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INTRODUCTION

Skin defects are a common type of trauma treated by plastic and 
reconstructive surgeons. Epithelialization can be induced 
through secondary intention or primary closure in cases of small 
skin defects. However, surgical reconstruction is essential for 
large defects or if tendons or bones are exposed. Several surgical 
options are available. Skin graft or flap surgery is commonly 
used in such circumstances. Skin grafts are beneficial in terms of 
the ability to harvest and graft skin through a simple procedure, 
and they can be used to cover wide defects. However, a draw-
back is that their prognosis is dependent to a great extent on the 
condition of the wound bed because skin graft procedures do 

not involve concomitant transplantation of blood vessels [1]. In 
contrast, flap surgery can safely cover skin defects despite poor 
wound bed conditions because the flap receives its own blood 
supply through the blood vessels included in the flap. However, 
flap surgery is generally a more difficult procedure than skin 
graft surgery because it involves microsurgery. In addition, new 
defects can occur at the flap donor site, and more serious com-
plications can occur if flap surgery fails [2].

The dorsal surface of the hands and feet has thin, soft tissue 
characterized by an anatomical structure in which the extended 
tendons are directly under the soft tissue. Thus, tendons are 
more commonly exposed on the dorsal surface than when skin 
defects occur on the palmar/plantar surface. The failure rate is 
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reported to be very high when skin grafts are performed on ten-
don-exposed wound beds because tendons are fibrous connec-
tive tissues with a relatively poor blood supply [3-5]. However, 
flap surgery also shows a poor prognosis in patients with diabe-
tes who have poor peripheral blood vessels [6]. Thus, this study 
presents a surgical technique that can increase the success rate 
of skin grafts on tendon-exposed defects.

IDEA

A burn wound on the left dorsal foot of a 48-year-old male pa-
tient with diabetes mellitus (DM) caused by hot water persisted 
for 1 month without healing, and an 8 × 8 cm full-thickness skin 
defect was observed with exposed tendons. This patient was re-
ceiving outpatient follow-up for DM neuropathy. Before the in-
jury, the sensory and motor functions of the foot, particularly 
the toes, were impaired. Normal motion of the ankle was noted 
at the patient’s first visit to the department of plastic and recon-
structive surgery, but all toes could not be extended, being 
flexed. The extensor hallucis longus, the tibialis anterior tendon, 
and the extensor digitorum longus were the exposed tendons. 
At first, purulent discharge and severe erythema were observed, 
and antibiotic treatment, debridement, and negative pressure 
wound therapy (NPWT) were regularly performed. NPWT 
was performed continuously at a pressure of 125 mmHg and 
was changed every 3 days. Consequently, a healthy wound bed 

covered with granulation tissue was observed after 1 month 
(Fig. 1). However, the granulation tissue could not grow in the 
tendon-exposed areas. The tendon sheaths on the dorsal side of 
the tendons were all lost, and only the fibers of the tendons were 
exposed. However, when the tendons were turned over, the 
posterior surfaces of the tendons were observed to be posi-
tioned outward and covered with healthy granulation tissue, un-
like the exposed dorsal surfaces. The posterior surfaces of the 
exposed tendons were attached to the adjacent granulation tis-
sue and could not be easily elevated. The tendons were turned 
over so that the posterior surface could behave as the anterior 
side. The edge of the paratenon was then fixed together to the 
surrounding granulation tissue or dense remnant fascia using 
5-0 Vicryl sutures, and the close granulation tissue was approxi-
mated and buried (Fig. 2). During this procedure, although 
minimal bleeding was observed along the margin of the turned-
over tissue, it was not actively controlled for vascularity. Only 
granulation tissue was observed on the wound bed, without 
tendon exposure. After performing simple dressing changes dai-
ly with antibiotic ointment for 1 week, a split-thickness skin 
graft was performed. The graft was harvested from the left thigh 
and laid on the granulation tissue (Fig. 3). A tie-over dressing 
was performed and a short leg splint was applied for 2 weeks.

