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INTRODUCTION 

The reconstruction of soft tissue defects of the hand with 

exposure of underlying vital structures like tendons, 

bones, joints and neurovascular bundles can be quite 

challenging.1,2 The principle aims of plastic surgical 

reconstruction of such complex soft tissue injuries are 

infection prevention, protection of vital structures and 

preservation or restoration of adequate hand function. 

Various coverage options for these cases include local, 

regional, distant or microsurgical free flaps. Ideally such 

reconstructions should be expeditious, single-staged and 

allow for early limb mobilization and short hospital stay. 

Blast injuries of the hand can have disastrous 

consequences. These have been usually associated with 

military and terrorist attacks.3 In India, however, a 

different pattern of blast injury is commonly encountered. 

This results from either recreational bursting of 

firecrackers or the handling of homemade bombs, which 

have widely variable blast potential with explosives 

deflagrating at rates ranging from 400 to 9000 m/sec.4 

Due to the predominantly centrifugal action of the energy 

vector in such injuries, the radial aspect of the hand is 

most commonly affected; mainly involving the first to 

third rays, thenar eminence and the first web space. The 

result can be varying degrees of damage to the soft tissue, 

ABSTRACT 

 

Background: The soft tissues of the radial aspect of the hand are predominantly affected in firecracker and 

homemade bomb blast injuries. In such cases, regional flap options are quite appealing for defect coverage. We have 

compared the outcomes of using two pedicled regional forearm flaps in these injuries, the posterior interosseous 

artery flap (PIAF) and the adipofascial radial artery perforator flap (ARAPF).  

Methods: 37 patients underwent reconstruction of the hand with PIAF (20 cases) and ARAPF (17 cases) between 

January 2014 and December 2019. They were compared with regards to patient demographics, reconstruction 

techniques, short-term and long-term functional and aesthetic outcomes using the disabilities of the arm, shoulder and 

hand (DASH) score and the subjective satisfaction score (SSS). 

Results: All our flaps survived without any major complications affecting long-term outcome. We found no 

statistically significant difference between the two flaps in terms of patient demographics, flap paddle size, duration 

of hospital stay, DASH score and SSS for recipient site. However, significant difference was noted in the duration of 

surgery, method of donor site closure and SSS for the donor site.  

Conclusions: Both the PIAF and ARAPF can be considered in cases of soft tissue defects of the hand from 

firecracker or bomb blast injuries. Both preserve the major arteries of the hand while still having reliable vascular 

pedicle.  

 

Keywords: Adipofascial radial artery perforator flap, Bomb blast injury, Firecracker, Hand, Posterior interosseous 

artery flap 

Department of Plastic Surgery, Medical College and Hospital, Kolkata, West Bengal, India  

 

Received: 07 February 2021 

Revised: 27 February 2021 

Accepted: 01 March 2021 

 

*Correspondence: 

Dr. Madhumita Gupta, 

E-mail: docmadhu82@gmail.com 

 

