presence and persistence of knuckling and
ataxia with an improvement of lameness in animals of this study gave
evidence that the motor nerve fibers regain their function earlier than the
sensory fibers in the treated sciatic nerve. The results of a previous study
revealed that the good results obtained after primary nerve repair occur
when the injured nerve is purely motor or purely sensory but not mixed
(Townsend, 1994). This may be attributed to some motor axons in the
mixed nerves may enter neurilemmal tubes of sensory neurons and vice
versa, rendering them nonfunctional (Swaim, 1981).

The dogs in PRP and BM groups showed improved postural reactions
gradually with time compared to the dogs in the control group. These
findings and other clinical findings (gait evaluation; ataxia and lameness)
verified the enhancement effects of PRP and BM when added to the treat-
ed sciatic nerve after its suturing. The findings of a previous work had
revealed that PRP could promote the regeneration of the injured periph-
eral nerve (Yu et al, 2011). This is due to the growth factors in the PRP
that influence the healing and regeneration of different tissues (Cho et
al,, 2010). Platelets are considered the body's natural reservoir of several
growth factors, so because PRP contains more platelets than bone mar-
row aspirate, this also means it contains more growth factors (Herthel,
2001; Nixon, 2008; Rolfe, 2008; Schnabel et al., 2006). As well as bone
marrow aspirate-treated tissues had a higher overall matrix metallopro-
teinase (MMP expression) relative to PPR. This explains why the nerve
healing outcomes of dogs treated with PPR are relatively better than
dogs treated with BM. On the other hand, BM aspirate’s effectiveness in
treating tendon and ligament injuries had been attributed to two factors;
the first is the presence of growth factors as in PRP (Nixon, 2008). The
second is the presence of mesenchymal stem cells (MSCs) in the BM in-
jected into an area of a damaged tendon (Fortier et al., 1998). These cells
might differentiate into mature tendon (or ligament) fibroblasts under
the signaling influences of the tissue and produce the appropriate matrix
products for repair. In the present work, the severed sciatic nerve is main-

ly composed of nerve fibers (axons) and free from the functional unit cells
(neuron or cell body) unlike the tendons that are composed of tenocytes
and extracellular matrix. Therefore, the addition of the BM aspirate to the
severed nerve might improve the process of regeneration through the
effect of the growth factors but not MSCs.

The spinal reflexes were scored from 1 to 2 in groups B and C, es-
pecially in the 2nd and 3rd months indicating a regain of the reflex arc
which includes the peripheral nerve, nerve roots, muscles, neuromuscular
junction, and the spinal segments (Dewey et al.,, 2016). Due to the spinal
segments of the sciatic nerve (L6-S1) being intact so the presence of the
spinal reflexes refers to the functional return of the injured sciatic nerve.
The results were attributed to the components of PRP and BM as was
mentioned before (Herthel, 2001; Nixon, 2008; Rolfe, 2008; Schnabel et
al., 2006). The loss of nociception was determined by the loss of reaction
of the examined dogs (turning the head toward the examiner, biting, and
vocalizing) when its digits were strongly clamped by a hemostat (Ab-
delhakiem et al,, 2015). In this study, all dogs in all groups did not show
reactions referring to the resuming or regaining of nociception. Although
the spinal cord parenchyma of the treated dogs was intact and had not
been subjected to any injury or trauma, the problem was in the conduc-
tion power of the injured sciatic nerve. The authors attributed the loss of
nociception to 1. The lack of functional healing of sciatic nerve (the sen-
sory portion) 2. Most of the fibers of sciatic nerve are unmyelinated which
are slow conducting of signals, as well as the brain may poorly localize
the C-fiber stimuli. C-fibers within the PNS transmit acute pain but in a
very slow way because they are unmyelinated fibers (Schmalbruch, 1986;
Thomson and Hahn, 2012).

The results of the present work revealed no significant variation in
the biochemical tests between different groups except the creatine ki-
nase, which was high in the BM group relative to PRP and control groups.
A serum CK level was measured to assess muscle damage. Elevation of
this enzyme with an increase in the level of AST is strong evidence for
muscle damage. CK elevation gives evidence of muscle degeneration or
necrosis (Sharkey and Radin, 2010). The biochemical tests (AST, Urea) that
had been evaluated in the study were not specific tests for muscle dam-
age. AST may be elevated in case of hepatocellular damage and muscle
damage. Urea is raised in the case of nephropathy or an increase in pro-
tein intake (Sharkey and Radin, 2010). Although CK is increasing in case of
muscle damage, it is not specific to etiology. CK and AST may be elevated
in case of muscle trauma, strenuous exercise, trembling, or intramuscular
injections. Conversely, some types of muscle disease may be not associ-
ated with an increase of CK or AST (Sharkey and Radin, 2010; Stockham
and Scott, 2008). In addition, the half-life of CK is short. This explains
why the CK values were significantly high in the first-month post-surgery
compared to the pre-treatment values. It was reported that CK activity
may increase in animals with neurologic disease. Necrosis or demyelin-
ation of neural tissues may cause increased CK activity in cerebrospinal
fluid samples, but neither is known to cause increases in serum CK activity
(Stockham and Scott, 2008).

