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Abstract: Background: Sciatic nerve injuries are most commonly seen in war/combat-
related injuries, with the literature describing peripheral nerve injuries associated with as
many as 30% of combat-related injuries. These include penetrating mechanisms, such as
blast shrapnel, gunshot wounds, or bone fragments/fractures as the secondary injury
mechanism after explosions. Animal studies in rat sciatic nerve and rabbit common
peroneal nerve models have demonstrated improved axon counts and gait function after
end-to-end coaptation with a PTB nerve wrap. Improved gait function has also been
demonstrated in a one cm rat sciatic nerve graft model. End-to-end repair is preferred for
transected nerves with short gaps . However, if such a repair places the nerve or the site of
repair under substantial tension, outcomes are likely to be poor and repair failure emerges

doi: 10.48047/AFJBS.6.2.2024.3252-3260 as a significant concern ; so, an intervening graft or conduit is deployed.
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Introduction

Sciatic nerve injuries are most commonly seen in war/combat-related injuries, with the literature describing
peripheral nerve injuries associated with as many as 30% of combat-related injuries [1]. These include
penetrating mechanisms, such as blast shrapnel, gunshot wounds, or bone fragments/fractures as the
secondary injury mechanism after explosions [1].

In addition, due to the diameter, length, and regeneration distance of the nerve, repairs lead to significant
challenges and dilemmas. Ultimately, for these reasons, many studies have illustrated poor functional outcomes
and high complication rates following sciatic nerve repair in both civilian and military practices [2].

Axonal regeneration occurs exclusively in peripheral nerves. Wallerian degeneration occurs at the distal axonal
stump, and growth cone formation occurs at the proximal axonal stump. In complete nerve transections, this
recovery process can be hindered by neuroma formation. Incomplete regeneration requires appropriate
treatment to avoid permanent muscle atrophy and functional loss [3].

Surgical repair aims to reestablish continuity between the proximal and distal nerve stumps to restore
innervation of end target receptors. Sciatic nerve injuries are commonly repaired directly or reconstructed
with autologous nerve grafts along with neurolysis. Direct (end-to-end) repair is exclusively performed when
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the gap is short and tension-free repair is possible. This is accomplished by approximating the ends with tissue-
fibrin glue or by coapting the epineurium with sutures [4].

On the other hand, nerve grafts are required when the gap is too extensive to allow tension-free repair. The
sural nerve is the most common donor nerve used. Neurolysis aims to remove scar tissue between the fascicles
(internal neurolysis) or from around the nerve (external neurolysis). Surgical neurolysis involves dissection
and exploration of a damaged nerve with the goal of freeing the nerve from local tissue restrictions or
adhesions. Additionally, multilevel segmental injuries may require a combination of techniques [5].

Since the research by Roganovic¢ et al. was published, many studies have evaluated the use of newer techniques,
such as nerve transfers. Nerve transfers are used to augment motor and sensory recovery after injury. It
involves using an expendable donor nerve that serves the equivalent function as another nerve in the body and
affixing it to a denervated (injured) nerve in an end-to-end or end-to-side fashion. Hence, the rerouted nerve
can aid motor or sensory recovery distal to the injury site [6].

A study evaluated the use of nerve transfers to provide better outcomes than those seen with alternative
techniques. The transfer technique was carried out on 2 male patients with sciatic nerve injuries resulting in
complete palsy. Both patients underwent a transfer of distal motor branches of the femoral nerve to the
gastrocnemius nerve, along with the transfer of the saphenous nerve to the sural nerve for sensation [7].

The researchers found that both patients achieved motor recovery of MRC grade 3 and 3+ in plantar flexion by
18 months postoperatively. The patients also recovered sensation, which was signified by the Tinel sign.
Interestingly, it was found that direct end-to-end repair of nerves yielded better functional outcomes than the
use of a graft in nerve transfers [8].

This study shows that the femoral nerve has promising use as a nerve transfer donor with sufficient
reinnervation to distal nerves. These further support the potential use of nerve transfers in sciatic nerve
repairs. The outcomes of sciatic nerve repair are relatively poor and debilitating, even with lesions in continuity
requiring only neurolysis. The reasons for this could be attributed to the highly traumatic nature of these
injuries, which were frequently segmental, multilevel injuries involving long regeneration distances [9].
Sciatic Nerve Graft Regeneration in Male Albino Rats

Animal studies in rat sciatic nerve and rabbit common peroneal nerve models have demonstrated improved
axon counts and gait function after end-to-end coaptation with a PTB nerve wrap. Improved gait function has
also been demonstrated in a one cm rat sciatic nerve graft model [10].

