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Abstract. Muscle in vein (MIV) conduits have gradually been employed in the last 20 years as a valuable 
technique in bridging peripheral nerve gaps after nerve lesions who cannot undergo a direct tension-free 
coaptation. The advantages of this procedure comparing to the actual benchmark (autograft) is the sparing 
of the donor site, and the huge availability of both components (i.e. muscle and veins). Here we present a 
case serie of four MIV performed at our hospital from 2018 to 2019. The results we obtained in our experi-
ence confirmed its effectiveness both in nerve regeneration (as sensibility recovery) and in neuropathic pain 
eradication. Our positive outcomes encourage its use in selected cases of residual nerve gaps up to 30 mm.
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O r i g i n a l  a r t i c l e 

Introduction

Digital nerve lesions are very common within 
hand injuries, with percentages reaching about 10% of 
all hand traumas[1] , frequently occurring associated 
to extended soft tissue loss. Primary nerve coaptation, 
whenever a tension-free suture is achievable, leads to 
better results [2, 3].In cases of wide nerve substance 
loss, when a direct end-to-end suture would demand 
an excessive tensile stress, the gold standard is still 
represented by autologous nerve grafting [4, 5], 
commonly the sural nerve.

Nevertheless, this procedure carries the disadvan-
tages of sacrificing a healthy nerve, such as sensory loss 
at the harvesting site and neuroma formation [5]. To 
avoid these limitations, several alternative options have 
been proposed. Non-nervous material conduits have 
been widely used with positive results in nerve gap bridg-
ing [6-9]; these conduits create some sort of a track for 
sprouting axons from the proximal to the distal stump, 
limiting their dispersion troughout the surrounding 
tissues  [10], and contribute to increase  the concentra-
tion of neurotrophic factors within the tube [11, 12]; 
their main benefit is the preservation of healthy nerves 

with no co-morbidity at any donor site whatsoever. 
In order to find affordable alternatives, reconstructions 
with homologous hollow vein grafts have been used, 
although this technique carries the risk of scar forma-
tion around the graft with subsequent vein collapse, 
impairing nerve regrowth[13].

To overcome this complication, Brunelli et al.[14] 
described in 1993 the technique of fulfilling the vein 
graft with an autologous strip of muscle. Further 
studies have demonstrated that skeletal muscle, with its 
basal lamina, creates a suitable 3D structure acting as a 
scaffold for regerenating axons[12]; moreover, in vitro 
studies have shown that skeletal muscle cells produce 
supporting factors for regrowing nerve, such as brain-
derived neurotrophic factor, glial cell-derived growth 
factor, bone morphogenetic protein 6, cardiotrophin 1, 
heparan sulfate, insulin-like growth factor,  neurotho-
phin 3 and 4, vascular endothelial growth factor [15] 
and Neuregulin 1, crucial for Schwann cell survival, 
proliferation and migration [16, 17]. These factors 
alltogether promote axonal regeneration within the 
vein graft that therefore acts as a “growing chamber”. 

Encouraging results of this technique on post-injury 
sensory recovery, as reported by Marcoccio and Vigasio 
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[18], helped muscle-in-vein (MIV) to regain popular-
ity among reconstructive solutions, mostly thanks to its 
advantages comparing to hollow neurotubes (e.g. no 
adjunctive costs, histocompatibility) and autologous 
nerve graft (e.g. great availability of donor tissues, 
no comorbidity to the donor site). Here we present a 
case-serie of 4 MIV grafts performed between 2018  
and 2019. 

Clinical cases

Case 1

A 58 y.o. patient reported a sharp injury with a 
glass to the ulnar side of the 5th finger of his right 
hand. No neurovascular lesions were diagnosed at the 
first assessment in the E.R., so skin suture alone was 
performed.

 With the onset of neuropathic pain, Tinel sign 
nearby the scar and hypo-anaesthesia at the ulnar 
tip of the finger, surgical revision was endorsed after 
2 months.

Intraoperatively, an ulnar collateral nerve lesion 
with a port-trumatic neuroma was reported.

After wthe resection of the nerve stumps, a 
residual gap of 12 mm impaired an end-to-end 
tensionless suture (Fig.1a). 

We therefore decided to perform a MIV graft 
harvesting a strip of muscle and a vein segment 
throughout a 2 cm incision on the anterior aspect of 
the homolateral forearm.

