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flap viability, full-thickness skin can be used from a nonviable avulsed flap. We used a Wood's Ajou University Hospital, Ajou
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We experienced 13 cases during 16 months. Fifteen minutes after the intravenous Tel: +82-31-219-5614
injection of fluorescein dye, the avulsed skin flaps were examined and non-fluorescent Fax: +82-31-219-5610
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areas were marked under Wood's lamp illumination. The marked area was defatted for full-
thickness skin grafting. The fluorescent areas were sutured directly without tension. The non-
fluorescent areas were covered by defatted skin. Several days later, there was soft tissue
necrosis within the flap area. We measured necrotic area and revised the flap.
Among all the cases, necrotic area was 21.3% of the total avulsed area. However, if
we exclude three cases, one of a carelessly managed patient and two cases of the flaps were
inappropriately applied, good results were obtained, with a necrotic area of only 8.4%. Eight
patients needed split-thickness skin grafts, and heel pad reconstruction was performed with
free flap.
A full-thickness skin graft from an avulsed flap is a good method for addressing
aesthetic concerns without producing donor site morbidity. Fluorescein dye is a useful, simple,
and cost-effective tool for evaluating flap viability. Avulsed flap injuries can be managed well
with Wood's lamp illumination and a full-thickness skin graft.
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traffic accidents. The torsional and compressive forces affect
different levels of the subcutaneous tissue and fascia, and can

Extensive degloving injuries of the extremities usually result from even separate and tear the skin from the deep fascia [1]. This can
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result in circumferential avulsion of the entire skin and subcuta-
neous tissue envelope of the leg. If there is sufficient blood sup-
ply, primary closure after minimal debridement is the common
method of treatment. However, determining the viability of an
avulsed flap is often difficult. If the demarcation of necrosis is re-
vealed, other tissue is needed to cover the defect after serial de-
bridements. Usually, a split-thickness skin graft (STSG) or free
flap reconstruction is performed in the final step of coverage.
STSG offers poor functional and cosmetic results, although it
has good take rates under less favorable conditions [2]. Free flap
reconstructions involve the sacrifice of a donor site. We tried
to use a full-thickness skin graft (FTSG) of the devascularized
avulsed flap immediately. After intravenous injection of fluores-
cein dye, the viability of the avulsed flap was determined using a
Wood’s lamp (Waldmann, Wheeling, IL, USA) illumination.

METHODS

From June 2010 until October 2011, we treated 11 patients (4
males, 7 females; average age, 52.4 years; range, 18-76 years)
with degloving injuries of the lower extremities. One patient had
three different avulsed flap injuries. In total, 13 operations were
performed. Patients with severe open fractures were excluded.
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Among the 11 patients, only one had metatarsal and phalangeal
fractures, but the involved wound was in the heel pad.

In the operating room, adequate debridement of the damaged
muscle or fascia was performed. After debridement and wound
irrigation, two vials of fluorescein dye (Fluorescite 10%, Alcon
Korea, Seoul, Korea) were injected intravenously. After 15 min-
utes, the avulsed skin flaps were examined. Non-fluorescent
areas were marked under Wood’s lamp illumination (Fig. 1A).
The marked area of the avulsed flap was defatted to be used for
FTSG. The fluorescent areas were sutured directly without ten-
sion after minimal debridement. The non-fluorescent areas were
covered by defatted skin (Fig. 1B). The compressive dressing on
FTSG was maintained by vacuum-assisted closure (VAC, Fig.
1C). Postoperatively, lipo-prostaglandin E1 (Eglandin, Mitsubi-
shi Tanabe Pharma Co., Hwaseong, Korea) was administered
intravenously to augment the blood supply of non-defatted tis-
sue for a week. Patients kept their leg elevated and immobilized
for 2 weeks. The areas of skin necrosis were documented after
several days. If a demarcated area of necrosis was noted, revision
surgery was performed.

