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Abstract Background The morbidity of donor finger in a cross-finger flap has not received as
much importance as the outcomes of the flap itself. The sensory, functional, and
aesthetic morbidity of donor fingers, reported by various authors, are often contradic-
tory to each other. In this study, objective parameters for the sensory recovery,
stiffness, cold intolerance, cosmetic outcome, and other complications in the donor
fingers, reported in the previous studies, are systematically evaluated.
Methods This systematic review is reported using Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) protocol and was registered with the
International prospective register of systematic reviews (PROSPERO registration no.
CRD42020213721). Literature search was done using “cross-finger,” “heterodigital,”
“donor finger,” and “transdigital” words. Data regarding demography, patients’
number and age, follow-up duration and outcomes of donor finger, including 2-point
discrimination, range of motion (ROM), cold intolerance, questionnaires, etc. were
extracted from included studies. Meta-analysis was performed using MetaXL and risk of
bias was evaluated using Cochrane risk of bias tool.
Results Out of the total 16 included studies, 279 patients were objectively evaluated
for donor finger morbidity. Middle finger was most frequently used as donor. Static
two-point discrimination seemed to be impaired in donor finger in comparison to
contralateral finger. Meta-analysis of ROM suggested that statistically there is no
significant difference in ROM of interphalangeal joints in donor and control fingers
(pooled weighted mean difference: �12.10; 95% confidence interval: �28.59, 4.39;
I2¼ 81%, n¼6 studies). One-third of donor fingers had cold intolerance.
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Introduction

Cross-finger flap, since its inception in 1950 by Gurdin and
Pangman,1 has proven its worth as a workhorse for various
finger defect reconstruction. A plethora of literature is
available, in which a number of variants and modifications
of cross-finger flap have been successfully used for different
kinds of finger reconstructions, with good functional, senso-
ry, and aesthetic outcomes. However, morbidity of the donor
finger had not received equal importance. Success of the
cross-finger flap shall also depend intimatelywith the extent
of donor finger morbidity. There are very few studies in
which objective assessment of donor finger morbidity has
been reported. Contradictory claims regarding the extent of
donor finger morbidity have been described in literature
ranging from none or minimal2–6 to significant morbidity.7,8

This has led to a gap in the current knowledge to guide the
surgeon regarding postoperative morbidity in the donor
finger. In this review, our primary objective was to estimate
the sensory, functional, and aesthetic morbidity and the
complications in the donor fingers of cross-finger flap.
Our secondary objective was to determine the effects on
the two-point discrimination (2-PD) and range of motion
(ROM) of donor fingers, compared to the control fingers.

Materials and Methods

Search Strategy
This systematic reviewwas registeredwith the International
Prospective Register of Systematic Reviews (PROSPERO reg-
istration no. CRD42020213721), adhering to the standards of
the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) guidelines. An electronic database
search on PubMed, Google Scholar, and the Cochrane Library
was conducted on November, 2020 using a combination of
bothMedical Subject Heading terms and plain text related to
morbidity of donor finger of cross-finger flap. No restriction
like language or publication date was used. The syntax used
for search strategy are as follows:

PubMed: (“cross-finger flap”) OR (“heterodigital”) OR
(“donor finger”) OR (“transdigital”)
GoogleScholar: “cross-finger”OR “heterodigital”OR “donor
finger” OR “transdigital” (excluding patents and citations)
The Cochrane Library: “cross-finger flap” in title abstract
keyword OR “transdigital” in title abstract keyword OR
“heterodigital” in title abstract keywordOR “donor finger”
in title abstract keyword—(word variations have been
searched).

Themanuscriptswere reviewedmanually by two indepen-
dent authors (SSC, RKS) to identify appropriate studies. Dupli-

cate studies were removed. References of appropriate articles
were also screened to identify additional related studies. In
case of any discrepancy, a consensus was formed by mutual
discussion with other reviewers (SA, ADG, MM, SK).

