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Abstract
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Objective We report the case of a 40-year-old man with an inveterate ulnar nerve
neuroma following a laceration injury of his left wrist twenty-three years ago. The
patient presented with a typical ulnar claw-hand deformity and debilitating neuro-
pathic pain in his hand (VAS 8.4). Pre-operative imaging revealed a neuroma of the
ulnar nerve at the Guyon's canal. Moreover, a complete atrophy of all intrinsic hand
muscles innervated by the ulnar nerve was present.

Methods A Zancolli lasso procedure was performed to reduce the clawing effect. The
neuroma was resected producing a nerve defect of five centimeters. Since the injury
dated back more than two decades and any motor recovery was deemed impossible at
that point, the motor fascicle of the ulnar nerve, i.e. the deep branch, was selectively
neurolysed and harvested as an autologous nerve graft. Then the graft was shifted into
the defect to be coapted with the superficial branch fascicle in an end-to-end fashion.
Results The presented fascicular shift procedure resulted in satisfying and sustained
pain reduction. At the six-month follow-up, the VAS decreased to 1.2, and two years
post-operatively, the patient reported 2.5 on the VAS.

Conclusion The fascicular shift procedure offers an alternative approach to conventional
nerve grafts. If nerve grafting is required, using a locally harvested graft avoids additional
donor site morbidity. Assuming the clinical scenario allows for fascicular grafting, we
strongly suggest considering the fascicular shift procedure as a cost-effective alternative to
expensive conduits and processed nerve allografts in sensory nerve reconstruction.
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When a peripheral nerve is subject to traumatic injury such
as transection, the formation of a bulbous swelling at the
proximal end of the nerve, referred to as a neuroma, is almost
invariably observed. In an effort to restore neural continuity,
axons of a severed nerve regenerate without fascicular
organization.>> Additionally, a mass of connective tissue
proliferates around the proximal nerve stump.*° In some
cases, neuromas induce severe neuropathic pain, for which
several neuropathological processes are thought responsi-
ble.5"® Even light touch or pressure on the neuroma may
elicit tremendous pain in the associated innervation area due
to increased axonal excitability.? Pain may also occur at rest
as well as during night time due to spontaneous ectopic
neuronal discharges.m'11

To prevent the unorganized axonal sprouting in neuroma
formation, a great number of surgical techniques have been
proposed.?>12-14 Most of them include resection of the
neuroma and translocation of the proximal nerve stump to
an extra-anatomical target such as muscle,’>'” bone,'8 or
vein.'®?0 After surgical neuroma resection, the use of autol-
ogous nerve grafting,’' nerve transfers,”>>> nerve con-
duits,** and processed nerve allografts>>>-® has also been
described. Studies of the various surgical approaches are
limited by small sample sizes and nonrandomized case series
study designs.?’ Furthermore, none of the techniques de-
scribed so far provided predictable and durable pain relief.?8
Finally, the best treatment of any neural division is providing
appropriate end organs to allow regeneration of the nerve
and restoration of function.

In the context of peripheral nerve reconstruction, a
technique called “fascicular shift procedure” (FSP) has re-
cently been described.?® This approach involves harvesting a
fascicle of the target nerve and shifting it into the defect to
overcome the peripheral nerve injury. It is coapted in an end-
to-end fashion to both proximal and distal nerve ends,
thereby bridging the defect. Hader et al®® demonstrated
that the FSP facilitated successful nerve regeneration in an
experimental rat model. The local harvesting of the trans-
plant avoids affecting another healthy nerve and helps to
prevent extending the lesion. Hence, the risk of additional
neuroma formation is reduced.

This report describes the clinical application of the FSP in
the treatment of an inveterate ulnar nerve neuroma at the

Guyon’s canal. To the best of our knowledge, no similar case
of neuroma treatment has been reported.

Case Report

Patient History and Clinical Examination

In 2017, a 40-year-old male patient, who had suffered a
laceration injury of his left wrist 23 years ago in Poland,
presented to our clinic. Primary care back then included
wound treatment and skin closure without revision of
neurovascular structures. The patient’s main purpose of
consultation was severe and disabling pain in his left hand,
which impaired hand function in daily life and at work. At the
initial consultation, the pain in the hand averaged visual
analog scale (VAS) 8.4. Regular pain medication included
gabapentin 300 mg five times daily. The patient’s night’s rest
was sufficiently compromised by the persistent neuropathic
pain.

