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Abstract

Background: Injuries to digital nerves are common with trauma to the hand, often requiring surgery. Surgical management
of these injuries can be performed using several techniques: direct repair (neurorrhaphy), autograft, allograft, and conduit
repair. In light of increasing the availability and use of various digital nerve repair techniques, a new systematic review and
meta-analysis was undertaken to comparatively review the available evidence to determine any differences in outcomes
to better guide treatment in cases with digital nerve gaps. Methods: Current literature on sensory outcomes of various
digital nerve repair techniques was reviewed using static 2-point discrimination (S2PD), moving 2-point discrimination
(M2PD), Semmes-Weinstein monofilament testing (SWMF), and complication rates as outcomes of interest. After
inclusion and exclusion criteria were applied, 15 articles were reviewed and 625 nerve repairs were analyzed. Results:
The average gap length for allograft repair, autograft repair, and conduit repair was 15.4, 24.7, and 13.4 mm, respectively.
For S2PD outcomes, autograft repair was statistically superior to all other forms of repair. Allograft trended higher than
neurorrhaphy and conduit repair, but results were not statistically significant. For SWMF outcomes, autograft repair was
statistically superior to conduit repair and neurorrhaphy; it was statistically comparable with allograft repair. Allograft
performed statistically superior to conduit repair relative to M2PD. Conclusions: Based on the current updated meta-
analysis using newer data and techniques, we found that all available techniques have reasonable outcomes. Yet when
managing a digital nerve injury with a gap, thereby excluding direct neurorrhaphy, both autograft and allograft performed
comparably and were superior to conduit repair.
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and posterior interosseous nerve. However, the use of autol-
ogous nerve grafting carries the risk, time, and cost of addi-
tional harvest surgery with secondary donor site morbidity,
including sensory loss, neuroma, and scar formation. More
recently, processed nerve allografts have become available.
These allografts provide decellularized and predegenerated
human nerve tissue for use in restoring nerve continuity.
Potential complications associated with the allograft include
infectious disease transmission. Finally, synthetic conduits
have become a commonly used technique for nerve repair

Introduction

Injuries to the digital nerves are common with trauma to
the hand. These injuries can result in numbness and impair-
ment of the hand. Furthermore, the impact of the nerve
injury may also lead to partial or permanent disability,
change in profession, time loss from work, and other eco-
nomic impacts to the patient.'” Surgery is often indicated
to repair injured digital nerves.

Surgical management of digital nerve injuries includes
several techniques, such as direct suture repair (neurorrha-
phy) and the use of autografts, allografts, and synthetic con-

duits. In lesions with a gap smaller than 5 mm, direct,
tension-free, end-to-end neurorrhaphy has traditionally been
the preferred repair method. When direct repair is not pos-
sible, grafting techniques and conduit repair are often imple-
mented. When autograft repair is selected, typical sources
include the sural nerve, medial antebrachial cutaneous nerve,
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with a gap. Advantages of conduit repair over autograft
repair include elimination of harvest surgery and subse-
quently the absence of donor site morbidity and potential
protective effects against neuroma formation.*

Previous meta-analyses have been conducted to compare
sensory outcomes on the various surgical repair techniques
for digital nerve lesions. In 2012, Mermans et al’ reviewed 34
articles comparing direct suture (neurorrhaphy) repair, auto-
graft repair, and conduit repair and concluded that the type of
operation for digital nerve repair does not influence the sen-
sory outcome. A meta-analysis and systematic review by
Paprottka et al* in 2013 reviewed 87 publications comparing
direct suture (neurorrhaphy) repair, autograft repair, conduit
repair, vein graft repair, end-to-side repair, and replantation
repairs and concluded that, for sensory outcomes, no surgical
method was superior to another for digital nerve repair. How-
ever, neither of these prior meta-analyses considered or com-
pared allograft nerve repair.

In light of the increasing availability and use of various
digital nerve repair constructs, including allograft options
of late, an updated meta-analysis was undertaken to com-
paratively review the available evidence to determine dif-
ferences in outcomes.

Methods

A systematic literature review was performed. PubMed was
searched using keywords “digital nerve,” “repair,” “sensory
outcomes,” “direct suture,” “autograft,” ‘“allograft,”
“avance,” “conduit,” and “nerve tube.” The search was kept
broad to capture all the relevant literature. All articles in
print or Epub ahead of print were captured. The search was
restricted to articles published between 1975 and 2018.

