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Hand

INTRODUCTION
Acquired soft-tissue defects of the hand can be the 

result of different types of trauma, infection, tumor resec-
tion, or burns. The evolution of the design and types of 
flaps has optimized the reconstruction and, nowadays, it is 
important to achieve not only functional but also aesthetic 
results.1–4

Different from the dorsal skin, which is thin, pliable, 
and designed for mobility, the palmar surface has a special-
ized glabrous skin that is firmly tethered to the underlying 

fibrous framework, making it relatively immobile, which 
explains the use of other flaps than local ones.

When planning a reconstruction, it is essential to 
ensure that the fingers are  restored to normal or near-
normal motion. This necessarily requires thin and flex-
ible skin that allows for digital flexion and gliding of the 
underlying tendons.5,6

The aim of the present study is to propose a model for 
treating a wide variety of skin defects in the hands based 
on our flap experience.

METHODS
We conducted a retrospective study from February 

2019 to December 2021, which included all patients who 
had undergone a skin flap to hand reconstruction from 
the senior author L.T. as the first surgeon. There were no 
exclusion criteria. Patients’ medical records were reviewed 
and included demographics, smoking status, presence of 
risk factors, type of trauma, flap reconstruction, dimen-
sions, reoperations, operative time, ischemia time, and 
long-term complications.
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Introduction: Acquired soft-tissue defects of the hand can be a result of different 
types of trauma, infection, tumor resection, or burns. The evolution of the design 
and types of flaps have optimized the reconstruction and, nowadays, it is important 
to achieve not only a functional result but also an aesthetic result. The aim of the 
present study is to propose a model for treating a wide variety of skin defects in the 
hands based on our flap experience.
Methods: We conducted a retrospective study from February 2019 to January 2022, 
which included all patients who underwent a skin flap for hand reconstruction. 
Patients’ medical records were reviewed and data collected included demograph-
ics, smoking status, presence of risk factors, type of trauma, flap reconstruction, 
dimensions, reoperations, and long-term complications.
Results: A total of 99 patients underwent skin flap-based reconstruction for hand 
trauma between February 2019 until January 2022. The mean age was 43.9 (range 
38.3–49.5), 87.9% of patients  were male, and follow-up was between 2 and 30 
months; 90.9% of the flaps were free flaps, and the rest were pedicle flaps (3% of 
them being propeller flaps).
Conclusions: When planning a hand reconstruction, it is vital to ensure that the 
outcomes are not only functional but also aesthetic, with minimum donor site mor-
bidity; in this study, we showed a variety of flaps that can be applied to achieve this 
goal. We believe that the final decision should be made after comprehending the 
defect and the patient’s preferences. (Plast Reconstr Surg Glob Open 2022;10:e4538; 
doi: 10.1097/GOX.0000000000004538; Published online 30 September 2022.)
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Summary statistics were calculated. Quantitative data 
are expressed as the mean ± SD, whereas nominal data are 
expressed as a percentage. Analyses were performed using 
SPSS software ver 26.0 (IBM, Armonk, N.Y.).

RESULTS
A total of 99 patients underwent skin flap reconstruc-

tion for hand trauma between February 2019 to January 
2022. Demographic and comorbidity data are shown in 
Table 1. The mean age was 44 (range 38.3–49.5), 87.9% 
of patients were male, and follow-up was between 2 and 
30 months; 90.9% of the flaps were free flaps, and the rest 
were pedicle flaps (3% of them being propeller flaps).

Table  2 lists all of the reconstruction methods 
employed, with the following being the preferred choice: 
great toe pulp (GTP) flap‚ 44%; proximal ulnar perforator 
flap (PUPF)‚ 15.2%; anterolateral thigh (ALT) flap, 7.1%; 
superficial circumflex iliac artery perforator (SCIP) flap,  
6.1%; medial sural artery perforator (MSAP) flap, 5.1%; 
and medial plantar flap, 5.1%. Trauma was the most com-
mon reason for hand reconstruction (86.1%), followed by 
infection (11.1%) and sequalae burns (2.8%).

One case of complete flap failure was seen on a scap-
ular-parascapular flap, a 55-year-old patient who had 
been involved in a crushing trauma. Minor complications 
occurred in 7% of cases, including four epidermolysis and 
one partial necrosis. Long-term complications included 
impossibility of finger extension and chronic pain in the 
apex stump. There were no wound infections or hemato-
mas in the flaps or donor sites.