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under 

the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 

DOI: https://dx.doi.org/10.18203/2349-2902.isj20210962 



Gupta M et al. Int Surg J. 2021 Apr;8(4):1118-1123 

                                                                                              
                                                                                               International Surgery Journal | April 2021 | Vol 8 | Issue 4    Page 1119 

bones and joints, neurovascular structures or even 

disarticulation amputations worse at the radial digits.5 In 

less severe cases, deep abrasions or lacerations can be 

addressed with either secondary intention wound healing, 

delayed primary repair or skin grafting.5 But severe cases 

presenting with tissue avulsion of the radial digits and 

first web space require resurfacing with durable and 

pliable flaps. The presence of an adequately spanned first 

web space is a pre-requisite for prehensile hand function.6 

In blast injuries, a broad zone of injury rules out the 

options of using local flaps.7,8 Microvascular free flaps 

can be used in such situations. But, they require special 

technical expertise, set-up and longer operating times.1,2,9  

Distant flaps like the groin, abdominal, chest or 

hypogastric flaps can also be used, although limited by 

the need for a two-staged procedure, uncomfortable limb 

positioning and relative delay in hand mobilization.10  

The pedicled regional flaps from the forearm provide 

quite an attractive option in these patients. These can be 

either based on axial vessels like the radial, ulnar, 

anterior and posterior interosseous or based on 

perforators. The flap paddle may be fasciocutaneous or 

adipofascial, thus sparing the forearm skin. The choice of 

flap in reconstructive hand surgery is often debatable and 

depends on the surgeon’s preference in addition to factors 

related to the patient’s injury or general health.11 

In our study, we compared the technical details and 

outcomes of reconstructing firecracker and homemade 

bomb blast injuries of the hand with posterior 

interosseous artery flap (PIAF) and the adipofascial radial 

artery perforator flap (ARAPF). 

METHODS 

A retrospective, observational study was conducted at the 

Department of Plastic and Reconstructive Surgery at the 

Medical College and Hospital, Kolkata, India for patients 

presenting between January 2014 and December 2019 

with soft tissue defects of the hand due to firecracker or 

homemade bomb blast injuries who underwent 

reconstruction with either the PIAF or the ARAPF. 

Patients with additional injuries to any other part of the 

same upper limb proximal to the distal wrist crease were 

excluded. Informed written consent was obtained from all 

subjects prior to the procedure. The study methodology 

was approved by the Institutional Ethical Committee for 

Research and Development. 

All 37 patients had presented to the emergency 

department with either firecracker or homemade bomb 

blast injuries sustained within the last 24 hours. After the 

initial emergency debridement and washout in theatre, 

definitive flap coverage was carried out in a delayed 

primary setting during the same admission in semi-

elective daytime hand trauma lists.  

Following the first debridement, the injuries were 

categorised into mild, moderate, severe and major as per 

the hand injury severity score (HISS).12 The mild injuries 

only involve soft tissue loss, moderate includes additional 

bone and joint injuries, severe refers to neurovascular 

structure damage, whereas, major involves traumatic 

disarticulation or amputation of a part or whole of the 

hand. 

Anatomy and surgical technique 

PIAF: The posterior interosseous artery is a branch of the 

interosseous artery which, in turn, arises from the ulnar 

artery. It passes dorsal to the superior border of the 

interosseous membrane of forearm and traverses distally 

in the plane between abductor pollicis longus and 

supinator muscles. 5-13 cutaneous perforators arise from 

the main vessel, most of them in the proximal half of 

forearm. The vessel finally anastomoses with the dorsal 

perforating branch of the anterior interosseous artery and 

the dorsal carpal branch of the radial artery about 2.5 cm 

proximal to the distal radio-ulnar joint (DRUJ).13 The flap 

was raised under tourniquet control. Pre-operative 

handheld Doppler signal localisation of a suitable 

perforator was carried out. The flap paddle was designed 

in reverse from a defect template after centralising the 

perforators. Flap elevation was in a proximo-distal 

direction. The septocutaneous perforators were delicately 

dissected up to the main vessel in the intermuscular plane 

between extensor carpi ulnaris and extensor digiti 

minimi, carefully preserving the posterior interosseous 

nerve branches. Dissection was stopped at least 2.5 cm 

proximal to the DRUJ. The flap was tunnelled to the hand 

defect avoiding any kinks or compression. The donor 

area was either skin grafted or directly closed, depending 

of the flap size and surrounding tissue laxity (Figure 1). 

 

Figure 1: The PIAF: (a) pre-operative marking,                 

(b) intra-operative dissection, (c) demonstration of 

vascular pedicle, (d) inset of flap paddle and skin 

grafting of donor site. 

