
ABSTRACT 
Electrical thermal injuries usually result from industrial accidents and have a mortality rate of 3-5%. They might cause func-
tional impairment, loss of extremity and even death. Psychologic impacts can be observed also. A 34 year-old male patient 
admitted to our institute with an amputated upper extremity on one side and a nonfuctional hand on the contralateral side 
one year after an electrical injury. He had total sensorial loss on his hand. A  two staged operation was planned in order 
to gain grip function.  The first stage was composed of release of contractures of 1st web space and MP joints of 2nd, 
3rd, 4th and 5th fingers and restoration of opposition of thumb with opponensplasty. The second stage was composed of 
restoration of flexion of fingers with tendon grafts and restoration of pinch with adductorplasty. At the end, the patient had 
a partially functioning hand; at least he was able to hold a pen between his thumb and index finger. Restoration of function 
and especially tendon transfer in a nonsensory extremity has only very limited indications. However psychological condi-
tions sometimes should be taken into consideration and attempt could be made to gain a basic function.
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Introduction
Electrical burns are usually work related injuries 

and they cause thermal harm to the body [1]. The oth-
er risk group is children playing near electrical equip-
ments [2,3]. There is a point of entrance and an exit of 
the current and it results in deep muscle necrosis which 
might lead to whole extremity burn and even death of 
the patient. There are approximately 1000 deaths per 
year due to electrical injuries in the United States [4]. 
The actual mortality rate is between 3-5%. Following 
resuscitation, viability of the muscles must be evalu-
ated. At the operation room extended fasciotomies 

and even amputation of a whole extremity might be 
required [4,5]. At the end, the patient might get an ir-
reversibly disabled extremity and repetitive operations 
and a lifelong psychological impact may be the faith of 
the patient [6]. We aimed to present a patient who was 
operated for hand reconstruction after electrical burn. 

Case Report
A 34 year-old male patient was presented to our 

institute with sequelae in his extremities one year after 
burn injury due to high voltage electric current contact. 
The patient’s both feet soles were skin grafted and had 
slight flexion contracture at his right ankle. His domi-
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ABSTRACT 

Background: Distal fingertip amputations with exposed bone is challenging for the surgeon to manage. In order to re-
construct a good sensate pulp with appropriate closure, various flaps are advocated in the literature. Of these, palmar 
advancement flap, first described by Moberg in 1964, comprises one of the most popular options. 
Methods: Thirteen patients (11 male, 3 female) with fingertip injuries were operated. Following the elevation of Moberg 
flap, proposed modifications were carried out. Joint mobility and pulp sensitivity were recorded as well and advancement 
scores were noted before and after the modification. These scores were assessed statistically. 
Results: No complications were noted and there was no need for additional surgery. Excellent joint mobility and pulp 
sensitivity were maintained. This modification showed a statistically significant improvement in the advancement (p<0.05). 
Conclusions: Moberg flap is a good option for the closure of fingertip defects. Some simple modifications, as described in 
here, can enhance the advancement while securing the entire advantages of the flap.
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Enhancement of Palmar Advancement Flap: 
A Simple Modification

Oguz Kayiran1, Ercan Cihandide2

Introduction
The hand is a unique part in the body in and plays 

important and often irreplaceable functions. In the in-
dustrialized world, occupational hand injuries need to 
be healed as soon as possible. Meanwhile, several heal-
ing techniques with various options are being applied 
to hundreds of thousands of patients by experienced 
practitioners. 

Unlike other hand injuries, fingertip amputations 
need additional attention in order to establish a normal 
pulp sensibility and maximum range of motion, and 
like others to maintain the upmost level of hand func-
tioning.

In 1964, the volar advancement flap was first de-
scribed by Moberg for the reconstruction of pulp de-
fects of the thumb (1). This flap is a pedicled advance-

ment flap proximally based on an intact skin pedicle 
including both neurovascular bundles. This technique 
establishes a successful neurosensation of the pulp with 
a limited advancement as well. However, a simple mod-
ification as described here, and never been reported 
elsewhere, can enhance additional advancement.

