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Reconstruction of a Mangled Hand with a
Thoracodorsal Artery Perforator Free Flap: A
Report of Two Cases

Hyun Sik Park, Dong-Jin Kim, Joing Ick Hwang

Department of Orthopedic Surgery, Institute of Hand and Microsurgery, Duson Hospital, Ansan,
Korea

Mangled hands are a severely injured condition that is a rare and challenging problem
for reconstructive surgeons. Surgical flaps such as anterolateral thigh, radial forearm,
or thoracodorsal artery flaps have been used for multiple-digit resurfacing. In this re-
port, we describe two cases of complex defects that included multiple digits in pa-
tients who underwent reconstruction with thoracodorsal artery perforator (TDAP) free
flaps. All massive soft tissue defects were completely covered with a TDAP free flap.
The thinner perforator flap could be harvested, and the patients regained the ability to
pinch and grasp. Therefore, the authors present two cases of mangled hands success-
fully treated with TDAP free flap.
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INTRODUCTION

Mangling hand injuries are a rare and challenging problem for reconstructive
surgeons. In such cases, surgeons should consider soft tissue reconstruction with
early functional recovery. Numerous free flaps are available for the reconstruction
of hand defects, including radial forearm, anterolateral thigh (ALT), thoracodor-
sal artery perforator (TDAP), and circumflex scapular artery perforator flaps. Re-
cently, perforator free flaps have been commonly used for hand reconstruction
because of their versatility, thinness, and minimal donor site morbidity [1,2]. The
authors thought that the TDAP free flap can be the most suitable flap for recon-
structing complex hand injuries because its thinness enables patients to retain
their earlier ability to pinch and grasp and the donor site on the back is less ex-
posed than that on the extremity [3].

Herein, we report two cases of mangled hand after a press machinery injury
treated with a TDAP free flap in two patients. We discuss the results with a litera-

ture review.

57


http://crossmark.crossref.org/dialog/?doi=10.12790/ahm.20.0072&domain=pdf&date_stamp=2021-03-01

Hyun Sik Park, et al. Thoracodoral Artery Perforator Free Flap

Archives of Hand and MicrosurgcryAHM

CASE REPORTS

1.Casel

A 46-year-old man had a crushing injury involving the
thumb and index, middle, and ring fingers of his dominant,
right hand due to a power press machine accident. In an at-
tempt to salvage the hand, the thumb was amputated at the in-
terphalangeal joint, the index and middle fingers were ampu-
tated at the proximal phalanx, and the ring finger was amputat-
ed at the distal phalangeal tip with a proximal phalangeal frac-
ture. In an emergency operation, wound debridement and
Kirschner wire (K-wire) fixation of the index and ring fingers
were performed. All the fingers were open amputated because
the stump was lost. The ring finger showed arterial insufficien-
cy, so we anastomosed both digital arteries. One week after the
trauma, an angiography was performed to assess the vascula-
ture of the injured hand and revealed an intact radial artery and
its dorsal branch (Fig. 1). We subsequently performed a recon-
struction using a TDAP free flap to resurface the thumb index
and middle fingers. Preoperatively, the perforating artery from
the thoracodorsal artery was identified with an audio Doppler
machine. The perforating sites were detected, and the most re-
liable perforating artery was marked. The flap was designed on
the basis of the most reliable perforating artery of approximate-
ly 18.0x 11.0 cm in size. With the identified intermuscular per-
forating artery from the descending branch of the thoracodor-

Fig. 1. The angiogram shows an intact radial artery and its dorsal
branch.
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sal artery, a 10-cm-long pedicle was harvested to cover the de-
fect. The flap was harvested with an approximately 1.5-cm
thickness by flap elevation excluding the deep adipose layer
(Fig. 2). The dorsal branch of the radial artery was identified
and used as the recipient artery. Vessel anastomoses were per-
formed end-to-side between the thoracodorsal artery and the
recipient artery and end-to-end between one vena comitantes
and the cephalic vein. The donor site was closed directly and
the flap survived without necrosis or other serious complica-
tions. We divided the thumb and the other two fingers 4 weeks
later. Finally, we performed debulking and scar excision of the
palmar and dorsal sides 3 months later (Fig. 3). The patient was
then able to key pinch and grasp objects.