The results of this study showed grossly a slight swelling and an ab-
sence of adhesion with the surrounding of the sciatic nerve at the site of
healing in the PRP group compared to groups A and C. This may be at-
tributed to the anti-inflammatory effect of PRP. The results of a previous
work explained that the lipoxin A4 (LXA4) levels were significantly higher
in PRP compared to the whole blood suggesting that PRP may suppress
cytokine release, limit inflammation, and, thereby, promote tissue regen-
eration (El-Sharkawy et al., 2007).

In the present work, the histopathological results showed that the
addition of the PRP to the sutured nerve offered good results followed
by the BM when compared to the control group. There was Schwann cell
proliferation in addition to newly formed disoriented nerve fibers with
new vascularization at the good microscopic inspection of the neurotomy
site in the PRP group. According to previous published data, the signs
of nerve regeneration include regenerating nerve clusters, onion bulbs,
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and Schwann cells (MacKay, 2010). The outcomes of the present study
displayed that the distal segment in the control group showed irregular
arrangement and severe necrosis of nerve fibers with massive fibroblastic
proliferation. It had been recorded that Wallerian degeneration ensues
24-48 hours after peripheral nerve injury and both distal axons and sur-
rounding myelin degenerate (Grifn et al., 2013).

Wallerian degeneration develops, and slow axonal regeneration fol-
lows at a rate of Tmm/day (Grinsell and Keating, 2014). As well as the
distance from the seat on nerve injury to the target has an important role
in the healing and regeneration of the injured nerve. For this reason, the
prognosis for return to function is good if the distance between the site
of injury and the end plate is less than 10 to 15 cm, and guarded if the
distance from the end plate is greater than 25 to 30 cm (Crisman, 1993).
In the present study, although the sciatic nerve was cut in all dogs at the
same site with an even distance from the target, there were variations
between groups in the histopathological findings. These findings were
better in PRP and BM groups than in the control one. These outstanding
results might be attributed to the growth factors present in the PRP and
BM aspirate. The growth factors that were released in the neurotomy sites
promoted the process of healing. Because the PRP contains much more
of growth factors than the BM aspirate (Herthel, 2001; Nixon, 2008; Pav-
lovic et al., 2016; Rolfe, 2008; Schnabel et al, 2006), better results were
obtained with the PRP.

In the present study, the seat of neurotomy showed good healing
and regeneration in all groups. This was due to the gentle handling of the
nerve without its crushing, immediate repair, and suturing of the nerve
ends after its cutting without leaving a gap. These factors encourage the
good healing of the severed nerves (Diao and Vannuyen, 2000; Honnas et
al.,, 2001; Dvali and Mackinnon, 2003).

Study Limitations

The study was carried out on a small number of animals, which is
probably attributed to the loss of availability of animals, the high cost
of animals, and the lack of well-prepared large spaces for hospitalizing
a large number of animals who will be subjected to the same factors of
the experiment at the same time. In addition, the study was conduct-
ed for three months, but the authors recommended an additional three
months after displaying the histopathological findings. Also, one of the
limitations of this study was the lack of dependence on some neuro-elec-
trophysiological tests, such as motor nerve conduction velocity, F waves,
and H waves for assessment of functional nerve conduction and reinner-
vation. This is because the lack of these facilities in our clinic.

Conclusion

The study concluded that surgical apposition and suturing of the sev-
ered nerve had an important role in the healing process of the injured
nerve. Platelet-rich plasma and bone marrow aspirate are easily collected
and prepared biological materials that promote nerve healing and re-
generation. Nerve healing was enhanced by the addition of PRP and BM
aspirate following suturing, with PRP being more effective. Although the
histological findings in the PRP and BM aspirate groups were satisfactory
three months after neurorrhaphy, the clinical findings did not clue the
differences in their efficiency in the enhancement of nerve healing.

Conflict of interest

The authors have no conflict of interest to declare.

References

Abdelhakiem, M.A.H., Youssef, H., Saleh, A.S., Uzuka, Y., 2015. Studies on interverte-
bral disc disease in dogs (Ph.D. thesis.). Faculty of Veterinary Medicine, Assiut
University, Egypt.

Anatolitou, A., Kazakos, G., Prasinos, N.N., 2012. Peripheral nerve damage in com-
panion animals. Hell. J. Companion Anim. Med. 1, 2-19.