ARAPF: The radial artery traverses in the forearm in the 

inter-muscular plane between the flexor carpi radialis and 

the brachoradialis muscles. An average of 6 

fasciocutaneous perforators arising from this artery are 

a b 

c d 
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usually detected within 15 cm proximal to the distal wrist 

crease, of which about 2 clinically significant ones (>0.5 

mm) are located around 2 cm proximal to the radial 

styloid process.14,15 The flap was harvested under 

tourniquet control after pre-operative mapping of suitable 

perforator guided by handheld Doppler signal. The flap 

paddle was designed in reverse from a defect template. A 

lazy-S skin incision was centred over the radial artery 

axis. Flap was elevated in a proximo-distal direction. The 

adipofascial flap was harvested including the cephalic 

vein. Dissection was stopped about 2.5 cm proximal to 

the radial styloid process to preserve the prominent 

perforator(s). The flap was then flipped over and 

tunnelled to the hand defect without any twist or 

compression and covered with a split-thickness skin graft 

(Figure 2). 

 

Figure 2: The ARAPF: demonstration of flap harvest 

and inset with skin grafting of flap paddle. 

In both the cases, light post-operative bandage was used 

with flap monitoring window. The limb was kept 

elevated on a pillow avoiding any pressure on the flap 

paddle or pedicle. The dressings were changed with a 

graft check on post-operative day 5-7. The patients were 

regularly followed up in outpatient clinic and hand 

physiotherapy unit following discharge for at least a year 

(range 1-2.5 years). 

The demographic distribution of patients in the two 

groups (PIAF and APAPF) were compared in terms of 

age, sex, laterality of the injury and hand dominance. The 

injury severity was graded according to the HISS score.12 

The PIAF and ARAPF flap techniques were compared in 

terms of the total flap size, donor site closure and 

duration of surgery.  

The outcomes were assessed short-term with respect to 

flap survival, venous congestion, wound dehiscence, need 

for return to theatre and duration of post procedure 

hospital stay. The long-term assessment involved 

recording the patient’s satisfaction with the results as 

reported by the subjective satisfaction score (SSS) for 

both the donor and the recipient sites. This score was 

assessed by using a visual analogue scale (1-10: 1 being 

extremely dissatisfied to 10 being extremely satisfied). 

The functional outcome was measured by the DASH 

(disabilities of the arm, shoulder and hand) score.16 This 

is a 30 part questionnaire with each answer scored on a 

scale of 1 (no difficulty) to 5 (maximum difficulty). At 

least 27 questions need to be answered to obtain a valid 

score. The sum total of all the scores gives the raw score. 

The raw score is then transformed to a 0-to-100 scale 

with 0 depicting no disability and 100 depicting 

maximum disability. 

The results were analysed using the two-tailed Mann-

Whitney U test (as the total number of patients in each 

group was <30) and Chi-square test. The level of 

statistical significance was considered as p<0.05. 

RESULTS 

37 patients with firecracker and homemade bomb blast 

injuries of the hand presenting to the Plastic and 

Reconstructive Surgery Department of the Medical 

College and Hospital, Kolkata, India between January 

2014 and December 2019 were reconstructed with the 

PIAF (20 cases, M:F=17:3) and the ARAPF (17 cases, 

M:F=13:4) flaps. All had soft tissue defects involving the 

radial aspect of the hand including the dorsum, and the 

first web space. The demographic distribution of the 

patients in the two groups are depicted in Table 1. The 

mean flap paddle areas were 33.57±10.5 cm2 (range 

19.25-56 cm2) for the PIAF group and 29.44±7.53 cm2 

(range 17.5-45 cm2) for the ARAPF group. The 

difference between the flap dimensions of the two groups 

was not statistically significant. 

Table 1: Distribution of demographic factors and 

hand injury severity score (HISS) in the study 

population. 

