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	Abstract

	Introduction: The repair of peripheral nerve injuries is still one of the most challenging tasks and concerns in neurosurgery. Effect of cyclosporin (CsA) loaded silicon conduit as an in situ delivery system of CsA in bridging the defects was studied using a sciatic nerve regeneration model in diabetic rats.

	Methods: A 10-mm sciatic nerve defect was bridged using a silicon conduit (SIL/CsA) filled with 10 µL carrier-drug dilution (10 ng/mL CsA). In control group (SIL), the conduit was filled with the same volume of the phosphate buffered solution. The regenerated fibers were studied 4, 8, 12 and 16 weeks after surgery.

	Result: The functional and electrophysiological studies confirmed faster recovery of the regenerated axons in CsA treated than control group (P < 0.05). The mean ratios of gastrocnemius muscles weight were measured. There was statistically significant difference between the muscle weight ratios of SIL/CsA and SIL groups (P<0.05). Morphometric indices of regenerated fibers showed number and diameter of the myelinated fibers in SIL/CsA were significantly higher than in control group.

	Conclusion: Cyclosporin when loaded in a silicon conduit resulted in improvement of functional recovery and quantitative morphometric indices of sciatic nerve in diabetic rats.
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	Introduction

	Surgical therapy in patients with peripheral nerve injuries has not presented changes over the last decades due to the use of autologous grafts, development of intraoperative magnification, and proven deleterious effects of tension at neural repair site and despite all the advancements achieved, functional repair results are still imperfect [1]. In case of significant damage to nerve tissue, severely-damaged nerves do not spontaneously restore their function and their continuity has to be first reestablished by microsurgical intervention such as suture or interposition of a graft [2,3]. A widely accepted method used by most surgeons involves bridging the defect with an autologous donor nerve. However, it has disadvantages of sacrificing functional nerves [4]. In extensive defects or in several nerve defects on a same patient, there may not be enough autologous donor nerve to fill that neural failure [1]. Therefore, increasing efforts have been made over the last two decades to investigate effective alternatives to autogenous nerve grafts [5]. The possibility of repairing nerve defects through bridging a gap by means of tubes made by non-nervous materials has been widely experienced, both experimentally and in clinical practice [5-7]. Many types of cells, growth factors and drugs have been used combined with tube grafting to promote nerve regeneration [2,8].

	It has been reported that using silicone tubes in bridging of nerve defects could be promising because it is inert and does not induce extensive scarring or degeneration after implantation [9]. The advantages like no donor morbidity, availability, affordability and no foreign reactions make silicone rubber chamber an attractive alternative to other standard grafts [10]. It has been demonstrated that silicone rubber tubes are well tolerated in humans even after 3 years of implantation [11].

	Immunosuppressants were originally introduced to prevent rejection of allografts; later, it was discovered that FK506 also possessed nerve regenerative properties when applied systemically and topically loaded at sub-immunosuppressant doses in non-nerve grafts [12-15]. Cyclosporine has been widely employed in organ transplantations in association with other drugs, allowing a significant morbidity reduction when compared to early immunosuppression methods [16]. Mechanism of action of cyclosporine in nerve regeneration remains controversial [17-20]. The role of cyclosporine A (CsA) on peripheral nerve regeneration has been investigated after peripheral nerve allografting in experimental models immunosuppressed with CsA [21,22]. Most of these studies were concentrated on allograft survival, rather than on the direct effect of CsA on peripheral nerve regeneration [18]. The literature is poor and to the best of our knowledge local effect of CsA on peripheral nerve repair has not been well investigated to date on diabetic rats. 

	Because of promising beneficial effects of silicone tube as an inert conduit and the neuroregenerative and immunosuppressive effects of CsA, the objective of the present study was to assess topical effects of a CsA -loaded silicone tube as an in situ delivery system of CsA in bridging the defects on peripheral nerve regeneration using a rat sciatic nerve transection model. Assessment of nerve regeneration was based on behavioral, functional (walking track analysis), electrophysiological, histomorphometrical and immunohistochemical (Schwann cell detection by S-100 expression) assessments at 4, 8, 12 and 16 weeks surgery.