Moreover, typical clinical signs of long-standing ulnar
denervation were evident. There was a typical ulnar claw-
hand deformity of the fourth and fifth finger. Abduction of
the fifth finger and adduction of the fingers two to five was
rated M1 (according to the British Medical Research Council
scale) with a positive Froment’s sign. Complete atrophy of
the hypothenar eminence and intrinsic hand musculature
was present. Sensation was completely absent in the fifth
finger as well as the ulnar half of the fourth finger and also
mildly reduced in the hypothenar region. However, the
patient’s subjective hand function was predominantly limit-
ed due to the persistent and tremendous pain.

Initial Imaging

Ultrasound of the patient’s left wrist revealed an ulnar
nerve's neuroma at the Guyon’s canal, which measured
2.4 cm (=Fig. 1). Additionally, complete atrophy with fatty
degeneration of all interossei, the hypothenar and 4th
lumbrical muscles were evident. No further structures
were found altered.

Magnetic resonance imaging was performed to evalu-
ate the flexor tendons of the fourth and fifth fingers as
well as their annular pulleys A2 and A4. Since these
structures were found intact, a Zancolli lasso procedure
was planned.

Fig. 1 High-resolution sonography of the ulnar nerve proximal to Guyon’s Canal. (A) Here, a 2.4 cm long neuroma-in-continuity was identified.
(B) Especially note the complete disruption of normal fascicular architecture in this transverse orientated sonography.
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Fig. 2 Surgical neuroma resection and fascicular shift procedure. (A) Dissection of the neuroma. (B) Separation of motor and sensory
fascicles extending proximally from the neuroma. (C) Shift of the proximally harvested motor fascicle to overcome the large nerve defect after

neuroma resection.

Surgical Treatment

Within 3 months preoperatively, the patient was urged to
regularly visit an occupational therapist to improve passive
motion of the fourth and fifth finger. Consecutively, it was
feasible to perform the planned Zancolli lasso procedure in a
standard manner (for a detailed description of the surgical
technique, see Goldfarb et al*?).

To treat the painful neuroma, a novel surgical technique
was applied.?® First, the neuroma was fully exposed using a
10-cm skin incision over the volar, ulnar-sided wrist. From
the Guyon'’s canal, the enlarged, neuromatous swelling ex-
tended proximally for 5cm (=Fig. 2), which exceeded the
reported length of the preoperative ultrasound images. Upon
careful dissection of the neuroma, two main fascicles were
identified. Due to the location within the Guyon'’s canal, they
were recognized as the ulnar nerve’s deep and superficial
branch. Following neuroma resection, the two fascicles could
be easily separated proximal to the injury over a length of
5cm, which corresponded to the created nerve defect. The
motor fascicle was harvested, and its ends were coapted
proximally to the sensory portion of the ulnar nerve and
distally to the superficial branch.

Postoperative histological analysis of the resected bul-
bous swelling revealed typical disorganized fascicular pro-
liferation of small fascicles including edematous nerve
sheaths corresponding to a posttraumatic neuroma.

Postoperative Results

The patient was examined 2 weeks, 3 months, 6 months, and
2 years after surgery. Neuroma pain in the patient’s hand, as
assessed with the VAS, decreased from 8.4 preoperatively to
1.2 at 6-month follow-up, and to 2.5 2 years postoperatively
(see =Fig. 3). The two-point discrimination for both right and
left hands is schematically shown in =Fig. 4 at the 2-year
follow-up. While sensation in the fifth finger did not recover,
the patient developed protective sensation with a two-point
discrimination of 12mm on the ulnar side of the fourth
finger.

Overall, hand function was satisfactorily restored by the
Zancolli lasso procedure. The subjective disability evaluated
by the Disabilities of the Arm, Shoulder, and Hand (DASH)
questionnaire improved from 48.3 preoperatively to 28.3 at
6 months postoperatively.
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Fig. 3 Visual analog scale score measuring neuropathic pain in the
hand over the course of 2 years. The initial pain reduction might be
attributed to the neuroma resection per se. However, the patient also
reported no substantial increase in pain at the 2-year follow-up.