DISCUSSION
Finding the optimal approach to restore hand defects 

is still a challenge for surgeons. Because every lesion has 
several potential solutions, soft-tissue restoration of the 
hand is a complicated topic. Despite the well-known recon-
structive ladder, which recommends choosing the sim-
plest rebuilding of the defect, the reconstructive elevator 
concept allows for more sophisticated reconstructions to 
account for specialized function and aesthetic outcome.7–9 
To achieve a satisfactory reconstruction, it is essential to 
consider not only a functional but also an aesthetic out-
come, and balancing the recipient area’s result with the 
donor area’s morbidity.10–12 In this study, we propose dif-
ferent skin tailored pedicles and free flaps for different 
hand defects; for a proper understating, we divided them 
into two groups: small (defects that compromise one digit 
or part of it) and large (defects affecting the palmar or 
dorsal region of the hand, as well as when more than one 
digit is affected) reconstructions (Fig. 1).

Small Reconstructions
The GTP flap was the most commonly used flap in our 

study for covering smaller defects. We utilized this flap to 
repair digits, particularly the P3 zone when bone exposure 
was present, but it was also used for P2-P3 coverage. The 
average size of the flap was 1.5 × 1.5 cm with a maximum 
of 3.5 × 2.5 cm and the average pedicle length was 4.1 cm 
(2–11 cm). Unlike the technique described by Wei and 
Yim,13 the retrograde dissection of the vascular pedicle 
was conducted purely dorsally, without harming the plan-
tar side also, and nerve anastomosis was not performed. In 
regards of donor site morbidity, no patient expressed con-
cern about gait alteration or the great toe scar, which is 
conveniently hidden and does not come into contact with 
the ground during ambulation. In the variety of recon-
structive surgical options, the great toe pulp flap manages 
to fulfill all the like with like prerequisites, providing tis-
sue match with glabrous skin, fat lobule architecture, deep 

Takeaways
Question: How to easily plan the coverage of a skin defect 
in hand reconstruction.

Findings: Over the course of 23 months, we observed that 
90% of the hand reconstructions were free flaps, with 
good aesthetic and functional outcomes. 

Meaning: Hand reconstruction should be planned not 
only for function but also for aesthetics, using the recon-
struction toolbox to determine the best coverage.

Table 1. Demographics, including Age, Comorbidities, and 
Smoking Situation

Demographics

 N % Median SD 
Sex F 12 12  

M 87 87.9
Age, y — 44 18

Smoking 
status

No 90 90.9  
Yes 9 9.1

Comorbidities None 87 87.9
Hypothyroidism 2 2
Hypertension 2 2
DBT 2 2
Polyomyelitis 1 1
Pituitary adenoma 1 1
Parkinson 1 1
Obesity 1 1
FA 1 1
Acute Coronary Syndrome 1 1

Table 2. Complete List of Flaps Employed in This Study

Types of Flaps

 N % 
Large defects ALT 7 25.9

SCIP 6 22.2
Medioplantare 5 18.5
MSAP 5 18.5
Scapular + parascapular 2 7.4
Groin flap 1 3.7
Scapular 1 3.7

Small defects GTP 44 61.1
PUPF 15 20.8
Intermetacarpal flap 5 6.9
Dorsali pedis 3 4.2
FDMA 1 1.4
First web space flap 1 1.4
Quaba 1 1.4
DIMA 1 1.4
Radial artery perforator flap 1 1.4

DIMA, dorsal intermetacarpal artery flap; FDMA, first dorsal metacarpal artery 
flap; Medioplantare, medial plantar flap.
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papillary ridges, and fibrous septal that radiate from the 
periosteum to the skin to minimize the shearing and slip-
page with gripping. It also allows the addition of a nail 
component in the case of nail bed injury14,15 with minimal 
donor site morbidity14,16 (Fig. 2).

In this study, the PUPF was the second most commonly 
used flap; based on the perforator of the ulnar artery, it 
was employed in 13.9% of our small defect repair inter-
ventions (the surgical technique employed to harvest the 
flap is well described in a previous article).17 The PUPF 
also has been used to cover digits but with larger defects, 
mostly when two adjacent fingers were injured, covering 
both defects and performing the syndactyly release in the 
second intervention.

