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Free Radial Forearm Flap for Near Total Degloving Finger Reconstruction
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Background: Total circumference degloving injury of the digits usually results in a large cutaneous defect with
tendinus structure and bone and joint exposure. A thin and adequately sized flap is required when revasculiza-
tion is not possible to resurface the defect, restore the finger function, and prevent amputation. Materials and
Methods: In this report, we present our experience on reconstruction of total circumferential degloving injury on
the digits using free radial forearm (RF) flaps in 6 patients. Between February 2006 and January 2011, 6 male pa-
tients with circumferential degloving injury of 6 digits underwent reconstruction with the free RF flaps. The av-
erage flap size was 15.8X7.1 cm. Donor sites were covered with split-thickness skin graft (STSG). Results: All
of flaps survived completely and donor sites healed without complications. The mean follow-up period was 22
months. A maximum Kapandji score (10/10) was seen in 2 cases with crushed thumbs. All patients could achieve
good key pinch and grasping functions. All skin flaps showed acceptable static 2-point discrimination with an av-
erage of 10.2 mm (range, 8-12 mm) and adequate protective sensation. Patient satisfaction for resurfaced digits
averaged 9.3 (range, 9-10 mm) on a 10-points visual analogic scale (VAS). Conclusion: In conclusion, the free
RF flaps were thin and did not interfere with finger movements. The patients could attain smooth finger contours
and acceptable function results after reconstruction. This method may be a valuable alternation for reconstruction

V74

of total circumference avulsion injury of the digits.
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INTRODUCTION

Complete degloving injury of the finger, which is a
class 11 injury according to the Urbaniak classification’,
could be difficult to manage because of a lack of appro-
priate tissues that can be used to cover denuded tendons,
pulleys, and phalangeal bones, as well as structurally in-
tact joint capsules. Smaller size defects may be treated by
simpler procedures, such as secondary intention healing,
delayed closure, or skin grafting.>® Larger soft tissue de-
fects would be treated with a pedicled or free flap, espe-

Received: June 22, 2012; Revised: October 11, 2012;
Accepted: October 24, 2012

“Corresponding author: Shun-Cheng Chang, Division
of Plastic and Reconstructive Surgery, Department
of Surgery, Tri-Service General Hospital, National
Defense Medical Center, No. 325, Sec. 2, Cheng-gong
Road, Taipei 114, Taiwan, Republic of China. Tel:
+886-2-87927195; Fax: +886-2-87927194; E-mail:
aarondakimo@yahoo.com.tw

cially when poorly vascularized structures are exposed.”
Due to development of microsurgical procedures, free
flaps have been introduced for large defect reconstruc-
tion of total circumference degloving injury of the digits.
Although several methods are used to manage this type
of injury in order to preserve function and prevent de-
formities, none provide an ideal solution to the problem
because the unique prehensile finger skin with loops and
whorls on the fingerprint. Free RF flap is a valuable sur-
gical option when only a thin layer of vascularized tissue,
including the fascia for tendon glide, is required. The
purpose of this paper is to present our experience on re-
construction of the total circumference degloving injury
on the digits using free RF flaps in 6 patients.

PATIENTS AND METHODS

Between February 2006 and January 2011, free RF
flaps were used for resurfacing extensive posttraumatic
skin envelope circumferential loss of digits in 6 patients,
including the thumb injury in 2 patients, and the index
finger injury in 4 patients. Three degloved digits were
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Table 1 Summary of Patient Data

Patient ~ Sex/Age Co-morbidity — Defect Location  Flap Size

Neurorrhaphy ~ S-2PD  Protective  Flap Ulcer  Flap survival ~ Follow-up

n) (cm’) (mm)  Sensation (>1yr) (m)
(1yn

1 M/22 None Right index 17x9 10 Y N Survived 47

2 M/48 None Left index 19x4.5 11 Y N Survived 35

3 M/28 None Left thumb 18x8 12 Y N Survived 23

4 M/53 Type 2 DM Right index 15x8 12 Y N Survived 14

5 M/20 None Right index 17x7 8 Y N Survived 7

6 M/33 None Right thumb 9x6 8 Y N Survived 6
Average 34 15.8x7.1 10.2 22

M=male; yr=year; m=month; DM=diabetes mellitus; HTN=hypertensive; N=no; Y=yes; S-2PD=static two-point discrimination

