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Introduction

Neuromas are globular swellings that form as a result of
abnormal and disorganized regeneration of unmyelinated
nerve endings.1–3 Neuromas can be painful due to either
persistent mechanical or chemical irritation of the axons
within the neuroma or development of spontaneous activity

of neuronswithin the dorsal root ganglion.4 Painful neuroma
usually develops following nerve trauma or surgery, affect-
ing 2 to 60% of patients with nerve injuries.5–7

Over 150 treatmentmethods have been reported to control
pain caused by neuroma formation; however, comparative
outcome studies are scarce.8–12 Various surgical techniques
have been reported; the techniques involving neuroma
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Abstract The choice of a specific technique for surgical treatment of neuromas remains a
problem. The purpose of this study is to determine the overall effectiveness of surgery
as well as to find out whether certain surgical procedures are more effective than
others. Twenty-nine patients operated between 1998 and 2018 and followed for at
least 12months were reviewed. Clinical assessment included the identification of a pre-
and postoperative Tinel sign, pain visual analog score, two-point discrimination (2PD),
and grip strength. Mechanisms of injury included clean lacerations (11), crush injuries
(11), and other trauma or surgery (7). Mean time from presentation to surgery was
9 months. Seven surgical procedures involving excision in 10 patients and excision and
nerve repair in 19 patients were performed. Pain score improved from an average of
7.1�2.3 to 1.8�1.7 with 27 patients (93%) reporting mild or no postoperative pain.
Nine patients complained of residual scar hypersensitivity and six patients had residual
positive Tinel. No patient required an additional surgical procedure. 2PD improved
from an average of 9.6�4.0 to 6.8�1.0. The improvement of pain score and 2PD was
statistically significant. Nerve repair resulted inmarginally better outcomes, in terms of
2PD and grip strength recovery, than excision alone. The mechanism of injury, zone of
involvement, time to intervention, or length of follow-up did not have an impact on the
outcomes. Although patient numbers in this study are large in comparison to previous
studies, larger patient numbers will allow for a multivariate analysis, which can be
possible with a prospective multicenter trial.
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excision and implantation/burying have historically been the
most commonly used. However, the outcome of the reported
studies is limited by the small sample sizes and nonrandom-
ized designs; therefore, there is still no definitive answer on
the effectiveness of each surgical procedure. The purpose of
this study is to identify andassess the available informationon
the outcome of surgical treatment of painful neuromas. Our
goals are to determine the overall effectiveness of surgery and
find out whether certain surgical procedures are more effec-
tive than others.

Patients and Methods

This retrospective review was initiated after obtaining
approval from the institutional review board. Patients at
our institute diagnosed with a peripheral neuroma between
1998 and 2018 were identified from their medical records
and were reviewed. Inclusion criteria included patients who
were operated upon for their painful neuroma in the hand or
forearm. Exclusion criteria included patients with neuromas
occurring at or proximal to the elbow, those who were
managed with nonsurgical methods, and those followed
for less than 1 year.

Patient demographics, injury mechanism, hand domi-
nance, associated symptoms, and repair type data were
collected. Neuromas were classified according to where
they occurred within the hand and forearm, as has been
previously described in the literature.10 Zone I neuromas
include those involving the digital nerves and the terminal
branches of nerves innervating the dorsum of the hand. Zone
II neuromas include those neuromas occurring in the palm of
the hand and in the distribution of the dorsal branch of the
ulnar nerve. Zone III neuromas include those neuromas
occurring in the forearm, including the radial border of the
wrist.

Clinical assessment included the identification of a pre-
and postoperative Tinel sign, pain visual analog score (VAS),
two-point discrimination (2PD), and grip strength, which
were obtained from themedical records. The power gripmay
be affected in neuroma patients secondary to painful inhibi-
tion caused bymechanical irritation during grasp. The power
grip was evaluated pre- and postoperatively on the same
involved side to avoid the variability caused by hand domi-
nance. The power gripwasmeasured using Jamar dynamom-
eter and the results recorded in pounds. Comparison
between the pre- and postoperative variableswas performed
using the two-tailed Student’s t-test (SPSS software statisti-
cal computer package version 26). A p-value � 0.05 was
considered significant.