2.Case2

A 22-year-old man had a crushing injury involving the
thumb, index, and middle fingers of his dominant, right hand
due to a power press machine accident. The carpometacarpal
joint of the thumb was open-dislocated with the ruptured the-
nar muscle. The index and middle fingers were fractured and
dislocated at the metacarpophalangeal joint, and the distal por-
tion was severely injured. We performed an open reduction

Fig. 2. (A) The thoracodorsal artery perforator free flap was
designed on the basis of the most reliable perforator of the
thoracodorsal artery. (B) An 18.0x11.0-cm flap with a 10-cm-long
pedicle is shown.
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Fig. 3. (A) Initial injury status. (B) Emergency postoperative status. (C, D) After thoracodorsal artery perforator free flap coverage. (E) After
the division of the thumb and other two fingers. (F) Final debulked status.

Fig. 4. (A) The princeps pollicis artery. (B) The princeps pollicis artery runs through the thumb flexor tendon. (C, D) End-to-end
anastomosis between the princeps pollicis artery and the second common digital artery.

and internal fixation with a K-wire of the dislocated carpo-
metacarpal joint of the thumb. The index and middle fingers
were amputated because replantation was impossible because
of the severely injured status. Then, the thumb showed arterial
insufficiency, so we performed microsurgery of the end-to-end
anastomosis of princeps pollicis artery to the second common
digital artery. The princeps pollicis artery showed an anatomi-
cal variation, so it was difficult to identify. Usually, the dorsal
branch of the radial artery makes its way into the deep palmar
arch by passing through the gap between the first and second
metacarpals. The deep palmar arch gives rise to the princeps
pollicis artery, which is the main supply artery of the thumb.
Therefore, microsurgery for the princeps pollicis artery could
be performed on the volar side between the first and second
metacarpals. However, in this case, princeps pollicis artery
arose directly from the dorsal branch of the radial artery. Then,
the dorsal branch of the radial artery passed through under the
thumb flexor and A1 pulley. We cut the princeps pollicis artery
at the metacarpal area and performed an end-to-end anasto-
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mosis to the second common digital artery (Fig. 4). In addition,
the ulnar digital artery of the thumb from the index digital ar-
tery was not identified. Therefore, anastomosis of princeps pol-
licis artery is crucial for the survival of the thumb. Partial ne-
crosis of the index and middle metacarpal area developed, so
we performed a debridement 4 weeks later. We subsequently
used a TDAP free flap for coverage of the thumb, index, and
middle fingers. A 15.0%7.0-cm flap was harvested using the
same technique in the above-mentioned case. The flap was
harvested under a 1-cm thickness by flap elevation, excluding
the deep adipose layer. Vessel anastomoses were performed
end-to-side between the thoracodorsal artery and the recipient
artery and end-to-end between one vena comitantes and the
cephalic vein. Postoperative recovery was successful and the
flap survived completely. Finally, we performed debulking and
a Z-plasty procedure 3 months later (Fig. 5). The patient was
able to key pinch and grasp objects with a thin flap.

Written informed consent was obtained for publication of
this case report and accompanying images.
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Fig. 5. (A) Initial injury status. (B) Emergency postoperative status. (C) Partial necrosis developed. (D) Identification of the dorsal branch
of the radial artery. (E, F) After the thoracodorsal artery perforator free flap coverage. (G, H) Final debulked status.

DISCUSSION

Mangled hands are high-energy injuries that are rare and
challenging to manage. These injuries usually occur in the
workplace and in the healthy young population. Sufficient
function of the hands must be restored so that the patient can
return to work and perform daily activities. If a staged recon-
struction is planned, the decision on the parts to be discarded
or salvaged is crucial during the initial surgery. The debride-
ment of contaminated and non-viable tissue, stabilization of
the fractures, and replantation of the remaining vessels should
be achieved. Then, definitive reconstruction could be per-
formed if the wound is demarcated and no further debride-
ment is necessary. Appropriate soft tissue reconstruction for
defects is an important aspect. It not only provides cover for
soft tissue defects but also restores function and affects early re-
covery [4]. Many possible flaps can be used for reconstruction.
In our institution, the most frequently used free flaps for hand
reconstruction are the radial artery superficial palmar branch
perforator (RASP) [5], ALT [1], and TDAP flaps [2,3].