Eligibility Criteria
The inclusion criteria for the studieswere based on the PICOT
framework—participants, intervention, reference standard
used for comparison, and outcomes (►Supplementary

Table S1, online only). Those studies in which donor finger
of cross-finger flaps were evaluated with at least one objec-
tive parameter (two-point discrimination, Semmes-Wein-
stein [SW]monofilament test, ROM at interphalangeal (IP) or
metacarpophalangeal joints, visual analog scale, Michigan
hand outcome questionnaire) were included for systematic
review. No restriction on participant age or gender or
demographic characteristic was used. The control group
comprised the sensory, functional, and aesthetic scores of
the contralateral finger, measured in terms of thementioned
objective parameters. Both retrospective and prospective
studies and case–control studies were included. Studies in
which sensory, aesthetic, and/or functional outcomes of
donor finger were assessed unobjectively in the follow-up,
or studies in which heterodigital flap reconstruction based
on neurovascular pedicle (proper digital artery) was done
were excluded.

Data Extraction
Two independent reviewers (SA, SK) extracted the data
independently from the included studies in a standardized
data extraction sheet using Microsoft Excel 2016. In case of
any discrepancy, a consensus was formed by mutual discus-
sion with other reviewers (SSC, RKS, ADG, MM). The data
extracted included demographic details (author and year of
publication, country of origin, type of study, level of evi-
dence), population details (total number of patients, number
of male and female patients, number of flaps done/followed
up, patients’ age), perioperative details (flaps performed,
with any modifications, follow-up duration), sensory out-
comes of donor and control fingers (questionnaire, 2-point
discrimination, SWmonofilament test), functional outcomes
(ROMat IP joints or total range, stiffness), aesthetic outcomes
(questionnaire, visual analog scale, pigmentation, contour
deformity), and cold intolerance/ pain. Any additional objec-
tive outcomes were also reported.

Data Synthesis and Analysis
Two review authors (ADG, SSC) analyzed data. The weighted
mean of each outcome was calculated based on sample sizes
of each included study using the following method: (1)
multiply the mean outcome of each study by the study

Conclusion There is no significant effect on ROM of donor finger. However, the
impairment that seems to be in sensory recovery and aesthetic outcomes needs to be
further evaluated objectively.
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sample size, (2) sum the products to get the total value, (3)
sum the sample sizes to get the total weight, and (4) divide
the total value by the total weight to provide a weighted
mean for each outcome. The meta-analysis was performed
using the Microsoft Excel 2016, with MetaXL version 5.2,
add-in software (developed by EpiGear International Pty Ltd,
Queensland, Australia). The summary effect was ascertained
using weighted mean difference (WMD) that was calculated
using the inverse variance heterogeneity model. Heteroge-
neity was ascertained using the I squared statistic. Small
study effects like publication bias were evaluated using the
Doi plot and Luis Furuya-Kanamori (LFK) index. The Doi plot
replaces the conventional scatter (funnel) plot of precision
versus effect with a folded normal quantile (Z-score) versus
effect plot. LFK index values outside the interval between�1
and þ1 are deemed consistent with asymmetry (i.e., publi-
cation bias). High heterogeneity in the summary effect was
further explored using sensitivity analysis. A p-value of less
than 0.05 was considered as significant.

Evidence Certainty
The certainty of evidence for the systematic review was
assessed by two independent reviewers (ADG, MM) using
the GRADEpro GDT: GRADEpro Guideline Development Tool
(Software), McMaster University and Evidence Prime, 2021,
available from gradepro.org. In case of any discrepancy, a
consensus was formed by mutual discussion with other
reviewers (SSC, RKS, SA, SK).