Discussion

Today, it is well known that the proximal nerve end will try to
reconnect with its distal stump or target organ after trau-
matic transection.?® In 1890, Ramon y Cajal was the first to
describe that regenerating axons from the proximal nerve
stump form a growth cone.?' If the outgrowing axons fail to
find their distal endoneurial tubes, they will grow into
surrounding scar tissue and form a neuroma.>?

To date, the exact mechanism of neuroma-associated painis
not yet fully understood, and the question why some patients
develop painful neuromas and others do not remains unre-
solved.'*33 It is, however, widely accepted that the prevention
of neuroma formation is paramount to avoid subsequent
neuropathic pain.'* Therefore, various surgical techniques
have been proposed during the past decades. They include
translocation of the proximal nerve stump into muscle tis-
sue,'> " into vein,'>?? and even into bone.'® Further, various
authors have presented the technique of capping the nerve’s
end with different synthetic materials, such as adhesive tape,>*
and biomaterial resembling tubes or conduits.>>>’ Nerve
capping is assumed to allow for epineurial healing of severed
fascicles, lessening improperly and irregularly regenerating
nerve fibers.'* Surgical fascicle ligation has also been described
in the treatment of neuroma prevention.>? Nerve defects
exceeding several centimeters, which are created upon
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Fig. 4 Two-point discrimination in millimeter for both hands at the 2-year follow-up. The left image shows the operated left hand; the right
image shows the patient’s right hand. While sensibility in the fifth finger was not improved, protective sensation for the fourth finger could be
restored, following nerve reconstruction with the fascicular shift procedure.

resection of large neuromas, may be reconstructed using
conventional autologous nerve grafts?' nerve transfers,??
nerve conduits,”>** and processed nerve allografts.>2>2%
The latter two, in particular, have recently been increasingly
used in sensory nerve defects.?*~26 However, due to the lack of
adequate epitopes, nerve conduits are mainly limited to
defects of 30 mm,?* and processed nerve allografts have hardly
been applied clinically in nerve defects extending 50 mm.?>2°
As neuroma treatment does not generally aim for functional
restoration, the cost aspect of allografts and conduits also
should be considered. Overall, insufficient pain relief and
neuroma recurrence are still common findings,® keep chal-
lenging experts in the field, and novel alternatives are needed.

In the presented case, an inveterate, painful neuroma of
the ulnar nerve was resected producing a nerve defect of
5cm proximal to the Guyon’s canal. Since the initial lacera-
tion injury dated back more than 23 years and had resulted in
complete atrophy of all intrinsic hand muscles as well as an
ulnar claw-hand deformity, no motor recovery was expected
at the time of revision surgery. Therefore, an autologous
donor nerve, which would have produced additional donor-
site morbidity, was not considered for nerve reconstruction.
Burying the proximal nerve stump into adjacent muscle or
capping it with a vein could have resulted in the recurrence
of a painful neuroma as reported in the literature.'>'?
Furthermore, this would have annihilated any chance of
sensory recovery. On the other hand, two fascicles could
readily be separated proximal to the resected neuroma.
Hence, the senior author decided to reconstruct the nerve
defect by locally harvesting the vital, though “functionless”
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motor fascicle in the proximal segment of the ulnar nerve as
a fresh autograft without causing any additional donor-site
morbidity (see =Fig. 5 for schematic illustration).

The initial pain reduction from VAS 8.4 to 0.8 at 2-week
follow-up probably originated from neuroma resection per
se. However, at the final inspection 2 years postoperatively,
the patient reported that he remained mainly pain-free (VAS
2-3) and merely experiences individual pain episodes fol-
lowing intense manual labor. Hence, we concluded that
outgrowing axons were guided through the shifted fascicle
toward their natural target. The recurrence of a neuroma was
therefore prevented by the FSP. The partial defect elongation
produced by the proximal fascicle harvest did not affect
distal motor function since complete denervation had been
present for over two decades. Although the DASH score aims
to assess musculoskeletal disorders, it was used in this
patient to illustrate the impact of this painful neuroma on
hand function. The patient’s DASH score slightly improved
from 48.3 preoperatively to 28.3 at 6-month follow-up. This
may be explained by the pain reduction, as it is commonly
accepted that the painful neuroma itself can be more dis-
abling to a patient than an anesthetic surface area or the loss
of motor function it has caused.? Protective sensation for the
fourth finger was restored. Overall, the patient was satisfied
with the procedure, his final pain situation, and the partial
regained sensibility.

