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Obijective: Electrical injuries to the fingers account for the majority of total severe burns that
occur each year. While several types of flaps have been used in covering finger defects, all have
limitations or disadvantages. The purpose of this study was to introduce our clinical experiences of
using the lateral tarsal artery (LTA) flap to successfully restore fingers after electrical injury.
Patients and methods: From 2005 to 2012, 10 patients with 14 severe electrical burns to
their fingers, including six thumbs and four index and four middle fingers, were treated with
LTA flap. The wound size ranged from 2.0x3.0 cm to 3.5%5.0 cm. The flap with free tendon
graft was used to repair the tendon defect in four cases, free nerve graft was used to repair the
feeling defect in two cases, and the flap with nerve was used to repair the feeling defect in two
cases. All the patients were followed up for 3 months to 2 years.

Results: All skin flaps adhered successfully and there were no complications. All patients were
satisfied with the esthetic appearance and functional outcome of the finger reconstruction.
Conclusion: LTA flap is a reliable method to restore fingers after severe electrical injuries.
Keywords: electrical injuries to fingers, lateral tarsal artery flap

Introduction

Burn injuries to hands and upper extremities account for >70% of total severe burns.
More than 58% of these cases are the burns to both hands. The courses of trauma
to hands are variable, including flame, scald, and electrical, chemical, and physical
contacts. In the case of electrical burns, several factors determine the injury severity,
including amperage, resistance of the body at the point of contact, type and magnitude
of current, current pathway, and the duration of the current flow.!

The greatest resistance is conferred by the bone tissue, followed, in descending
order, by the tendons, adipose tissue, skin (depending on humidity), muscle tissue,
blood vessels, and nerve tissues. Increasing resistance of these tissues increases the
extent of disability. Electrical injuries can also cause immediate death due to shock-
induced ventricular fibrillation, asystole and respiratory failure secondary to respira-
tory impairment, or paralysis of respiratory muscles.? In the case of low tension with
a frequency of 50-60 Hz, the current may cause convulsive contraction leading to
muscle tetany and may also induce ventricular fibrillation.> In many cases, electrical
injuries to the hands produce devastating injuries involving deeper structures of the
hands such as tendons, joint capsules and bone, and thus these injuries often require
flaps or amputation. As for therapy, electrical injuries cause an increased frequency of
acute and chronic abnormalities that need multidisciplinary approaches to therapy.*

To restore the protective sensation and flexion of fingers and thumb, multistage
procedures are usually warranted according to different pathologic states of the injury.’
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However, restoration of the function of the injured hands
is an arduous, complicated process with modest improve-
ment. The challenge for the reconstructive surgeon is to
find simpler and better ways to restore protective sensation
and digital flexion for patients who have suffered severe
electrical injuries to their hands. There are many ways to
restore the injured fingers, such as wrap-around flap,* dorsalis
pedis compound flap,® super-thin abdominal skin pedicle
flap,” and neurovascularized instep free flap.® However,
each of these approaches has limitations and disadvantages,
and more effective approaches are needed for restoring the
injured fingers.

The purpose of this study was to introduce our clinical
experiences of a one-stage restoration of using the lateral
tarsal artery (LTA) flap to have successfully restore fingers
after electrical burn. From 2005 to 2012, 10 patients with
severe electrical burns to 14 fingers, including six thumbs
and four index and four middle fingers, were satisfactorily
reconstructed with this flap, and all flaps survived.

Patients and methods

Clinical data

From 2005 to 2012, 10 patients (seven males and three
females, age ranged from 11 years to 50 years) were admitted
by the Department of Burns and Plastic Surgery, Xiangya
Hospital, Central South University. All the patients suffered
severe electrical burns to their fingers, including six thumbs
and four index and four middle fingers. These patients were
recruited for this study. The protocols of this study were
approved by the institutional ethics committee of Xiangya
Hospital, Central South University, and written informed
consents have been provided by the three patients to have
their case details and accompanying images published.
This study was conducted by following the principles of the
Declaration of Helsinki.

The patients were treated with the LTA flaps. The wound
size ranged from 2.0x3.0 cm to 3.5%5.0 cm. The flap with
free tendon graft was used to repair the tendon defect in four
cases, free nerve graft was used to repair the feeling defect
in two cases, and the flap with nerve was used to repair the
feeling defect in two cases. All the patients were followed
up for 3 months to 2 years.

Surgical anatomy

The LTA flap is an artery flap based on septocutaneous or
musculocutaneous perforators supplied by the LTA. It arises
from the dorsal pedal artery, such that the vessel crosses the
navicular bone; it passes in an arched direction lateralward,

lying upon the tarsal bones, and is covered by the extensor
digitorum brevis. It supplies this muscle and the articulations
of the tarsus and anastomoses with branches of the arcuate,
anterior lateral malleolar and lateral plantar arteries and with
the perforating branch of the peroneal artery. Along its course
in the intermuscular septum, the LTA gives multiple cutane-
ous and muscular branches. The septocutaneous branches
arise vertically and feed the rich arborizing and interconnected
plexus under the skin of lateral dorsal aspect of foot.’