We documented the location of the wound, size of avulsed
flap, size of defatted area, size of necrosis, and method of revi-

sion surgery for each patient.

Fig. 1. Intraoperative photographs demonstrate the authors’ methods

(A) Under Wood's lamp illumination areas of fluorescence and non-
fluorescence and mottled areas can be distinguished. (B) The flap of
the non-fluorescent area is defatted to be used as FISG. (C) To prevent
hematoma formation under FTSG, VAC dressing is applied. FISG, full-
thickness skin graft; VAC, vacuum-assisted closure.
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No. Age (yr)/Sex Location Avulsion (cm?) FTSG (cm?) Necrosis (cm? %)  Revision Remark
1 74/F Lower leg 630 540 28 (4.40) STSG Diabetes, hypertension
2 54/M Lateral side of foot 54 30 4 (7.40) STSG Coumadization due to atrial fibrillation
3 61/M Dorsum of foot 40 20 0(0.00) None
4 20/F Lower leg 110 85 60 (54.50) STSG, acellular dermis Muscle injury, pressure of splint?
5 18/F Lower leg 442 105 42 (9.50) STSG, acellular dermis Muscle injury
6 68/F Dorsum of foot 48 85 4 (29.20) STSG Laceration on toes
7 76/F Dorsum of foot 35 28 9(25.70) STSG Metatarsal fracture, phalangeal fracture
8 20/F Foot including heel 150 56 70 (46.70) Free flap Heel pad injury?
9 73/F Lower leg 88 56 20 (22.70) STSG
10 44/M Lower leg 49 25 4 (8.20) Excision and repair Marginal necrosis only
11 44/M Medial side of foot 60 12 0(0.00) None
12 44/M Dorsum of foot 25 16 3(12.00) Excision and repair Marginal necrosis only
13 68/M Posterior leg and calf 400 400 200 (50.00) Meshed STSG Severed skin, all necrosis from FTSGY
Total
Mean value 63.70% 21.30%
Median value 55.60% 12.00%
Except case 4, 8, and 13
Mean value 58.90% 8.40%

FTSG, full-thickness skin graft; STSG, split-thickness skin graft.

aIf we exclude a carelessly managed case (patient 4) and two cases in which the technique was improperly applied (patients 8, 13), the mean value of necrosis area would

decrease t0 8.4%.

After the initial operation, the necrosis area averaged 21.3%
(Table 1). One patient did not require revision surgery. Another
patient who had multiple wounds needed excision of necrotic
skin and direct closure. Eight patients needed STSG and in one
patient a free flap operation for heel pad reconstruction was per-
formed. Most patients were satisfied with the cosmetic appear-
ance of their grafts. However, patients who required a large area of
STSG and who had received flap surgery were disappointed with
their contour. One patient who underwent large mesh STSG at
the popliteal area had limited range of motion of the knee.

Case 1

A 74-year-old woman encountered an avulsion injury to the
right leg by a moving wheel, which resulted in a circumferential
degloving of the skin from mid-thigh to the dorsum of the foot
(Fig. 2A). The patient had been suffering from diabetes and
hypertension for more than 10 years. After adequate debride-
ment, the devascularized skin flap was defatted in attachment
and used as a FTSG to cover the denuded area. Multiple but
small areas of necrosis were found (Fig. 2B). At postoperative
day 21, debridement and STSG were performed. At a follow-up
2 months postoperatively, the appearance was acceptable (Fig.
2C). At a follow-up at 13 months, no limitation of ambulation

was evident.
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Case2

A 54-year-old man was run over by a car, which resulted in an
avulsion of skin on the lateral surface of the right foot (Fig. 3A).
The patient took warfarin regularly to prevent thromboembo-
lism due to atrial fibrillation. After debridement, the devascular-
ized skin flap was defatted and used as a FTSG. Necrosis was
found at a small area where there was hematoma. A small STSG
was done and recovery was uneventful. The appearance was good

(Fig. 3B).