injured in traffic accidents; the other three digits were
injured while the patients worked with a machine. All pa-
tients were male, with an average age of 34 years (range,
20-53 years). Only 1 patient (patient 4) had a medical
co-morbidity, who had type 2 diabetes mellitus and took
regular oral anti-hyperglycemic agents. After admission,
debridement and wound care were performed to clean the
wound base for subsequent reconstruction with free flaps.
All of wounds had skin and soft tissue defects with
tendon and bone exposure that could not be healed by
second intention or be closed primarily. The average area
of the defects for free flap reconstruction was approxi-
mately 15.8X7.1 cm. In all cases, the radial artery and
adjacent superficial subcutaneous veins in the snuffbox
were used as the recipient vessels. The donor sites were
all covered with STSG. Four sensate RF flaps were per-
formed (Table 1). To reconstruct the recipient digit sensa-
tion, the superficial branch of radial nerve was reanasto-
mosed to proximal end of RF flap radial nerve. The Ka-
pandji classification® was used for the evaluation of basic
hand function after reconstruction surgery of thumb.

RESULTS

All of flaps survived completely, and the wounds and
donor sites healed without complications. Follow-up pe-
riod ranged from 6 to 47 months (mean, 22 months). Two
patients, who underwent thumb reconstruction (patients
3 and 6) achieved opposable basic hand function (grade
10 of Kapandiji classification®). Compared to the normal
side, the average of key pinch was 98.6% and grasp-
ing was 96.9%. The mean range of motion of the thumb
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interphalangeal joint was 80°. The proximal interphalan-
geal joint of the index finger had a range of motion from
80° to 85° (mean 82.5°), and the distal interphalangeal
joint had a range of motion from 65° to 70° (mean 67.5°) .
Four sensate RF flaps provided glabrous skin of re-
constructed digits that was sensate, stabile, and durable,
with a static 2-point discrimination of 8 to 12 mm (mean,
9.5 mm). Static 2-point discrimination for the other 2 pa-
tients ranged from 11 to 12 mm (mean, 11.5 mm) (Table
1). However, the patients with sensate flaps did not show
better static 2-point discrimination than that of patients
with nonsensate flaps when analysis by an independent
samples t-test (p = 0.15). The protective sensation was
restored within 1 year in patients with nonsensate flaps.

Case reports

Case 2

A 48-year-old man suffered from a degloving injury of
his left index finger due to crushed by an roller machine
accident; the finger showed complete loss of the skin
envelope at the level of the metacarpophalangeal joint
(Figure 1A). The degloved skin envelope could not be re-
planted, and the patient did not want to use the cutaneous
part of the second toe wrap-around flap. Therefore, after
debridement, a free RF flap, 19X4.5 cm in size, was
raised from his right forearm and was transferred to cover
the exposed bones and tendons of the index finger (Figure
1B,C,D). The arterial pedicle was anastomosed end-to-
side to the radial artery at the anatomical snuffbox, and
the venous pedicle was end-to-end anastomosed to the
venae comitantes of the radial artery. The donor site was



Chin-Ta Lin, et al.

Fig. 1 Preoperative view of complete circumferential skin
loss of the left index with intact tendon and bone (A).
The free RF flap was outlined over the right forearm
(B,C). Intraoperative view of the resurfaced index
finger (D).

Fig. 3 Preoperative view of extensive soft tissue defect of
the right index with intact tendon and bone (A). An
17X7 cm free RF flap was required to cover the
defect (B,C). Intraoperative view of the resurfaced
index finger (D).

Fig. 2 At 6-month follow-up, the index recovered accept-
able appearance (A) and range of motion (B).

covered with split-thickness skin graft. The postoperative
course was uneventful, and the patient was discharged on
the tenth day. Six months later, the patient showed a good
contour and achieved basic hand function (Figure 2). The
range of active motion of the proximal interphalangeal
joint of the index finger was 0° to 80°, whereas that of
the distal interphalangeal joint was 0° to 65°. Compared
to the normal side, the recovery of key pinch was 93%
and grasping was 96%. The static 2-point discrimination
value of fingertip in this patient was 11 mm.

Fig. 4 At 9-month follow-up, the index recovered accept-
able appearance (A) and range of motion (B).