Risk of Bias
Examination of the methodological quality of the selected
studies was performed by two independent reviewers (ADG,
MM) using the Joanna Briggs tool. The Joanna Briggs Institute
(JBI) 2017 critical appraisal checklist for case–control studies
has following questions: (1)were the groups comparable; (2)
were cases and controls matched appropriately; (3) were the
same criteria used for the identification of cases and con-
trols; (4) was exposure measured in a standard, valid, and
reliableway; (5) was exposuremeasured in the sameway for
cases and controls; (6) were confounding factors identified;
(7) were strategies to deal with confounding factors stated;
(8) were outcomes assessed in a standard, valid, and reliable
way; (9) was the exposure period of interest long enough to
be meaningful; (10) was appropriate strategical analysis
used. The risk of bias and concerns about applicability for
each question was answered as “yes,” “no,” “unclear,” and
“not applicable.” Any disagreement in ascertaining JBI tool
was solved by consensus.

Results

Summary of Study and Patient Demography
The electronic database search produced 3,928 results. After
title andabstract review, 76citationswere identified (►Fig. 1),
which were considered for full-text review. Sixteen articles
metour inclusion/exclusioncriteria. Theother60studieswere
either case reports, or donor finger outcomes were either not
measured or assessed unobjectively. Out of total 368 number

of patients from all included studies, 279 were evaluated
objectively against various parameters, pertaining to donor
fingermorbidity (►Table 1). These, 188males and 48 females,
(weighted mean age: 34.3 years) were followed up for a mean
27.7 months. Middle finger was the most commonly used
donor finger (index finger¼ 18.35%, middle finger¼ 49.37%,
ring finger¼ 29.75%, and little finger¼ 2.53%).

Summary of Donor Site Morbidity
Six studies had objectivelymeasured the sensory recovery in
donor fingers using 2-PD (static two-point discrimination)
and/or SWmonofilament threshold test (Semmes-Weinstein
test) (►Supplementary Table S2, online only).9–14 Five stud-
ies have reported sensitivity in control finger.2,5,9–11 The
weighted mean 2-PD of 138 donor fingers is 8.84mm in
comparison to 4.89mm of contralateral (control) fingers.
Although it seems that 2-PD is adversely affected in donor
finger, we refrained fromperforming ameta-analysis for this
domain due to lack of adequate data in these studies and
high risk of bias. Thirteen studies had measured functional
recovery in terms of ROM at IP joints in 204 donor fingers
(►Supplementary Table S3, online only).3,8–19 Five studies
had reported significant impairment in total ROM at IP
joints (p-value<0.05).8–10,12,15 The weighted mean total
ROM at IP joints of donor and contralateral fingers are
168.6 and 180.1 degrees, respectively. However, there is no
statistically significant difference in the ROM between donor
and control finger groups (pooled WMD: �12.10; 95% confi-
dence interval [CI]: �28.59, 4.39; p¼0.00; I2¼81%, n¼6
studies) (►Supplementary Fig. S1, online only). Since all the
included studies were conducted in population with mix of
males and females of various age groups, heterogeneity may
seem high. To analyze the impact of individual studies on the
pooled estimate, a sensitivity analysis was done. It was found

Fig. 1 Flowchart of literature search.

Indian Journal of Plastic Surgery Vol. 56 No. 3/2023 © 2023. Association of Plastic Surgeons of India. All rights reserved.

Donor Finger Morbidity in Cross-Finger Flap Chakraborty et al. 203



Ta
b
le

1
D
em

og
ra
ph

ic
an

al
ys
is
of

in
cl
ud

ed
st
ud

ie
s

Ye
ar

o
f

pu
b
lic

at
io
n

A
ut
h
or

Pl
ac

e
o
f

st
ud

y
Ty

p
e
of

st
ud

y/
le
ve

l
of

ev
id
en

ce

N
o
o
f

p
at
ie
n
ts

(f
o
llo

w
-u
p
/

to
ta
l)

N
o
of

pa
ti
en

ts
(m

al
e/

fe
m
al
e)