Sir Sydney Sunderland, a pioneer in experimental nerve
research, first described that the undamaged, intact perineu-
rium may be seen as an impenetrable barrier for regenerat-
ing axons.>® Thereby, the restoration of neural integrity and
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Fig. 5 Schematic illustration of the performed nerve reconstruction
using the fascicular shift procedure. (A) Extending distally from the
neuroma within the Guyon’s canal, the superficial and deep motor
branches were identified as dividable fascicles. (B) The two fascicles
were dissected within the neuroma and followed proximally. (C) The
motor fascicle was shifted thereby bridging the nerve defect after
neuroma resection.

continuity acts as a protecting sheath and counteracts the
disorganized outgrowth of regenerating axons into scar
tissue.®% In the presented case, the shifted fascicle acted
as a consistent structural matrix and signal source, shep-
herding axonal regeneration toward its natural target.29 In
contrast to nerve conduits and processed nerve grafts, the
fascicular graft provides adequate epitopes and humoral
support, which are responsible for axonal survival among
others (see Bolivar et al>° for a detailed review). The concept
of proximal fascicular shifts has first been described by
MacCarty®® in 1951. Since then, this technique has rarely
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been mentioned in the literature and has hardly been
applied.*’ Recently, Hader et al?® reinvestigated a similar
technique and could show that harvesting a fascicle distal to
the injury site and shifting it into the defect led to successful
nerve regeneration in a rat sciatic nerve injury model. At the
time of initial description, the continuous blood supply to a
large nerve graft was considered the main advantage of the
discussed technique because it might affect nerve regenera-
tion. Although we do not agree with this concept, we also see
the true potential of fascicular shifting in large, proximal
nerve defects, as adequate epitopes and humoral support,
provided by the fascicular graft, are hypothesized to promote
satisfying nerve regeneration.?>3° Moreover, the fascicular
structure can easily be identified in proximal nerve architec-
ture and hence a fascicular graft may be conveniently
harvested. In ongoing anatomical and clinical explorations,
we are currently evaluating the applicability of the FSP in
brachial plexus reconstructions and sciatic nerve lesions.
Further indications include, like the present case, delayed
repairs in which the donor-site morbidity of an autologous
nerve graft is not justified, but some nerve regeneration is
still possible. Koshima et al*! also reported on successfully
repairing one facial nerve and three digital nerve defects by
using a fascicular shift.

From an anatomical perspective, the presented case raises
the question of how far proximal the two branches of the
distal ulnar nerve may be separated within their mutual
epineurial sheath, that is, the deep motor branch and the
superficial branch, which course apart in the Guyon’s canal.
Ongoing dissection studies in human cadavers and immu-
nofluorescence analyses may soon deliver new insights on
the intraneural topography of the distal ulnar nerve and
might elucidate further fields of application.*

In conclusion, the FSP presents an alternative to conven-
tional nerve grafts. Whenever nerve reconstruction is
strived, local harvest of a graft avoids affecting another nerve
and the appropriate nerve fiber composition is maintained.
Presuming that the clinical scenario allows for fascicular
grafting, the authors highly recommend considering the FSP
in peripheral sensory nerve reconstruction as a cost-effective
alternative to pricy conduits and processed nerve allografts.

Funding

This study was funded by a grant from the European
Research Council under the European Union’s Horizon
2020 research and innovation program (grant agreement
no. 810346) and by the Christian Doppler Research Foun-
dation of the Austrian Council for Research and Technol-
ogy Development. None of the funding agencies were
involved in the collection, analysis, and interpretation of
data or writing and publication of this article.

Conflict of Interest
None declared.

Acknowledgments
We thank Aron Cserveny for the preparation of some
illustrations included in the paper.

Vol. 8 No. 1/2023 © 2023. The Author(s).



Neuroma Treatment by Fascicular Grafting Hruby and Sporer et al.