Despite being first described in 1984 by Lovie et al,18 the 
PUPF is not well documented in the literature, unlike other 
flaps19,20; however, it offers significant advantages. In 2014, 
Wei et al12 published a study that confirmed the PUPF’s 
continuous and stable blood supply, as well as its advantages 
over the radial flap in terms of donor site care, scar place-
ment, and skin graft loss. If the medial cutaneous nerve of 
the forearm is included, it is possible to harvest a sensory 
flap, and residual sensory loss in the donor site is minimal 
due to the presence of numerous cutaneous nerves in this 
area.12,21,22 Also, the donor area of the flap is frequently 
intact even after significant hand trauma, because the flap 
is on the nondominant side of the forearm.23 Multiple per-
forators feed the ulnar skin of the forearm, the majority of 
which are musculocutaneous.24 On average, there are five 

to seven ulnar artery perforators with a caliber of at least 
0.5 mm and an average length of 27 mm, each of which can 
supply an area of skin measuring 19 to 33 cm220,25,26; in our 
patients, we found a similar pedicle of length 25 mm, with 
one of the flaps requiring a vein graft, and the dimensions 
average was 9.6 × 4.1 cm. The PUPF’s main disadvantage is 
the perforator’s small diameter, which demands precise 
supermicrosurgical abilities to complete the anastomosis, as 
well as the flaps’ diameter, which, when larger than 6 cm, is 
mostly impossible to close the donor site, possibly requiring 
grafting.17 In our study, no complications were observed in 
the long-term follow-up (Fig. 3).

Other free flaps utilized to cover smalls defects were the 
dorsalis pedis and the commissural flap. Several authors 
have shown that, when used properly, the dorsalis pedis can 
be a suitable choice to reconstruction, but the necessity for 
a skin graft on the donor site is a disadvantage.27–29 In our 
experience, this flap is a good option when thin flaps are 
needed and the donor site should be closed primarily.

When the defect was located on the dorsal side of P1 
or the proximal zone of P2, pedicle flaps were utilized, as 
the dorsal metacarpal artery flap (QABA), radial perfora-
tor flap, dorsal ulnar artery fasciocutaneous flap (Becker 
flap), and propeller flaps based on the intermetacarpal 
artery.

Large Reconstruction
Crash injuries were the most common cause of bigger 

defects, requiring the use of larger flaps for reconstruction. 

Fig. 1. Preferred flaps employed to reconstruct small and large defects. A, Dorsal view. B, Palmar view.
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Fig. 2.  A 29-year-old male patient with an amputation of the distal P2 of the thumb after trauma. A and B, The defect. C, Rx of the hand. D 
and E, Results after 6 months with a great toe pulp flap.

Fig. 3. A 63-year-old female patient with a recurrent glomus tumor in her P2 thumb. A, Design of the 
resection and the PUPF. B–D, Follow-up after 12 months.
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The most used flap for this situation was the ALT flap. 
Because of its diameter, pedicle length, a less noticeable 
scar than other flaps when closed primarily (on defects 
smaller than 8 cm), and the possibility of harvesting the 
flap simultaneously,30–32 it has become the workhorse of 
all microsurgeons since Song et al33 described it in 1984. 
Although it is a very well-known flap for microsurgeons, 
it is not usually used in hand reconstruction, even with 
the advance of thinner flaps.34–36 With a mean dimension 
of 22 × 9.8 cm, ALT flaps were harvested on 25.9% of our 
patients with significant defects, usually to cover dorsal 
injuries or when the defect was so wide that it impacted 
both the dorsal and palm of the hand. The main disad-
vantage of ALT is its thickness, which may demand a sec-
ond procedure to remodeling and debulking if raised in 
its fasciocutaneous form (Fig. 4).

The SCIP flap is a well-known and widely used recon-
struction flap that evolved from the groin flap, which was 
first described as a pedicle flap by McGregor and Jackson,37 
then as a free flap by Daniel and Taylor,38 but it was not until 
2004 when Koshima et al described the possibility of making 
the flap thinner based on its perforator.39 The SCIP flap was 
used in 22.2% of our patients with significant defects; it was 
mostly used for dorsal defects that did not require as exten-
sive a flap as the ALT; the flap’s average size was 15.8 × 7.1 cm. 
The harvest of the flap was made employing TC Teo modifi-
cations,40 which begin with an exploratory incision immedi-
ately above the perforator to locate it and estimate its length 
and course before deciding the final flap design.

The MSAP flap is based on musculocutaneous per-
forators that arise from the medial sural artery and pass 

through the medial head of the gastrocnemius muscle. 
Cavadas et al41 published the first clinical case series in 
2001. In our study, the MSAP was used in 18.5% of the 
patients with large defects, and was employed for both 
dorsal and palmar sides. The mean size of MSAP was 
11.8 × 5.4 cm, which is similar to the previous reports.42–44 
The MSAP flap has a few disadvantages, including the 
lengthy intramuscular dissection and ligation of muscular 
branches, which can be tedious.45 Additionally, vein con-
gestion can be a problem because the vein accompanying 
the medial sural artery pedicle is large in diameter, tortu-
ous, and thin walled, making it extremely susceptible to 
compression and kinking.46 We had two complications with 
the MSAP flap, one partial necrosis and a long-term com-
plication with impossibility of finger extension (Fig. 5 and 
Video). (See Video [online], which displays a 50-year-old 
male patient with an amputation of fourth ray and loss of 
skin of palm of the hand secondary to fourth finger flexor 
sheath infection with reconstruction with the MSAP flap.)