M
ea

n
ag

e
of

pa
ti
en

ts
(r
an

g
e)

in
ye

ar
s

D
ur
at
io
n
o
f

fo
llo

w
-u
p

(r
an

g
e)

in
m
on

th
s

D
on

or
fi
n
g
er

Ty
pe

o
f
cr
o
ss

fi
n
g
er

fl
ap

19
63

St
ur
m
an

an
d
D
ur
an

5
C
ol
um

bu
s

–
20

/2
0

�/
�

–
6

–
St
an

da
rd

19
92

N
is
hi
ka

w
a

an
d
Sm

it
h2

N
o
rt
hw

oo
d

Re
tr
os
pe

ct
iv
e

15
/5
4

13
/2

44
(1
4–

74
)

24
(9
–4

8)
–

St
an

da
rd

20
00

Pa
te
rs
on

et
al
7

St
ou

rb
ri
dg

e,
U
K

–
16

/1
6

(1
7
fl
ap

s)
14

/2
41

(6
–5

9)
43

.5
(6
–6

4)
IF
-4

;M
F-
10

;
RF

-3
St
an

da
rd

20
05

Ko
ch

et
al
8

A
us

tr
ia

Re
tr
os
pe

ct
iv
e

23
/4
8

21
/2

30
.2
8
(1
.5
–5

9)
83

(2
4–

21
5)

IF
-5
;
M
F-
7;

RF
-7
;
LF
-4

St
an

da
rd

20
06

Le
e
et

al
14

Si
ng

ap
or
e

–
12

/1
2

�/
�

–(
21

–5
1)

–(
1.
5–

8)
IF
-4
;
M
F-
3;

RF
-5

H
et
er
o
di
gi
ta
la

rt
er
ia
liz
ed

20
08

W
oo

n
et

al
3

Si
ng

ap
or
e

–
9/
30

8/
1

50
(2
7–

72
)

29
(3
4–

45
7
da

ys
)

–
St
an

da
rd

20
09

Sh
ao

et
al
13

H
eb

ei
,C

hi
na

Th
er
ap

eu
ti
c
IV

11
/1
1

8/
3

36
(1
9–

48
)

27
(2
5–

34
)

IF
-2
;
M
F-
8;

RF
-1

D
ou

bl
e
in
ne

rv
at
ed

ba
se
d
on

do
rs
al

br
an

ch
of

PD
A
(p
ed

ic
le
d
)

20
11

Zh
ao

et
al
17

H
eb

ei
,C

hi
na

–
9/
10

6/
3

32
.8

(2
2-
45

)
–(
6–

24
)

IF
-2
;
M
F-
6;

R
F-
1

Pr
ox

im
al
ly

ba
se
d

20
12

Pa
ti
le

t
al
16

Ke
ra
la
,
In
di
a

Re
tr
os
pe

ct
iv
e

27
/2
7

23
/4

33
.6

�
12

.8
13

(4
–2

8)
–

D
is
ta
lly

ba
se
d

20
12

W
an

g
et

al
10

H
eb

ei
,C

hi
na

Th
er
ap

eu
ti
c
IV

18
/1
8

13
/5

22
17

(1
4–

25
)

M
F-
18

St
an

da
rd

C
FF
þ

co
m
po

si
te

fr
ee

fl
ap

2n
d
to
e

20
13

Fe
ng

et
al
11

Jia
ng

su
,
C
hi
na

–
18

/1
8

11
/7

34
.5

(2
0–

52
)

20
.5

(1
2–

48
)

M
F-
11

;
RF

-7
Pe

di
cl
ed

on
do

rs
al

br
an

ch
of

PD
A

20
14

C
he

n
et

al
12

Be
iji
ng

,
C
hi
na

–
17

/1
7

13
/4

32
.9

�
7.
9

23
(2
0–

27
)

M
F-
11

;
RF

-6
Bi
la
te
ra
lly

in
ne

rv
at
ed

28
/2
8

22
/6

32
.3

�
7.
5

22
(1
9–

27
)

–
St
an

da
rd

20
15

Er
ke

n
et

al
9

Tu
rk
ey

Re
tr
os
pe

ct
iv
e/

th
er
ap

eu
ti
c
IV

12
/1
6

12
/0

33
.4

(1
9–

58
)

