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Among many techniques independently reported to manage neuroma formation,

manipulation of the nerve stump inside muscle and vein is the most advantageous

technique. This study aimed to enrich the basic data of macroscopic appearance and histo-

pathology regarding which technique generates less neuroma: nerve stump implantation

inside vein or inside muscle. An experimental study with posttest-only control-group

design was conducted in 24 rats that were randomly arranged into 3 groups. One

centimeter of the lateral branch of the right ischiadic nerve was cut. Group A served as the

control group, where the proximal nerve stumps were left as they were after the excision;

whereas the stumps of groups B and C were implanted inside muscles and veins,

respectively. The samples were assessed with histologic examination after 4 weeks to

measure the morphometric changes in the nerve endings. The data were statistically

analyzed with t test. All rats healed uneventfully. No thrombosis was found within group

C, and the stumps were free of neuroma formation. The muscle group formed smaller

neuroma than the control group. Statistical analysis showed significant differences

between the groups (P , 0.05). The outcome of nerve stump implantation inside the lumen

of a vein is superior to the implantation inside a muscle in preventing neuroma formation.
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Among many factors with a role in neuroma
formation, local factors are the key. They

include superficial location of the nerves, recurrent
trauma, and infection.1,2 There are many published
surgical methods of nerve stump manipulation
aimed at managing neuroma formation; they vary
from excision, shortening the stump, sealing the
stump with silicone, and implantation of the stump
inside a vein, muscle, or bone, to suturing nerve to
nerve in an end-to-side fashion.1–10 Unfortunately,
with regard to nerve stump management at the first
surgery, the authors observed empirically that most
surgeons only tie up the nerve stumps with threads
without great concern on the future of potential
painful neuroma formation.

Among these many techniques, manipulation of
the nerve stump inside muscle or vein is the most
advantageous technique as it is easy to find adjacent
muscle and vein; also, the techniques need no
exogenous implant and are considered less-exten-
sive procedures. However, to the best of the authors’
knowledge, there is only one clinical study compar-
ing the treatment of painful neuroma between nerve
stump translocation into muscle and into vein.11

That study was in favor of the vein group, and it
was conducted to measure clinical outcome without
histopathologic study on the result of neuroma
formation. This study, by comparison, is intended to
enrich the basic data of macroscopic appearance and
histopathology regarding which technique gener-
ates less neuroma: the nerve stump implantation
inside a vein or inside a muscle. This study also
aims to encourage surgeons to apply a simple and
advantageous technique of nerve stump manage-
ment to prevent the formation of painful neuroma.

Methods

A randomized experimental study with posttest-
only control-group design was conducted on 24
pure Sprague-Dawley male rats aged 3 to 4 months,
weighing 300 to 400 g. Ethical clearance certificate
was issued by the Ethical Research Committee of the
Ministry of Health of Indonesia. Each animal
underwent a 1-cm excision of the right lateral
branch of ischiadic nerve and was randomly
arranged into 3 groups. In group A, the proximal
end of the nerve stump was left as it was and only
marked with one 10-0 nylon suture to make
identification easier at the time of tissue harvesting
during the second surgery. In group B, the proximal
stump of the nerve was implanted inside an

adjacent muscle and fixed by a no-tension simple
interrupted epineurium suture on the site of the
muscle entrance (Fig. 1). The nerve stump in group
C was implanted inside the lumen of the femoral
vein. The epineurium was stitched to the tunica
adventitia with two 10-0 nylon simple interrupted
sutures. In anticipation of the small tissue of the
nerve stump taken from a small animal, the tissue
specimens from proximal nerve stumps were
harvested 4 weeks after the surgery for histologic
assessment using hematoxylin and eosin (H&E)
staining. The animals were killed by standardized
laboratory euthanasia. The measurement of neuro-
ma formation area used a magnification microscope
(3400) defined in micrometers. Assessment was also
directed to evaluate mini fascicles with irregular
axons, Schwann cells, and fibroblasts. The result
was statistically analyzed with t test using SPSS
program Version 10.0 to identify the difference in
neuroma formation area between groups. Level of
significance was set at P , 0.05.

Results

As baseline data, the diameter of the nerves did not
differ between groups as shown in Table 1. In the
control group, neuroma appeared as a white mass
with a smooth surface, bigger than the proximal
part, with adhesion to the surrounding tissue. Eight
proximal nerve stumps that were buried inside the
muscle were in place without any dehiscence.
Minimal scar tissue with some neovascularization
was seen on the muscle at the site where the nerve
was inserted. Figure 2 illustrates the normal vein

Fig. 1 Nerve stump of the muscle group. Nerve stump in the

muscle group right after implantation. The arrow marks the

lateral branch of the ischiadic nerve stump, which is buried in

muscle.
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outlook of group C, demonstrating good circulation
without any thrombus formation. The femoral veins
were of the same size with good flow performance
as shown by patency test.