Because of the importance in restoring volar defects of 
the palm and fingers with specialized skin, the medial plan-
tar flap was frequently employed (5.1%). It relies on the 
principle of replacing like with like, supplying glabrous skin 
to the wounded hand, and has been described to deliver 
not only a better grip but also better durability and cosmetic 
appearance than other flap reconstructions.47 The preferred 
way to harvest the flap was by first recognizing the posterior 
tibial artery and veins proximally at the level of the tarsal 
tunnel, then following them distally to the skin paddle, as it 
was described in a previous study.48 The drawback of this flap 
is its complex dissection, which has a challenging learning 

Fig. 4. A 53-year-old male patient with a crash and avulsion injury. A, The defect. B, Results 3 months 
after an ALT flap reconstruction. C and D, Results after debulking.
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curve. Its dimensions are also a limitation; even though we 
classify it as a large flap, it cannot completely cover a wide 
defect, but it is a flap that should be considered when per-
forming a volar and palm reconstruction.

The scapular and scapular-parascapular flaps are other 
thin and foldable flaps that can cover large defects. They 
are based on the descending and transverse branch of 
the circumflex scapular artery’s vascular supply,49,50 but 
despite being relatively easy to dissect, having a large cali-
ber vascular pedicle with a constant position of the artery 
and veins‚51 and having a low donor site morbidity52 are 
not widely used today, possibly due to the side positioning 
and increased rates of seroma. We used the scapular flap 
in one patient and a combination of scapular and para-
scapular flaps in two patients.

As stated in the text, each flap has a distinctive character-
istic, and a proper analysis of the defect with its needs, and 
recipient vessels should be made when choosing the right 
reconstruction. Relevant information such as the area to 
be covered, pedicle length, donor site morbidity, and so on 
should be used to plan the reconstruction. In our opinion, 
each defect should be treated as a unique circumstance that 
considers both the patient and the defect. With this in mind, 
we recommend using the toolbox of reconstructions53 to tai-
lor the reconstruction to the patient’s demands.

CONCLUSIONS
Nowadays, when planning a hand reconstruction, it 

is vital to ensure that the outcomes are not only func-
tional but also aesthetic, with minimum donor site mor-
bidity; in this study, we showed a variety of flaps that can 
be applied to achieve this goal. We believe that the final 
decision should be made after a thorough understand-
ing of the defect and the patient’s preferences, tailoring 
the reconstruction to the patient’s requirements.

Luigi Troisi, MD, PhD, FEBOPRAS
Reconstructive Microsurgery Service

University Department of Hand Surgery & Rehabilitation
San Giuseppe Hospital IRCCS Multimedica Group

Via San Vittore 12
20123 Milan, Italy

E-mail: luigitroisi@gmail.com

REFERENCES
	 1.	 McCash CR. Cosmetic aspects of hand surgery. J Hand Surg. 

2017;1:67–71. 
	 2.	 Manske PR. Aesthetic hand surgery. J Hand Surg Am. 

2002;27:383–384. 
	 3.	 Jakubietz RG, Jakubietz MG, Kloss D, et al. Defining the basic 

aesthetics of the hand. Aesthetic Plast Surg. 2005;29:546–551. 
	 4.	 Rehim SA, Kowalski E, Chung KC. Enhancing aesthetic out-

comes of soft-tissue coverage of the hand. Plast Reconstr Surg. 
2015;135:413e–428e. 

	 5.	 Das De S, Sebastin SJ. Considerations in flap selection for soft 
tissue defects of the hand. Clin Plast Surg. 2019;46:393–406. 

	 6.	 Horta R, Silva P, Costa-Ferreira A, et al. Microsurgical soft-tissue 
hand reconstruction: an algorithm for selection of the best pro-
cedure. J Hand Microsurg. 2011;3:73–77. 

	 7.	 Miller EA, Friedrich J. Soft tissue coverage of the hand and 
upper extremity:  the reconstructive elevator. J Hand Surg Am. 
2016;41:782–792. 

	 8.	 Bashir MM, Sohail M, Shami HB. Traumatic wounds of the upper 
extremity: coverage strategies. Hand Clin. 2018;34:61–74. 

