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Abstract: Hand trauma is a frequent pathology in plastic and reconstructive surgery department. Very 
often in the trauma mechanism the nerves are involved, being damaged. It is well known that the nerve 

regeneration process is slow and most frequently not complete, that is why new reconstruction 

methods are being studied. The purpose of our study is to compare two types of reconstruction 

procedures performed in Wistar Albino rat’s sciatic nerve, after the nerve was injured, and to 
determinate the nerve regeneration process using in vivo and in vitro electric conductivity. 
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INTRODUCTION 

One of the most frequent injuries after hand trauma, 
are the peripheral nerve injuries.(1) There are different ways of 

producing nerve injury, such as: transection, crush or avulsion. 

Usually, this type of trauma occurs in the young population and 

it significantly affects the patient’s quality of life producing also 
a socioeconomic imbalance.(2-6) Contrary to the central 

nervous system where the nerves do not have the propriety of 

spontaneous axonal regeneration, the peripheral nervous system 

has this ability, but in most of the times, this repair is 
incomplete, leading to poor functional recovery.(2,7-8) As 

surgeons and researchers, we are in continuous search for the 

best reconstructive procedures and post-operative treatments. 

When a nerve injury happens, the ideal case is to make a direct 
suture, but if there is a nerve loss and tension free neurorrhaphy 

is not possible, then the interposition of a graft is required to 

bridge the defect (autologous nerve graft or an artificial 

graft).(9) In humans, post-operative electromyography is one of 
the most common techniques used to assess the nerve 

regeneration from a functional point of view. This procedure can 

be also performed with success in experimental animal 

models.(10) Electric conductivity can be carried out performing 
in vitro measurements, but the results are depending on the 

amount of water that the nerve is carrying. 

 

PURPOSE 
The purpose of this study is to compare two types of 

reconstruction performed in peripheral nerve injuries, direct 

suture versus silicone graft, using in vivo electric conductivity 

and in vitro electric conductivity, to compare them in order to 
assess the nerve regeneration process. 

 

MATERIALS AND METHODS 
In this study, adult female Wistar Albino rats, with an 

average weight of 450 g, divided in two equal groups of 16 rats 

each, were used. All procedures were approved by the Ethics 

Committee of the University of Medicine and Pharmacy of 
Târgu-Mureş, according to document 45/2017. All animals were 

housed in a temperature and humidity controlled room with 12-

12 hours light/dark cycle, one animal per cage. 

 The anesthetic protocol used and the surgery 
techniques performed are the ones described in reference 10 

(figure no. 1). Figure no. 1a) presents the exposed rat’s sciatic 

nerve while in figure no. 1b) the direct suture with 8-0 Prolene is 

indicated with arrows. In the case of nerve defect we used a 
silicone graft as indicated in figure no. 1c). 

 

Figure no. 1. Picture of a) healthy nerve; b) direct suture 

and c) silicone nerve graft for Wistar Albino rats 
 

 
At 4, 6, 8 and 10 weeks two rats were randomly 

selected and subjected to in vivo electric conductivity (figure no. 

2a). For the in vivo electric measurements, the same pulse 
generator was used as was described in reference 10. After the 

in vivo measurements, four rats from each group were 

euthanized at every two weeks, starting with week 4, and both 

(right and left) sciatic nerves were harvested and in vitro electric 
conductivity was performed. For in vitro measurements, using a 

3D printer we have designed a stand with two arms, each arm 

supporting an electrode. We have inserted the electrodes into the 

nerve ends (as demonstrated in figure no. 2b) and signal was 
acquired using an Arduino Nano microcontroller and the electric 

conductivity values were monitored by a home-made numeric 

program written in ProcessingTM. 
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Figure no. 2. Picture of the experimental set-up for a) the in 

vivo electric conductivity measurement of rat’s sciatic nerve 

and b) in vitro electric conductivity measurements of rat’s 

sciatic nerve 

 
 

