
Traumatic injury of peripheral nerves represents an important area of present-day clinical 
and experimental interest. Despite a large quantity of experimental data acquired in an intense 
research of this topic carried out in recent years, traumatic affection of peripheral nerves 
continues to be a complex surgical problem. Injury of peripheral nerves often results in a 
permanent and serious impairment in the patients’ lives connected with the loss of the 
affected peripheral nerve function. If an injured nerve is given a timely and correct treatment, 
these consequences can be prevented to a certain extent. In the current practice this implies 
the use of all available methods of peripheral nerves surgery, primarily microsurgical 
operation technique while observing some of the basic principles essential for a good 
functional reinervation. This mainly applies to tension-free suture. 

In some anatomic locations and despite observing the above-mentioned facts, it is still 
difficult to reach good functional results. This primarily applies to brachial plexus injury 
which is one of the most complicated and serious of all lesions of peripheral nerves. Out of 
the total number of nerve injuries they are represented in large sets by three to seven percent. 
In his set, Midha reports 1.2% of patients affected by the brachial plexus paresis among 
polytraumatized patients, preponderantly teenagers and victims of road accidents. From this 
point of view, traumatic injuries of the brachial plexus constitute a relatively frequent 
affection. 

Despite a noticeable progress in the treatment of this type of injury, results in some cases 
are not completely satisfactory, and continue to be a big challenge in the search of new 
treatment methods. This mainly applies to situations connected with the absence of motor 
fibers in the proximal stump of the nerve or fascicle. Direct reconstruction of the original 
anatomic and functional tract is impossible. This situation arises in case of a severe 
impairment of the proximal stump itself or the avulsion of the spinal roots which constitutes 
the most serious type of the brachial plexus injury. 

Neurotization became the basic technique of the nerve reconstruction in this type of injury. 
In neurotization we use less important adjacent motor nerves for functional restoration of 
severed ones. The first to perform this type of surgery was Seddon in 1963 when he used an 



intercostal nerve as a source of motor fibers for restoring the function of a 
musculocutaneous nerve. We currently use different peripheral nerves as sources of motor 
fibers. Some authors advocated the use of “regional” (intraplexal) nerves arising from plexus 
brachialis in cases with incomplete avulsion of cervical roots. On the other hand, many 
authors still use common extraplexal donors even in cases when intraplexal donors are 
available, because their results of nerve transfer using extraplexal nerves are at least as good 
as those obtained with intraplexal donors. Impressive results have been recently reported 
transferring a redundant fascicle of the ulnar nerve innervating the flexor carpi ulnaris (FCU) 
to the musculocutaneous nerve (Oberlin procedure). The main advantage of this procedure is 
that the nerve transfer is performed in close proximity to the target muscle and faster 
reinnervation of recipient muscle is expected. 

Nevertheless, the use of neurotization techniques is not always possible, mainly when 
insufficient sources of motor nerve fibres are available from intact motor nerves. Therefore, 
alternative methods are developed including a lateral anastomosis mentioned for the first time 
by Ballance (1903). The clinical application of this approach was not popular at the time, 
owing to a lack of sufficient theoretical information. Therefore, end-to-side neurorrhaphy was 
revied by Lundborg at al. and Viterbo at al. (1994) in experiments that confirmed an ability of 
axons to send off collateral sprouts into denervated nerve stumps. 

Despite morphological evidence of collateral reinnervation, a number of questions related 
to “end-to-side” anastomosis remain unanswered. It is, for instance, the different capacity of 
motor and sensory axons to form collateral sprouts. The same applies to influencing the 
formation of collateral sprouts with different neurotrophins. Another object of discussion is 
the extent of the donor nerve injury in the formation of a perineurial window, and the 
suitability of its preparation in lateral suture. Our effort to explain some these facts led us to 
the establishment of a model of end-to-side anastomosis that would be suitable for a 
quantitative evaluation of the formation of collateral sprouts from motor and sensory axons. 

In our experiment we used our model of end-to-side anastomosis of a transected 
musculocutaneous nerve (MCN) with an intact ulnar nerve (UN). Morphological evidence of 
collateral sprouts sent by intact sensory and motor axons of the UN was obtained by means of 
retrograde labeling of neurons using one type of molecule (dextran) conjugated with two 



different fluorophores. This approach based on one type of molecule is suitable for 
quantitative morphological evaluation of collateral sprouting. 