We sutured both the graft ends with four 9-0 
Ethilon stitches at each side of suture (Fig.1b).

Postoperative dorsal splinting in a resting position 
(as in the Kleinert-fashion splint) was mantained for 
3 weeks.

At the follow-up performed at 10 months, Tinel 
sign disappeared, VAS score decreased from 7/10 to 
2/10, the static two point discrimination (2PD) at the 
ulnar tip of the finger was 3mm (stratified as reported 
in the Modified guidelines of the American Society 
for Surgery of the Hand (ASSH) [19] as “excellent” 
(excellent, < 6 mm; good, 6–10 mm; fair, 11–15 mm; 
poor, > 15 mm; failure, anesthetic).The Semmes-
Weinstein monofilament test (SWmt) showed a 

“diminished light touch” at the ulnar side (monofila-
ment size 3,61), comparing to a normal touch to the 
radial side. Preoperative vs postoperative DASH score 
were 53,7 and 5,14 respectively.

Case 2

A 38 y.o. patient reported a circular saw injury to 
the dorsum of the 1st finger (proximal phalanx) and 
to the volo-radial aspect of the 2nd finger (proximal 
phalanx).

Initially treated in another hospital, he presented 
to our attention 3 months later for painful Tinel on the 
scar and complete anesthesia on the entire radial half 
of the index finger.

We intraoperatively reported a complete radial 
collateral nerve lesion with a post-traumatic neuroma 
(Fig.2a). After its resection, the remaining gap 
was approximately 18 mm. A MIV graft was then 
performed with the previously reported technique 
(Fig.2b). Post-op immobilization with dorsal splinting 
was carried on for 3 weeks.

At the 8 months follow up assessment, 
anesthesia was still present to the 2PD and Semmes-
Weinstein test. VAS diminished from 7/10 to 3/10, 
with a preoperative DASH score of 59,5 (postopera-
tive score 14,49).  Tinel disappeared together with 
neuropathic pain.

Figure. 1 a) Residual gap after stumps resection. b) After 
interposition on MIV graft
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Case 3

A 18 y.o. male, manual worker, reported a sharp 
lesion to the proximal phalanx of his middle finger with a 
broken glass. He came to our assessment after 2 months 
for grip discomfort and numbness to the ulnar side of the 
third finger with initial neuropathic pain and Tinel sign.

In the operatory room we reported a retained 
glass splint with a complete lesion of the ulnar 
collateral nerve. After the resection of the stumps, the 
residual gap was about 6 mm; we chose the MIV graft 
to bridge the defect (Fig.3). Postoperative immobili-
zation was with the usual dorsal splint for 3 weeks. At 
16 months after the operation, the 2PD stratification  
according to ASSH was excellent, with a Semmes-
Weinstein monofilament test of “diminished light 
touch” at the ulnar side. DASH score decreased from 
58,4 to 7, with a postop VAS of 1/10 (preop 6/10).

Case 4

A 29 y.o. male reported a sharp injury with 
the cutting edge of a can to the radial side of the 
index finger. The patient underestimated the injury, 
presenting to our attention only after 5 months of 
complete anaesthesia to the radial side of the finger, 
pinch impairment and grip pain as in presence of a 
painful neuroma.

Intraoperatively, a complete radial collateral nerve 
lesion was observed; after the resection of  the stumps 

the residual gap was 13 mm; we therefore decided to 
perform a MIV graft (Fig.4a-b). Same immobilization 
protocol as the previous cases with dorsal splint was 
adopted. At 13 months follow up, 2PD was “good”, 
the SWmt showed a “diminished light touch” on the 
radial aspect of the finger, DASH decreased from 53,2 
to 9.4, with a post-op VAS score of 2/10 (preop 7/10).

Discussion

About 10% of all hand traumas requiring surgery 
involves a nerve injury. Among these, common and 
proper digital nerves are the most frequently involved 
[1, 20], with well known negative outcomes such as 
sensory loss or numbness and painful neuroma forma-
tion [11, 21]. Socioeconomic repercussions such as 
sick leave or even permanent employment disability  
have been widely described[22, 23].

The effect of suture tension on nerve regeneration 
is of utmost importance: direct end-to-end with no to 
a minimum tension yelds the best results[5, 24]; it is 
demonstrated that even just an 8% elongation of the 
nerve leads to a 50% blood flow loss, and suture failure 
occurs with a 17% stretch [25].