References

1

N

w

N

(%]

[e)]

~

oo

]

13

16

20

Cravioto H, Battista A. Clinical and ultrastructural study of painful
neuroma. Neurosurgery 1981;8(02):181-190

Battista AF, Cravioto HM, Budzilovich GN. Painful neuroma:
changes produced in peripheral nerve after fascicle ligation.
Neurosurgery 1981;9(05):589-600

Vernadakis AJ, Koch H, Mackinnon SE. Management of neuromas.
Clin Plast Surg 2003;30(02):247-268

Kretschmer T, England JD, Happel LT, et al. Ankyrin G and voltage
gated sodium channels colocalize in human neuroma-key pro-
teins of membrane remodeling after axonal injury. Neurosci Lett
2002;323(02):151-155

Yan Y, Wood MD, Hunter DA, Ee X, Mackinnon SE, Moore AM. The
effect of short nerve grafts in series on axonal regeneration across
isografts or acellular nerve allografts. ] Hand Surg Am 2016;41
(06):e113-e121

Kretschmer T, Nguyen DH, Beuerman RW, Tiel RL, Kline DG.
Elevated ankyrin G in a plexiform neurofibroma and neuromas
associated with pain. ] Clin Neurosci 2004;11(08):886-889
Kretschmer T, Happel LT, England D, et al. Accumulation of PN1
and PN3 sodium channels in painful human neuroma-evidence
from immunocytochemistry. Acta Neurochir (Wien) 2002;144
(08):803-810, discussion 810

Martini A, Fromm B. A new operation for the prevention and
treatment of amputation neuromas. ] Bone Joint Surg Br 1989;71
(03):379-382

Nystrom B, Hagbarth KE. Microelectrode recordings from trans-
ected nerves in amputees with phantom limb pain. Neurosci Lett
1981;27(02):211-216

Black JA, Nikolajsen L, Kroner K, Jensen TS, Waxman SG. Multiple
sodium channel isoforms and mitogen-activated protein kinases
are present in painful human neuromas. Ann Neurol 2008;64(06):
644-653

North RY, Lazaro TT, Dougherty PM. Ectopic spontaneous afferent
activity and neuropathic pain. Neurosurgery 2018;65(01):49-54
Balcin H, Erba P, Wettstein R, Schaefer DJ, Pierer G, Kalbermatten
DF. A comparative study of two methods of surgical treatment for
painful neuroma. | Bone Joint Surg Br 2009;91(06):803-808
Vaienti L, Merle M, Battiston B, Villani F, Gazzola R. Perineural fat
grafting in the treatment of painful end-neuromas of the upper
limb: a pilot study. ] Hand Surg Eur Vol 2013;38(01):36-42

Yan H, Zhang F, Kolkin ], Wang C, Xia Z, Fan C. Mechanisms of nerve
capping technique in prevention of painful neuroma formation.
PLoS One 2014;9(04):e93973. Doi: 10.1371/journal.pone.0093973
Dellon AL, Mackinnon SE. Treatment of the painful neuroma by
neuroma resection and muscle implantation. Plast Reconstr Surg
1986;77(03):427-438

Evans GR, Dellon AL. Implantation of the palmar cutaneous branch
of the median nerve into the pronator quadratus for treatment of
painful neuroma. ] Hand Surg Am 1994;19(02):203-206

Souza JM, Cheesborough JE, Ko JH, Cho MS, Kuiken TA, Dumanian
GA. Targeted muscle reinnervation: a novel approach to postam-
putation neuroma pain. Clin Orthop Relat Res 2014;472(10):
2984-2990

Mass DP, Ciano MC, Tortosa R, Newmeyer WL, Kilgore ES Jr.
Treatment of painful hand neuromas by their transfer into
bone. Plast Reconstr Surg 1984;74(02):182-185

Koch H, Hubmer M, Welkerling H, Sandner-Kiesling A, Scharnagl
E. The treatment of painful neuroma on the lower extremity by
resection and nerve stump transplantation into a vein. Foot Ankle
Int 2004;25(07):476-481

Mobbs RJ, Vonau M, Blum P. Treatment of painful peripheral
neuroma by vein implantation. ] Clin Neurosci 2003;10(03):
338-339