Demographic criteria PIAF ARAPF 

Number of patients 20 17 

Age in years (mean±SD; 

range) 

32.95±14.25; 

12-68 

35.82±15.72; 

17-76 

Sex (male:female) 17:03 13:04 

Laterality (right:left) 16:04 14:03 

Hand dominance 

(dominant:non-dominant) 
17:03 15:02 

HISS grade (mild: 

moderate: severe: major) 
4, 7, 5, 4 4, 7, 3, 3 

15 donor sites in the PIAF group needed a skin graft for 

closure; of the remaining 5 cases closed directly the 

maximum dimension allowing for primary closure of 

donor site was recorded at 4.5×7.5 cm2. The ARAPF 

being an adipofascial flap, the skin over the donor area 

was directly closed without any case of recorded wound 

infection, dehiscence or skin flap necrosis. All donor sites 

healed satisfactorily without any major complications. 
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The difference in technique of donor site closure was 

found to be statistically significant at p=0.000004. 

All the flaps from both groups were viable. In the PIAF 

group one flap suffered from venous congestion that was 

managed with medicinal grade leech therapy for 4 days 

with complete flap paddle salvage. In the ARAPF group, 

one patient had distal marginal flap necrosis that caused 

some wound dehiscence over a small (1×0.5 cm2) area, 

and was managed by a return to theatre on post-operative 

day 9 for debridement of involved part and direct closure. 

There was no recorded palsy of the posterior interosseous 

nerve in the PIAF group. 

 

Figure 3: The distribution of duration of surgical 

procedure in the two groups. 

The mean duration of surgery (Figure 3) in the PIAF 

group was 159.5±10.77 minutes (range 140-177 

minutes); whereas the same in the ARAPF group was 

137.94±10.35 minutes (range 120-159 minutes). The 

difference between the two groups was statistically 

significant. 

 

Figure 4: The distribution of mean DASH score 

categorized by the HISS injury grades for the two 

groups. 

The duration of post-operative hospital stay was noted at 

7.35±1.14 days (range 7-12 days) for the PIAF group and 

7.35±0.78 days (range 7-10) for the ARAPF group. The 

difference between the two was not statistically 

significant. The single patient in the PAIF arm who 

developed venous congestion and needed leech therapy 

stayed longer (12 days), while the one in the ARAPF arm 

needing debridement of marginal necrosis and re-inset of 

flap stayed for 10 days. 

The mean DASH score for the PIAF group was 

34.95±5.67, while the same for the ARAPF group was 

33.44±6.54. When the DASH score was correlated with 

the injury severity as per the HISS grades, no statistically 

significant difference in eventual functional outcome 

could be detected in the two groups (Figure 4). 

The distribution of subjective satisfaction score for both 

the donor and recipient sites in the two groups are 

depicted in Figure 5. The mean±SD scores were 6.9±1 

and 7.35±0.6 for the PIAF and ARAPF donor sites 

respectively; while the same for the recipient sites were 

7±0.69 and 6.9±0.66. There was a statistically significant 

difference between the two groups with respect to 

satisfaction with the donor site (p=0.008), but not the 

recipient site (p=0.79). 

 

Figure 5: The distribution of the subjective 

satisfaction score for both the donor and recipient 

sites in the two groups. 

DISCUSSION 

Appropriate thin, pliable and single-staged soft tissue 

coverage of hand defects is crucial for effective 
protection of vital structures, as well as for allowing 

adequate hand mobilization in order to achieve the best 
functional outcome possible.17 The forearm is a suitable 
regional donor site for providing various vascularised 

flap options aimed at hand coverage.18 Amongst the 
various possible options, the distally based radial forearm 
flap, the radial artery perforator flap and the posterior 

interosseous artery flap are the ones that allow a good 
reach to resurface defects predominantly affecting the 
radial aspect of the hand, which is the usual pattern noted 
in firecracker and homemade bomb blast injuries.5 

The original radial forearm flap (Chinese flap) was first 

used by Lin et al for hand and finger soft tissue 
coverage.19 Though it is reliable in its vascular supply 

and provides a thin, pliable cover; its main drawbacks 
include sacrificing a major artery of the hand and donor 
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site morbidities.20 In 1990, Chang et al performed an 
anatomic study of 14 cadaveric forearms and designed a 

distally based radial forearm adipofascial flap for hand 
reconstruction.21 They detected about 10 small 
septocutaneous perforators starting from 1.5 cm proximal 
to the radial styloid process up to the bifurcation of the 

radial artery.22 This flap has the obvious advantage of 
allowing direct donor site skin closure and sparing of a 
major hand vessel.23 