Case 5

A 20-year-old man suffered from a traumatic deglov-
ing injury of his right index finger, when his dominant
hand was caught in a rotating machine. The defect was
circumferentially at the level of the metacarpophalan-
geal joint and the tendon, bone, and joint coverage was
preserved (Figure 3A). Therefore, after debridement, a
17 X7 cm free RF flap was raised and then transferred to
cover the defect. The arterial pedicle of flap was anasto-
mosed end-to-side to the radial artery at the distal fore-
arm and the venous pedicle was end-to-end to the venae
comitantes of the radial artery (Figure 3B,C,D). The do-
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nor site was covered with a split-thickness skin graft. The
postoperative course was uneventful. Nine months later,
the patient showed a good contour and achieved basic
hand function (Figure 4). The range of active motion of
the proximal interphalangeal joint of the index finger was
0° to 85° whereas that of the distal interphalangeal joint
was 0° to 70°. Compared to the normal side, the recovery
of key pinch was 99% and grasping was 96.8%. The stat-
ic 2-point discrimination value in this patient was 8 mm.

DISCUSSION

Traumatic soft tissue defects of the finger are encoun-
tered frequently. Reconstruction of a denuded finger with
exposed intact functional bone and tendon poses a dif-
ficult problem in hand surgery because of the scarcity of
muscle and skin in this region. Although the avulsed skin
should be used for wound coverage when possible®, how-
ever, the tissues and vascular structures are usually trau-
matized that replantation is not feasible. Although many
methods are available for managing this type of injury
while preserving function and lessening deformities, no
ideal procedure exists at present. The general consensus
among hand surgeons is that prompt coverage of raw ar-
eas and early motion exercise are the key factors in suc-
cessful treatment of avulsed fingers.

The ultimate goal in this situation is to provide the
best functional and aesthetic outcomes with the least do-
nor site morbidity. Therapeutic options include primary
closure, skin grafting, local flaps, and free tissue transfer.
Circumferential stripped fingers with circulatory distur-
bance constitute an unfavorable bed for skin grafts. In ad-
dition, skin grafting is not usually considered because of
problems associated with wound contraction, non-gliding
of tendons directly under skin grafts, and avascular ne-
crosis of the distal bones. Although local flaps, such as
palmar advancement flaps, homo- or hetero-digital flaps,
cross finger flaps, or dorsally based dorsal hand flaps, of-
fer the main advantage of “replacing like with like”, their
use are limited by the size and location of the defect and
are not always suitable.”®*

Reconstruction of digital defects can be performed
using distant pedicle flaps from the groin, trunk, or con-
tralateral arm.">**** This method requires that the injured
hand must be attached to the distant body part for at
least 2 weeks, which usually causes joint stiffness after
prolong immobilization. The other disadvantage of this
technique is that the flaps are bulky and require multiple,
staged defatting procedures. Free flaps offer flexibility
in size, shape, and positioning and do not add donor site
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morbidity to the injured hand. Although free flap is tech-
nically more demanding, they offer a favorable cosmetic
result and is superior to local options.

Options of free flap donor site are include the PIOA
flap™**, RF flap®, AMT flap, MSA flap, dorsalis pedis
flap'®"’, and lateral arm flap;"*** other options specifi-
cally for the thumb are the great toe hemi-pulp to thumb
transfer®, the wrap around toe flap”, and the great toe
wrap-around flap combined with the second toe medial
flap.”” The PIOA flap is thin, pliable, and can be used as a
sensory flap for small-to-moderate defects. It has a good
skin color to match the skin color of the digits, but it is
not always reliable due to anatomical variations and pos-
sible partial necrosis.”*** The AMT flap has a longer vas-
cular pedicle and allows simultaneous flap harvest, but it
has a relatively bulky appearance and is not always reli-
able because of no AMT perforators in up to 20% cases.”

The MSA flap is reliable as a sensory flap for small-
to-moderate defects, but it also has a relatively bulky
appearance with a short pedicle.” There were two case
series focus on total circumferential degloving injury in
the digits in literature at present by using the lateral arm
flap, but the founctional result was seldom satisfactorily
due to the bulkiness of the flap and the short vascular
pedicle.”®™ The dorsalis pedis flap, first reported by
O’Brien and Shanmugan in 1973, is broad and long
enough to cover vulnerable parts easily. However, this
flap causes high donor site morbidity, such as pain over
the donor site when wearing open toed sandals, and
yields unacceptable cosmetic results. The same compli-
catons were also observed in the wrap-around flaps.”>**