	Materials and Methods

	Experimental Design

	 Eighty male White Wistar rats weighing approximately 290 g were divided into four experimental groups (n = 20), randomly: Transected control group (TC), sham-surgery group (Sham), silicone control group (SIL) and cyclosporin treated group (SIL/CsA). Each group was again subdivided into four subgroups of five animals each and surveyed in four time points of. Two weeks before and during the entire experiments, the animals were housed in individual plastic cages with an ambient temperature of 23 ± 3º C, stable air humidity, and a natural day/night cycle. The rats had free access to standard rodent laboratory food and tap water. For insulin-deficient diabetes, rats were fasted overnight before receiving a single intraperitoneal injection (50 mg/kg in 0.9% sterile saline) of streptozotocin (STZ). Hyperglycemia (15 mmol/l or greater) was confirmed 2 days later by measurement of tail-vein blood glucose concentration (Ames Glucostix; Myles, Elkhart, IN). The rats underwent grafting procedures three days after induction of diabetes.

	Preparation of cyclosporine A

	The dose of CsA was modification of a method described by others for other immunosuppressant [15]. Briefly, the original solution of CsA (Sigam-aldrich, Chemie GmbH and Germany) was prepared as 5 mg/ml. Then two serial dilutions were performed to reduce the concentration to 10 ng/ml: carrier dilution (20 μl original CsA into 10 ml sterile olive oil [Sigma-aldrich Chemie GmbH, Germany] to give final concentration of 10 μg/ml) and carrier-drug dilution (10 μl of first dilution into 10 ml olive oil to give final concentration of 10 ng/ml). The natural viscosity of the oil maintained the carrier or carrier-drug combination within the silicon conduit.

	Grafting procedure

	Animals were anesthetized by intraperitoneal administration of ketamine-xylazine (ketamine hydrochloride 5%, 90mg/kg and xylazine hydrochloride 2%, 5mg/kg). The procedures were carried out based on the guidelines of the Ethics Committee of the International Association for the Study of pain [23]. The University Research Council approved all experiments. 

	Following surgical preparation in the sham-operation group (Sham) the left sciatic nerve was exposed through a gluteal muscle incision and after careful homeostasis the muscle was sutured with resorbable 4/0 sutures, and the skin with 3/0 nylon. In the SIL group the left sciatic nerve was exposed through a gluteal muscle incision and transected proximal to the tibio-peroneal bifurcation where a 7 mm segment was excised, leaving a gap about 10 mm due to retraction of nerve ends. Proximal and distal stumps were each inserted 2 mm into a silicone tube, 2 mm in inner diameter and 6 mm in outer diameter, and two 10/0 nylon sutures were placed at each end of the cuff to fix the tube in place and to leave a 10-mm gap between the stumps. The conduit was filled with 10 μL the phosphet buffered saline and sterile Vaseline was used to seal the ends of the tubes to avoid leakage. In the SIL/CsA group the conduit was filled group the conduit was filled with 10 μL the carrier-drug dilution. The animals were anesthetized (see above) and euthanized with transcardial perfusion of a fixative containing 2% paraformaldehyde and 1% glutaraldehyde buffer (pH 7.4) 4, 8, 12 and 16 weeks after surgery.

	Behavioral Testing

	Functional recovery of the nerve was assessed using the Basso, Beattie, and Bresnahan (BBB) locomotor rating scale for rat hind limb motor function [24]. Although BBB is widely used to assess functional recovery in spinal cord injured animals, however, it has been demonstrated that it could be most useful in assessment of never repair processes in peripheral nerve injuries [25]. Scores of 0 and 21 were given when there were no spontaneous movement and normal movement, respectively. A score of 14 shows full weight support and complete limbs coordination. BBB recordings were performed by a trained observer who was blinded to the experimental design. The testing was performed in a serene environment. The animals were observed and assessed within a course of a 4-minute exposure to an open area of a mental circular enclosure. BBB scores were recorded once before surgery in order to establish a baseline control and again weekly thereafter to assess functional recovery during 16 weeks.