Results

Forty-six patients who met the inclusion criteria were identi-
fied. Sixteen patients were lost to follow-up, leaving 29
patients who were treated for 29 individual neuromas. The
study population consisted of 11 females (38%) and 18 males
(62%) with a mean age of 36 years (range, 17–66 years). Mean
follow-up period was 19.07�8.9 months (range, 11–40

months). Mechanisms of injury included clean lacerations
(11), crush injuries with finger amputation (11), tumor exci-
sion (3), and other trauma or surgery (4). Sixteen neuromas
(55%) occurred in the right upper limb. Mean time from initial
presentation tothepatient’sfirst surgerywas9months (range,
1–36 months). Preoperative pain evaluations revealed an
average rating of severe pain (VAS¼7.4); 3 patients (10%)
reported mild pain (VAS¼1–3), 4 patients (14%) reported
moderate pain (VAS¼4–6), 20 patients (69%) reported severe
pain (VAS¼7–9), and2 patients (7%) reported intolerable pain
(VAS¼10).

All the cases included in this study were symptomatic
sensory neuromas. All neuromas, except for one, were end
neuromas. Sixteen neuromas occurred in zone I, nine in zone
II, and four in zone III. All 16 neuromas in zone I involved
the digital nerves. Operative procedures were performed by
one surgeon, the senior author (T. M. T.). The surgical policy
was dependent on the presence or absence of a distal nerve
stump. If a distal nerve stump was present, either primary
neurorrhaphy or reconstruction using autogenous nerve
grafts, vein conduits, and allografts was performed depend-
ing on the defect size. If the distal stump is not retrievable,
simple excision, excision and coverage with rotational flap,
or excision and transposition of the remaining nerve stump
into muscle or bone was performed depending on location
of the neuroma and scar condition. Surgical procedures
included excision of the neuromas in 10 patients and exci-
sion and nerve repair in 19 patients. Of the 10 excised
neuromas, simple excision only was performed in 2 patients,
excision and coverage with rotational flap in 1 patient, and
excision and transposition of the remaining nerve stump into
muscle or bone in 6 patients. Of the 19 nerves repaired,
3 underwent primary neurorrhaphy and 4 were recon-
structed with autogenous nerve grafts, 9 with vein conduits,
and 3with Axogen graft weave (Axogen Inc., Alachua, Florida,
United States).

None of our patients required an additional surgical
procedure for adequate treatment of their neuroma. Postop-
erative pain score revealed that 27 patients (93%) reported
mild or no pain, and 2 patients (7%) reported moderate pain.
The improvement in postoperative pain score was statisti-
cally significant (p � 0.05). Nine patients complained of
residual scar hypersensitivity and six patients had residual
positive Tinel. 2PD improved from an average of 9.6�4.0 to
6.8�1.0. The improvement in the 2PD was statistically
significant (p<0.05). The 2PD significantly improved only
in the excision and reconstruction group from an average of
10.9 to 6.6mm. The 2PD in the excision-only group did not
improve as the difference between the preoperative and
postoperative values (1mm) is negligible and can be attrib-
uted to measurement variability (►Table 1). The type of
procedure performed, excision versus excision and recon-
struction, appears to affect functional outcome, in terms of
2PD and grip strength, with nerve repair being superior
although the difference was not statistically significant
(►Table 1). Both types of procedures equally improved
postoperative pain by 5degrees on the VAS. On the other
hand, the mechanism of injury, zone of involvement, time
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from clinical presentation to surgical intervention, or length
of follow-up did not have any impact on functional or
sensory outcomes (►Tables 2 and 3).

Discussion

Analysis of our results revealed two findings. The first is that
surgical management of painful neuromas led to clinically
meaningful improvement of pain, with 93% of patients
reporting no or mild postoperative pain regardless of surgi-
cal technique employed. This is supported by a recent
comparative meta-analysis, which concluded that 77% of
patients with neuroma had meaningful improvement of
pain regardless of the surgical method used.13 The second
is that excision of a neuroma and nerve reconstruction was
marginally better, in terms of 2PD and grip strength, than
excision only, excision and transposition of the distal nerve
end into muscle or bone, or excision and flap coverage. This

is in line with the findings of Guse and Moran, who found
that nerve repair had the highest rate of success.14 Also,
Wolvetang et al found lower rates of secondary neuroma
surgery in patients undergoing neurorrhaphy with or
without nerve graft compared with those undergoing
implantation techniques.15 Although no specific technique
proved to be clearly superior, our data demonstrated that
surgical intervention should be considered in the treatment
algorithm for patients suffering from painful neuroma
refractory to conservative management.