Initial screening was based on article title and informa-
tion in article abstracts involving digital nerve suture
repair, allograft, autograft, and conduit repair. All articles
thought to be relevant to this study were included for
review. Inclusion criteria were observational cohort studies
and randomized controlled trials that reported at least 2 of
the following 4 outcome parameters in patients undergoing
surgery for digital nerve lesions: sensory outcomes using
static 2-point discrimination (S2PD), moving 2-point dis-
crimination (M2PD), Semmes-Weinstein monofilament
testing (SWMF), and complication rates. Exclusion criteria
were peripheral nerve lesions not localized to the digital
nerves in the hand and surgical techniques that used other
repair constructs such as vein grafts or muscle grafts. Stud-
ies with pediatric patients were excluded. Studies were
then selected for full-text review.

A modified classification system derived from Mackin-
non et al was used to group S2PD outcomes. Scores =6 mm
were considered “excellent,” scores from 6 to 15 mm were
considered “good,” and scores >15 mm were considered
“poor.” In addition, a modified classification system from

Mackinnon et al was used to group M2PD outcomes. Scores
=3 mm were classified as “excellent,” scores from 4 to 7
mm were classified as “good,” and scores >7 mm were
classified as “poor.””® A modified classification system
derived from Imai et al was used to group SWMF outcomes.
Patients with scores =2.83 were considered “normal” for
sensation. Patients with scores from 2.83 to 4.31 were con-
sidered to have “diminished light touch,” with scores from
4.31 to 4.56 were considered to have “diminished protec-
tive sensation,” with scores from 4.56 to 6.10 were consid-
ered to have “loss of protective sensation,” and with scores
>6.10 were considered “anesthetic.””’

Standardized data extraction was performed. Categorical
outcomes included S2PD scores, M2PD scores, SWMF
scores, and presence of complications. The S2PD and
SWMF scores were grouped according to a determined
classification system (see below) and analyzed using x>
analysis. The M2PD scores were grouped according to a
determined classification system but were analyzed using
the Fisher exact test (see below). The presence of complica-
tions was analyzed with the Fisher exact test.

Results

Initial search identified 374 results using keywords. Articles
were screened based on title, and 331 were excluded for
being irrelevant to the topic or non-English. Forty-three
studies were selected for full-text review. Twenty-eight were
eliminated for failure to meet inclusion criteria. Thus 15
articles were included in the final data analysis.*** Figure 1
details the database search and study selection.

Demographic data for each nerve repair type are given in
Table 1. The mean age of patients undergoing neurorrha-
phy, allograft repair, autograft repair, and conduit repair was
36.4, 36.2, 33.8, and 38.6 years, respectively. The mean
follow-up for neurorrhaphy, allograft repair, autograft
repair, and conduit repair was 13.3, 9.4, 23.2, and 21.1
months, respectively. The average gap length for allograft
repair, autograft repair, and conduit repair was 15.4, 24.7,
and 13.4 mm, respectively.

The S2PD, M2PD, and SWMF sensory results are
summarized in Table 2 (x* = 26.9269; P < .000149) and
Figure 2, Table 3 (P < .00001), and Table 4 (x> = 93.7396;
P < .00001) and Figure 3, respectively.

For S2PD outcomes, autograft repair was found to have
the highest percentage of repairs with “excellent” sensory
outcome followed by allograft repair, conduit repair, and
neurorrhaphy (28% vs 23% vs 19% vs 15%). The majority
of each repair type, however, resulted in “good” outcomes
(neurorrhaphy, 60%; allograft, 57%; autograft, 67%; and
conduit, 59%). However, when “excellent” and “good”
results were combined for all repair types and compared
for S2PD (Supplemental Table S1), the autograft repair
was statistically superior to allograft (P < .001), conduit
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Figure 1. Chart of search method and study selection.

(P < .005), and neurorrhaphy (P < .0001). In contrast, out-
comes trended higher for allograft repair among the other
repair techniques, but were not statistically significant.
Finally, autograft repair was also associated with the low-
est percentage of “poor” S2PD outcomes, followed by
allograft, conduit, and neurorrhaphy (5% vs 20% vs 22%
vs 24%).

