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Abstract
The purpose of this study was to examine the differences between the use of a posterior interosseous artery (PIA) flap and an
anterolateral thigh (ALT) flap for post-traumatic, medium-sized soft tissue reconstruction of the hand based on flap characteristics,
postoperative complications, and aesthetic outcomes.
From October, 2010 to March, 2016, 62 patients undergoing soft tissue reconstruction of the hand with 30 PIA flaps and 32 ALT

flaps were included in this study. The 62 patients were divided into the PIA flap group and the ALT flap group. The differences
between the 2 groups were analyzed.
The 62 patients included 52 males and 10 females, and the mean age at the time of surgery was 41years. The flap failure rate was

13.3% (4/30) in the PIA flap group and 9.4% (3/32) in the ALT flap group. No significant differences in flap failure rate, recipient site
complication rate, or donor site complication rate were observed between the 2 groups. However, the operative time (136min vs 229
min) and aesthetic outcomes (flap bulk swelling, 0 cases vs 31 cases) were statistically significantly different.
Both the pedicled PIA flap and the free ALT flap were comparable for the reconstruction of post-traumatic, medium-sized soft

tissue defects of the hand according to the evaluated outcomes of postoperative complications. Based on the surgical
characteristics of the flap and the evaluation of aesthetic outcomes, the pedicled PIA flap was significantly superior to the free ALT
flap.

Abbreviations: ALT = anterolateral thigh, LCFA = lateral circumflex femoral artery, PIA = posterior interosseous artery.
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1. Introduction

Complex soft tissue defects of the hand caused by various
traumas are the most common defects repaired using hand
surgery. Because of the anatomical characteristics and unique
functions of the hand,[1] complex soft tissue reconstruction poses
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a serious challenge to the reconstructive surgeon. As the
knowledge of vascular anatomy of the integument increases,[2]

various skin flaps, including pedicled flaps and free flaps, have
been widely used to reconstruct complex soft tissue defects of the
hand.[3,4] However, to date, the posterior interosseous artery
(PIA) flap still plays a pivotal role in the reconstruction of
complex soft tissue defects of the hand because of its reliability
and simple dissection technique.[5–12] Similarly, due to the long
vascular pedicle, large flap area, and versatility, the anterolateral
thigh (ALT) free flap remain the workhorse flap in the
reconstruction of complex soft tissue defects of the hand at
many institutions.[13–20]

However, increasing numbers of hand surgeons subjectively
consider that the pedicled PIA flap failure rate is very high in the
reconstruction of complex soft tissue defects of the hand and
prefer to use the free ALT flap.[14,21] Currently, no published
studies have compared the reliability and configuration of the
pedicled PIA flap and the free ALT flap used to reconstruct
complex soft tissue defects of the hand. A randomized
comparison of the pedicled PIA flap and the free ALT flap for
reconstruction of post-traumatic, medium-sized soft tissue of
the hand was performed to improve the use of the 2 flaps in the
reconstruction of post-traumatic, medium-sized soft tissue
defects of the hand and to better understand the aesthetic
outcomes after soft tissue reconstruction.
Thepurpose of this studywas to examine the differences between

the use of a PIA flap and an ALT flap for post-traumatic, medium-
sized soft tissue reconstruction of the hand based on flap
characteristics, postoperative complications, and aesthetic out-
comes.
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Table 1

Basic characteristics of the 62 patients.

Flap type

Free ALT
flap

Pedicled
PIA flap

P
value

No. of patients 32 30
Mean age (range), years

∗
40 (18–59) 42 (13–70) .605

Sex†

Male/female 27/5 25/5 1.000
Cigarette smoking† 9 7 .667
Hypertension‡ 3 3 1.000
Diabetes mellitus‡ 1 0 1.000
Preoperative contamination of the wound† 17 12 .301
Laterality†

Left/right hand 9/23 17/13 .023
Soft tissue defect site†

Dorsum of hand 12 23 .006
Palm of hand 8 4
Palm and back of hand 12 3

ALT= anterolateral thigh, PIA=posterior interosseous artery.
Bold and italics values indicates P<0.05.
∗
Student t test.