Patients and Methods
The study was performed with informed consents 

obtained from all participants.
Technique
Thirteen patients (11 males, 3 females) with fin-

gertip injuries were operated under regional anaes-
thesia. Palmar advancement flap was raised over the 
parathenon (1) (Figure 1a). Both neurovascular bun-
dles were included in the flap so that neurosensible 
coverage is accomplished (Figure 1b). To increase the 
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nant right hand was amputated at the level of the proxi-
mal forearm because of necrosis and the patient was 
wearing a uniaxial motorized prosthetic arm for grip 
function. In his left upper extremity, the shoulder and 
elbow had full active range of motion. The wrist had an 
active flexion of 10°, extension of 15° and rotation of 
90°. The metacarpophalangeal (MP) joints of 2nd, 3rd, 
4th and 5th fingers were stiff in extension. Proximal inter-
phalangeal (PIP) and distal interphalangeal (DIP) joints 
had 90° and 40° passive flexion ranges and full passive 
extension respectively. The thumb was stiff in adduction 
and had slight flexion contracture. There was no active 
motion in carpometacarpal (CMC), MP and inter-
phalangeal (IP) joints.  Patient’s extensor muscle bellies 
had substantial tonus and active contracture with no sign 
of atrophy. Common finger extensor tendons, wrist ex-
tensors and extensor pollicis longus tendon (EPL) had 
adequate tension with voluntary contraction.

Following serial debridements, the musculoten-
dinous junction was covered with pedicled groin flap 
according to the medical reports of patient.  Although 
flexor muscle bellies at the forearm had active contrac-
tion, there was no active flexion at any joint of any fin-
ger. All ulnar and median nerve innervated intrinsic 
muscles at web spaces and palm were wasted. Palmar 
skin was contracted because of fibrotic scars. Neuro-
logic examination of ulnar and median nerves revealed 
almost complete sensory loss.

The patient was psychologically depressed.  When 
using the prosthesis, he was unable to wear his shirt or 
pants by his own. He was completely non-functional 
without his arm prosthesis and seeking for any im-
provement in his left hand’s function.

In the treatment of patient, a  two staged operation 
was planned in order to gain grip function of  the hand.  
The first stage was composed of release of contractures 
of 1st web space and MP joints of 2nd, 3rd, 4th and 5th 

fingers and restoration of opposition of thumb with 
opponensplasty. The second stage was composed of 
restoration of flexion of fingers with tendon grafts and 
restoration of pinch with adductorplasty. The patient 
was informed about the possible complications of the 
operation and an informed consent was obtained. 

The first operation was performed under general 

anesthesia. A pneumatic tourniquet was placed at the 
level of the arm.  The first web space contracture was 
approached with Z-plasty skin incision (Figure 1). The 
atrophied fibrotic adductor muscle group was tran-
sected until achieving adequate web space. Following 
contracture release the 1st metacarp was fixed to 2nd 

metacarpal with a provisional K wire.  To release the 
joint contractures of each MP joints, we approached 
through separate longitudinal dorsal incisions (Fig-
ure 2). The extensor tendons were split longitudinally 
and reflected radially and ulnarly to expose the joint 
capsules (Figure 3). T-shaped incisions were made in 
the dorsal capsules and the collateral ligaments were 
transected with scissor. The joints were then passively 
flexed and provisional K-wire fixations in 90° flexed 
position of MP joints were applied to maintain flexion 
(Figure 4). Opponensplasty procedure started with 
the incision made over the fifth finger MP joint, and 

Figure 1. Release of first web space.

Figure 2. 2nd, 3rd, 4th and 5th MP joint capsules were released using  
dorsal approach.
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Figure 4. Fixation of MP joints at 90’ flexion posture.