Of the 4 studies that included M2PD as a sensory out-
come (none of the autograft studies included this outcome
measure), most of the neurorrhaphy repairs resulted in
“excellent” M2PD results (67%), whereas most of the
allograft repairs (88%) and conduit repairs (67%) resulted
in “good” M2PD sensory outcomes. Neurorrhaphy also had
the lowest percentage of “poor” outcomes, followed by
allograft and conduit repair (8% vs 10% vs 33%). However,

when “excellent” and “good” results were combined for all
repair types and compared for M2PD (Supplemental Table
S2), there was no statistical difference between direct repair
and allograft repairs (P = .60), whereas both were statisti-
cally superior to conduit repair (P < .0001).

For SWMF outcomes, allograft repair reported the high-
est percentage of “normal” sensation, followed by neuror-
rhaphy, autograft, and conduit repair (18% vs 17% vs 10%
vs 7%). Most SWMF outcomes for each repair technique
were in the “diminished light touch” category (85% of auto-
graft repairs, 51% of allograft repairs, 41% of neurorrha-
phy, and 40% of conduit repairs). However, when normal
sensation, diminished light touch, and diminished protec-
tive sensation were combined and then compared with the
rate of loss of protective sensation and anesthetic outcomes
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Table 1. Demographics by Repair Type..
Demographics for data evaluating outcomes after neurorrhaphy
No. of Nerves
Article Year Intervention Design subjects  repaired Mean age, y Mean FU, mo
He et al® 2015  Neurorrhaphy vs Prospective 8l 123 36.9 6
allograft
Bulut et al’ 2016  Neurorrhaphy Retrospective 63 96 364 214
Arnaout et al' 2014  Neurorrhaphy with Prospective 24 27 38 6
protective conduit vs
without protection
Hirasawa et al'' 1985  Neurorrhaphy Prospective 12 12 299 35
Total — — — 180 258 — —
Weighted mean values — — — — — 36.4 13.3
Demographics for data evaluating outcomes after allograft repair
No. of Nerves  Gap length, Mean Mean
Article Year Intervention Design subjects  repaired mm age,y FU,mo
He et al® 2015  Allograft vs Prospective 72 95 18 33 6
neurorrhaphy
Rinker et al'? 2015  Allograft Retrospective 24 33 I 43 16
Means et al"? 2016  Allograft vs conduit Prospective 5 6 12.8 42 12
Taras et al'* 2013 Allograft Prospective 14 18 I 39 15
Total — — — 115 152 — — —
Weighted mean values — — — — — 15.4 36.2 9.4
Demographics for data evaluating outcomes after autograft repair
No. of Nerves  Gap length, Mean Mean
Article Year Intervention Design subjects  repaired mm age,y FU,mo
Chevrollier et al'® 2014  Autograft Retrospective 15 15 375 413 26.9
Chen et al'® 2012 Pedicle autograft vs sural  Prospective 16 16 24.7 33 21.9
and MABC autograft
Chen et al" 2012  Sural and MABC Prospective 27 27 23.6 321 223
autograft vs pedicle
autograft
Chen et al'? 2013  Proper digital nerve Prospective 17 21 23 319 25
autograft vs sural
autograft
Chen et al" 2013  Sural autograft vs proper Prospective 31 31 24 31 23
digital nerve autograft
Pilanci et al'® 2014 Autograft Prospective 15 15 18.1 385 20.7
Total — — — 121 125 — — —
Weighted mean values — — — — — 247 338 232
Demographics for data evaluating outcomes after conduit repair
No. of Nerves  Gap length, Mean Mean
Article Year Intervention Design subjects  repaired mm age,y FU,mo
Means et al"? 2016  Conduit vs allograft Prospective 7 9 12.2 38 6
Bushnell et al"’ 2008 Conduit Prospective 9 9 20 35.4 I5
Lohmeyer et al*® 2014  Conduit Prospective 35 40 12.3 379 12
Schmauss®' 2014  Conduit Retrospective 16 20 13.7 43.2 58
Lohmeyer et al?2 2009 Conduit Retrospective 12 12 12.5 373 12
Total — — — 79 90 — — —
Weighted mean values — — — — — 13.4 386 21.1