	 9.	 Griffin M, Hindocha S, Malahias M, et al. Flap decisions and 
options in soft tissue coverage of the upper limb. Open Orthop J. 
2014;8:409–414. 

	10.	 Shen XF, Xue MY, Mi JY, et al. Innervated digital artery perfora-
tor propeller flap for reconstruction of lateral oblique fingertip 
defects. J Hand Surg Am. 2015;40:1382–1388. 

	11.	 Jang HS, Lee YH, Kim MB, et al. Fasciocutaneous propeller flap 
based on perforating branch of ulnar artery for soft tissue recon-
struction of the hand and wrist. Clin Orthop Surg. 2018;10:74–79. 

	12.	 Wei Y, Shi X, Yu Y, et al. Vascular anatomy and clinical application 
of the free proximal ulnar artery perforator flaps. Plast Reconstr 
Surg Glob Open. 2014;2:e179. 

	13.	 Wei FC, Yim KK. Pulp plasty after toe-to-hand transplantation. 
Plast Reconstr Surg. 1995;96:661–666. 

	14.	 Balan JR. Free toe pulp flap for finger pulp and volar defect 
reconstruction. Indian J Plast Surg. 2016;49:178–184. 

	15.	 Tan H, Luo X, Yang K, et al. Repair of minor tissue defect in 
hand by transfer of free tissue flap from the toe. Arch Bone Jt Surg. 
2014;2:11–16.

	16.	 Zheng H, Liu J, Dai X, et al. Free lateral great toe flap for the 
reconstruction of finger pulp defects. J Reconstr Microsurg. 
2015;31:277–282. 

	17.	 Troisi L, Zanchetta F, Berner JE, et al. Reconstruction of digital 
defects with the free proximal ulnar artery perforator flap. Plast 
Reconstr Surg Glob Open. 2022;10:e4054. 

	18.	 Lovie MJ, Duncan GM, Glasson DW. The ulnar artery forearm 
free flap. Br J Plast Surg. 1984;37:486–492. 

Fig. 5. A 50-year-old male patient with an amputation of fourth ray and loss of skin of palm of the hand secondary to fourth finger flexor 
sheath infection. A, The defect.  B, MSAP flap inset. C, Follow-up 12 months after.

mailto:luigitroisi@gmail.com?subject=
https://doi.org/10.1016/0072-968X(69)90048-5
https://doi.org/10.1016/0072-968X(69)90048-5
https://doi.org/10.1053/jhsu.2002.33938
https://doi.org/10.1053/jhsu.2002.33938
https://doi.org/10.1007/s00266-005-0100-6
https://doi.org/10.1007/s00266-005-0100-6
https://doi.org/10.1097/PRS.0000000000001069
https://doi.org/10.1097/PRS.0000000000001069
https://doi.org/10.1097/PRS.0000000000001069
https://doi.org/10.1016/j.cps.2019.03.010
https://doi.org/10.1016/j.cps.2019.03.010
https://doi.org/10.1007/s12593-011-0046-7
https://doi.org/10.1007/s12593-011-0046-7
https://doi.org/10.1007/s12593-011-0046-7
https://doi.org/10.1016/j.jhsa.2016.04.020
https://doi.org/10.1016/j.jhsa.2016.04.020
https://doi.org/10.1016/j.jhsa.2016.04.020
https://doi.org/10.1016/j.hcl.2017.09.007
https://doi.org/10.1016/j.hcl.2017.09.007
https://doi.org/10.2174/1874325001408010409
https://doi.org/10.2174/1874325001408010409
https://doi.org/10.2174/1874325001408010409
https://doi.org/10.1016/j.jhsa.2015.03.024
https://doi.org/10.1016/j.jhsa.2015.03.024
https://doi.org/10.1016/j.jhsa.2015.03.024
https://doi.org/10.4055/cios.2018.10.1.74
https://doi.org/10.4055/cios.2018.10.1.74
https://doi.org/10.4055/cios.2018.10.1.74
https://doi.org/10.1097/GOX.0000000000000113
https://doi.org/10.1097/GOX.0000000000000113
https://doi.org/10.1097/GOX.0000000000000113
https://doi.org/10.1097/00006534-199509000-00019
https://doi.org/10.1097/00006534-199509000-00019
https://doi.org/10.4103/0970-0358.191319
https://doi.org/10.4103/0970-0358.191319
https://pubmed.ncbi.nlm.nih.gov/25207307/
https://pubmed.ncbi.nlm.nih.gov/25207307/
https://pubmed.ncbi.nlm.nih.gov/25207307/
https://doi.org/10.1055/s-0034-1396754
https://doi.org/10.1055/s-0034-1396754
https://doi.org/10.1055/s-0034-1396754
https://doi.org/10.1097/GOX.0000000000004054
https://doi.org/10.1097/GOX.0000000000004054
https://doi.org/10.1097/GOX.0000000000004054
https://doi.org/10.1016/0007-1226(84)90136-x
https://doi.org/10.1016/0007-1226(84)90136-x