The diameter of the beginning of LTA ranges from
1.02 mm to 1.44 mm, and the diameter of the proper palmar
digital artery ranges from proxima interphalangeal joints
plane (Figure 1).°

Operative technique

All cases were operated on as described subsequently. The
operation was performed under tourniquet control and loop
magnification with the aid of general anesthesia. After
removing the necrotic tissue of the wound, a tissue defect
with or without nerve or tendon defect was exposed. Then,
the proximal of the involved side of the inherent digital
artery and the dorsal digital vein or palmar digital vein were
separated under microscope. The distribution of these vessels
was marked, and the artery was in company with the vein.
The tissue defect was template, and the edge was expanded
3 mm more. An appropriate flap was mapped out on the skin
territory of the LTA flap. The design of the flap was in the
shape of a spindle.

Flap harvest and transplant
The patency of the dorsalis pedis artery and LTA was
confirmed preoperatively with Doppler ultrasonography.

LTA flap

Figure | The anatomy of LTA and LTA flap.
Abbreviations: DPA, dorsal pedal artery; LTA, lateral tarsal artery.
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The LTA axis of the LTA flap arose from the dorsalis pedis
artery at the level of talonavicular articulation. A line drawn
from the middle point of talonavicular articulation level to
the basilar part of the fifth metatarsal bone was regarded as
the projected surface of LTA.

A straight incision was made at the middle point of
talonavicular articulation level, and the dorsalis pedis artery
was located between the extensor hallucis longus tendon
and extensor digitorum longus tendon. Abscission to the
extensor digitorum brevis was avoided, and the LTA was
exposed along the fibula side of dorsalis pedal artery. The
LTA vena comitantes and lateral dorsal cutaneous nerve of
foot were carefully protected during the dissection until they
were perforated into the cutaneous. The flap was raised at the
subfascial level and sutured around to prevent the fascia and
skin from separating during the course of dissection. After
the flap was totally elevated, the donor site was covered
with a full skin graft from the abdomen. The free flap was
transplanted to the defect area by anastomosing LTA with the
proximal inherent digital artery; the LTA’s venae comitantes
were anastomosed with the involved side of dorsal digital
vein or palmar digital vein.

Results

All skin flaps adhered successfully. The largest skin flap was
3.5%5.0 cm. All wounds were healed within 3 weeks. The
follow-up period ranged from 3 months to 2 years. All the
flaps showed good appearance and normal skin color with
soft texture, and the sensibility of 2-point resolution ranged
from 8 mm to 10 mm. The transplanted tendons were func-
tioning well. The flexion distance from tip to palmar crease
and the extended distance from tip to the horizontal level were
4-5 cm and 3—4 cm, respectively. Patients and their relatives
were pleased with the functional and esthetic outcomes.

Case |

A 40-year-old man suffered electrical injury to his left
index finger. A deep third degree burn was observed. The
movement of all fingers was normal, but the continuity of
sensibility of index finger was not detected. The cutane-
ous defect of the left index finger was created with tendon
exposed, nerve injured and radial inherent digital artery
embolized after debridement. The free flap transplantation
to restore the finger was offered in such situation. An LTA
free flap measuring 3.0x4.0 cm was transplanted from the
right foot to the defect. The pedicle was anastomosed end-
to-end to the proximal radial inherent digital artery and the
cutaneous vein at the dorsal digital vein, and the lateral dorsal

cutaneous nerve of foot was anastomosed to the dorsal branch
ofradial nerve. The donor site was covered with a skin graft.
The flap survived completely (Figure 2).

Case 2

A 37-year-old man suffered electrical injury to his right
thumb. The thumb wound was treated with skin graft at the
beginning. However, this treatment resulted in skin grafts
necrosis, and thus, the thumb wound was unhealed. After
debridement of the thumb, the cutaneous defect of thumb
was created with tendon and the interphalangeal joint cavity
of the thumb was exposed. The free flap transplantation was
offered to restore the thumb in such situation. An LTA free
flap measuring 3.0x3.0 cm was transplanted from the left foot
to the defect. The pedicle was anastomosed end-to-end to the
proximal ulnar inherent digital artery and the cutaneous vein
at the dorsal digital vein. The donor site was covered with a
skin graft. The flap survived completely (Figure 3).

Case 3

A 35-year-old man suffered electrical injury in his right
thumb and palm. The cutaneous defect of thumb was created
with tendon and the interphalangeal joint cavity of thumb
exposed after debridement. The free flap transplantation
was offered to restore the finger and skin graft to palm
in such situation. A LTA free flap measuring 3.0x5.0 cm
was transplanted from the left foot to the defect. The pedicle
was anastomosed end-to-end to the proximal radial inherent
digital artery and the cutaneous vein at the digital palmar
vein. The donor site was covered with a skin graft. The flap
survived completely (Figure 4).