Research strategies to improve recovery after nerve repair fall into two main categories: methods that enhance
axonal regeneration and methods that decrease environmental inflammation. Methods to enhance axonal
regeneration can be further broken down into: (Section 1) enhancing axonal sprouting from the distal nerve
stump (growth factors; electrical stimulation of the proximal stump); (Section 2)

Enhancing Axonal Regeneration

1.1. Growth Factors

Nerve growth factors (neurotrophins) are molecules that are naturally released in the process of nerve
regeneration. They are released from the nerve ending, especially following a nerve injury, and have an effect
on nerve growth, differentiation, and surveillance. A number of these neurotrophic factors have been isolated
and applied to the proximal nerve stump after injury to enhance axonal regeneration [11].

Nerve growth factor (NGF) is present at low concentrations in healthy nerves. Following nerve injury, NGF is
upregulated in the distal nerve stump and plays an important role in the survival of sensory neurons and
outgrowth of their neurites. There are numerous other growth factors that have been identified during nerve
regeneration, including Glial growth factor (GGF), fibroblast growth factor (FGF), glial cell-derived
neurotrophic factor (GDNF), neurotrophin 3 (NT-3), ciliary neurotrophic factor, and leupeptin [11].

NGF, GGF, GDNF, and NT-3 have been applied in nerve conduits to small animal models of nerve gap injury (1-
4 cm gap), demonstrating improved histological, electrophysiological, and functional outcomes compared to
conduit controls. However, one of the few studies comparing NGF-seeded conduits versus nerve autografts
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demonstrated superior functional outcomes in the autograft group. Future application of growth factors in
combination or via sustained release delivery systems or scaffolds could further enhance axonal regeneration,
particularly for conduits in nerve gap injuries [12].

1.2. Electrical Stimulation

There have been limited reports of applying electrical fields/gradients across a repaired peripheral nerve to
speed up axonal regeneration. Animal studies demonstrate that as little as one hour of direct nerve electrical
stimulation immediately after repair of a transected femoral nerve in the rat promotes a dramatic increase in
the kinetics of target muscle reinnervation [13].

In a clinical pilot study, one hour of electrical stimulation was applied after median nerve decompression at the
wrist for 21 patients with carpal tunnel syndrome and thenar atrophy. The electrical stimulation group showed
evidence of accelerated axonal regeneration and target reinnervation through motor unit number estimation
and sensory and motor nerve conduction studies [14].

Optimizing Axonal Regeneration across a Coaptation

2.1. Nerve Conduits

The ideal synthetic conduit should be permeable enough to provide sufficient diffusion of oxygen and
metabolites for supporting Schwann cells proliferation, but should also prevent fibroblast infiltration. Schwann
cell migration into nerve conduits or acellularized allografts is insufficient beyond 2 cm and is therefore one of
the major limiting factors to axonal advancement over large gaps [15].

The engineering challenges for nerve repair are to accommodate larger deficits (diameter and length),
maximize the number of regenerating axons, and guide axons with target specificity. An effective nervous tissue
construct may require some combination of three primary components: a scaffold, cells, and signaling factors.
Scaffolds provide a temporary structure necessary for Schwann cell migration and axon outgrowth, and are
eventually replaced with host cells and extracellular matrix [16].

Different growth factors can be incorporated directly (in solution), into the tube’s lumen, or through a delivery
system. Because the effect of growth factors is often dose-dependent and requires their release over extended
periods, delivery systems are generally preferred [11].

2.2. Nonthermal Laser Amnion Wrap

Photochemical tissue bonding (PTB) creates a covalently bonded nerve wrap around a nerve coaptation, using
an Nd/YAG laser, photoactive dye, and a nonimmunogenic amnion wrap. The problems of unintended thermal
injury to nerve tissue from traditional laser techniques are avoided [10].

Collagen fibers in the amnion wrap are covalently bonded to collagen in the epineurium. This bond adds
strength to the repair, concentrates neurotrophic and neurotropic factors inside the coaptation where they are
needed, excludes inflammatory mediators from the extrinsic tissues, and contains regenerating axons, guiding
them distally towards the motor/sensory target [12].