	Functional assessment of reinnervation

	Sciatic functional index (SFI):  Walking track analysis was performed 4, 8, 12 and 16 weeks after surgery based on Bain et al. [26]. The lengths of the third toe to its heel (PL), the first to the fifth toe (TS), and the second toe to the fourth toe (IT) were measured on the experimental side (E) and the contralateral normal side (N) in each rat. The Sciatic Function Index (SFI) in each animal was calculated by the following formula: 

	SFI= - 38.3 × (EPL-NPL)/NPL + 109.5 × (ETS-NTS)/NTS + 13.3 × (EIT-NIT)/NIT-8.8

	In general, the SFI oscillates around 0 for normal nerve function, whereas around −100 SFI represents total dysfunction. The SFI was assessed based on the SIL group and the normal level was considered as 0.The SFI was a negative value and a higher SFI meant the better function of the sciatic nerve.

	Static sciatic index (SSI):  SSI is a time-saving digitized static footprint analysis described by others [27]. A good correlation between the traditional SFI and the newly developed static sciatic index (SSI) and static toe spread factor (TSF), respectively, has been reported by others [27]. The SSI is a time-saving and easy technique for accurate functional assessment of peripheral nerve regeneration in rats and is calculated using the static factors, not considering the print length factor (PL), according to the equation:

	SSI = [(108.44 × TSF) + (31.85 × ITSF)] − 5.49

	Where: 

	TSF = (ETS-NTS)/NTS

	ITSF = (EIT-NIT)/NIT

	Like SFI, an index score of 0 was considered normal and an index of −100 indicated total impairment.

	Electrophysiological measurement

	After 16 weeks, following the track test, all animals were subjected to electrophysiological studies using Nacro bio system 320-3760 A trace 80 (USA). Under general anesthesia the left sciatic nerve was re-exposed by incision of the skin at the previous surgical site. Single electrical pulses (at supra maximal intensity) were delivered via bipolar electrodes placed in turn at the proximal and distal trunk of the regenerated nerve and electromyography (EMG) was recorded by inserting an electrode into the belly of gastrocnemius muscle. The latency and the amplitude of EMG were obtained. Also, the difference in latency of EMG was measured, and the distance between the proximal and distal sites of stimulation was measured to calculate the conduction velocity across the regenerated nerve. On the contralateral, right intact side of each animal, similar measurements were made for the determination of conduction velocity. The conduction velocity of the bridged nerve was expressed as a percentage of that on the intact side of each animal to cancel off variations between animals (% CVR).

	The recovery index of EMG amplitude in all groups was calculated based on Suzuki et al using the following formula: 

	Recovery index = Peak amplitude of the operated side/Peak amplitude of the intact side [28].

	Muscle mass

	Recovery assessment was also indexed using the weight ratio of the gastrocnemius muscles 16 weeks after surgery. Immediately after sacrificing of animals, gastrocnemius muscles were dissected and harvested carefully from intact and injured sides and weighed while still wet, using an electronic balance. All measurements were made by two independent observers unaware of the analyzed group.

	Histological preparation and quantitative morphometric studies

	Operated nerve was dissected from surrounding tissues and a segment including several millimeters proximal and distal to the graft was harvested. Graft middle cable of Sham, TC, SIL and SIL/CsA groups were fixed in 2.5 percent glutaraldehyde. The grafts were postfixed in OsO4 (2%, 2 h), dehydrated through an ethanol series and embedded in Epon. Samples were cut in 5 μm, stained with toluidine blue and examined under light microscopy. Morphometrical analysis was carried out using an image analyzing software (Image-Pro Express, version 6.0.0.319, Media Cybernetics, Silver Springs, MD, USA). Equal opportunity, systematic random sampling and two-dimensional dissector rules were followed in order to cope with sampling-related, fiber-location-related and fiber-size related biases [29].