28
(1
9-
43

)
IF
-1
2

V
ol
ar

20
15

C
he

n
et

al
18

Be
iji
ng

,
C
hi
na

Re
tr
os
pe

ct
iv
e/

th
er
ap

eu
ti
c
IV

22
/2
2

17
/5

33
(2
1–

56
)

22
(2
0–

24
)

–
In
ne

rv
at
ed

pe
di
cl
ed

on
do

rs
al

br
an

ch
of

PD
A

20
18

Ki
m

et
al
19

So
ut
h
Ko

re
a

Re
tr
os
pe

ct
iv
e

11
/1
1

7/
4

41
53

(4
1–

63
)

M
F-
4;

R
F-
7

Re
ve

rs
e
di
gi
ta
la

rt
er
y

20
20

C
hi
tt
a
et

al
15

Ke
ra
la
,
In
di
a

Pr
os
pe

ct
iv
e

10
/1
0

�/
�

31
.5

1
RF

-1
0

Re
ve

rs
e-
6

C
la
ss
ic
al
-3

Pr
ox

im
al

ba
se
d-
1

W
ei
gh

te
d
m
ea

n
27

9/
36

8
18

8/
48

34
.3

27
.7

A
b
br
ev

ia
ti
on

s:
C
FF
,
cr
os

s
fi
ng

er
fl
ap

;
IF
,
in
de

x
fi
ng

er
;
LF
,
lit
tl
e
fi
ng

er
;
M
F,
m
id
d
le

fi
ng

er
;
PD

A
,
pr
op

er
di
gi
ta
la

rt
er
y;

R
F,
ri
ng

fi
ng

er
.

Indian Journal of Plastic Surgery Vol. 56 No. 3/2023 © 2023. Association of Plastic Surgeons of India. All rights reserved.

Donor Finger Morbidity in Cross-Finger Flap Chakraborty et al.204



that when the study done by Chitta et al15 was omitted from
pooled analysis, the result became homogenous. The pooled
WMD was significantly different on exclusion of study by
Chitta et al15 (pooled WMD: �3.38; 95% CI: �10.188, 3.428;
p¼0.746; I2¼0%, n¼5 studies; ►Supplementary Table S4,
online only). Out of 130 patients, 41 (31.54%) had cold
intolerance in the donor fingers (►Supplementary

Table S5, online only). Hyperpigmentation was present in
14 (53.85%) and hypopigmentation in 2 (7.7%) out of 26
donor fingers. Contour deformity was present in 8 (47%) out
of 17 donor fingers. Eleven patients (10%) out of 110 reported
pain in their donor fingers at follow-up.

Publication Bias
There appears to be no publication bias and small study
effects that may be affecting the results of meta-analysis for
ROM of IP joints as seen by the Doi Plot with LFK¼ �0.82
(►Supplementary Fig. S2, online only) and funnel plot
(►Supplementary Fig. S3, online only).

Evidence Certainty
The certainty of evidence assessed for the various outcomes
as per GRADE (Grading of Recommendations, Assessment,
Development and Evaluations) criteria is of low certainty
moderate category (►Table 2)

Risk of Bias
Majority of the studies (14 out of 16) failed to state the
strategies to deal with confounding factors if any. About
one-third studies (6 out of 16) were unclear in stating about
the comparability of the groups, matching of cases and con-
trols, and criteria for identification of cases (donor finger) and
controls (contralateral finger). Overall, there appears to be a
high risk of bias in the included studies (►Supplementary

Fig. S4, online only).