The perforator free flaps have recently been used mainly for
the reconstruction of soft tissue defects of the hand [6]. The
ALT flap has become popular because it is known to be rela-
tively easy to elevate, have low morbidity at the donor site, and
allow broad applicability [1,7]. In the past, the authors usually
used RASP and ALT flaps depending on the size of the defects
to cover. ALT flaps were mainly used for large defects for which
RASP flaps could not be used. However, the authors thought
that the ALT flap has the disadvantage of being too bulky for
hand reconstruction [6]. The ALT flap with a thinning proce-
dure or superficial fascial elevation can be performed with re-
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moval of a considerable amount of deep fatty tissue however, it
may cause partial flap necrosis and is technically demanded [1].
The TDAP flap could be a reliable option to substitute the ALT
flap [2,3,8]. The main reason for selecting the TDAP free flap is
its thinness and the less exposure of the donor site in the back
for resurfacing. The back has superficial and deep adipose lay-
ers comparing with the thigh [8]. The TDAP flap can be har-
vested at a thickness of approximately 5 mm to 1 cm by flap el-
evation, excluding the deep adipose layer [8]. A thin flap facili-
tates rapid sensory recovery and the earlier recovery of the
abilities to pinch and grasp [3]. It was reported that ALT flaps
can be thinned to a thickness of approximately 3 to 4 mm [1].
Depending on the surgeon’s proficiency and the patient’s own
fat layer, the superiority of thinness between ALT and TDAP is
thought to be controversial.

Compared with other flaps, the TDAP flap has additional
advantages in that the donor site on the back is less exposed
and wider flap harvesting is possible. All donor muscles and
nerves can be preserved, the pedicle length can be easily con-
trolled and large flap dimensions of up to 20 x 10 cm can be el-
evated with simple primary closure [8]. Several perforator free
flaps can be harvested from the back, such as the circumflex
scapular artery perforator flap [9]. However, this flap should be
harvested in the prone position. The TDAP flap could be ap-
plied without intraoperative changes in position. In addition,
the area of the drape is narrow; as it is performed near the back
of the ipsilateral side of the hand reconstruction. The narrow
drape could be related to the low infection rate and conve-
nience of operation for surgeons.

The TDAP flap was thought to be quite difficult and time-con-
suming to elevate. After several trials, it is no longer as difficult
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Fig. 6. The princeps pollicis artery directly branches from the

dorsal branch of radial artery, then passes through under the
flexor tendon.

7Y

as previously experienced, even though the TDAP flap takes less
time to harvest than the ALT flap because of its short transmus-
cular dissection through the thin latissimus dorsi muscle [2].

The second case showed an anatomical variation of the prin-
ceps pollicis artery (Fig. 6). The princeps pollicis artery is the
main feeding vessel of the thumb, which usually branches from
the deep palmar arch. An anatomical variation in the location
where the princeps pollicis artery would branch was reported.
In some rare cases, the princeps pollicis artery branches from
the superficial palmar arch or the dorsal branch of the radial
artery. The princeps pollicis artery supplies the dominant blood
flow to the thumb. It is important in microsurgery because of
the lack of collateral blood flow [10]. Microsurgeons should
consider the anatomical variation of the princeps pollicis artery
when performing thumb replantation.

As described earlier, successful reconstruction of mangled
hands was possible using TDAP free flaps. The TDAP flap is
suitable for hand reconstruction because of its short transmus-
cular course and large flap with easy primary closure. The re-
sults showed an aesthetically acceptable scar, early functional
recovery, and minimal donor site morbidity. Owing to these
advantages, a TDAP free flap can be a reliable option for soft

https://doi.org/10.12790/ahm.20.0072

tissue reconstruction of the hand.

CONFLICTS OF INTEREST

The authors have nothing to disclose.

REFERENCES

1. Adani R, Tarallo L, Marcoccio I, Cipriani R, Gelati C, Inno-
centi M. Hand reconstruction using the thin anterolateral
thigh flap. Plast Reconstr Surg. 2005;116:467-77.