	Statistical analysis

	Experimental results were expressed as means ± SD. Statistical analyses were performed using PASW 18.0 (SPSS Inc., Chicago, IL, USA). Model assumptions were evaluated by examining the residual plot. Results were analyzed using a factorial ANOVA with two between-subjects factors. Bonferroni test for pairwise comparisons was used to examine the effect of time and treatments. The differences were considered significant when P< 0.05.

	Results

	BBB recovery

	In order to assess hind limb recovery the open field locomotor was used. Figure 1 shows BBB scores compared to the baseline. All experimental groups, except for sham, showed the greatest degree of functional deficit one week after surgery. The SIL/CsA group showed significant improvement in locomotion of the operated limb compared to the control group during the study period (P< 0.05).

	Recovery of sciatic nerve function and reinnervation

	SFI outcome: Figure 2 shows sciatic function index (SFI) values in experimental groups. Prior to surgery, SFI values in all groups were near zero. After the nerve transection, the mean SFI decreased to -100 due to the complete loss of sciatic nerve function in all animals. Four weeks after surgery had performed mean SFI was -64.3 ± -2.45 in SIL/CsA group, compared to -93.65 ± -3.50 in SIL group. Eight weeks after surgery had carried out the improvement in SFI was observed in animals of SIL/CsA group (-59.4 ± -3.54) that was significantly higher than SIL (-78.2 ± -4.28) animals (P<0.05). After 12 weeks, animals of group SIL/CsA achieved a mean value for SFI of -41.5 ± -3.60, whereas in group SIL, a mean value of -60.1 ± -3.15 was found. At the end of the study period, 16 weeks after surgery, animals of group SIL/CsA achieved a mean value of -33.5 ± -3.68 for SFI of, whereas in group SIL, a mean value of -51.4 ± -4.45 was found. The statistical analyses revealed that the recovery of nerve function was significantly faster in SIL/CsA than SIL group (P<0.05) and, locally administered CsA promoted functional recovery.

	SSI outcome: Changes in SSI were similar to those observed in SFI, indicating significant deficit following the sciatic nerve transection (Figure 3). Changes in SSI were significant at weeks 4, 8, 12 and 16 weeks of recovery (P < 0.05). The contrasts indicated SSI values at week 16 to differ significantly from those obtained from control, a trend also noticed for SFI (P < 0.05).

	Electrophysiology

	Figure 4 and 5 show nerve conduction velocity (NCV) along regenerated sciatic nerves in experimental groups. NCV in CsA treated animals was significantly higher than that in SIL group (P < 0. 05).

	Muscle mass measurement

	The mean ratios of gastrocnemius muscles weight were measured. There was statistically significant difference between the muscle weight ratios of SIL/CsA and SIL groups (P<0.05). The results showed that in SIL/CsA group muscle weight ratio was bigger than SIL group and weight loss of the gastrocnemius muscle was ameliorated by local administration of CsA (Figure 6).

	Morphological findings

	Table 1 shows quantitative morphometric analyses of regenerated nerves for each of the experimental groups. 4 weeks after surgery, SIL/CsA group presented significantly greater nerve fiber, axon diameter and myelin sheath thickness compared to SIL animals (P<0.05). Although SIL presented regeneration patterns, the morphometric indices in SIL/CsA group both after 8, 12 and 16 weeks were better than SIL (Figure 7).

