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Predictors of Hand Function Following
Digit Replantation: Quantitative Review
and Meta-Analysis

Ashkaun Shaterian', Lohrasb Ross Sayadi', Ekaterina Tiourin?,
Daniel J. Gardner', Gregory R. D. Evans', and Amber Leis'

Abstract

Background: Digit replantation affords the opportunity to restore hand function following amputation. To date,
however, few studies have evaluated functional outcomes following replantation. Therefore, it was the objective of
this study to perform a meta-analysis to better characterize the predictors of hand function. Methods: A literature
search was performed using the PubMed database to identify studies that focused on digit amputation/replantation and
functional outcomes. Studies were evaluated for patient- and injury-related factors and their respective effects on clinical
outcomes of sensation, grip strength, and Disabilities of the Arm, Shoulder, and Hand (DASH) scores. Statistical analysis
was conducted across the pooled data set to identify significant trends. Results: Twenty-eight studies representing 618
replanted digits were included in this study. We found the average grip strength was 78.7% (relative to contralateral), the
average 2-point discrimination (2PD) was 7.8 mm, and the average DASH score was 12.81. After conducting statistical
analysis, we found patients with more proximal injuries had lower grip strength scores (P < .05). We found 2PD
scores were influenced by age, mechanism of injury, and amputation level (P < .05). Finally, we found DASH scores
after replantation were predicted by mechanism of injury and level of amputation (P < .05). The following variables did
not influence outcomes: gender, tobacco use, ischemia time, and digit number. Conclusions: Digit replant does not
restore premorbid hand function but does result in adequate hand function. Expected functional outcomes following
replant should be considered in the decision-making process. These data can help risk-stratify patients, guide postreplant
expectations, and influence the decision for replantation.

Keywords: digits, anatomy, hand, amputation, trauma, diagnosis, replant, surgery, specialty, outcomes, research and health
outcomes, meta-analysis, hand function, DASH

argued against attempted replantation in select cases where
poor predicted function, stiff digits, or delayed return to
work is expected.””"® Furthermore, some studies have
found patients opt for revision amputation (vs replantation)
once informed of postreplant expectations. Ozer et al,'? for
example, found that 15% of patients declined replantation
due to expected recovery time and poor replant function. To
this end, expected postreplant hand function remains a vital

Introduction

Digit amputation represents a devastating injury wherein
replantation affords the ability to restore hand function.
Epidemiologic studies have shown an average incidence of
more than 45 000 traumatic finger amputations per year,
with most of these injuries affecting young, healthy
patients."? Furthermore, the average replant time approaches
4.5 hours per digit, with an average hospitalization cost of
US $42 561.%* As such, digit amputation/replantation can
result in psychological, physical, and financial burden.*

IUniver'sity of California, Irvine, Orange, USA

With improvements in technology and research, replant sur-
vival has increased to 86% to 93% wherein the preoperative
predictors of survival have been well established.”'® To
date, however, studies evaluating postreplant hand function
have been more limited.

The decision to replant is, in part, contingent on the
expected long-term function.'"'> Several authors have
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factor in a surgeon’s decision to offer, and patient’s decision
to undergo, hand replantation. While the factors influencing
survivability of replanted digits are important, a better
understanding of the factors that improve hand function can
serve to improve outcomes in replant medicine.

Reliable measures of hand function include sensation,
range of motion, and grip strength.'® The Disabilities of the
Arm, Shoulder, and Hand (DASH) questionnaire was simi-
larly developed to understand and quantify the disability
experienced by patients with upper extremity disease.'’
Despite the significance of expected hand function, few
studies have evaluated the predictors of hand function after
replantation. In addition, many of the retrospective studies
include small patient numbers and often present contrary
data findings."®** Therefore, it was the objective of this
study to perform a review of literature and meta-analysis to
identify predictors of hand function following replantation
in the context of 2-point discrimination (2PD), grip strength,
and DASH score. We hope the presented data can help
improve surgeon decision-making and educate patients
regarding expected postreplant hand function.

Materials and Methods

Search Strategy

A systematic review was conducted in accordance with Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines using the PubMed database.”” The
following words were used in our search: “replantation,”
“amputation,” “digit,” “finger,” “phalanx,” “hand,” and
“function.” We reviewed database publications prior to 2018.
The database was last accessed on May 31, 2018. Figure 1
shows the study selection process for studies ultimately
included in our final analysis.