Animal studies in rat sciatic nerve and rabbit common peroneal nerve models have demonstrated improved
axon counts and gait function after end-to-end coaptation with a PTB nerve wrap. Improved gait function has
also been demonstrated in a one cm rat sciatic nerve graft model [17].

2.3. Thermal Laser Welding

Thermal laser achieves tissue bonding by denaturation of structural proteins, which anneal and join when
cooled. Tse and Ko reported successful nerve coaptation by laser welding in 1985; however, this was followed
by reports of frequent dehiscence of 12% to 41%. To prevent dehiscence, one or two stay sutures can be placed
before laser welding; however, nylon stay sutures lose their tensile strength when irradiated with a CO2 laser
[18].

Although CO2 laser-welded nerve adhesion has demonstrated favorable results in animal models, its clinical
use can be cumbersome, and its versatility is limited. Concerns remain about the high rate of nerve dehiscence
and thermal injury to axons and nerve tissue [18].

2.4. Glue Repair
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Advantages of an adhesive for nerve repair include ease of use, less tissue trauma, maintenance of nerve
architecture, better fascicular alignment, and less scarring compared to microsutures [18].

The ideal glue should not induce fibrosis that can lead to nerve compression and in the case of substance
interposition between nerves, it should not act as a barrier to nerve regeneration. The glue should provide
adequate mechanical strength to prevent gapping or rupture at the initial repair and during the postoperative
period [18].

Fibrin sealants have a proven track record as a safe and effective nerve glue. The longest and greatest
experience with nerve glue is in brachial plexus reconstruction. In this setting, fibrin glue has been
indispensable [18].

Nerve glue allows repairs to be performed at or immediately within the bony foramen of a proximal nerve root
where quality suture repair is not possible [18].

A systematic review of fibrin glue for peripheral nerve repair revealed 14 animal studies, 1 cadaver study, and
1 human study that fit the study criteria. Most found fibrin glue repair to be equal or superior to suture repair
[19].

However, in clinical practice, concerns remain about the lack of adequate tensile strength for fibrin glue repair
alone. A biomechanical study of rabbit sciatic nerve repair reported inferior load to failure and load to gapping
with fibrin glue only relative to suture repair immediately after repair. Similar inferior load to failure results
have been found in a rat sciatic nerve model immediately and 7 days after repair. Fibrin glue repair was equal
in strength to suture repair after a delay of 14 and 28 days. Therefore, in clinical practice, fibrin glue is
predominantly used as an adjunct to microsutures or to coapt nerves where suturing is not possible, for
example, intervertebral foramen [18].

Another biocompatible glue is PEG hydrogel, which demonstrates stronger adhesion than fibrin glue without
being neurotoxic. In a rat sciatic nerve model, Lin and coworkers created a 5-mm nerve defect as a model of
nerve coaptation under tension and repaired the nerve with 10-0 nylon epineural sutures, fibrin glue, or PEG
hydrogel [20].

PEG may be superior to fibrin glue because of its greater tensile strength and longer duration before breakdown
(4 weeks). PEG is nontoxic and biocompatible, and does not induce a significant inflammatory response. What
may be an additional advantage is that it may have adhesion-inhibiting properties that prevent perineural
scarring. PEG hydrogel is therefore a promising candidate as a nerve glue [18].

End-to-end repair

End-to-end repair is preferred for transected nerves with short gaps. However, if such a repair places the nerve
or the site of repair under substantial tension, outcomes are likely to be poor, and repair failure emerges as a
significant concern. So, an intervening graft or conduit is deployed [21].

Hollow conduits are acceptable for relatively short gaps, but for modest to long gaps, autografts remain the
gold-standard. Despite their utility, autografts have many disadvantages, including additional patient exposure
to anesthesia, donor site morbidity, geometry mismatches between injured and donor nerves, and the presence
of multiple interfaces across which axons must grow before even reaching the distal nerve [22].

On the other hand, despite the prevalence of graft-based repairs, there is increasing evidence that low to
moderate tension may be beneficial to nerve regeneration. In vivo and ex vivo models suggest accelerated
axonal or nerve outgrowth under tension, and direct end-to-end nerve repairs under slight tension in fact
outperform tension-free graft repairs for modest nerve gaps [23].