	Using Factorial ANOVA analysis with two between-subjects factors (Group × time); in the SIL/CsA group number of nerve fibers and myelin thickness did not show significant difference between 8 ,12 and 16 weeks (P> 0.05). Increase in mean thickness of myelin sheath did not show statistical difference between 8, 12 and 16 weeks inside each group (P> 0.05). Mean thickness of myelin sheath from week 8 onward did not show significant difference between SIL/CsA and Sham group (P> 0.05).

	Discussion

	Entubulation neurorrhaphy is an excellent alternative to short interposition of nerve grafts [30]. In the present study we used silicone conduit as a conduit for keeping the delivered drug in situ. It has been demonstrated that chronic administration of CsA had adverse effects on nerve regeneration [18]. However, the use of cyclosporine at early stages, 6 weeks postoperatively, has accelerated neural regeneration process [1].

	Selection of an appropriate method to evaluate functional recovery of nerve regeneration is extremely influential. Walking is a coordinated activity involving sensory input, motor response and cortical integration [31]. Therefore, walking track analysis (sciatic function index) is a comprehensive test. The results of the present study showed that CsA when loaded in a silicon conduit ended up a faster and significant improvement of functional recovery of the sciatic nerve.

	Castaneda et al. [31] suggested that arrival of sprouts from the proximal stump at the distal nerve stump does not necessarily imply recovery of nerve function. Walking track analysis has frequently been used to reliably determine functional recovery following nerve repair in rat models [32,33]. Our results showed that moephometric indices were not significantly different between SIL/CSA and SIL groups after 8 weeks .In contrary, functional recovery occurred from week 8 to week 16 in SIL/CSA supporting again this idea that selection of an appropriate method to evaluate functional recovery is crucial. This study also supports the idea that the walking track analysis (SFI) is more comprehensive and reliable than histomorphometric methods in peripheral nerve repair studies [31,34].

	Nerve conduction measurement is a direct evidence for the study of nerve transmission [35]. The conduction velocity depends on the diameter of axons and the thickness of myelin sheath [36]. The results of the present study showed significantly different conduction velocity between the CsA treated animals and SIL bridged regenerated sciatic nerves, therefore, the SIL conduit in combination with CsA could be assumed as a safe nerve guide with no nerve conduction interference.

	As the posterior tibial branch of the sciatic nerve regenerates into the gastrocnemius muscle, it will regain its mass proportional to the amount of axonal reinnervation [37,38]. In the present study 16 weeks after surgery the muscle mass was found in both experimental groups. However, SIL/CsA group showed significantly greater ratio of the mean gastrocnemius muscle weight than SIL group indicating indirect evidence of successful end organ reinnervation.

	In the histological studies, quantitative morphometrical indices of regenerated nerve fibers showed significant difference between SIL/CsA and SIL groups indicating beneficial effect of topical CsA on the nerve regeneration. 