 Vizcay et al. • Tailored Skin Flaps for Hand Reconstruction

7

	19.	 Guiotto M, di Summa PG, Argentino G, et al. The proximal ulnar 
perforator flap (PUPF) for hand digital reconstruction: an ana-
tomical study. J Plast Surg Hand Surg. 2021;55:255–259. 

	20.	 Sun C, Hou ZD, Wang B, et al. An anatomical study on the char-
acteristics of cutaneous branches-chain perforator flap with 
ulnar artery pedicle. Plast Reconstr Surg. 2013;131:329–336. 

	21.	 Bertelli JA. Neurocutaneous axial island flaps in the forearm: ana-
tomical, experimental and preliminary clinical results. Br J Plast 
Surg. 1993;46:489–496. 

	22.	 Jawad AS, Harrison DH. The island sensate ulnar artery flap for 
reconstruction around the elbow. Br J Plast Surg. 1990;43:695–698. 

	23.	 Unal C, Ozdemir J, Hasdemir M. Clinical application of distal 
ulnar artery perforator flap in hand trauma. J Reconstr Microsurg. 
2011;27:559–565. 

	24.	 Mateev MA, Trunov L, Hyakusoku H, et al. Analysis of 22 poste-
rior ulnar recurrent artery perforator flaps: a type of proximal 
ulnar perforator flap. Eplasty. 2010;10:e2. 

	25.	 Kim SW, Jung SN, Sohn WI, et al. Ulnar artery perforator free 
flap for finger resurfacing. Ann Plast Surg. 2013;71:72–75. 

	26.	 Xiao C, Bao Q, Wang T, et al. Clinical application and outcome of 
the free ulnar artery perforator flap for soft-tissue reconstruction 
of fingers in five patients. Plast Reconstr Surg. 2013;131:132e–133e. 

	27.	 Samson MC, Morris, SF, Tweed AE.  Dorsalis pedis flap donor site: 
acceptable or not? Plast Reconstr Surg. 1998;102:1549–1554.

	28.	 Kalfarentzos E, Ma C, Tian Z, et al. Clinical application of the 
dorsalis pedis free flap for reconstruction of oral cancer defects. 
J Oral Maxillofac Surg. 2015;73:341–348. 

	29.	 Ritz M, Mahendru S, Somia N, et al. The dorsalis pedis fascial 
flap. J Reconstr Microsurg. 2009;25:313–317. 

	30.	 Yildirim S, Avci G, Aköz T. Soft-tissue reconstruction using a free 
anterolateral thigh flap: experience with 28 patients. Ann Plast 
Surg. 2003;51:37–44. 

	31.	 Wei FC, Jain V, Celik N, et al. Have we found an ideal soft-tis-
sue flap? An experience with 672 anterolateral thigh flaps. Plast 
Reconstr Surg. 2002;109:2219–2226; discussion 2227. 

	32.	 Kimata Y, Uchiyama K, Ebihara S, et al. Versatility of 
the free anterolateral thigh flap for reconstruction of 
head and neck defects. Arch Otolaryngol Head Neck Surg. 
1997;123:1325–1331. 

	33.	 Song YG, Chen GZ, Song YL. The free thigh flap: a new free 
flap concept based on the septocutaneous artery. Br J Plast Surg. 
1984;37:149–159. 

	34.	 Hong JP, Choi DH, Suh H, et al. A new plane of elevation: the 
superficial fascial plane for perforator flap elevation. J Reconstr 
Microsurg. 2014;30:491–496. 

	35.	 Brown E, Suh HP, Han HH, et al. Best new flaps and tips for suc-
cess in microsurgery. Plast Reconstr Surg. 2020;146:796e–807e. 

	36.	 Jeong HH, Hong JP, Suh HS. Thin elevation: a technique for 
achieving thin perforator flaps. Arch Plast Surg. 2018;45:304–313. 

	37.	 McGregor IA, Jackson IT. The groin flap. Br J Plast Surg. 
1972;25:3–16. 

	38.	 Daniel RK, Taylor GI. Distant transfer of an island flap by micro-
vascular anastomoses. A clinical technique. Plast Reconstr Surg. 
1973;52:111–117. 