The posterior interosseous artery flap also avoids 

sacrificing a major hand artery, but involves slightly 
more tedious dissection in order to preserve the posterior 

interosseous nerve branches.20 

In our comparative study, the majority of the patients 

were young adult males (PIAF: 85% males, ARAPF: 
76.5% males) with the dominant hand most commonly 

affected. This finding is consistent with other series 
reporting similar mechanism of hand injury.24,25 

In this study, PIAF flap paddle size ranged from 19.25-56 

cm2, while ARAPF flap size ranged from 17.5-45 cm2. 
Mahmoud et al reported paddle sizes ranging from 40 to 
100 cm2 for the adipofascial radial artery perforator flap.23 

However, Al Najjar concluded that this flap can be safely 
used to cover small to moderate sized (12-63 cm2) 
defects.26 The average dimensions reported for the PIAF 
range from 6-99 sq cm.27 In both groups of patients we 

have used comparable flap dimensions which corroborate 
with those from other series. 

The pivot point for the ARAPF flap in our series was 

located at 2.5 cm proximal to the radial styloid process. 
This is consistent with Chang and Hou, who proposed it 
to be between 2 and 4 cm above this bony landmark.28 

Various studies have reported the operative time for the 

adipofascial radial artery perforator flap to be around one 
and a half to two hours.23,29 In our cases, the mean 
duration of operation for the ARAPF group was 

138minutes, which is slightly higher. Other comparative 
studies have reported the duration of posterior 
interosseous flap technique at around 160 minutes which 

is similar to our finding.30 The relatively more tedious 
dissection of the vascular pedicle from the posterior 
interosseous nerve can be stated as the reason of the 
longer duration of procedure in the PIAF group. 

Some studies have mentioned venous congestion as an 

important complication for the PIAF flap which can 
result in partial or complete flap necrosis. We 

experienced this complication in one flap which 
eventually could be fully salvaged with the help of leech 
therapy. 

Previous studies have reported the post-operative stay to 

range between 5-15 days in cases of both the PIAF and 
ARAPF flaps.23,30,33 In our series the same ranged from 7-
12 days which is comparable to other studies and failed to 

show any significant difference between the two arms. 

With regards to the functional outcome, our study did not 

reveal any significant difference between the two groups. 

When the outcome was categorised according to the 
HISS score of injury, the overall hand function was found 
to be good and as per expectation. Our DASH scores in 
both groups corroborated well with scores for other upper 

limb pathologies and procedures, which typically ranges 
between 25 and 50.34 

The long-term subjective satisfaction amongst our 

patients from both the groups were quite similar with 
regards to the recipient site. However, the ARAPF group 
of patients were significantly more satisfied with their 

donor sites. This is due to the fact that a significantly 
greater number of donor sites in the PIAF group required 
a skin grafting for resurfacing, while all the donor defects 
in the ARAPF group underwent direct closures. This is 

similar to the finding by Akdag et al who reported 
significantly better satisfaction with the adipofascial 
radial forearm flap group.30 

The limitation of this study is that it involved a limited 

number of patients in each group and carried out 
retrospectively. Further comparative studies involving a 

larger study population and carried out prospectively 
might provide a better insight. 

CONCLUSION 

However, from this study, we can conclude that both the 

posterior interosseous artery flap and the adipofascial 
radial artery perforator flap can be considered for soft 
tissue resurfacing of the hand defects in firecracker and 

homemade bomb blast injuries. Both have a reliable 
blood supply and spares major arteries of the hand. Both 
these regional flaps are attractive options in such injuries, 

thus avoiding the need for prolonged and meticulous free 
flap surgeries or multi-staged procedures involving 
distant pedicled flaps.  
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