	Despite much effort to introduce ideal therapeutic drugs for diabetic neuropathy, aldose reductase inhibitors, have been shown to be the most established compounds among potent drugs. However, although experimental data on aldose reductase inhibitor shave been very promising, their clinical efficacy seems limited even for mild degrees of diabetic neuropathy. One of the main problems in the usage of immunosuppressive agents is the side effects. It has been shown that CsA is able to generate reactive oxygen species and lipid peroxidation, which are directly involved in the CsA nephrotoxicity, hepatotoxicity and cardiotoxicity. Cyclosporine is also known to cause a combination of metabolic side effects including hypertension, hyperkalemia, hypercalciuria and hypomagnesemia. To overcome the drawback it has been reported to minimize the dosage or to limit the duration of therapy [39,40]. The ability of CsA to increase nerve regeneration in vivo is reported to be dose-related the rat in systemic administration [18]. Thus, we decided to test if topical administration of CsA would result in comparable improvement in regeneration of sciatic nerve transection models through a tubulized 10-mm gap. Results of the ability of CsA in peripheral nerve regeneration are different and sometime conflicting in the literature [1,18,41,42 ]. One possible explanation for the relative variability of the results of studies of experimental nerve injuries is the variety of models and testing methods used. Others showed that the use of cyclosporine was associated with a significant increase of fiber density and percentage of neural tissue on the distal segment of reconstructed nerves in immunosuppressed animals [1,43]. It has been reported that low dose administration of CsA, 5 mg/kg per day subcutaneously, increased quantitative values of fiber density [1]. Furthermore, additional action to hasten Wallerian degeneration should be taken into consideration. The Schwann cell and its basal lamina are vital components in the environment in which regenerating axons extend to grasp their peripheral targets. Schwann cells from distal stump of transected nerve start proliferating and help inflammatory infiltrating cells to eliminate debris and upregulate synthesis of trophic and tropic factors throughout wallerian degeneration, and regeneration is failed or delayed in situations where process of wallerian degeneration is diminished [38]. Host immunosuppression using cyclosporine and predegeneration of nerve grafts were useful techniques for successful installment and regeneration across nerve allografts in rabbits [41]. CsA accelerates axonal regrowth with systemic administration. However, a topical formulation that provides the same neurotrophic stimulus would be ideal because of less systemic toxicity. Entubulation neurorrhaphy using CsA loaded silicon conduit as an in situ delivery system of CsA in bridging the defects could be considered as an excellent alternative to short interposition nerve grafts. However, with the use of an interposition graft the regenerating fibers are forced to grow through scar tissue, which often results in decreased efficacy of repair and aberrant reinnervation [44]. We have not given the histological and molecular evidence for neuroprotective actionof CsA. This may be considered as a limitation of our study. Therefore, the authors stress that the current investigation to evaluate a single local dose and clinical treatment potential of CsA on nerve repair and precise mechanism of neuroprotective action of CsA in transection models remains to be investigated.

	Conclusion

	In conclusion, in the present study CsA was applied locally at the time of sciatic nerve repair using a silicon conduit neurorrhaphy. It demonstrated promising results in nerve regeneration in diabetic rats. Thus, dose–response studies should be conducted for Cs A to determine the combination of graft and the compound that achieve maximal efficacy in nerve transection models.
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	Figure 1: BBB score for all experimental groups. Local administration of CsA with silicone grafting gave better scores than in SIL group. Standard error at each data point is shown with bars.
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	Figure 2: Box-and-whisker plots of sciatic nerve function index values in each experimental group during the study period. Local administration of CsA with silicone tube grafting gave better results in functional recovery of the sciatic nerve than in SIL  group.
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	Figure 3: Bar graph indicating static sciatic index (SSI) values in each experimental group during the study period. Local administration of CsA with silicone grafting gave better results in functional recovery of the sciatic nerve than in SIL group. Data are presented as mean ± SD. * P < 0.05 vs SIL group.
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	Figure 4: Percentage recovery of conduction velocity in experimental groups. Data are presented as mean ± SE. * P< 0.05 vs SIL group.
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	Figure 5: Recovery index in experimental groups. Data are presented as mean ± SE. * P< 0.05 vs SIL group.
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	Figure 6: Gastrocnemius muscle weight measurement. The gastrocnemius muscles of both sides (operated left and unoperated right) were excised and weighed in the experimental groups at 16 weeks after surgery. Data are presented as mean ± SE. * P < 0.05 vs SIL group.

	[image: Description: T-Blue]

	A

	B

	D

	C

	Figure 7: Light micrograph of representative cross section taken from (A) midpoint of normal sciatic nerve (SHAM), (B) regenerated cable (TC), (C) regenerated nerve (SIL) and (D) regenerated nerve (SIL/CsA) 12 weeks after surgery. (Toluidine blue, ×400).

	
		
				Table 1: Morphometric analyses of regenerated nerves for each of the experimental groups: values are given as mean ± SD.