Bexfeld, N., Lee, K., 2010. BSAVA guide to Procedures in Small Animal Practice. Br.
Small Anim. Vet. Assoc., 3rd Edition, pp. 46-51.

Cervelli, V., Lucarini, L., Spallone, D., Brinci, L., 2010. Use of platelet rich plasma and
hyaluronic acid on exposed tendons of the foot and ankle. J. Wound Care 19,
186-190.

Chambers, J.N., Hardie, E.M., 1986. Localization and management of sciatic nerve in-
jury due to ischial or acetabular fracture. J. Am. Anim. Hosp. Assoc. 22, 539-544.

Cho, H.H., Jang, S., Lee, S.C., Jeong, H.S,, Park, J.S., Han, J.Y., 2010. Effect of neural-in-
duced mesenchymal stem cells and platelet-rich plasma on facial nerve regen-
eration in an acute nerve injury model. Laryngoscope 120, 907-913.

Crisman, C.L,, 1993. Peripheral Neuropathies, in: Lea, B.M.J., Febiger (Eds.), Disease
Mechanismsin Small Animal Surgery, p. 1158.

De Lahunta, A, Glass, E., 2009. Upper motor neuron, in: editors (Ed.), Veterinary
Neuroanatomy and Clinical Neurology (De Lahunta A, Glass E. Saunders, St.
Louis, MO, USA, pp. 86-88.

Dewey, C., Costa, R, Thomas, W., 2016. Performing the Neurologic Examination, in:
Dewey, C., Costa, R. (Eds.), In. Practical Guide to Canine and Feline Neurology.
John Wiley & Sons Inc, pp. 11-12.

Dhurat, R, Sukesh, M.S., 2014. Principles and Methods of Preparation of Plate-
let-Rich Plasma: A Review and Author’s Perspective. J. Cutan. Aesthetic Surg.
7,189-197.

Diao, E., Vannuyen, T., 2000. Techniques for primary nerve repair. Hand Clin 16,
53-66.

Ding, X.G,, Li, SW., Zheng, X.M., Hu, L.Q., Hu, W.L, Luo, Y., 2009. The effect of plate-
let-rich plasma on cavernous nerve regeneration in a rat model. Asian J. Androl.
11, 215-221.

Ducker, T.B., 1972. Metabolic factor in surgery of peripheral nerve. Surg Clin North
Am 52, 1109-1122.

Dvali, L, Mackinnon, S., 2003. Nerve repair, grafting, and nerve transfers. Clin Plast
Surg 30, 203-221.

El-Sharkawy, H., Kantarci, A., Deady, J., Hasturk, H., Liu, H., Alshahat, M., V.D.T., 2007.
Platelet-Rich Plasma: Growth Factors and Pro- and Anti-Inflammatory Proper-
ties. J Periodontol 78, 661-669.

Fischer, AH., Jacobson, KA, Rose, J., Zeller, R,, 2008. Hematoxylin and eosin staining
of tissue and cell sections. CSH Protocol.

Forterre, F., Tomk, A, Rytz, U., Brunnberg, L., Jaggy, A., Spreng, D., 2007. latrogenic
Sciatic Nerve Injury in Eighteen Dogs and Nine Cats (1997-2006. Vet. Surg. 36,
464-471.

Fortier, LA, Nixon, AJ., Williams, J., 1998. Isolation and chondrocytic differentia-
tion of equine bone marrow-derived mesenchymal stem cells. Am J Vet Res
59, 1182-1187.

Grifn, J.W., Hogan, M.V,, Chhabra, A.B., Deal, D.N., 2013. Peripheral nerve repair and
reconstruction. J. Bone Jt. Surg. A 95, 2144-215.

Grinsell, D., Keating, C., 2014. Peripheral Nerve Reconstruction after Injury: A Re-
view of Clinical and Experimental Therapies. Hindawi Publishing Corporation.
BioMed Research International.

Herthel, D.J., 2001. Enhanced suspensory ligament healing in 100 horses by stem
cells and other bone marrow components, in: Proceedings. 47th Annual Ameri-
can Association of Equine Practitioners Convention. pp. 319-321.

Honnas, C.M., Dabareiner, R.M., Hand, D.R., 2001. How to perform palmar digital
neurectomy in the standing horse. Proc Am Assoc Equine Pr. 47, 285-286.
Lacci, KM., Dardik, A., 2010. Platelet-rich plasma: Support for its use in wound heal-

ing. Yale J. Biol. Med. 83, 1-9.

MacKay, R., 2010. The Art and Science of Equine Neurology — Peripheral Nerves &
Stringhalt, in: Proceedings of the 12th Annual Resort Symposium of the Amer-
ican Association of Equine Practitioners AAEP January 24. Guanacaste, Costa
Rica, p. 26..