Figure 5. Opponensplasty of the first thumb.

Figure 3. Preparing extensor tendons for flexor transfer.

the extensor digiti minimi tendon was identified (Fig-
ure 5). The tendon was freed distally and withdrawn 
proximally from the incision on the dorsal aspect of the 
wrist and the little finger extensor hood at MP joint was 
repaired. The tendon was passed around the ulnar bor-
der of the wrist, and subcutaneously across the palm by 
using a tendon passer and was attached to the abductor 
pollicis longus (APB) tendon insertion at the base of 
the proximal phalanx. Postoperatively, all the 4 fingers 
and the thumb were immobilized for 3 weeks. After 3 
weeks the pins and splint were removed and rehabilita-
tion was initiated.

The second operation was also performed under 
general anesthesia. A pneumatic tourniquet was placed 
at the level of the arm. The surgery started with atten-
tion to the groin flap that was covering the  musculo-
tendinous junction area of forearm flexors. An incision 
was carried out from proximal forearm to the mid-palm 
across the radial border of flap. The muscle bellies of 
deep flexors and flexor pollicis longus (FPL) were iden-
tified. Fibrotic bands and adherences were removed 
and their excursions were tested by manually stretching 
the tendinous ends. The tonus, colour and excursion of 
muscles were good to be used as motor unit of flexor 
system. Flexor digitorum profundus tendons of 2nd, 3rd 

and 4th fingers were dissected and released from adher-
ences and withdrawn distally out of A2 pulleys from 
incisions over proximal phalanges. Because of their ap-
propriate caliber and length,  long extensor tendons of 
4th fingers in both feet and 3rd finger of left foot were 
harvested for grafting. The grafts were interposed be-
tween muscle belly and tendon ends of 2nd, 3rd and 4th 
fingers’ deep flexor (Figure 6). All grafts were passed 
under A4 and A2 pulleys in order to prevent bowstring-
ing of grafts.  Another tendon graft was also interposed 
to bridge muscle belly and distal tendon end of FPL 
at forearm level. The last step of operation was recon-
struction of thumb adduction by extensor carpi radialis 
longus as motor unit (Figure 7). Through  a longitu-
dinal  wrist incision extending to dorsal aspects of the 
index and middle finger metacarpals, the extensor carpi 
radialis longus tendon was divided at its insertion on 
the metacarpal base. The proximal end of the tendon is 
retrieved into a second longitudinal incision proximal 
to the extensor retinaculum. The dorsal interosseous 
fascia between the 2nd and 3rd metacarpals was incised, 
and a passage was created in the intermetacarpal space 
by excising the fibrotic tissues. A longitudinal incision 
was then made on the ulnar side of the  MP joint of the 
thumb, and a tendon graft  was passed through this tun-
nel to the thumb and was sutured to the tendon of the 
adductor pollicis. The proximal end of the tendon graft 
was then sutured to the ECRL tendon. Postoperatively, 
the hand was immobilized in a plaster splint with the 
thumb and the wrist in neutral and the fingers  in flexed 
position. After 4 weeks, the splint was removed and 
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Figure 6. Long extensors of the 3rd and 4th are harvested for grafting 
and interposed between mucle belly and tendon ends of the 2nd,3rd 

and 4th deep finger flexors.

Figure 8. (A,B) Wrist flexion and extension in last control.

Figure 10. (A,B) Opposition and abduction of the thumb.

Figure 9. Flexion of 2nd,3rd,4th and 5th fingers at the end of the proce-
dures.

Figure 7. Adductorplasty of the thumb.
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physical therapy programme was initiated.