† Chi-square test.
‡ Fisher exact test.
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2. Patients and methods

2.1. Inclusion criteria and study design

This clinical retrospective studywas approved by the Institutional
Review Board of our hospital. The inclusion criteria for patients
were medium-sized soft tissue defects of the hand caused by
trauma that were reconstructed using a free ALT flap or a
pedicled PIA flap. All patients randomly selected a free ALT flap
or a pedicled PIA flap for transplant at the preoperative
consultation. Accordingly, we carefully reviewed hospital records
and found that 30 pedicled PIA flaps and 32 free ALT flaps had
been used to reconstruct post-traumatic, medium-sized soft tissue
defects of the hand between October, 2010 and March, 2016.
The 62 patients were divided into the pedicled PIA flap group and
the free ALT flap group.
A comprehensive chart review was conducted to collect data

for preoperative assessments (age, sex, smoking history,
comorbidities, preoperative contamination of the wound, and
soft tissue defect sites), intraoperative records (interval from
injury to flap transfer, operative time, flap width, flap area, and
primary closure of the donor site), and postoperative records
(perioperative complications and flap bulk swelling). Data on
perioperative complications (less than 30days after surgery) were
collected, including flap failure, vascular compromise, postoper-
ative wound infection, subcutaneous hematoma, and wound
dehiscence. Flap failure[22] was defined as flap primary necrosis of
>25% or necrosis that required a second reconstructive surgery
for flap survival. Other forms of necrosis were recorded as partial
necrosis.
Table 2

Surgical characteristics of the 62 skin flaps.
2.2. Surgical technique and postoperative management

After thorough and complete debridement, a free ALT flap or a
pedicled PIA flap was designed based on the dimension and shape
of the soft tissue defects of the hand. Regarding the harvest of the
flap, the subfascial dissection technique was utilized to facilitate
the identification of optimal cutaneous perforators, and the
vascular pedicle was then meticulously dissected. Skin grafting
was performedwhen the donor site was not primarily closed (self-
closing).
Standardized and normalized postoperative monitoring and

care were performed within 4days after surgery. An anticoagu-
lant (heparin) was administered during the intraoperative period
until the fourth postoperative day. Skin sutures were removed 2
weeks after surgery.
Flap type

Free ALT
flap

Pedicled
PIA flap

P
value

No. of patients 32 30
Interval from injury to flap transfer (days)

∗

Mean (range) 14 (1–124) 13 (0–48) .549
Flap area (cm2)

∗

Mean (range) 126 (56–162) 116 (72–207) .099
Flap width (cm)

∗

Mean (range) 8.8 (7–11) 7.7 (5–10) .004
Operative time (min)

∗

2.3. Statistical analysis

The Gaussian distribution of continuous variables was verified
using the Shapiro–Wilk test at a significance level of P> .05. The
differences between the ALT flap and the PIA flap groups were
analyzed using Student t test or the Mann–Whitney U test for
continuous variables and the chi-square test or Fisher exact test
for categorical variables. A P value <.05 was defined as
statistically significant. IBM SPSS 21.0 software (IBM Corp.,
Armonk, NY, USA) was used for all statistical analyses.
Mean (range) 229 (145–396) 136 (80–205) <.001
Donor site primary closure (No.)† 30 5 <.001

ALT= anterolateral thigh, PIA=posterior interosseous artery.
Bold and italics values indicates P<0.05.
∗
Mann–Whitney U test.

† Chi-square test.
3. Results

The 62 patients included 52 males and 10 females, and the mean
age at the time of surgery was 41years (range, 13–70years). The
basic characteristics of patients who underwent medium-sized
2

soft tissue reconstruction of the hand using a pedicled PIA flap or
a free ALT flap are shown in Table 1. The mean age of the
patients in the pedicled PIA flap group was 42years (range, 13–
70years). The average age of the patients in the free ALT flap
group was 40years (range, 15–59years). No significant differ-
ences in age, sex, cigarette smoking, hypertension, diabetes
mellitus, or preoperative contamination of the wound were
observed between the 2 groups (Table 1). However, statistically
significant differences were detected in the soft tissue defect site
(P= .006) and laterality (P= .023), and the most common site of
soft tissue defects was the dorsum of the hand (56.5%, 35/62)
(Table 1).
The surgical characteristics of 62 skin flaps are summarized in

Table 2. The mean interval from injury to flap transfer was 13
days in the pedicled PIA flap group and 14days in the free ALT
flap group. The mean flap areas of the ALT flap group and the
PIA flap group were 126 and 116cm2, respectively. In addition,
the interval from injury to flap transfer (P= .549) and the flap



Table 3

Perioperative complications and outcomes of the 62 patients.

Flap type

Free ALT flap Pedicled PIA flap P value

No. of patients 32 30
Flap failure rate, %, (no.)

∗
9.4% (3) 13.3% (4) .703

Recipient-site complication rate, %, (no.)† 28.1% (9) 40.0% (12) .323
Postoperative wound infection† 6 11 .114
Vascular compromise† 4 7 .264
Subcutaneous hematoma

∗
2 1 1.000

Donor-site complication rate, %, (no.)
∗

12.5% (4) 0 (0) .114
Aesthetic outcomes
Flap bulk swelling† 31 0 <.001

Donor site complications included postoperative wound infection and wound dehiscence.
ALT= anterolateral thigh, PIA=posterior interosseous artery.
∗
Fisher exact test.