The timing of presentation of symptomatic neuroma can
vary. It has been proposed that painful symptoms tend to
develop within 12 weeks of nerve injury or neuroma
treatment.16

In a study designed to characterize morphologic stages
during neuroma development following amputation, Oliveira
et al speculated that neuroma treatment and/or prevention
strategies might be more successful if targeted at the initial

Table 1 Results according to the surgical procedure

Neuroma excision and nerve
reconstruction

Neuroma excision

Pre-op Post-op Pre-op Post-op

Time from injury to onset of symptoms (mo) 7.4 14.5

VAS 7.1�2.2 1.9� 1.9 7.3�2.5 1.5� 0.93

2PD (mm) 10.9�4.3 6.6� 0.9 8.2�2.7 7.1� 1.1

Power grip right (lb) 42.3�21.9 70� 27.4 64.8�50.3 73.3� 32.2

Power grip left (lb) 36.7�18.9 65� 11.8 73.3�32.2 60�15

Abbreviations: 2PD, two-point discrimination; VAS, visual analog scale.

Table 2 Results according to the site of neuroma

Zone I Zone II Zone III

Pre-op Pos-top Pre-op Post-op Pre-op Post-op

Time from injury to onset of
symptoms (mo)

10.5� 6.9 7.0�9.4 9.8� 11

VAS 7.4�2.2 1.5�1.8 7.3�0.9 2.4� 1.8 5.8� 3.6 1.6�0.6

2PD (mm) 9.4�2.3 7.0�1.0 11.8�5.6 6.6� 1.0 7.7� 2.9 6.0

Power grip right (lb) 67.3� 28.3 72.0� 24.0 48.3�22.3 56.7�20.2 21.7� 7.6 110

Power grip left (lb) 44.7� 7.8 62.5� 6.7 36 65�8.7 – –

Abbreviations: 2PD, two-point discrimination; VAS, visual analog scale.

Table 3 Results according to onset of symptoms

Time from injury to onset of symptoms (mo)

1–5 6–12 >12

Pre-op Post-op Pre-op Post-op Pre-op Post-op

VAS 7.5� 2.4 1.9�1.9 8.2�1.5 0.8�0.9 6.4� 2.4 2.1� 1.6

2PD (mm) 10.6�4.2 6.5�0.9 11.8�5.1 7.2�1.1 8.6� 3.3 6.9� 1.0

Power grip right (lb) 46.7�24.4 65.0�24.5 29.0�1.4 – 64.8� 50.0 76.0� 31.3

Power grip left (lb) 36.0�31.1 55 40.0�28.3 70.0� 14.1 43.3� 16 62.5� 12.9

Abbreviations: 2PD, two-point discrimination; VAS, visual analog scale.
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stages of development and not after 28 days following ampu-
tation.17 The average duration between injury and presenta-
tion in the present study was 23�8.9 months. The timing of
surgery varied due to various nonsurgical methods that were
attempted depending on the pain levels and disability.

The location of the neuromahas been suggested as a factor
affecting the selection of the treatment method,10 and
several authors have suggested using the zones of the hand
to help guide surgical relocation procedures for the neuro-
mas. The contribution of location to the outcome of treat-
ment is also debatable, as some stated pain in zone III is most
difficult to treat,18 whereas others noted worse results in
zone I.19 Analysis in this study revealed that neither the zone
nor the involvement of digits had any impact on pain relief or
functional recovery.

Previous studies have determined the magnitude of the
injury bears no relationship to the development of pain.12 This
is consistent with the current study where the mechanism of
injury, sharp laceration or crush, failed to influence postoper-
ative function. It is also worth noting that previous studies
confirmed that 20 to 30% of neuromas remain symptomatic
regardless of the therapeutic treatment initially applied.20 In
the current study, persistent Tinel sign was present in six
patients (20%). However, the presence of postoperative Tinel
sign did not have an influence on pain or function and did not
necessitate reoperation. It has been suggested that a clearer
insight into the benefits from the intervention would be
possible only after 36 months of follow-up.21 Unfortunately,
none of our patients had that long of a follow-up.

The principal drawbacks of this study were the retrospec-
tive nature and lack of long-term follow-up information.
Although patient numbers in this study are large in compar-
ison to those of other studies, larger patient numbers will
allow for a multivariate analysis. This will be possible with a
prospective multicenter trial.

In conclusion, surgical treatment of hand and forearm
neuromas results in significant pain relief and sensory
recovery. Nerve repair produces marginally better outcomes
compared with neuroma excision only. The mechanism of
injury, zone of involvement, time from clinical presentation
to surgical intervention, or length of follow-up did not have
any impact on functional or sensory outcomes. Further
prospective studies are warranted.
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