Case 4

A 20-year-old woman injured her right leg in a car accident. This
was a circumferential degloving of the skin of the calf (Fig. 4A).
The patient received FTSGs made from the avulsed flap for
coverage. On postoperative day 6, ongoing necrosis on the non-
defatted area of the right calf was noted (Fig. 4B). Debridement
was performed and VAC was applied. At postoperative day 23,
final coverage was done with acellular dermis and STSG from a
thigh. At a follow-up at 6 months, no limitation of ambulation
was evident. The patient requested camouflage surgery of the
STSG area (Fig. 4C).

Degloving injuries have become more common as the number of
cars, and hence the number of car-related accidents, has increased.

Specially, the running over of the lower extremities by a wheel
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Fig. 2. Case 1: preoperative and postoperative photographs

(A) Circumferential avulsed skin flap injury from the thigh to the dorsum
of the foot was noted. (B) Multiple but small areas of necrosis were
found. (C) An acceptable appearance was reported at a follow up at 2
months.

Fig. 3. Case 2: preoperative and postoperative photographs
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(A) An avulsion flap injury was noted on the lateral surface of the foot. (B) Well recovered skin was found.

causes severe injuries, often involving crushing and devascular-
ization of avulsed skin and subcutaneous tissue [1,3]. If there
are combined open fractures, circulation of the avulsed flap is
compromised more and the tissue condition can worsen during
reduction of the fracture.

The first treatment goal is to retain the skin and underlying
soft tissue and to support a better environment for the gliding

of underlying muscles or tendons. Secondly, the contracture of

the restored skin must be prevented to produce a functionally
and cosmetically acceptable outcome. The donor site morbid-
ity must be reduced after secondary surgery. The best results
are obtained when the epidermis, dermis, and deep underly-
ing layer remain intact. Primary closure without tension has
been tried commonly in degloving injuries located under the
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Fig. 4. Case 4: preoperative and postoperative photographs

(A) A circumferential degloving injury was noted on the lower leg. (B)
A non-defatted area on dependent position changed to necrosis after
the 6th postoperative day. (C) No functional impairment was found,
but a depression was noted at the posterior calf.

subcutaneous fat layer. However, in this situation, the skin and
subcutaneous tissue are usually crushed during injury and serial
debridements are needed to render the wound amenable for
graft take. In seeking better solutions, taking a split-thickness
skin graft from the avulsed flap [4,5], salvaging the flap with ar-
teriovenous shunting [6], or covering the defect by local or free
flaps have been explored.

In degloving injuries in which the skin and subcutaneous tis-
sues are avulsed and devascularized, the skin layer itself may be
in good condition. Upon confirmation of destroyed skin, the
next step is a skin graft or free flap coverage from a donor site. If
the skin layer on a damaged subcutaneous fat layer survives, the
skin can be used for FTSG. The FTSG overcomes both cosmet-
ic and functional limitations of STSG. A FTSG shows almost
the same quality as a fully, primarily vascularized skin flap with
regard to texture, elasticity, and appearance. FTSGs do not have
a high tendency to contracture and can grow in young patients
[2,7,8]. AFTSG from an avulsed flap is not a new technique.
Several reports about this procedure in degloving injuries have
shown good results [1,7,9-13].