Discussion

Cross-finger flap and its variants had been undoubtedly the
most explored flap for various finger defect reconstructions,
owing to its ease of procedure, reliability, safety, satisfactory
sensory, functional and aesthetic outcomes, need for only
local anesthesia and easily modifiable. Over the period of
70 years, a number of studies had objectively evaluated the
outcomes of cross-finger flap reconstruction; however, very
little emphasis had been given to evaluate the donor finger
morbidity. Few authors2–6 had reported none to minimal
morbidities in the donor finger, although they had not
mentioned any objective parameters to measure the same.
Extensive literature search revealed only 16 studies record-
ing donor finger morbidity objectively, in cross-finger flaps
or its variants. Among them two studies were dedicated on
the donor finger morbidity.7,8

Many were retrospective studies (n¼6), and had level IV
evidence (n¼4). Apart from standard dorsal cross-finger
flap, proximally/distally based, volar, innervated, pedicled
on dorsal branch of proper digital artery and reverse digital
artery cross-finger flaps have been used. Middle finger has

been the most commonly used donor finger. Erken et al
reported significant impairment of 2-PD in donor finger
(p¼0.0433) and of SW monofilament threshold test
(p¼0.0002).9 Wang et al also reported statistically signifi-
cant difference in 2-PD between donor and control fingers
(p¼0.0001).10 Feng et al also reported impairment in 2-PD of
donor finger (mean¼9.8mm) in comparison to contralateral
finger (mean¼4mm).11 The weighted mean 2-PD of 138
donor fingers (8.84mm) in these included studies suggests
impairment in their sensory recovery. However, statistical
significance of this impairment could not be assessed due to
lack of adequate data in these studies and high risk of bias.
More studies will be required to conclusively report regard-
ing impairment in sensation.

Themost notable concern in donor fingermorbidity is the
stiffness in finger joints due to immobilization. Koch et al,8

Erken et al,9 Chen et al,12 and Chitta et al15 reported
statistically significant impairment of the ROM of donor
fingers (p-values were 0.03, 0.0005, 0.0001, 0.00012, respec-
tively). While other authors like Woon et al,3 Shao et al,13

Patil and Chavre,16 Feng et al,11 Zhao et al,17 and Chen et al18

reported that the difference between ROM of donor and
control fingers is not significant. Wang et al10 calculated that
there was significant impairment of ROM at proximal IP
joint, but not at the level of distal IP joint. The difference of
weighted mean ROM at IP joint between donor and contra-
lateral fingers suggests finger stiffness. However, our analy-
sis using forest plot, conclusively, proves that there is no
statistically significant impairment in ROM of the donor
fingers at the IP joints.

Cold intolerance was reported in nearly one-third of
donor fingers, which is similar to incidence of cold intoler-
ance in an injured finger. Chen et al12 reportedmoderate pain
in donor fingers in 20% patients. Chitta et al15 also found
significant difference in aesthetics and pain between donor
and control fingers. Forty-seven percent patients reported
contour deformity and 53.8% had hyperpigmentation, which
does not appear to be satisfactory. We refrained from meta-
analysis of the aesthetic outcomes and pain, due to lack of
adequate data.

In their long-term follow-up (mean duration 19.7 years),
Rabarinetal4 reportednodonorsitemorbidity, other thancold
intolerance. Al-Qattan20 in a comparative study reported that
time of return back to work decreases significantly in cases of
immediate postoperative mobilization following cross-finger
flap with no increase in risk of complications.

Despite our sincere efforts, there were certain limitations
in this study. The heterogeneity of outcomes due to varia-
tions in the follow-up period of different studies could not be
eliminated. While calculating weighted mean of the various
parameters (2-PD, ROM, cold intolerance), the variations in
the follow-up period of each type of flap, done by different
authors, were not taken into account. Studies have used
different parameters and scales to assess sensory, functional,
cosmetic recovery, pain, and other donor site morbidities.
Hence, statistical significance of all the parameters could not
be calculated, either due to lack or incongruity in the data.
Long-term morbidity of the donor finger had not been
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assessed by any of the studies. Lastly, confounding factors
such as age, gender, nutrition of patients, dimension, and
extent of the flap could not be taken into account due to
absence of individual data.

Conclusively, it can be said that there is no significant
effect on the mobility of donor fingers of cross-finger flap in
the follow-up duration. However, the impairment that seems
to be in sensory recovery and aesthetic outcomes needs to be
further evaluated objectively.
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