Journal of Reconstructive Microsurgery Open

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Watson |, Gonzalez M, Romero A, Kerns J. Neuromas of the hand
and upper extremity. ] Hand Surg Am 2010;35(03):499-510
Al-Qattan MM. Prevention and treatment of painful neuromas of
the superficial radial nerve by the end-to-side nerve repair
concept: an experimental study and preliminary clinical experi-
ence. Microsurgery 2000;20(03):99-104

Aszmann OC, Moser V, Frey M. [Treatment of painful neuromas via
end-to-side neurorraphy]. Handchirurgie, Mikrochirurgie, plasti-
sche Chirurgie: Organ der Deutschsprachigen Arbeitsgemeinschaft
fur Handchirurgie. Organ der Deutschsprachigen Arbeitsgemein-
schaft fur Mikrochirurgie der Peripheren Nerven und Gefasse
2010;42(04):225-232

Carvalho CR, Reis RL, Oliveira JM. Fundamentals and current
strategies for peripheral nerve repair and regeneration. Adv
Exp Med Biol 2020;1249:173-201

Thomson C, Schneider JM, Pohl U, Power DM. Failed acellular
nerve allografts: a critical review. Ann Plast Surg 2022;89(01):
63-71

Kornfeld T, Borger A, Radtke C. Reconstruction of critical nerve
defects using allogenic nerve tissue: a review of current
approaches. Int ] Mol Sci 2021;22(07):3515. Doi: 10.3390/
ijms22073515

Poppler LH, Parikh RP, Bichanich MJ, et al. Surgical interventions
for the treatment of painful neuroma: a comparative meta-
analysis. Pain 2018;159(02):214-223

Stokvis A, Coert JH, van Neck JW. Insufficient pain relief after
surgical neuroma treatment: prognostic factors and central
sensitisation. ] Plast Reconstr Aesthet Surg 2010;63(09):
1538-1543

Hader M, Sporer ME, Roche AD, et al. Fascicular shifting: a novel
technique to overcome large nerve defects. ] Neurosurg Spine
2017;27(06):723-731

Goldfarb CA, Stern PJ. Low ulnar nerve palsy. ] Am Soc Surg Hand
2003;3(01):14-26

Sotelo C. The chemotactic hypothesis of Cajal: a century behind.
Prog Brain Res 2002;136:11-20

Battista A, Cravioto H. Neuroma formation and prevention by
fascicle ligation in the rat. Neurosurgery 1981;8(02):191-204
Maggi SP, Lowe ]B III, Mackinnon SE. Pathophysiology of nerve
injury. Clin Plast Surg 2003;30(02):109-126

Freeman BS, Perry |, Brown D. Experimental study of adhesive
surgical tape for nerve anastomosis. Plast Reconstr Surg 1969;43
(02):174-179

Gould ]S, Naranje SM, McGwin G Jr, Florence M, Cheppalli S. Use of
collagen conduits in management of painful neuromas of the foot
and ankle. Foot Ankle Int 2013;34(07):932-940

Wagner E, Ortiz C. The painful neuroma and the use of conduits.
Foot Ankle Clin 2011;16(02):295-304

Thomsen L, Schlur C. [Incidence of painful neuroma after end-to-
end nerve suture wrapped into a collagen conduit. A prospective
study of 185 cases]. Chir Main 2013;32(05):335-340
Sunderland S. The effect of rupture of the perineurium on the
contained nerve-fibres. Brain 1946;69(02):149-152

Bolivar S, Navarro X, Udina E. Schwann cell role in selectivity of
nerve regeneration. Cells 2020;9(09):2131. Doi: 10.3390/
cells9092131

MacCarty CS. Two-stage autograft for repair of extensive damage
to sciatic nerve; report of a case. ] Neurosurg 1951;8(03):319-322
Koshima I, Narushima M, Mihara M, Uchida G, Nakagawa M.
Fascicular turnover flap for nerve gaps. ] Plast Reconstr Aesthet
Surg 2010;63(06):1008-1014

Gesslbauer B, Hruby LA, Roche AD, Farina D, Blumer R, Aszmann
OC. Axonal components of nerves innervating the human arm.
Ann Neurol 2017;82(03):396-408

Vol. 8 No. 1/2023 © 2023. The Author(s).

e65