Microsurgical end-to-end epineural suturing is the most common method of repair. In addition, repair with
nerve conduits has been used, where nerve ends are placed near each other within conduits. Tissue glue can
be used instead of epineural sutures to approximate the nerve ends. Nerve gaps of 3-5 cm have been studied
with allograft or autograft nerve grafts [24].
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However, current clinical practice does not recommend end-to-end repairs for certain transection injuries, due
to the possibility of excess tension along the nerve and at the repair site. Attempting the repair can result in
tissue damage and catastrophic repair failure [25, 26]. Because of this rationale, surgeons typically use a graft
to repair any nerve gap larger than 3 cm in length [22].

End-to-end repairs have been successfully completed following nerve lengthening across a nerve gap, with
variable outcomes. Despite these successes, nerve-lengthening strategies have not yet been translated, possibly
due to the invasiveness of lengthening strategies and/or inconclusive outcomes [27].

If an end-to-end repair fails, the results are catastrophic. Because functional outcomes cannot be evaluated
until weeks to months after the repair, failure may often not be detected until a very late time point. Therefore,
clinical practice has tended to steer more conservatively, avoiding tension as much as possible during nerve
repairs [28].

However, if failure does not occur, outcomes are better for tensioned end-to-end repairs than grafts, even at
moderate strains. These findings are consistent with clinical evidence of the superiority of end-to-end repairs
over grafts, especially in clinical situations that require very long grafts. Thus, there is a significant benefit to
developing strategies that facilitate safe end-to-end repair of severed nerves [28].

End-to-end microsurgery is typically accepted as a successful therapeutic option for PNI with a small defect
gap (<5 mm). Nevertheless, for chronic PNI with a big defect gap (>5 mm), the body’s ability to regenerate itself
is severely constrained, and an effective form of implant is required to bridge the nerve gap in order to
stimulate axonal regrowth function and functional recovery [29].

The potential implants containing regenerative components like cells and an extracellular matrix in their
microenvironment could provide favorable regeneration efficiency to nerve regeneration. Autografting, a
typical treatment for peripheral nerve injury, demonstrates a high therapeutic impact in tissue engineering
applications [30].

It is known that the most indicated technique for nerve recovery in cases of neurotmesis is the end-to-end
neurorrhaphy. However, when simple connection is not possible due to the loss of structure and the presence
of a gap, the technique of autologous grafting is used. This technique is capable of guiding axonal growth and
joining the ends of the distal and proximal stumps [31].

Surgical technique

The sciatic nerve, originating from the confluence of five spinal nerve roots spanning from L4 to S3, stands as
the most substantial and lengthy peripheral nerve within the human body. It serves a multifaceted role,
encompassing both sensory and motor functions, contributing significantly to the functionality of the lower
limb. Morphologically, the sciatic nerve exhibits a broad and flat configuration within the hip region,
progressively assuming a more cylindrical shape as it descends towards the lower extremity, eventually
spanning an approximate length of 2 centimeters [32, 33].

The sciatic nerve is discretely divided into three distinct segments based on the location of injury. The upper
part pertains to injuries originating from the sciatic notch and extending to the region traversing the gluteus
maximus muscle. Middle-part injuries involve damage to the deep-seated component of the nerve, commencing
from the inferior border of the gluteus maximus and extending beneath the biceps femoris muscle. In the case
of lower-part injuries, the sciatic nerve’s divisions are isolated, with the tibial division injury site defined up to
its entrance into the popliteal fossa, while the peroneal division injury site is delineated until it enters the bony
groove [32, 33].

Regardless of the precise location of the incision-induced injury, a surgical approach that adheres to the
anatomical trace, prioritizing the preservation of skin vascularity, is consistently employed. Following the
meticulous dissection of muscular layers to expose the nerve, the knee is flexed and stabilized to alleviate
tension. The use of automatic retractors facilitates the surgical procedure, conducted under the guidance of a
microscope. Initial assessments involve the verification of the continuity of both nerve divisions, with probing
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conducted using a nerve probe instrument. In cases of concomitant vascular injuries, vascular surgeons
perform the necessary vascular repairs [34].