† Chi-square test.
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area (P= .099) were not statistically significantly different
between the 2 groups (Table 2). However, the average flap
width was 8.8cm (range, 7–11cm) in the free ALT flap group and
7.7cm (range, 5–10cm) in the pedicled PIA flap group; this
difference was statistically significant (P= .004). The mean
operative time in the free ALT flap group and the pedicled
PIA flap group was 229min (range, 145–396min) and 136min
(range, 80–205min), respectively. Self-closing of the donor site
was performed in 30 patients in the free ALT flap group and in 5
patients in the pedicled PIA flap group. Statistically significant
differences in the operative time and donor site self-closing rate
were observed between the 2 groups (Table 2).
Perioperative complications and outcomes are shown in

Table 3. Of the 62 skin flaps, the flap failure rate was 11.3%
(7/62). The complications of the recipient site were the same in
both groups, including flap failure, postoperative wound
infection, vascular compromise, subcutaneous hematoma, and
wound dehiscence. The flap failure rate was 9.4% (3/32) in the
free ALT flap group and 13.3% (4/30) in the pedicled PIA flap
group. In the free ALT flap group, 4 flaps required re-exploration
within the first 24 to 48hours after flap transfer because of
vascular compromise (arterial thrombosis); 1 free ALT flap was
successfully salvaged, whereas 3 free ALT flaps with arterial
thrombosis exhibited complete necrosis. In the pedicled PIA flap
group, 7 PIA flaps experienced vascular compromise (venous
congestion), resulting in partial necrosis (margin necrosis) in 3
cases and flap failure in 4 cases. Postoperative wound infection
was themost common complication at the recipient site in the free
ALT flap group (n=6) and the pedicled PIA flap group (n=11).
Donor-site complications only occurred in the free ALT flap
Figure 1. A pedicled PIA flap was used to reconstruct soft tissue defects of the pa
tissue defect of the palm. (C) The result of the recipient site after 2months. (D) T
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group, including postoperative wound infection (n=1) and
wound dehiscence (n=4). As shown in Table 3, the flap failure
rate, recipient-site complication rate (postoperative wound
infection, vascular compromise, and subcutaneous hematoma),
and donor-site complication rate were not statistically signifi-
cantly different between the 2 groups. In the pedicled PIA flap
group, no patient presented flap bulk swelling compared with the
free ALT flap group (Fig. 1). In addition, in the free ALT flap
group, 31 patients exhibited flap bulk swelling (Fig. 2). This
difference was statistically significant (P< .001) (Table 3).
Of the 62 patients, 37 patients continued to be followed,

including 20 patients in the free ALT flap group and 17 patients in
the pedicled PIA flap group. The mean follow-up period was 10
months (range, 5–38months). During the follow-up period, no
patients experienced pain, cold intolerance, or scar contracture.
Functional impairments at the donor sites were not observed.
Flap bulk swelling was much more severe in the free ALT flap
group than in the PIA flap group (Fig. 3). Compared to the free
ALT flap, the PIA flap was more pliable and exhibited a
satisfactory skin color and texture (Fig. 3).
Case 1. Use of the pedicled PIA flap to repair soft tissue defects

of the palm (Fig. 1).
Case 2. Soft tissue reconstruction of the palm and back of the

hand using the free ALT flap (Fig. 2).
4. Discussion

Of the common conventional skin flaps, the pedicled PIA flap and
the free ALT flap have become the workhorse flaps for the
reconstruction of complex soft tissue defects of the hand at many
lm. (A) Soft tissue defect of the palm. (B) The pedicled PIA flap covered the soft-
he result of the donor site after 2months. PIA=posterior interosseous artery.

http://www.md-journal.com


Figure 2. A free ALT flap was used to reconstruct soft tissue defects of the palm and back of the hand. (A) and (B) Soft tissue defects of the palm and back of the
hand. (C) Harvest of the free ALT flap. (D) to (F) Results obtained after 8months. ALT=anterolateral thigh.
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institutions.[3,19] Currently, no published studies have examined
the differences between the pedicled PIA flap and the free ALT
flap in the reconstruction of complex soft tissue defects of the
hand. In our series, both types of flaps were successfully utilized
for the reconstruction of post-traumatic, medium-sized soft tissue
defects of the hand, without significant differences in the flap
failure rate, recipient site complication rate, and donor site
complication rate.
Figure 3. Aesthetic outcomes after reconstruction of soft tissue defects of the d
transfer. (B) and (C) (lower) Results observed 38months after the ALT flap transfer; d
recipient site of the free ALT flap; C: the donor site of the free ALT flap; and D: a fu
anterolateral thigh, PIA=posterior interosseous artery.