Selection Criteria

Inclusion and exclusion criteria were set to identify a
specific study population. Papers were considered for
inclusion based on the following criteria: (1) studies
evaluating functional outcomes following replantation;
(2) studies that focused on digital amputation; (3) studies
with sample size with at least 4 patients; and (4) studies
that presented individual patient data (vs summary statis-
tics). Exclusion criteria included the following: (1) stud-
ies that represented review, meta-analysis, or case
reports; (2) studies that evaluated amputations proximal
to the digit (ie, hand, wrist, forearm); and (3) studies that
included heterotopic replantations. If studies met inclu-
sion criteria and also presented data on proximal amputa-
tions, revascularization, or heterotopic replantation, the
data were stratified to only include data that met our
inclusion criteria. For the list of studies included in our
analysis, refer to Supplemental Table S1.

Data Extraction and Statistical Analysis

Articles were evaluated for patient- and injury-related vari-
ables, as well as clinical outcomes pertaining to hand function
following replantation. Patient demographics included age,
sex, and tobacco use. Injury characteristics included level of
amputation, mechanism of injury, digit number, and ischemia
time. Objective functional outcomes included grip strength,
2PD, and DASH score. To ensure comparability between
studies, units were standardized when necessary (eg, unit con-
versions of pounds to kilograms in strength measurements).

Data were pooled across studies into a combined data
set, and univariate statistical analyses were conducted. Per
current literature review, the variables used in our statistical
model do not represent confounding variables, and thus, a
multivariate analysis was not indicated. Summary statistics
using Student ¢ test, x°, regression analysis, and analysis of
variance tests were used where appropriate to evaluate out-
comes across variables. Statistical significance was set with
P < .05, with all tests 2-sided.

Results

Twenty-eight articles representing 619 digit replants were
included in this study. Study characteristics are summarized
in Supplemental Table S1. Studies were published between
1982 and 2018 and represented the following countries:
Japan, Italy, Korea, China, United States, Turkey, Taiwan,
Finland, and Singapore. Patient demographics and injury
characteristics are summarized in Table 1. Following replant,
we found the average grip strength was 78.7% (relative to
contralateral), the average 2PD was 7.8 mm, and the average
DASH score was 12.81. After conducting statistical analysis,
we found various patient- and injury-related variables to pre-
dict postreplant hand function in the context of grip strength,
2PD, and DASH scores (Tables 2, 3, and 4).

A widely used clinical measure of motor hand function
is grip strength.'® Low hand grip strength is associated
with limited physical hand function and consequently
increased disability in performing activities of daily liv-
ing.** In our study, we found grip strength was influenced
by the level of digital amputation prior to replantation
(Table 2). Statistical analysis revealed a trend where more
distal amputations resulted in increased grip strength after
replant (P < .05). For example, patients with distal pha-
lanx replants had 1.6-fold increased grip strength relative
to patients who had proximal phalanx replants. The
remaining summary statistics are presented in Table 2.
Age, sex, tobacco use, mechanism of amputation, Tamai
zone, digit number, and ischemia time did not predict grip
strength following digit replantation.

Maintaining sensation of the hand is important for fine
motor control, prevention of injury, and quality of life.”” The
2PD test serves as a reliable measure of sensory tactile func-
tion and is associated with nerve integrity following injury
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Search PUBMED: replantation AND
(digit OR finger OR joint OR hand)
n=2567

Search PUBMED: (replant OR reattach) AND
(digit OR finger OR fingertip OR phalanx OR
hand OR carpal) AND function. Filters: English
n=686

* Notin English

A4
Total articles identified

Exclusions based on title and abstract screening:
* No online availability of full-text article

* No functional outcomes reported
* Meta-analysis, reviews, case reports
* Amputation proximal to digits

\4
Total articles identified

n=123

A 4

n=96

Duplicates excluded

n=64

n=155

Full-text screening

Exclusions:

Heterotopic replantation

Less than 4 patients in study

Individualized patient outcomes not presented

Data from proximal amputations (i.e. wrist, forearm)

n=28

Eligible articles for qualitative review

l

n=28

Articles used in final quantitative analysis

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram illustrating the study selection process

for inclusion in this meta-analysis.

and/or surgery.”® In the current study, we found static 2PD
was influenced by age, mechanism of amputation, and level
of amputation (Table 3, P < .05). Linear regression analysis
revealed a 5% increase in patients’ 2PD for each year of older
age (P < .05, odds ratio [OR] = 0.05). Furthermore, we
found a trend with improved recovery of sensation following
sharp or blunt cut injuries compared with crush or avulsion
injuries. For example, we found patients who had avulsion

injuries had a 1.3-fold increase in 2PD relative to their coun-
terparts who had sharp cut injuries (P < .05, OR = 1.3).
Remaining summary statistics are presented in Table 3. In
addition to age and mechanism of injury, we found the level
of amputation to predict 2PD (P < .05). Here, we found
patients with amputations at the level of the nail bed were
also associated with more preserved sensation as measured
by the 2PD test compared with patients who had amputations
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Table |I. Patient Demographics.