Mackinnon, S.E., 1989. New directions in peripheral nerve surgery. Ann Plast Surg
22,257-273.

Nathan, S., Das De, S., Thambyah, A., 2003. Cell-based therapy in the repair of osteo-
chondral defects: a novel use for adipose tissue. Tissue Eng 9, 733-744.

Nixon, A.J., 2008. Injectable treatment options for tendinitis: growth factors, bone
marrow aspirate concentrate, and PRP, in: Veterinary European Equine Meeting.
XIV SIVE/FEEVA Congress. Lido Di Venezia Palazzo Del Casino January 25th-
27th.

Pavlovic, V., Ciric, M., Jovanovic, V., Stojanovic, P., 2016. Platelet rich plasma: a short
overview of certain bioactive components. Open Med 11, 242-247.

Pypendop, B., Barter, L., 2016. Pharmacologic Management of Pain for Patients with
Neurologic Disease. In. Practical guide to canine and feline neurology, 3rd ed.
John Wiley & Sons, Inc.

Quinn, M.M,, Keuler, N.S,, Lu, Y., M.L, F,, Muir, P, Markel, M., 2007. Evaluation of
Agreement between Numerical Rating Scales, Visual Analogue Scoring Scales,
and Force Plate Gait Analysis in Dogs. Vet. Surg. 36, 360-367.

Rolfe, R, 2008. lameness of the foot, in: Proceeding of the LAVC Latin American
Veterinary Conference Oct. Lima Peru, pp. 3-6,.

Sariguney, Y., Yavuzer, R, Elmas, C., Yenicesu, |, Bolay, H. anfd A, K., 2008. Effect of
platelet-rich plasma on peripheral nerve regeneration. J. Reconstr. Microsurg.
24, 159-167.

Sarikcioglu, L., Yaba, A., Tanriover, G., Demirtop, A., Demir, N., Ozkan, O., 2007. Effect
of severe crush injury on axonal regeneration: A functional and ultrastructural
study. J Reconstr Microsurg 23, 143-149.

Schmalbruch, H., 1986. Fiber composition of the rat sciatic nerve. Anat. Rec. 215,
71-81. https://doi.org/10.1002/ar.1092150111

Schnabel, LV., Mohammed, H.O., Miller, B.J., McDermott, W.G., Jacobson, M.S., San-
tangelo, K:S., Fortier, LA, 2006. Platelet-rich plasma (PRP) enhances anabolic
gene expression patterns in flexor digitorum superficialis tendons. J Orthop Res
25, 230-40. https://doi.org/10.1002/jor.20278.

Sharkey, L.C., Radin, J.R., 2010. Manual of Veterinary Clinical Chemistry: A Case Study
Approach. Publisher: [Teton NewMedia; 1+t edition.

Stockham, S.L, Scott, M.A,, 2008. Fundamentals of veterinary clinical pathology,

113



M.A.H. Abdelhakiem et al. /Journal of Advanced Veterinary Research (2025) Volume 15, Issue 1, 106-114

in: 9600 Garsington Road, Oxford OX4 2DQ, UK. Blackwell Publishing Ltd, pp.
661-663.

Swaim, S.F., 1981. Peripheral neuropathies, in: Lea, Febiger (Eds.), Pathophysiology in
Small Animal Surgery (Bojrab, M.J. pp. 233-242.

Thomson, C,, Hahn, C, 2012. Veterinary Neuroanatomy: A Clinical Approach by Chris-
tine E Thomson BVSc(Hons), PhD, DipACVIM(Neurol), DipECVN, ILTM, MRCVS,
Caroline Hahn DVM, MSc, PhD, DipECEIM, DipECVN, MRCVS | 9780702034824
| Paperback | Barnes & Noble® [WWW Document]. URL https://www.barne-
sandnoble.com/w/veterinary-neuroanatomy-christine-e-thomson-bvsc-hons-
phd-dipacvim-neurol-dipecvn-iltm-mrcvs/1117773198 (accessed 9.3.24).

Townsend, P.L., 1994. Microsurgical techniques in reconstructive surgery, in: Keen, G.,

Farndon, J.R. (Eds.), Operative Surgery and Management. Butterworth-Heine-
mann, Oxford, UK, pp. 434-435.

Ueyama, T., 1977. The topography of root fibres within the sciatic nerve trunk of the
dog. J. Anat. 127, 277-290.

Westermark, P., 2015. Lars Grimelius and his silver impregnation method—Com-
mentaries on the paper in Upsala Journal of Medical Sciences with the highest
number of citations. Ups. J. Med. Sci. 120, 113-116.

Yu, W., Wang, J., Yin, J,, 2011. Platelet-Rich Plasma: A Promising Product for Treat-
ment of Peripheral Nerve Regeneration after Nerve Injury. Int. J. Neurosci. 121,
176-180.

114