4

The difference in operative time between the PIA flap group
and the ALT flap group was statistically significant (136 vs 229
min). The reason for this difference is that the ALT flap requires
complex intramuscular dissection procedures and microvascular
anastomoses techniques[23] compared with the pedicled PIA flap.
In addition, the primary closure of the donor site of the flap was
determined by the flap width. The maximal flap width required
for primary closure was 10cm in the ALT flap group[24] and 6cm
orsal hand. (A) (upper) Result observed 13months after the pedicled PIA flap
uring this period, patients underwent many revision surgical procedures (B: the
ll-thickness skin graft was performed at the donor site of the ALT flap). ALT=



Table 4

Comparison of the use of the pedicled PIA flap and the free ALT flap for post-traumatic, medium-sized soft tissue reconstruction of the
hand.

Pedicled PIA flap Free ALT flap

Dominant vascular pedicle Posterior interosseous flap Branches of the descending branch of the LCFA
Characteristic of the vascular pedicle Relatively consistent Relatively consistent
Maximal flap width required for primary closure (cm) 6[29] 10[28]

Skin paddle thickness Much thinner than the ALT flap Much thicker than the PIA flap
Operative time Short (approximately 2 h) Long (approximately 4h)
Flap dissection Simple Complex intramuscular dissection procedures
Microvascular anastomoses technique Not required Required
Flap bulk swelling No Yes
Revision surgery No Yes
Aesthetic outcomes after reconstruction (hand) Superior Inferior

ALT= anterolateral thigh, LCFA= lateral circumflex femoral artery, PIA=posterior interosseous artery.
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in the PIA flap group.[25] In our series, the difference in flap width
between the PIA flap group and the ALT flap group was
significant (7.7 vs 8.8cm). Additionally, the primary closure rate
of the donor site in the PIA flap group was significantly inferior to
the primary closure rate in the ALT flap group.
Although research on the PIA flap and the ALT flap has

exhibited great progress, complications of the pedicled PIA flap
and the free ALT flap, particularly skin flap failure, are not
uncommon. The complication rate in the pedicled PIA flap group
was 8.5% to 27.5%,[12,26,27] and the free ALT flap failure rate
was 4.32%.[28] In addition, the aesthetic outcomes obtained in
the pedicled PIA flap group after the reconstruction of the
medium-sized soft tissue defects were significantly superior to
outcomes obtained in the free ALT flap group, because the
thickness of the skin paddle provided by the PIA flap is much
thinner than that provided by the ALT flap. The thickness of the
skin paddle provided by the ALT flap was 1 to 3cm.[29] The ALT
flap used to reconstruct the soft tissue defects of the hand required
multiple revision surgical procedures to achieve the desired
aesthetic outcomes, which may increase the suffering of and
financial burden on the patients. In addition, although a thinning
technique has been reported to make this flap suitable for hand
reconstruction, the technique may increase the difficulty of the
operation and the risk of partial flap necrosis.[29]Table 4
illustrates the comparison of the results obtained with the
pedicled PIA flap and the free ALT flap for post-traumatic,
medium-sized soft tissue reconstruction of the hand.
In this study, the data of 2 groups are comparable. Firstly, the

age at the time of surgery, sex, cigarette smoking, hypertension,
diabetes mellitus, and preoperative contamination of the wounds
were not significantly different between the 2 groups (Table 1). In
addition, the flap areas of the PIA flap group and the ALT flap
group should be analogous to reduce the extent of the differences
caused by the flap area. In this study, the mean flap areas of the
ALT flap group and the PIA flap group were 126 and 116cm2,
respectively, and statistically significant differences were not
observed between the 2 groups (Table 2).
This study had several limitations. First, the population of

patients in our series was heterogeneous. The small sample
population may have increased the standard errors, and
confounding variables may also have affected the outcomes of
our study. Second, the flap transfer procedures were performed
by multiple hand surgeons, and thus we recognize that the
measurement of the flap area may have some variation. Finally,
postoperative complications detected during the perioperative
5

period were determined in a subjective manner that relied on the
experience of the hand surgeons, and this bias may also have
increased the sampling error.
5. Conclusions

Both the pedicled PIA flap and the free ALT flapwere comparable
for the reconstruction of post-traumatic, medium-sized soft tissue
defects of the hand, according to the evaluated outcomes of
postoperative complications. Based on the surgical characteristics
of the flap and the evaluation of aesthetic outcomes, the pedicled
PIA flap was significantly superior to the free ALT flap.
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