Variable Percentage (%)
Age (n=489) 31.8 + 16.57°
Sex (n=433)
Male 78.3%
Female 21.7%
Tobacco Use (n=95) 13.7%
Amputated Digit (n=562)
Thumb 15.3%
Index 24.7%
Middle 26.5%
Ring 24.4%
Little 9.1%
Mechanism of Amputation (n=503)
Sharp Cut 44.5%
Blunt Cut 9.7%
Crush 26.6%
Avulsion 19.1%
Tamai Zone (n=266)
| 81.6%
Il 18.4%
Amputation Level (n=124)
Proximal Phalanx 38.7%
PIP Joint 21.0%
Middle Phalanx 12..1%
DIP Joint 11.3%
Distal Phalanx 8.1%
Fingertip 8.9%
Ischemia Time (n=117)
<12 hours 68.4%
>12 hours 31.6%

*Standard deviation of sample

Table 2. Variables Influencing Grip Strength Following Replant.

Odds P
Variable Comparison ratio  value
Amputation  Proximal phalanx Ref. <.05
level Proximal interphalangeal joint .1
Middle phalanx 1.4
Distal interphalangeal joint 1.4
Distal phalanx 1.6

Note. The following variables were considered but did not achieve
statistical significance: age, sex, tobacco use, mechanism of amputation,
digit number, and ischemia time.

at other levels of the digit (P < .05). Patient sex, tobacco use,
Tamai zone, ischemia time, and digit number did not show a
significant association with static 2PD.

The DASH questionnaire (score range = 0-100) cap-
tures patient-reported perspectives of hand function.”” We
found patient-reported DASH scores to correlate with the
mechanism of injury and level of amputation (Table 4, P

Table 3. Variables Influencing 2-Point Discrimination Following
Replant.

Odds P
Variable Comparison ratio  value
Age Per year of age 0.05 <.05
Mechanism of ~ Sharp cut Ref.  <.05
amputation Blunt cut 0.9
Crush 1.0
Avulsion 1.3
Amputation Nail bed Ref.  <.05
level Distal phalanx 2.3
Distal interphalangeal joint 28
Middle phalanx 1.9
Proximal interphalangeal joint 3.0
Proximal phalanx 1.8

Note. The following variables were considered but did not achieve
statistical significance: sex, tobacco use, ischemia time, and digit number.

Table 4. Variables Influencing Disabilities of the Arm, Shoulder,
and Hand Scores Following Replant.

Odds P

Variable Comparison ratio  value

Mechanism of ~ Sharp cut Ref. <.05
amputation Blunt cut 1.8
Crush 15.2
Avulsion 16.9

Amputation Distal Phalanx Ref. <.05
level Distal interphalangeal joint 3.1
Middle Phalanx 0.7
Proximal interphalangeal joint 43
Proximal phalanx 1.2

Note. The following variables were considered but did not achieve statistical
significance: age, sex, tobacco use, ischemia time, and digit number-.

< .05). Patients who experienced digit replantation fol-
lowing avulsion amputations had a 16.9-fold increase and
9.4-fold increase in DASH scores compared with patients
who experienced sharp (P < .05, OR = 16.9) or blunt cut
injuries (P < .05, OR = 9.4), respectively. Regarding the
level of amputation, we found a trend where patients who
had amputations through the distal and proximal inter-
phalangeal joints had increased DASH scores relative to
patients who had amputations through the proximal,
middle, and distal phalanx. Patients who had amputa-
tions through the proximal interphalangeal joints had a
4.3-fold increase in DASH scores relative to patients
who had a distal phalanx amputation (P < .05, OR =
4.3). Remaining summary statistics are presented in
Table 4. Patient age, sex, tobacco use, Tamai zone, isch-
emia time, and digit number did not show a significant
correlation with DASH scores that report patient-reported
functional assessments.
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Discussion

In the current study, we performed a review of literature and
meta-analysis to identify predictors of hand function fol-
lowing digit replantation. Here, we found the average grip
strength was 78.7% (relative to contralateral), the average
2PD was 7.8 mm, and the average DASH score was 12.81.
After conducting statistical analysis, we found various
patient- and injury-related variables to predict postreplant
hand function in the context of grip strength, 2PD, and
DASH scores. We failed to find an association between sen-
sation, grip strength, and DASH scores with the following
variables: sex, tobacco use, ischemia time, digit number,
and Tamai zone.