Three types of labeled neurons were observed in the right ventral horn of spinal cord 
segments (C6-Th1) and corresponding right DRG in the rats 3 months after end-to-side 
neurorrhaphy of the MCN stump to the intact UN. The largest number of spinal cord 
motoneurons and DRG neurons was labeled by red fluorescence corresponding with 
accumulation of retrogradely transported Fluoro-Ruby. These neurons are related with donor 
sensory and motor axons present in the UN. The green fluorescence indicated neurons in 
which the axons were damaged during surgery and regenerated only into the MCN distal 
stump. The last type of fluorescence observed in the neurons was a shade of dirty yellow color 
resulting from a mixture of red and green color of fluorescence. The dirty yellow fluorescence 
indicated the neurons for which the donor axons were present in the UN and sent off collateral 
sprouts into the distal stump of MCN. 

The neurons labeled by green fluorescence regenerated their axons directly into the MCN 
stump indicating an injury of a small amount of UN axons during preparation of the 
perineurial window. No significant differences in the proportion of green fluorescence-labeled 
sensory and motor neurons suggested a similar impairment of their axons during surgical 
manipulation with the UN. Moreover, no significant changes in the amount of UN neurons 
were found when the rats operated with end-to-side neurorrhaphy were compared with the 
control ones. This indicated that end-to-side neurorrhaphy did not significantly affect the total 
number of neurons, the axons of which are related to the UN. 

Our experimental model of end-to-side anastomosis of the MCN stump with the UN 
confirmed the growth of collateral sprouts from bouth intact sensory and motor axons. In the 
present study, the amount of double-labeled primary sensory neurons and spinal motoneurons, 
the axons of which sent off collateral sprouts, was very low in the rats without exogenous 
stimulation of axonal sprouting. On the other hand, their proportion to total amount of all 
retrogradely labeled DRG neurons or spinal motoneurons was very similar indicating their 
comparable capacity for creation of collateral sprouts. 

In view of good results of end-to-side anastomosis in our experiment, we used this 
technique under certain, exactly defined conditions also in clinical practice. Our goal was to 



compare the results reached in the use of end-to-end neurotization techniques using 
different sources of motor fibers with the end-to-side technique. 

Neurotization with the end-to-side technique was performed in a total of 23 patients. 
Fourteen end-to-side neurotization procedures were performed in 14 patients with a follow-up 
period longer than 2 years and functional recovery was achieved in 9 of them (64.3%). The 
axillary nerve was the recipient of motor fibers in all of the patients. Signs of reinnervation 
proved by an EMG evaluation were found in 12 patients (86%). An average period for the 
onset of reinervation was 10.3 months (SD±4.8) and for the onset of functional recovery 15.8 
(SD±11.3). Successful reinervation of the axillary nerve after end-to-side anastomosis 
(64.3%) was better than that for extraplexal donors (47.4%) and worse than that for 
intraplexal donors (68.4%). The differences, however, were not statistically significant. This 
comparison of the success rate of the end-to-side technique with the success rate of the 
various donors of motor fibers in neurotization operation with the use of the end-to-end 
technique in the reconstruction of the axillar nerve confirmed good results of this method. 

The results we reached in our experiment show that the quantity of collateral sprouts 
growing into the donor nerve is not very large. Part of axons impaired in the formation of the 
perineurial window is involved in the donor reinnervation as well. This quantity is 
insignificant in terms of the functional impairment of the donor nerve, as mentioned in the 
experimental section, but together with the formed collateral sprouts it plays an important role 
in the reinnervation of impaired nerves. Thus, end-to-side anastomosis has certain common 
characteristics with the “Oberlin’s procedure”, a special type of neurotization described in the 
introduction. In view of the different recipients of motor nerves, their comparison is 
problematic. In our case of end-to-side anastomosis, the reconstructed nerve was the axillar 
nerve, unlike the “Oberlin’s procedure” where the recipient of motor fibers was the 
musculocutaneous nerve. 

The basic technique in the surgery of peripheral nerves continues to be tension-free 
microsurgical suture of the transected nerve, either direct or with the use of nerve grafts. At 
present we primarily use autolog grafts prepared from cutaneous sensory nerves, namely the 
sural nerve. This technique, if correctly performed, yields the best final results. In some 
situations this method cannot be used for the recovery of the function of affected nerves, and 
it is necessary to choose a different technique of the peripheral nerve reconstruction. 



End-to-side anastomosis is one of the possible solutions to this situation. This technique 
has several advantages over the classical “end-to-end” neurotization. While performing end-
to-side anastomosis there is no need to sacrifice the donor nerve function. The basis of the 
“end-to-side” technique is not the growth of axonal cones from the distal stump of the 
transected donor in the recipient nerve, but the formation of collateral sprouts from an intact 
nerve at the node of Ranvier. The source of factors stimulating the formation of collateral 
sprouts is the stump of the affected nerve. An important role in this process is played by 
Schwann cells producing a series of stimulation factors. On the basis of good results reached 
both in our experiment and in clinical practice, this technique can be recommended under 
clearly defined conditions as a suitable method for reconstructing affected nerves, especially 
in situations connected with the lack of a sufficient number of motor fibers. 