Note. FU = follow-up; MABC = medial antebrachial cutaneous nerve.
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Table 2. Comparison of Static 2-Point Discrimination Outcomes Across Surgical Procedures.
Neurorrhaphy Allograft Autograft Conduit Total
Excellent: =6 mm 39 (15%) 32 (23%) 35 (28%) 17 (19%) 122
Good: 6-15 mm 156 (60%) 79 (57%) 84 (67%) 53 (59%) 373
Poor: >15 mm 63 (24%) 27 (20%) 6 (5%) 20 (22%) 16
Total 258 138 125 90 611
Note. x> = 26.9269; P < .0001.
S2PD Results by Repair Technique
Conduit
Autograft
& Poor
Allograft B Good
# Excellent
Neurorrhaphy
0 50 100 150 200
No. Nerve Repairs

Figure 2. Static 2-point discrimination results for each repair technique. Scores =6 mm were considered “excellent,” scores from 6
to 15 mm were considered “good,” and scores >15 mm were considered “poor.”

Table 3. Comparison of Moving 2-Point Discrimination Across
Surgical Procedures.

Neurorrhaphy Allograft Conduit Total
Excellent: =3 mm 8 (67%) 1 (2%) 0 (0%) 9
Good: 4-7 mm 3 (25%) 35(88%) 6(67%) 44
Poor: >7 mm 1 (8%) 4 (10%) 3 (33%) 8
Total 12 40 9 6l

Note. P < .00001 using the Fisher exact test.

(Supplemental Table S3), there was no statistical difference
between autograft and allograft repairs (P = .052), whereas
both autograft and allograft repairs were statistically supe-
rior to conduit repair (P < .01). Moreover, allograft showed
the highest percentage of “normal” repairs (18%), followed
by neurorrhaphy (17%), autograft (10%), and conduit
repairs (7%). When “normal” sensory outcomes were com-
pared (Supplemental Table S4), neurorrhaphy (P < .03) and
allograft repair (P < .02) were statistically superior to con-
duit repair. No significant difference (P = .1) was present

between autograft and allograft repairs. Autograft repair
reported the lowest percentage of ‘“anesthetic” SWMF
results, followed by allograft repair, neurorrhaphy, and con-
duit repair (1% vs 6% vs 7% vs 9%). When a number of
“anesthetic” repairs were compared with all other outcomes
(Supplemental Table S5), autograft repair showed a statisti-
cally significant decrease in the number of “anesthetic” out-
comes than did neurorrhaphy (P < .05) and conduit repair
(P < .01). There was no significant difference (P = .054) in
the number of “anesthetic” outcomes among allograft and
autograft repairs.

Only 4 studies detailed surgical complications. Allograft
complications were reported as all minor, consisting of pro-
longed pain, effusion, or wound exudate production for
greater than 2 weeks after operation. All autograft compli-
cations were reported as donor site complications. Conduit
repair complications consisted of infection and prolonged
pain. Neurorrhaphy cases had no complications docu-
mented. Overall, the rate and extent of complication report-
ing were poor and inconsistent, thereby limiting the ability
to provide comparative complication outcomes.
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SWMEF Results by Repair Technique

Conduit
Autograft B Anesthetic
B Loss of Protective Sensation
Allograft % Diminished Protective Sensation
M Diminished Light Touch
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Figure 3. Semmes-Weinstein monofilament testing results for each repair type. Scores =2.83 were considered “normal,” scores
from 2.83 to 4.31 were considered “diminished light touch,” scores from 4.3| to 4.56 were considered “diminished protective
sensation,” scores from 4.56 to 6.10 were considered “loss of protective sensation,” and scores >6.10 were considered “anesthetic.”

Table 4. Comparison of Semmes-Weinstein Monofilament Testing Outcomes Across Surgical Procedures.

Neurorrhaphy Allograft Autograft Conduit Total
Normal: =2.83 45 (17%) 28 (18%) 13 (10%) 5 (7%) 9l
Diminished light touch: 2.83-4.31 106 (41%) 78 (51%) 106 (85%) 30 (40%) 320
Diminished protective sensation: 4.31-4.56 68 (26%) 34 (22%) 4 (3%) 23 (31%) 129
Loss of protective sensation: 4.56-6.10 22 (9%) 3 (2%) 1 (1%) 10 (13%) 36
Anesthetic: >6.10 17 (7%) 9 (6%) I (1%) 7 (9%) 34
Total 258 152 125 75 610

Note. x* = 93.7396; P < .00001.