The free RF flap was first used in patients with de-
gloving injuries of the fingers, described by Adani et al.
in 1995.° This method allowed early mobilization and
preservation of reasonable mobility of the metacarpopha-
langeal joint and the proximal interphalangeal joints, and
resulted in good key pinch power and prehension in all
patients. The RF flap is a thin flap, which is pliable, al-
ways reliable, easy to design and harvest, and can be used
as a sensory flap for moderate-to-large defects. It also
matches the skin color of the digits well and allows two-
team operation. Although it can be designed as either dis-
tally based flap or free flap, venous congestion in the dis-
tally based RF flap resulting in partial flap compromise
has been encountered and described in the literature.”*
Free RF flap is easily tailored to fit the defect and covers
the finger tip without marginal necrosis.**** The disad-
vantages of the RF flap are that sacrifice of a major artery
is necessary and the donor site is left with an unsightly
scar.”” The reasons of choosing RF flap including the



large, thin, pliable, easy performing and good functional
results. The procedures of flap design and anchoring
should be noticed including complete coverage of defect,
adequate tension, nerve protection and the direction of
scar formation. The micro-ICU monitoring of flap, finger
and web extension splint, quitting of smoking, Kentamin
administration and earlier rehabilitation were performed
in post-operative care.

In our report, nerve repair was performed as much
as possible, unless the patient had suffered severe avul-
sion with a long segment of nerve defect. Four patients
received sensate flap reconstruction with the superficial
sensory nerve being incorporated into the flap. However,
results of the static 2-point discrimination test (flap distal
end) were not significant different between the sensate
and nonsensate groups during the follow-up period.
There were many sensory recepters with the most cloudy
density nerve ending within the fingers. The regenera-
tion of nerve sensation of fingers was not only from the
sensory nerve repair. The residual nerve fibers could
inosculate into the flap gradually. There was no signifi-
cant difference of nerve regeneration in two groups. The
severe crushed finger might be repair as a sensate flap
because preserving less soft tissue and nerve endings. In
fact, protective sensation was restored within 1 year in
patients with nonsensate flaps (Table 1). In our series, the
patients could return to their daily work with the suffi-
cient finger sensation without insensate ulceration on flap
during long term follow up. Therefore, the monofilament
test was not routinely used for sensate flap test and it
could not be checked in this kind of flaps due to difficult
regeneration of light-touch nerve endings. The cold intol-
erance was not found due to adequate arterial inflow of
RF flaps.**%%

As to functional results, a relatively normal range of
motion could be obtained after free RF flaps reconstruc-
tion because intact tendons and bony structures were
preserved after degloving injury of the digits. The mean
range of motion of the thumb interphalangeal joint was
80°. The range of motion of the proximal interphalangeal
joint of the index finger was from 80° to 85° and that
of the distal interphalangeal joint was from 65° to 70°.
Moreover, the functional outcomes of power of grasp and
key pinch were satisfactory and recovered to more than
90% of the normal uninjured side.

In conclusion, our experience showed that the free
septocutaneous flaps can be used for resurfacing the de-
fect, restoring acceptable finger function, and preventing
amputation for near total circumferential degloving in-
jury of digits. The results of the static 2-point discrimina-
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tion test were not significantly different between sensate
and nonsensate flap groups during one year follow-up
period. The RF flap is an alternative choice for resurfac-
ing the degloving injury of digits due to thin and pliable
qualities, long pedicle, reliable perforator, easy to design
and harvest, and need two-team approach.

ACKNOWLEDGMENT

Clinical staff of Tri-Service General Hospital/National
Defense Medical Center to make these operation possbile

FINANCIAL DISCLOSURE

None of the contributing authors have any conflicts
of interest, including specific financial interests and rela-
tionships and affiliations relevant to the subject matter or
materials discussed in the manuscript.

DISCLOSURE

All authors declare that this study has no conflict of
interest.

REFERENCES

1. Urbaniak JR, Evans JP, Bright DS. Microvascular
management of ring avulsion injuries. J Hand Surg
1981;6:25-30.

2. Beasley RW. Principles of soft tissue replacement for
the hand. J Hand Surg 1983;8:781-784.

3. Martin C, Gonzales del Pino J. Controversies in
the treatment of fingertip amputations. Clin Orthop
1998:63-73.

4. Foucher G, Koury RK. Digital reconstruction with
hand flaps. Clin Plast Surg 1997;24:1-32.

5. Lin CH, Mardini S, Lin YT, Lin CH, Chen CT,
Wei FC. Osteoplastic thumb ray restoration with or
without secondary toe transfer for reconstruction of
opposable basic hand function. Plast Reconstr Surg
2008;121:1288-1297.

6. Adani R, Busa R, Castagnetti C, Castagnini L, Caroli
A. Replantation of degloved skin of the hand. Plast
Reconstr Surg 1998;101:1544-1551.