Discussion

Among severe burns, the more frequent burns are hand inju-
ries. In contrast to burns caused by flame or scald, electrical
burns are more frequently located to the upper extremity
only; the incidence rate is even as high as 58%. High and
low voltage contact often causes devastating injuries, fre-
quently with the involvement of deeper structures such as
tendons and bones,"'” and an immediate escharotomy and
fasciotomy are always offered.!! Some electrical burn injuries
resemble a crush syndrome.'*!* The damage to the tissues
is three dimensional with the current, producing extensive
necrosis in the tissues at different levels from skin to bone,
and amputation could be unavoidable. However, after deb-
ridement and primary cover, the distal blood supply and
continuity of sensibility of some electrically burnt fingers
still exists. In case of an unclear situation (after debridement),
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Figure 2 Electrical injury to the left index finger treated with the free LTA flap (Case ).
Notes: (A) The patient’s left index finger after being injured electrically. (B) The cutaneous loss with tendon exposed, nerve injured and radial inherent artery embolized.
(C) The LTA flap harvest. (D) The immediate postoperative appearance. (E-F) The physical appearance and functional outcome of the left hand 2 months after surgery.

Abbreviation: LTA, lateral tarsal artery.

we would recommend a second look 24 h later to ensure
that the remaining tissue is viable and not infected.!! In such
situation, instituting a primary cover with free flap should be
followed. Otherwise, there could be a high risk of secondary
damage due to infection.

For reconstruction of the injured hands, the ideal flap
should have the following features: like tissue for replacing
like area, thin and pliable flap for remolding the hand contour,
minimal morbidity at the donor site and sizable pedicle for
microsurgical anastomosis. Additionally, change of intraop-
erative position should not be necessary.'

Several types of flaps have been used in coverage of finger
defects, including abdominal flap, cross-arm flaps, pedicled
antebrachial flap and even free flap graft. Two-stage proce-
dures such as abdominal flaps and cross-arm flaps require

2-3 weeks of immobilization and are often bulky and require
subsequent revision.'>!® The pedicled antebrachial flap has
been criticized because of the sacrifice of a major artery to
the hand and the poor donor-site result.'”'* These problems
can be partially resolved by the retrograding radial fascia-fat
forearm flap, which removes only the fascia and fat layers of
the forearm tissue and leaves the radial artery and the forearm
skin intact.!” However, there are some disadvantages of this
flap. For instance, the adipofascial pedicle is relatively bulky
after rotation, which makes direct closure dangerous to the
pedicle, and it is difficult to extend to the distal hand.?® With
the progress of microsurgery, the applications of free flaps
have become increasingly popular. Among these free flaps,
the lateral arm flap is limited by its short pedicle; the scapu-
lar flap requires a change of position during the operation,
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Figure 3 Electrical injury to the right thumb treated with the free LTA flap (Case 2).

Notes: (A) The right thumb after an electrical injury and the failed skin graft. (B) The cutaneous loss with tendon and the interphalangeal joint cavity of the thumb
exposed. (C) The LTA flap harvest. (D) The immediate postoperative appearance. (E-F) The physical appearance and functional outcome of the right hand at 2 months

after surgery.
Abbreviation: LTA, lateral tarsal artery.

hindering a two-team approach; the anterolateral thigh flap
has become the standard flap for soft-tissue defects, but it is
bulky when it is applied in the hands, and the toe web flap
has the similar texture to hand, but its application is limited
by its size.?'?? Dorsalis pedis or medial plantar free flaps
would sacrifice a major vessel.

Based on our clinical experience, we believe that the LTA
flap is suitable for restoring fingers after electrical burns.
Anatomical research in the literature has demonstrated that
the external diameter of the LTA is 1.424+0.34 mm, length
is 6.2+1.1 cm and patency is 100%.%*¢ The advantages
of LTA are obvious because it includes suitable vessel
diameter, similar color and texture to those of hand and
acceptable morbidity at the donor site.?”? In our cases of

patients, the satisfactory results of treatment with LTA flap
have confirmed the anatomic basis of the LTA flap for its
application as a free flap, which can be devised according
to the different repair regions to restore the defected soft
tissues of the hand.

In addition, the nerve and tendon defects often happened
in electrical injuries to fingers. The LTA flap can easily get
the nerve from lateral dorsal cutaneous nerve of foot and
tendon to graft; thus, it is a simpler and better way to restore
the protective sensation and digital flexion for patients who
have suffered severe injuries to their fingers.

However, a basic microsurgery technique is necessary
in using this method, and the skin graft on the foot is prone
to hypertrophic scarring caused by friction of the skin graft
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Figure 4 Electrical injury to the right thumb treated with the free LTA flap (Case 3).

Notes: (A) The right thumb and palm after electrical injury and the cutaneous loss with tendon and the thumb’s interphalangeal joint cavity exposed. (B) The physical appearance
2 weeks after surgery. (C) Donor site 2 weeks after surgery. (D—E) The physical appearance and functional outcome of the right hand at 2 months after surgery.

against footwear when patients are walking. Patients must
be informed of this problem before surgery.

Additionally, considering that there are only two LTA
flaps in each patient and that the value of a functioning
finger like thumb is immense, the LTA flap would be better
to restore the function fingers.

Conclusion

In summary, LTA flap is a reliable method to restore fingers
after severe electrical injuries. The LTA flap provides a thin,
pliable, vascularized tissue for reconstruction of fingers due
to the injuries caused by electrical burns.
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