RESULTS 

It is known that in vivo electric conductivity represents 

the nerve regeneration process from the functional point of 
view. In (figure no. 3a-f) it is presented the result of the average 

response time, average response velocity and average response 

voltage of the two groups (direct suture - DS and silicone graft - 

SG). We have made a comparison between the healthy nerves, 
versus the injured ones. It can be observed in (figure no. 3a) that 

the average response time values are shorter for the healthy 

nerve (<10.5 ms) compared with the injured nerve (<56 ms). An 

important parameter characterizing the nerve functionality is the 
average response velocity. For this, we can observe that if the 

response time is shorter, than the conduction velocity is larger 

(figure no. 3b). There are big fluctuations for the healthy nerve 

(0.264-0.571 cm/ms) in comparison with the injured nerve 
where there are small differences in the measured values (0.083-

0.191 cm/ms). The values of the average response voltage of the 

healthy nerve are between 2.8 and 4 V and for the direct sutured 

nerves the values are 6.3 V between weeks 4 to 8 (see figure no. 
3c). Big differences between the healthy nerve and the injured 

nerve reconstructed with direct suture are noticed, but in week 

10 the values are the same 4V indicating a good recovery 

process. 
From the in vivo electric conductivity measurements, 

we were surprised to notice that there are great differences in the 

SG group, between the healthy nerves and injured nerve (figure 

no. 3d, e, f). Moreover, during the healing process the behaviour 
of injured and reconstructed nerve by SG is fluctuating. It seems 

that with the aging of animals, the functionality of the peripheral 

nerve is decaying. Comparing the DS with SG reconstruction 
methods at 10 weeks the differences between measured 

parameters are smaller for DS than for SG procedures. 

For the in vitro electric conductivity we have 

measured two electric conductivity relaxation rated (short R1 and 
long R2). We observe in figure no. 4 the comparison of the short 

relaxation rates between the healthy and injured nerve in DS 

group. The R1 values of the healthy nerve are higher than for the 

injured nerve excepting the week 6, where is lower (figure no. 
4a). The R1 constants in the second group where silicone graft as 

reconstruction method was used has the same behaviour for the 

healthy and injured nerve (figure no. 4c), as in the direct sutured 

group (figure no. 4a). A very small value is observed in the long 
relaxation rate measured in the healthy nerve in DS group at 4 

weeks (~0.006 min-1), (figure no. 4b). At 8 and 10 weeks in both 

groups the values or the long constant in the healthy nerves are 

lower than in the injured nerve (figure no. 4b, 4d). 

Figure no. 3. In vivo electric conductivity measurements -

average response time, response velocity and response 

voltage - for direct suture group (left column) and silicone 

graft group (right column). 

 
 

Figure no. 4. In vitro electric conductivity measurements 

representing short and long electric conductivity relaxation 

rates constants R1 and R2. 

 

DISCUSSIONS 

It has been demonstrated that in vivo electric 

conductivity is an important investigation that points out the 

rat’s sciatic nerve regeneration process from the functional point 
of view.(10) It can been seen from the average response voltage 

measurements, that at 10 weeks in the DS group, the healthy and 

injured nerve have the same values, so we can say that the 

injured and reconstructed nerve with direct suture, it is healed. 
From the other two measured parameters, we can observe that 

the nerve is not cured. Big differences are observed in the rat’s 

group where the silicone graft reconstruction method was used 

indicating an obstructed process and a longer healing time.  
 As we know, there are no studies that investigate the 

nerve regeneration process with in vitro electric conductivity 
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measurements, but this method seems to be a promising one, 

showing similarities between the behaviour of the healthy and 

reconstructed nerves after injury using the measured short and 
long relaxation rates constants. These relaxation rates can be 

associated with the water lost during measurements starting with 

epineurium to perineurium finalizing with endoneurium leading 

to a complete dehydrated sciatic nerve. 
 

CONCLUSIONS 

Due to these results, one can say that in vivo and in 

vitro electric conductivity measurements are reliable 
investigations in assessing nerve recovery after injury and 

reconstruction. In vivo electric conductivity is one of the gold 

standards in medical practice (electromyography), but it can 

been used in experimental studies also, heaving great results. 
 From these analysis, we can observe important differences 

between the two types of reconstruction, in vivo electric conductivity 

showing that the direct suture method is better that the silicone grafted 

nerves, the nerve functionality being faster restored. 
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