Table 2 shows details about the size of the
neuroma area, which was measured under magni-
fication microscope (3400). Neuroma formation in
the muscle group was smaller (mean 9541.63 6

6770.10 lm2) than the control group (mean 29,477.38
6 11,915.08 lm2), whereas no neuroma was found in
the vein group. Statistical analysis showed a
significant difference between groups (P , 0.05).

Neuroma in the control group developed as a
mass with fibroblast, Schwann cells, and irregular
axons along with fibrotic tissue, while normal nerve
with regular axons appeared in the vein group
without any inflammation reaction (Fig. 3). Of
interest, the muscle group showed nerve fibers
infiltrating the muscle tissue.

Discussion

This study showed that the muscle group demon-
strated smaller neuroma formation, similar to the
results reported by Sinis et al10 and Baxun.12 It seems
that nerve stump implantation into the muscle is
protective to the axon, where the muscle functions
as a barricade to external stimulation. Muscle may
prevent nerve regeneration because of its ability in
superinnervation. Clinically, it is easy to find a
selected host muscle that is sufficient in size to
properly implant the stump inside it. Brooks et al
performed this technique in 10 patients and showed
that nerve implantation into a muscle is superior in
preventing painful neuroma.13

Low et al,4 Koch et al,6,9 and Mobbs et al8 found
the neuroma when they implanted the nerve stumps
inside veins. They found that the neuroma was
formed with a more regular appearance and more
myelinated axons compared with the stumps, which
were not implanted. It turned out that blood flow
did not act as a stimulant for the axons and thus
prevented aggressive axon regeneration. Axons
regenerate through vein walls that provide a non-
immunogenic environment rich in collagen and
laminin, which increases vascularization.14 Low et
al4 highlighted that axons do not extend into the
vein lumen but regenerate alongside its wall.

Surprisingly, our study failed to show neuroma
formation in the vein group. This result may be
interpreted as a positive outcome of the vein group
in preventing neuroma formation. However, it may
be too premature to draw such a conclusion, as
longer observation time might have a different
outcome. Low et al4 and Koch et al6 also reported
that neuroma formation was smaller in the group
where the nerve stumps were implanted into veins
than in the control group, in which no manipulation
was done to the stumps. Presumably, 3 to 8 months

Table 1 Diameter of lateral branch ischiadic nerve after transection

No.

Diameter, mm

Group A Group B Group C

1 0.62 0.67 0.62
2 0.62 0.58 0.56
3 0.58 0.56 0.75
4 0.73 0.55 0.70
5 0.59 0.64 0.69
6 0.72 0.70 0.76
7 0.63 0.72 0.63
8 0.73 0.62 0.67
Mean 0.66 6 0.06 0.65 6 0.07 0.66 6 0.07

Fig. 2 Nerve stump of the vein group. Nerve stump of the vein

group at the second look before sample harvesting. The arrow

marks the nerve, which was implanted inside the vein. The

picture was taken 4 weeks after the first surgery.

Table 2 Neuroma formation area

No.

Size of neuroma area, lm2

Group A Group B Group C

1 19,551 2595 0
2 43,298 0 0
3 41,546 5892 0
4 12,168 12,265 0
5 35,840 14,527 0
6 36,866 6358 0
7 29,869 15,945 0
8 16,681 18,751 0
Mean 29,477.38 6 11,915.08 9541.63 6 6770.10
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of observation would reveal neuroma formation.
However, our study showed that implantation into
veins posed better outcome within the same 4-week
period than the group in which the nerve stumps
were implanted into muscle. The results of our
study are in accordance with the others4,6,8,9,14 who
suggested that implanting the nerve stump inside a
vein would prevent painful neuroma formation in
the clinical setting. This finding is in accordance
with what Balcin et al11 have observed in their
clinical study, where nerve stump management is
better in the vein group than in the muscle group.

What was also interesting to witness was that we
did not observe thrombus in the vein group. We
predict that the nerve stump is not a potential
thrombogenic substance, although thrombolytic
process may have occurred during the 4-week time.
Low et al4 reported a similar outcome in which they
did not observe thrombus developed inside the
veins. They also describe a histologic finding of
reendothelization of the vessels covering the neuro-
ma. It is unfortunate that we could not confirm the
finding in our study to support the hypothesis that
the reendothelization might act as a protective layer
for neuroma formation.

In summary, implantation of nerve stump inside
vein is potentially superior compared with muscle
implantation in preventing neuroma formation. This
study may support the clinical practice to manage
nerve stumps by implanting them inside a vein in
order to get the best outcome in patients.
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