Similarily, axonal regeneration too is influenced 
by mechanical tension. A progressive increase from “no 
tension” to “minor tension”, up to “moderate tension” 
promotes an impairment of axonal growth from 30 to 
50%[26].

Figure. 2 a) Traumatic neuroma to the proximal stump of the 
nerve. b) Neuroma resection and bridging with MIV.

Figure. 3 a) Vein harvesting from the anterior aspect of the 
forearm. b) Preparation of the muscle strip for its insertion into 
the vein. c) Graft positioned between the two stumps.
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No-tension direct suture after a complete nerve 
transection can be performed only in about 82% of 
the cases[27]. That means that 18% of complete nerve 
lesions would imply an excessive tensile strenght, thus 
requiring a nerve graft or tubulization for the gap to 
be covered; in these patients, autologous nerve graft is 
still to be considered the gold standard technique[28]. 
Promising results are coming from nerve reconstruction 
using artificial conduits both in terms of sensibility 
recovery and neuroma formation reduction[16, 29], 
with a growing interest on 3D printing[30]; the main 
advantage of these materials is the preservation of donor 
nerves When deciding how to bridge the gap, the para-
mount factor is represented by the width of the gap that 
needs to be bridged: manifactured tubes are best chosen 
for gaps <10 mm, while autografts or processed nerve 
allografts can show good results up to 70 mm[29].

Concerning MIV, Marcoccio et al. demonstrated 
excellent clinical results even up to 30 mm[18]. In our 
cases the mean gap was 12 mm (min 6 – max 18).

As for sensibility recovery, we observed good to 
excellent sensibility in 3 out of 4 cases at the Modified 
guidelines of the American Society for Surgery of the 
Hand (ASSH).

It is true, though, that recovery may take place 
even beyond the 12-months time lapse,  with cases 
with short gap lenghts who haven’t regained any sensi-
bility at one year that might expect a recovery later[31].

The main feature we observed is the disappearance 
of neuropathic pain due to neuroma formation after 
the first injury in all of the 4 cases. The efficacy of 
MIV technique on reducing neuropathic pain due to 
traumatic neuromas (as a reduction in autotomy rate) 
has been recently demonstrated in rats[32], endors-
ing our results. We chose a dorsal splint for 3 weeks 
as post-op immobilization to protect sutures from 
excessive stretching; literature disproves long lasting 
immobilization, showing no significative difference on 
nerve regeneration  between early mobilization (after 
3-7 days from the MIV graft) comparing to a com-
plete immobilization for 10 days [33]; the presence of 
a nerve injury with a subsequent tension-free suture 
should not impair a tendon mobilization protocol for a 
concomitant tendinous lesion [34].

As for the timing, traditionally MIV is performed 
at least after 2-3 weeks from the initial injury; in fact, it 
is demonstrated that from day 1 to 21 from the trauma  
a progressive fibrosis and collagen deposition takes 
place at the injury site, so that it is preferreable to delay 
the procedure after this period to better delimit the 
damaged area [35]; nevertheless, Tos et al. observed 
good clinical results even in primary repair surgeries 
performed in emergency, endorsing this technique for 
a all-in-one stage [36].

In our case series the mean delay after the first 
injury has been of 3 months (min 2-max 5). 

Figure. 4 a) Measurement of the gap after stumps resection. The white arrow points to the resected neuroma. b) Aspect of the MIV 
at the end of the procedure.
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The main weaknesses of this study are the small 
number of patients analysed, combined with the fact 
that pre-op sensibility measurements (i.e. Semmes-
Weinstein monofilament test, 2PD) were not per-
formed; for these reasons, any statistic analysis would 
not be significative at all. Nevertheless, the only case 
that did not recover any sensibility after MIV grafting 
is the patient with the circular saw avulsion lesion. That 
remarks the well known notion of how the mechanism 
of injury is of utmost importance in the prognosis of 
nerve regeneration[35].

Conclusions

MIV graft is a relatively new technique; its 
cost-effectiveness comparing to manifactured conduits 
and the preservation of healthy donor nerves makes it 
a valuable option in bridging nerve gaps up to 3 cm, 
with comprable outcomes to other available techniques 
in terms of sensibility recovery and neuropathic pain 
resolution. Best results are obtained in patients with a 
sharp lesion as a primary injury, rather than avulsions. 
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