For primary nerve anastomosis, the nerve endings intended for reconnection are meticulously approximated,
ensuring a precise end-to-end alignment of nerve fibers. Thick sutures, typically 2.0 silk suture material (26
mm round; Dogsan, Turkey), are employed to epineurally approach either the tibial or peroneal branch at a
120-degree angle from the posterior aspect. This choice of suture material is made to mitigate any potential
dissection of the epineural tissue by nylon sutures. Recognizable nerve fibers are subsequently anastomosed
in an end-to-end fashion through the placement of two stitches each, employing 9/0 nylon suture material (5.0
mm round; Dogsan, Turkey) [34].

It is worth noting that the primary method employed for anastomosis is through epidural sutures. The
remaining 240-degree section of the nerve, and the gaps between the thick sutures in the remaining 120-degree
section are meticulously sutured using 4.0 silk material (13 mm round; Dogsan, Turkey). Following the closure
of anatomical layers, the knee is immobilized at an approximate 90-degree angle without extension, effectively
preventing undue tension on the sutures, a crucial factor in preventing anastomotic failure [34].

End-to-End Technique

A 2-cm portion of rat sciatic nerve that was transected and then repaired back in its position. (A) Intraoperative
image. (B) Schematic diagram showing the sciatic nerve (orange) and the graft (yellow). (C) Superimposed
schematic on the intraoperative image [35].

Although traditional nerve repair has been improved since the introduction of the surgical microscope, and
somewhat better results of nerve repair have been obtained, functional results of standard end-to-end nerve
repair at a 90-degree angle are still unsatisfactory [34].

Many factors affect the functional results of nerve repair, including slow growth and an inadequate number of
regenerated nerve fibers. The nerve repair site is an important bridge. An oblique nerve repair at a 30-degree
angle [36, 37] was performed, increasing the contacted repair surface area, which may result in an increase in
the number of regenerative fibers and better muscle recovery [36, 37].

/ \.
AN

Oblique Transverse
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Figure 1 Two types of neurorrhaphy were performed in each rat: on the right side, standard end-to-end repair
at a 90-degree angle of attachment; on the left side, oblique repair at a 30-degree angle of attachment [36].

Figure 2 Illustration of surgical procedures. A, On the oblique side, the peroneal nerve was cut at a 30-degree
angle; the distal angle tip of the proximal stump was 3 mm below the point of bifurcation of the sciatic nerve
into the peroneal nerve and tibial nerve trunk. B, On the standard transverse side, the peroneal nerve was cut
ata 90-degree angle [36].

In a study conducted by Murovic JA, favorable outcomes for tibial division anastomoses were reported at 79%
at the hip level and 90% at the thigh level. Similarly, success rates for peroneal division anastomoses in
Murovic’s study stood at 55% at the hip level and 61% at the thigh and knee levels [38].

Further corroborating this trend, Roganovic Z reported recovery rates of 11%, 31%, and 57% for proximal-to-
distal sciatic repairs resulting from gunshot wounds [39].

Nerve Regeneration between End-to-End Vs End-to-Side

In 2003, Hayashi et al. conducted one of the first studies to assess collateral sprouting that occurs following
end-to-side neurorrhaphy. Using a sample size of 15 rats divided into 3 groups, the sciatic nerve was
transplanted between the left and right median nerves, either end-to-end or end-to-side in three different
groups. Histological analysis after 60 days concluded that nerves regenerate by collateral sprouting from the
donor nerves following end-to-side neurorrhaphy [40].

In a histological study conducted by De Sa et al., using peroneal and sciatic nerves in rats (sample size of 28 rats
divided into 4 groups), they concluded that end-to-side repair is not as efficient as the conventional end-to-end
nerve repair. Histological analysis done after 56 days, which was retrieved 10mm distal to repair. According to
these results, a quite satisfactory morphologic regeneration occurred 8 weeks after an end-to-side nerve repair
[41].

Along with De Sa et al.’s study, Kanit Sananpanich et al. emphasized the same superiority of end-to-end over
end-to-side in 24 rats, but after 3 months [42].

Bontioti et al. also showed superiority of end-to-end neurorrhaphy over end-to-side neurorrhaphy in a sample
size of 34 rats [43].

Lundborg et al. using similar histological techniques to our study also emphasized collateral sprouting
following end-to-side neurorrhaphy [44].

To the aforementioned experimental studies, end-to-side was not done extensively in humans until 1988, in
which year Ulrich Mennen emphasized good clinical results in 22 patients suffering from a variety of nerve
injuries, all treated with end-to-side neurorrhaphy [45:50].
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