	39.	 Koshima I, Nanba Y, Tsutsui T, et al. Superficial circumflex iliac 
artery perforator flap for reconstruction of limb defects. Plast 
Reconstr Surg. 2004;113:233–240. 

	40.	 Berner JE, Nikkhah D, Zhao J, et al. The versatility of the super-
ficial circumflex iliac artery perforator flap: a single surgeon’s 
16-year experience for limb reconstruction and a systematic 
review. J Reconstr Microsurg. 2020;36:93–103. 

	41.	 Cavadas PC, Sanz-Giménez-Rico JR, Gutierrez-de la Cámara A, 
et al. The medial sural artery perforator free flap. Plast Reconstr 
Surg. 2001;108:1609–1615; discussion 1616. 

	42.	 Sharabi SE, Hatef DA, Koshy JC, et al. Is primary thinning of 
the anterolateral thigh flap recommended? Ann Plast Surg. 
2010;65:555–559. 

	43.	 Yamamoto T, Saito T, Ishiura R, et al. Quadruple-component 
superficial circumflex iliac artery perforator (SCIP) flap: a chi-
meric SCIP flap for complex ankle reconstruction of an exposed 
artificial joint after total ankle arthroplasty. J Plast Reconstr Aesthet 
Surg. 2016;69:1260–1265. 

	44.	 Balan JR. Medial sural artery perforator free flap for the recon-
struction of leg, foot and ankle defect: an excellent option. ANZ 
J Surg. 2018;88:E132–E136. 

	45.	 Chiang IH, Wu CC, Chen SG, et al. Pedicled medial sural per-
forator flap for the reconstruction of knee defects. Int Wound J. 
2017;14:673–677. 

	46.	 Al-Himdani S, Din A, Wright TC, et al. The medial sural artery 
perforator (MSAP) flap: a versatile flap for lower extremity 
reconstruction. Injury. 2020;51:1077–1085. 

	47.	 Yavari M. Comparison of sole to palm reconstruction using the 
combined medial plantar and medial pedis free flaps and abdomi-
nal pedicle flap for extensive palm injuries. Acta Medica Iranica. 
Available at https://acta.tums.ac.ir/index.php/acta/article/
view/4033. Accessed March 21, 2022.

	48.	 Troisi L, Berner JE, West EV, et al. Medial plantar flap for hand 
reconstruction: a systematic literature review and its application 
for post-sarcoma excision. Ann Plast Surg. 2019;82:337–343. 

	49.	 dos Santos LF. The vascular anatomy and dissection of the free 
scapular flap. Plast Reconstr Surg. 1984;73:599–604. 

	50.	 Nassif TM, Vidal L, Bovet JL, et al. The parascapular flap: a new cuta-
neous microsurgical free flap. Plast Reconstr Surg. 1982;69:591–600. 

	51.	 Sevin K. Review of the free scapular flap: a versatile flap 
for most osteocutaneous tissue defects. Eur J Plast Surg. 
2001;24:282–288. 

	52.	 Klinkenberg M, Fischer S, Kremer T, et al. Comparison of antero-
lateral thigh, lateral arm, and parascapular free flaps with regard 
to donor-site morbidity and aesthetic and functional outcomes. 
Plast Reconstr Surg. 2013;131:293–302. 