		

		
				Groups

				Number of fibers    

				 Diameters of fibers (µm)

		

		
				4  Weeks  

				8  Weeks  

				12  Weeks  

				16  Weeks  

				4  Weeks   

				8  Weeks  

				12  Weeks  

				16  Weeks  

		

		
				Sham

				8255 ± 377

				8378 ± 345

				8490 ± 350

				8355 ± 334

				12.07 ± 0.17

				11.90 ± 0.12

				12.00±  0.02

				12.07 ±  0.04

		

		
				TC

				0

				1178± 265

				1233 ± 332

				3800 ± 221

				0

				3.90 ± 0.50

				4.10 ± 0.20

				6.10 ± 0.23

		

		
				SIL

				1578± 277

				3277 ± 234

				3806 ± 264

				3890 ± 258

				3.67 ± 0.81

				8.07± 0.4

				8.53 ± 0.72

				8.94 ± 0.82

		

		
				SIL/CsA

				2758 ± 229†

				3675 ± 222†

				5471± 274†

				5642 ± 250†

				7.43 ± 0.40†

				8.67 ± 0.59†

				9.88 ± 0.85†

				9.84 ± 0.68†

		

		
				Groups

				Diameter of axon (µm)    

				Thickness of myelin sheath (μm)

		

		
				4  Weeks  

				8  Weeks  

				12  Weeks  

				16  Weeks  

				4  Weeks   

				8  Weeks  

				12  Weeks  

				16  Weeks  

		

		
				Sham

				7.00 ± 0.30

				6.70 ± 0.30

				7.04 ± 0.03

				7.05 ± 0.15

				2.52 ± 0.02

				2.40± 0.02

				2.56 ± 0.05

				2.55 ± 0.05

		

		
				TC

				0

				2.36 ± 0.32

				2.40 ± 0.57

				3.60 ± 0.45

				0

				0.82 ± 0.14

				0.82 ± 0.03

				1.20± 0.04

		

		
				SIL

				2.60 ± 0.55

				4.28 ± 0.46

				4.88 ± 0.36

				4.83 ± 0.55

				0.49 ± 0.04

				2.00 ± 0.37

				2.16 ± 0.25

				2.35 ± 0.28

		

		
				SIL/CsA

				4.60 ± 0. 74†

				5.00 ± 0.57†

				6.24 ± 0.42†

				7.57 ± 0.38†

				1.87 ± 0.05††

				2.19 ± 0.24

				2.34 ± 0.55

				2.54 ± 0.52

		

		
				N: Number of fibers D: Diameter of fibers (µm) d: Diameter of axon (µm) T: Thickness of myelin sheath (µm)
†Results were significantly different from CHIT group (P< 0.05)

		

	

	 

	 

	 

	 

	 


images/image-4.jpeg
s g 2 g o
g8 8 8 R

120
100

QIAD %)
A120[24 UORINPUO3 J0 K104030y

SIL/CsA

T siL
Experimental groups 16 weeks after surgery

SHAM





images/image-2.jpeg
Scaitic Nerve Function Index (SFI)

-100

-80

70

-60

30

20

-10

SHAM

TC SiL

Experimental groups

SIL/CsA





images/image-7.jpeg
TSR

2= @

SERYT -
AN P R
B[ | ClDS






images/image-6.jpeg
Gastrocnemius muscle weight (g)

25

20

15

10

05

00

i

SHAM silfcsA

Experimental groups

mRight
mLeft





images/image-1.jpeg
BBB Scores

1 23 45 5789101112 BMI516

Weeks post-operation

—e—SHAM
—=—TC
—a—=54

—e—SIL/CsA





images/image-3.jpeg
Week 4

Static sciatic index (SST)

Week 8 Week 12
Weeks after surgery

Week 16

®SHAM
mTC
=S
ESIL/CSA





images/image.jpeg
Aerecn:

Infernafional Journal of
Oral and Craniofacial
Science






images/image-5.jpeg
12

0.2

SHAM

T siL
16 weeks after surgery

SIL/CsA