Discussion

The choice of surgical repair technique of digital nerve
lesions continues to be a point of controversy. Surgical
options for repair include neurorrhaphy or use of an auto-
graft, allograft, or synthetic conduit. Prior studies have
shown that sensory outcomes for neurorrhaphy, autograft,
and conduit techniques are similar.** The aim of this study
was to provide an updated systematic review and meta-
analysis of the sensory outcomes and complication rates of
neurorrhaphy, autograft use, conduit use, and now more
recently with allograft repair, in the management of digital
nerve lesions. This updated meta-analysis compared sen-
sory outcomes using S2PD, M2PD, and SWMF.

For the S2PD outcome, autograft repair resulted in the
greatest chance of “excellent” sensory recovery and the
lowest chance of “poor” sensory recovery. Yet, there was
no statistical difference between autograft and allograft

repairs. Moreover, most of the S2PD outcomes in all repair
types result in “excellent” and “good” sensory recovery.
Similarly, for SWMF outcomes, there was no difference
between autograft and allograft repairs, although allograft
had the highest percentage of “normal” sensation at 17%
versus 10% with autograft repair. In 2015, He et al reported
on the use of allograft versus neurorrhaphy using S2PD as
the primary outcome. The study concluded that the allograft
technique is comparable with neurorrhaphy in terms of
efficacy and safety.® Results of our study agree with these
findings in terms of efficacy. For S2PD outcomes, 75% of
neurorrhaphy results were “excellent” or “good,” whereas
80% of allograft results were also “excellent” or “good” (P
= .5). Furthermore, in 2016, Means et al compared S2PD
outcomes in allograft repair with conduit repair."> The
study concluded that allograft repair resulted in more
improved sensory outcome than conduits. In contrast, our
study found that although allograft trended toward higher
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S2PD outcomes relative to conduit, when combining
“excellent” and “good” S2PD results, we found no signifi-
cant difference between allograft and conduit sensory out-
comes (P =.7).

Fewer studies reported sensory outcomes for M2PD. No
studies that measured autograft techniques included M2PD
as an outcome measure. Based on data provided, direct
repair and allograft were found to provide the highest
chance of “excellent” M2PD outcomes and the lowest
chance for “poor” M2PD outcomes in our analysis. Simi-
larly, Means et al concluded that allograft repair resulted in
better M2PD outcomes than conduit repair. A subanalysis
of our updated meta-analysis agrees with this conclusion—
that a higher percentage of allograft repairs results in
“excellent” and “good” outcomes than do conduit repairs
(P <.0001).

Few complications were reported across all repair tech-
niques. Moreover, when they were reported, they were
either minor or inconsistently identified and reported.
Therefore, unfortunately, no meaningful data can be drawn
on complications in our analysis for the various nerve
repair techniques.

Limitations to this study include the inherent nature of
meta-analysis relying on the quality of studies from which
data were extracted. The study is limited by publication bias
for the individual studies analyzed. In addition, not all stud-
ies had each of the sensory outcomes and complication rates
that we sought to measure. Furthermore, not every study
reported S2PD, M2PD, or SWMF outcomes in the same
manner. We were forced to use 2 modified classification
systems to group the results into categories that were com-
parable across sensory outcomes.

Conclusions

As there continues to be improvement in surgical technol-
ogy, technique, and literature on sensory outcomes of
digital nerve repair, it is important to re-examine the sur-
gical approaches and their sensory outcomes. Evaluation
of current and future sensory outcomes can help to eluci-
date a superior method of repair. This study was a system-
atic review and meta-analysis of the most recent literature
on digital nerve lesion surgical repair techniques (neuror-
rhaphy, allograft, autograft, and conduit repair) and their
sensory outcomes. Based on the current updated meta-
analysis using newer data and techniques in the manage-
ment of digital nerve injuries with gaps, we found that
autograft and allograft repair are comparable, with both
providing generally superior sensory outcomes than con-
duit repair.
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