	53.	 Khan U. (iii) Soft-tissue reconstruction in open tibial fractures. 
Orthop Trauma. 2013;27:15–24. 

https://doi.org/10.1080/2000656X.2021.1873793
https://doi.org/10.1080/2000656X.2021.1873793
https://doi.org/10.1080/2000656X.2021.1873793
https://doi.org/10.1097/PRS.0b013e318277884c
https://doi.org/10.1097/PRS.0b013e318277884c
https://doi.org/10.1097/PRS.0b013e318277884c
https://doi.org/10.1016/0007-1226(93)90223-x
https://doi.org/10.1016/0007-1226(93)90223-x
https://doi.org/10.1016/0007-1226(93)90223-x
https://doi.org/10.1016/0007-1226(90)90192-3
https://doi.org/10.1016/0007-1226(90)90192-3
https://doi.org/10.1055/s-0031-1287671
https://doi.org/10.1055/s-0031-1287671
https://doi.org/10.1055/s-0031-1287671
https://doi.org/10.1097/SAP.0b013e31824681cc
https://doi.org/10.1097/SAP.0b013e31824681cc
https://doi.org/10.1097/PRS.0b013e318272a183
https://doi.org/10.1097/PRS.0b013e318272a183
https://doi.org/10.1097/PRS.0b013e318272a183
https://doi.org/10.1097/00006534-199810000-00031
https://doi.org/10.1097/00006534-199810000-00031
https://doi.org/10.1016/j.joms.2014.08.001
https://doi.org/10.1016/j.joms.2014.08.001
https://doi.org/10.1016/j.joms.2014.08.001
https://doi.org/10.1055/s-0029-1215541
https://doi.org/10.1055/s-0029-1215541
https://doi.org/10.1097/01.SAP.0000054179.04469.8C
https://doi.org/10.1097/01.SAP.0000054179.04469.8C
https://doi.org/10.1097/01.SAP.0000054179.04469.8C
https://doi.org/10.1097/00006534-200206000-00007
https://doi.org/10.1097/00006534-200206000-00007
https://doi.org/10.1097/00006534-200206000-00007
https://doi.org/10.1001/archotol.1997.01900120075012
https://doi.org/10.1001/archotol.1997.01900120075012
https://doi.org/10.1001/archotol.1997.01900120075012
https://doi.org/10.1001/archotol.1997.01900120075012
https://doi.org/10.1016/0007-1226(84)90002-x
https://doi.org/10.1016/0007-1226(84)90002-x
https://doi.org/10.1016/0007-1226(84)90002-x
https://doi.org/10.1055/s-0034-1369807
https://doi.org/10.1055/s-0034-1369807
https://doi.org/10.1055/s-0034-1369807
https://doi.org/10.1097/PRS.0000000000007331
https://doi.org/10.1097/PRS.0000000000007331
https://doi.org/10.5999/aps.2017.01529
https://doi.org/10.5999/aps.2017.01529
https://doi.org/10.1016/s0007-1226(72)80003-1
https://doi.org/10.1016/s0007-1226(72)80003-1
https://doi.org/10.1097/00006534-197308000-00001
https://doi.org/10.1097/00006534-197308000-00001
https://doi.org/10.1097/00006534-197308000-00001
https://doi.org/10.1097/01.PRS.0000095948.03605.20
https://doi.org/10.1097/01.PRS.0000095948.03605.20
https://doi.org/10.1097/01.PRS.0000095948.03605.20
https://doi.org/10.1055/s-0039-1695051
https://doi.org/10.1055/s-0039-1695051
https://doi.org/10.1055/s-0039-1695051
https://doi.org/10.1055/s-0039-1695051
https://doi.org/10.1097/00006534-200111000-00027
https://doi.org/10.1097/00006534-200111000-00027
https://doi.org/10.1097/00006534-200111000-00027
https://doi.org/10.1097/SAP.0b013e3181cbfebc
https://doi.org/10.1097/SAP.0b013e3181cbfebc
https://doi.org/10.1097/SAP.0b013e3181cbfebc
https://doi.org/10.1016/j.bjps.2016.06.010
https://doi.org/10.1016/j.bjps.2016.06.010
https://doi.org/10.1016/j.bjps.2016.06.010
https://doi.org/10.1016/j.bjps.2016.06.010
https://doi.org/10.1016/j.bjps.2016.06.010
https://doi.org/10.1111/ans.14050
https://doi.org/10.1111/ans.14050
https://doi.org/10.1111/ans.14050
https://doi.org/10.1111/iwj.12668
https://doi.org/10.1111/iwj.12668
https://doi.org/10.1111/iwj.12668
https://doi.org/10.1016/j.injury.2020.02.060
https://doi.org/10.1016/j.injury.2020.02.060
https://doi.org/10.1016/j.injury.2020.02.060
https://acta.tums.ac.ir/index.php/acta/article/view/4033
https://acta.tums.ac.ir/index.php/acta/article/view/4033
https://doi.org/10.1097/SAP.0000000000001568
https://doi.org/10.1097/SAP.0000000000001568
https://doi.org/10.1097/SAP.0000000000001568
https://doi.org/10.1097/00006534-198404000-00014
https://doi.org/10.1097/00006534-198404000-00014
https://doi.org/10.1097/00006534-198204000-00001
https://doi.org/10.1097/00006534-198204000-00001
https://doi.org/10.1007/S002380100296
https://doi.org/10.1007/S002380100296
https://doi.org/10.1007/S002380100296
https://doi.org/10.1097/PRS.0b013e31827786bc
https://doi.org/10.1097/PRS.0b013e31827786bc
https://doi.org/10.1097/PRS.0b013e31827786bc
https://doi.org/10.1097/PRS.0b013e31827786bc
https://doi.org/10.1016/J.MPORTH.2012.12.005
https://doi.org/10.1016/J.MPORTH.2012.12.005