The patient was followed up to 10 months after 
final surgery. At the final examination the patient had 
an opposed thumb facing the all four fingers. The MP 
joints of 2nd, 3rd,4th  and 5th fingers were supple and had 
full passive range of motion. The reconstructed 1st, 2nd 
and 3rd fingers had all active 50 degrees of flexion and 
full extension (Figure 8a-b and Figure 9). PIP and DIP 
joints had no active motion but were steady against 
resistance during both flexion and extension. The pa-
tient was able to adduct and pinch the thumb. Oppo-
sition movement was no more than resting position 
but steady against resistance (Figure 10). Over all the 
patient was able to hold a pen between his thumb and 
index finger. 

Discussion
Electrical burn injuries are most commonly work 

related injuries. They often involve young males who 
are usually electrical company linesmen, electricians or 

electrical construction workers. Mortality rate of these 
type of injuries are high and  mainly due to arrhythmia 
at the scene of the injury [7].  If the patient survives it 
might leave a lifelong functional impairement at the pa-
tient. Usually extremities are affected and the sustained 
burns are thermal. The severity of the burn is related 
to the heat build up which increases with tissue resist-
ance and volume density [8]. Deep muscle compart-
ments are especially susceptible to necrosis since they 
are  adjacent to bone . Bony tissue has highest tissue 
resistance followed by fatty tissue, tendon,  skin, musle, 
vessels and nerves, respectively [9].

Skin represents an initial barrier to flow of current 
and serves as insulation to the deeper tissues. Once this 
skin resistance breaks down, current enters the under-
lying tissue whose internal tissue resistance, with the 
exception of bone, is negligible compared with current 
flow [10]. The amount of tissue damage is the result of 
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complex interaction of several factors including amper-
age, voltage, tissue resistance, the duration and type of 
the current and the surface area over which the current 
makes contact [11]. The hands and upper extremities 
are most frequent entry sites of electrical current.

If the interstitial pressure of the compartment 
exceeds the capillary perfusion pressure, it results in 
muscle ischemia. This decrease in perfusion leads to  a 
further increase in capillary permeability and extrava-
sation of intravascular fluid, enhancing the interstitial 
pressure of the compartment. After 6-8 hours of is-
chemia, muscle damage becomes irreversible. This vi-
cious cycle must be interrupted by fasciotomies, which 
limit ischemic injury to the muscle. Necrosis of the en-
tire limb is the most serious complication, necessitating 
amputation usually within 2-3 days after injury. On the 
other hand  various systemic complications, associating 
morbidities, prolonged hospital stay, multiple visits to 
operating room and very long rehabilitation processes 
are not uncommon with these type of injuries [12].

In the acute management phase of the patient, 
fluid and electrolyte balance must be regulated and the 
urinary output must be maintained. If the patient sur-
vives the acute period the treatment shifts to provide 
functional status and reconstructive phase starts [13]. 
We put a special consideration to our patient whose 
non-amputated extremity was actually not suitable for 
a reconstruction with tendon transfers.

There are some prerequirements for tendon trans-
fer for the donor site in the upper extremity. These are 
mainly full passive joint mobility at the extremity and 
an acceptable distal sensation. Other important fac-
tors are a viable tissue through which the tendon can 
be transfered, normal or near normal motor strength in 
the donor field, an acceptable excursion of the trans-
ferred tendon and a good compliance of the overlying 
soft tissues [14]. So the patient was actually not an 
ideal candidate who would meet these criteria. He had 
failed sensation due to electrical burn and the condi-
tion of soft tissues, especially stiffness was important 
limitations for such an intervention. 

However the patient had also an amputated ex-
tremity distal to the elbow on the contralateral site. 
If the left site would also undergo an amputation sur-

gery that would have a great emotional impact on the 
patient. So we decided to reconstruct the extremity as 
much as possible in order to gain a functioning hand.

At the end of this multiple operation sessions  the 
patient was able to use his thumb for pinch and hold 
an object. He was also able to make some flexion over 
his mp,pip and dip joints. Compared to an amputation 
procedure the patients psychological status was less 
detoriated as he can fullfill his daily activities as much 
as he can. 
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