2. Kim JT, Kim SK. Hand resurfacing with the superthin latissi-
mus dorsi perforator-based free flap. Plast Reconstr Surg.
2003;111:366-70.

3. Kim SW, Lee HJ, Kim JT, Kim YH. Multiple-digit resurfacing
using a thin latissimus dorsi perforator flap. J Plast Reconstr
Aesthet Surg. 2014;67:74-80.

4. Alphonsus CK. Principles in the management of a mangled
hand. Indian J Plast Surg. 2011;44:219-26.

5. Lee J, Park HS, Oh BS, Whang JI, Seo HG. Reconstruction of
multiple fingertip defects using the innervated radial artery
superficial palmar branch perforator flap. Arch Hand Micro-
surg. 2019;24:368-75.

6. Friedrich JB, Katolik LI, Vedder NB. Soft tissue reconstruction
of the hand. ] Hand Surg Am. 2009;34:1148-55.

7. Kim KC, Sun SH, Kim HS, Kim SE, Chung CE, Rhyou IH.
The versatility of the anterolateral thigh perforator flap for re-
construction of soft tissue defect of the upper extremity. ] Ko-
rean Soc Surg Hand. 2007;12:56-63.

8. Kim JT, Koo BS, Kim SK. The thin latissimus dorsi perfora-
tor-based free flap for resurfacing. Plast Reconstr Surg.
2001;107:374-82.

9. Dabernig ], Sorensen K, Shaw-Dunn J, Hart AM. The thin
circumflex scapular artery perforator flap. J Plast Reconstr
Aesthet Surg. 2007;60:1082-96.

10. Nguen J, Duong H. Anatomy, shoulder and upper limb, prin-
ceps pollilcis artery. In: StatPearls. Treasure Island (FL): Stat-
Pearls Publishing; 2020.

61


https://doi.org/10.1097/01.prs.0000173059.73982.50
https://doi.org/10.1097/01.prs.0000173059.73982.50
https://doi.org/10.1097/01.prs.0000173059.73982.50
https://doi.org/10.1097/00006534-200301000-00064
https://doi.org/10.1097/00006534-200301000-00064
https://doi.org/10.1097/00006534-200301000-00064
https://doi.org/10.1016/j.bjps.2013.10.007
https://doi.org/10.1016/j.bjps.2013.10.007
https://doi.org/10.1016/j.bjps.2013.10.007
https://doi.org/10.4103/0970-0358.85343
https://doi.org/10.12790/ahm.2019.24.4.368
https://doi.org/10.12790/ahm.2019.24.4.368
https://doi.org/10.12790/ahm.2019.24.4.368
https://doi.org/10.1016/j.jhsa.2009.04.035
https://doi.org/10.1016/j.jhsa.2009.04.035
https://doi.org/10.1097/00006534-200102000-00012
https://doi.org/10.1097/00006534-200102000-00012
https://doi.org/10.1097/00006534-200102000-00012
https://doi.org/10.1016/j.bjps.2006.10.002
https://doi.org/10.1016/j.bjps.2006.10.002
https://doi.org/10.1016/j.bjps.2006.10.002

Hyun Sik Park, et al. Thoracodoral Artery Perforator Free Flap

cR Y, Y Oits, 72 Lt

H 202049 112 9Y 8L 20204 112 26 AIXHEFEY 2020 128 3Y
A

H
WK A
15368, HAA| T MR E 114, T2 S20|Ma207A HHQn
TEL 031-402-0114 FAX 031-414-1903 E-mail kdj3292154@gmail.com
ORCID https://orcid.org/0000-0001-7223-1500

k>

| £4E 9| 48 A4S CBT 0242 SAOIC. M5 HE LTS, 9F MY LiTs, FHSY IjTts S0| Tty 47|
| HIX| Q2 MESS 01Zol0] Lt 47| = =33 g
IX Q2 ITES 0/8510 KA. O

— =
of 2 =1 8ot stisY MSA| 72 LS Stt B8 7 £49 8435

= g5l 25

62

https://doi.org/10.12790/ahm.20.0072



	INTRODUCTION
	CASE REPORTS
	1. Case 1
	2. Case 2

	DISCUSSION
	CONFLICTS OF INTEREST
	REFERENCES