7. Tremolada C, Ponzielli P, Candiani P, Donati L. The
subcutaneous laterodigital reverse flap. Plast Recon-
str Surg 1998;101:1070-1074.

8. Adani R, Marcoccio I, Tarallo L, Fregni U. The re-
verse heterodigital neurovascular island flap for digi-
tal pulp reconstruction. Tech Hand Up Extrem Surg

269



Radial forearm flap for degloving digits

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

270

2005;9:91-95.

Vuppalapati G, Oberlin C, Balakrishnan G. Distally
based dorsal hand flaps: Clinical experience, cadav-
eric studies and an update. BJPS 2004;57:653-667.
Chuang DC, Colony LH, Chen HC, Wei FC. Groin
flap design and versatility. Plast Reconstr Surg
1989;84:100-107.

Yamada N, Ui K, Uchinuma E. The use of a thin ab-
dominal flap in degloving finger injuries. Br J Plast
Surg 2001;54:434-438.

LeeWPA, Salyapongse AN. Thumb reconstruction.
In: Green DP, Hotchkiss RN, Pederson WC, Wolfe
SW, editors. Green’s Operative Hand Surgery, 5th
ed. New York: Churchill Livingstone; 2005. pp 1865-
1912,

Ishiko T, Nakaima N, Suzuki S. Free posterior in-
terosseous artery perforator flap for finger reconstruc-
tion. J Plast Reconstr Aesthet Surg 2009;62:e211-
215.

Chen SL, Chou GH, Chen TM, Wang HJ. Salvage
of completely degloved finger with a posterior in-
terosseous free flap. Br J Plast Surg 2001;54:69-71.
Adani R, Castagnetti C, Landi A. Degloving inju-
ries of the hand and fingers. Clin Orthop Relat Res
1995;314:19-25.

Inigo F, Gargollo C. Secondary coverage of the hand
using a dorsalis pedis plus first web space free flap. J
Reconstr Microsurg 1992;8:461-465.

Woo SH, Choi BC, Oh SJ, Seul JH. Classification of
the first web space free flap of the foot and its appli-
cations in reconstruction of the hand. Plast Reconstr
Surg 1999;103:508-517.

Chen HC, el-Gammal TA. The lateral arm fascial free
flap for resurfacing of the hand and fingers. Plast Re-
constr Surg 1997;99:454-4509.

Atzei A, Pignatti M, Udali G, Cugola L, Maranzano
M. The distal lateral arm flap for resurfacing of ex-
tensive defects of the digits. Microsurgery 2007;27:8-
16.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Logan A, Elliot D, Foucher G. Free toe pulp transfer
to restore traumatic digital pulp loss. Br J Plast Surg
1985;38:497-500.

Morrison WA. Thumb and fingertip reconstruction by
composite microvascular tissue from the toes. Hand
Clin 1992;8:537-550.

Rui Y, Mi J, Shi H, Zhang Z, Yan H. Free great toe
wrap-around flap combined with second toe medial
flap for reconstruction of completely degloved fin-
gers. Microsurgery 2010;30:449-456.

Yu P, Selber J. Perforator patterns of the anteromedial
thigh flap. Plast Reconstr Surg 2011;128:151e-157e.
Lin CH, Lin CH, Lin YT, Hsu CC, Ng TW, Wei
FC. The medial sural artery perforator flap: a ver-
satile donor site for hand reconstruction. J Trauma
2011;70:736-743.

O’Brien BM, Shanmugan N. Experimental transfer
of composite free flaps with microvascular anastomo-
ses. Aust N Z J Surg 1973;43:285-288.

Adani R, Castagnetti C, Landi A. Degloving inju-
ries of the hand and fingers. Clin Orthop Relat Res
1995;314:19-25.

Gang RK. The Chinese forearm flap in reconstruction
of the hand. J Hand Surg Br 1990;15:84-88.

Jones NF, Jarrahy R, Kaufman MR. Pedicled and free
radial forearm flaps for reconstruction of the elbow,
wrist, and hand. Plast Reconstr Surg 2008;121:887-
898.

Kao HK, Chang KP, Wei FC, Cheng MH. Compari-
son of the medial sural artery perforator flap with the
radial forearm flap for head and neck reconstructions.
Plast Reconstr Surg 2009;124:1125-1132.

Chia J, Lim A, Peng YP. Use of an arterialized ve-
nous flap for resurfacing a circumferencial soft tissue
defect of a digit. Microsurgery 2001;21:374-378.