Grip strength is an important indicator of hand func-
tion. It is necessary for work and completion of activities
of daily living and has been shown to predict disability.***
A previous study showed grip strength to be 70% (SD =
31.4%) after replant; however, it did not stratify by vari-
ous patient- and injury-related variables.* In our study, we
found grip strength was predicted by the level of injury
with more distal amputations, resulting in increased grip
strength after replant. This likely represents the increased
tendon involvement with more proximal injuries. Further-
more, more proximal injuries may also involve the flexor
tendon sheath wherein adhesions may restrict tendon
excursion, increase the force of work, and decrease grip
strength.*® Ultimately, grip strength is an important indica-
tor of hand function and may represent a strict prerequisite
for some patients based on sociodemographic factors (ie,
occupation). Identifying limitations to premorbid grip
strength preoperatively can be used to educate patients to
better meet their goals and expectations.

Sensation is a necessary component for functional hand
wherein decreased hand sensation can result in loss of pro-
tective abilities and fine motor control.”” Similar to previ-
ous studies, we found sensation decreased with older
age,’'** more proximal levels of injury,” and crush/avul-
sion mechanisms of injury.’*** The correlation between
age and 2PD likely represents the decreased potential for
axonal regeneration in nerves of older patients, as has been
previously shown.*” Similarly, the correlation between
mechanism of injury and 2PD may reflect the severity of
damage sustained by sensory nerves, severity of soft tissue
damage and inflammation preventing nerve regeneration,
or need for interposition nerve conduits/grafts. Given the
importance of protective sensation and critical sensation in
select regions of the hand, these data can help better coun-
sel patients and determine whether revision amputation
would better serve their goals.

Patient-reported outcome measures are increasingly
used to determine function and satisfaction with replanta-
tion. Currently, various tools are available, including the
Upper Extremity Function Scale, DASH, and the Michigan

Hand Outcomes Questionnaire.**® In this meta-analysis, the
most commonly used tool was the DASH questionnaire.
This questionnaire evaluates degree of disability and pri-
marily focuses on activities of daily living, pain, and sub-
jective changes in range of motion.**” Our data found that
the level and mechanism of injury predict DASH scores.
Higher DASH scores correlated with joint level amputa-
tions (vs phalanx amputations) and likely represent the stiff-
ness and decreased range of motion that result from joint
injuries. We similarly found higher DASH scores correlated
with mechanisms of injury, with higher scores for avulsion/
crush injuries and blunt/sharp cut injuries. This likely repre-
sents the severity of injury and subsequent inflammation of
the soft tissue structures (ie, tendon, flexor sheath, liga-
ments) that may hinder normal digit range of motion and
function. As such, other authors have recommended against
replantation in crush/avulsion injuries due to poor postop-
erative function.®®

The data examining postoperative strength, sensation,
and DASH score are necessary to stratify patients who
would benefit most from replantation. Revision amputa-
tion does have benefits over replantation in select patients
and must be individualized based on expected function
after replant. Patients most concerned with ability to return
to work or those necessitating precise dexterity/sensation
may be better served with a revision amputation if faced
with a high probability of stiff, insensate digit.** While the
decision to offer replant is often guided by survivability,
the expected postoperative hand function must be taken
into account. Ultimately, this study provides data to better
understand the functional status of the replanted digit,
wherein improved patient education and physician deci-
sion-making can lead to outcomes more aligned with
patient goals.

There are several imitations to this meta-analysis. First,
this study represents a retrospective analysis and risks
unmeasured biases and confounding variables. A compre-
hensive review of literature was attempted, but there may
be studies meeting inclusion/exclusion criteria that were not
included in the current analysis. Other limitations included
variability in the timing, quantity, and quality of reported
outcome measures. Postoperative regimens including reha-
bilitation protocols were not routinely documented and
likely not standardized across studies. Despite these limita-
tions, this meta-analysis represents a reliable analysis that
identifies significant trends and predictors that can be used
to improve replant medicine.

In conclusion, digit replant following amputation is
associated with variable levels of recovery in hand function.
Few studies have identified predictors of hand function fol-
lowing replant. In this study, we found that the mechanism
of injury, level of amputation, and patient age influence
hand function after replant. These variables can be used
to educate patients, risk-stratify, and guide physician
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decision-making to improve clinical outcomes following
amputation.
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