Determination of the viability of an avulsed flap is difficult. To
evaluate flap viability, non-invasive techniques currently available
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include surface fluorometry, ultrasound, laser Doppler, photople-
thysmography, temperature monitoring, and transcutaneous
oxygen monitoring [14]. These techniques all involve sophisti-
cated equipment that is not readily available and that is not ideal
for assessing the viability of an acutely injured flap at the time
of the initial operation. They are more suited to following flap
viability postoperatively. Recently, some surgeons have ensured
the accurate evaluation of flap viability with laser-assisted in-
docyanine green dye angiography using a SPY imaging system
(LifeCell Corp., Branchburg, NJ, USA) [15,16]. However, this
system is more expensive than a Wood’s lamp. We used fluo-
rescein dye with illumination for the intraoperative evaluation
of skin flap viability. This approach proved accurate and can be
done inexpensively to decrease donor site morbidity [17].
Florescent dye injection to evaluate flap viability was used as far
back as the 19th century [18-20]. The accuracy can be improved
with the use of a Wood’s lamp [21], a device that emits ultravio-
let light in the 365 nm range. This examination can strengthen or
lessen the suspicion of a particular diagnosis, based on the color
of fluorescence of the affected skin being illuminated. This meth-
od is simple, inexpensive, and non-invasive. It can be used in the
operation field. This method has also been employed in skin
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sparing mastectomy. Singer et al. [22] described its use in 1978
as a predictor of mastectomy skin flap viability in conjunction
with implant reconstruction, where it is crucial that any area of
potential necrosis is excised. Revision surgeries were needed in
21.3% of the avulsion flaps. Possible causes of necrosis include
incomplete debridement, skin damage, overestimation of flap
viability, and inappropriate application of this method (e.g,
plantar avulsed injury). Underlying tissue might not be clearly
available for use as FT'SG due to inadequate debridement. If the
skin itself has been damaged, the surgeon must assess the vi-
ability of skin by direct visual examination. When there is noth-
ing to lose, surgeons usually try to reattach the skin flap. This
illumination method usually underestimates the survival of the
flaps and the mottled area can survive after flap surgery or skin
sparing mastectomy. Small areas of non-fluorescence ( <4 cm?)
can be used as a flap in skin sparing mastectomy [23]. However,
we defatted the mottled area for FTSG because of the tendency
toward necrosis at the margin of non-defatted areas in our ex-
perience. The tissue was severed and was different from the flap
after a delay or skin-sparing mastectomy.

One patient (case 4) had a circumferential degloving injury
of the lower leg, which required revision surgery because the
previously-viable tissue had been killed from the pressure of the
splint. Among 11 patients, a heel pad injury was addressed in
one patient, who underwent free flap reconstruction as revision
surgery. A plantar avulsion injury can be considered a special-
ized type [9]. We treated this patient the same as a usual avulsed
flap injury. Revascularization of the plantar flap should be at-
tempted at the first operation. Except for a careless case (case 4
splint-related pressure) and two cases of improper application
(case 8 heel pad injury, case 13 extensive severed skin injury),
revision surgery was required in only 8.4% of the areas.

One goal of surgery is to preserve more subcutaneous tissue.
Some surgeons will defer the decision and choose delayed clo-
sure after demarcation of necrosis. Delayed closure or a second-
look operation can preserve more subcutaneous tissue but can
also cause the need for a large amount of STSG. Concerning
the flap delay phenomenon, numerous authors have reported
similar findings using various techniques, corroborating these
findings of vasodilation in the first 2 to 3 days after flap eleva-
tion [24,25]. Based on this knowledge, delay of the operation
for 3 days may be helpful. However, in a degloving injury, the
flap has experienced direct trauma and the vessels may have
been injured. Therefore, the situation of the flaps is not the same.
In a study concerning delayed full-thickness autografting of
cryopreserved avulsed skin, the procedure was reported to be
reasonable but the preservation of viable full-thickness skin did
not last until demarcation of necrosis, and two or more opera-
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tions were necessary [2]. The amendment of this approach with
a Wood’s lamp test following the introduction of fluorescein dye
can produce better results. If the accuracy of determination of
tissue viability is perfect, there is no need for secondary surgery
or possibility of functional or cosmetic impairment. To increase
accuracy, reduce the cost, and simplify the tissue viability assess-
ment, we introduced Wood’s lamp illumination with fluorescein
dye injection.

FTSG from an avulsed flap is a good method for addressing
aesthetic concerns without donor site morbidity. Fluorescein
dye is a useful, simple, and cost-effective tool to evaluate flap vi-
ability. The avulsed flap injury can be managed well with Wood’s
lamp illumination and FTSG.
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