The skin graft site was observed to be stable 3 days after the 
skin graft operation. This was followed by simple dressing 
changes using foam material daily. A small disruption (1 × 2 cm) 

Fig. 1. Preoperative photograph of dorsal view. An 8×8 cm full-lay-
er skin defect was observed with exposed tendons in a 48-year-old 
male patient with diabetes mellitus. From the left, the extensor hal-
lucis longus, the tibialis anterior tendon, and the extensor digitorum 
longus tendons were exposed. 

Fig. 2. Intraoperative photograph of dorsal view. The tendons were 
turned over so that the posterior surface could behave as the ante-
rior side and fixed together to the surrounding granulation tissue or 
dense remnant fascia using 5-0 Vicryl sutures.
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was observed in the graft site where the tendon had been ex-
posed on postoperative day 7. Conservative treatment was 
maintained for 1 month, after which the defect site was com-
pletely restored (Fig. 4). Compared with the preoperative 
movements, similar motion of the ankle was observed, but no 
change was observed in the extension of the toes. After com-
plete wound healing, a silicone sheet was applied to prevent the 
occurrence of hypertrophic scars, and rehabilitation exercises 

were performed to improve the motor function of the foot upon 
consultation with the department of rehabilitation medicine. 
The patient remains in a stable condition to date.

DISCUSSION

Skin defects are common injuries treated by plastic and recon-
structive surgeons, and according to the reconstructive ladder—
that is, the concept that reconstruction should initially be con-
sidered with a relatively simple surgical procedure—skin graft 
surgery can be considered before flap surgery for defect cover-
age. Because flap surgery transfers tissue components together 
with blood vessels, the recipient’s vascular status must be con-
sidered. Thus, flap surgery in patients with comorbidities who 
have poor systemic vascular status may be dangerous [6]. In ad-
dition, the donor-site morbidity in flap surgery should be con-
sidered, because if this procedure fails, more serious complica-
tions may occur. In contrast, an advantage of skin grafts is a rela-
tively simple operation that involves free tissue transfer of only 
skin to the wound bed without blood vessel transfer. However, 
for this reason, a skin graft cannot be considered if the condition 
of the wound bed is poor because the nutrients and oxygen are 
delivered via diffusion, such as plasma imbibition, until revascu-
larization occurs [7-9]. In the case described herein, if a skin 
graft had been laid over the tendons, which had a poor blood 
supply, this procedure would have been very likely to fail.

The vascular supply of tendons has three main components. 
The first is the musculotendinous junction, the second is the os-

Fig. 3. Intraoperative photograph of dorsal view. A split-thickness 
skin graft was performed 1 week after the tendon turnover tech-
nique.

Fig. 4. The skin defect was completely reconstructed 1 month after surgery. The motion of the ankle was similar to its preoperative range. (A) 
Dorsal view. (B) Plantar flexion was possible. (C) Dorsiflexion was possible.
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teotendinous junction, and, finally, the vascular supply is direct-
ly received from the vessels of various surrounding connective 
tissues such as the paratenon, mesotenon, and vincula [3,5,10, 
11]. However, in most parts, tendons are poorly vascularized 
tissues that rely more on synovial fluid diffusion than vascular 
perfusion for the supply of nutrients and oxygen [12]. Diffusion 
of synovial fluid mostly occurs from the tendon sheath and sur-
rounding connective tissues with abundant blood vessels, unlike 
the tendons.

A limitation of this study is that it presents a single case. Never-
theless, this method can be applied to sufficiently diverse cases 
if one side of the tendon is in contact with the viable granulation 
tissue. Although defects with tendon exposure have various 
causes, such as trauma, burns, and secondary lesions induced by 
comorbidities, the same result is theoretically expected if the 
posterior side of the exposed tendon is in contact with the gran-
ulation tissue. This expectation is rooted in an in-depth under-
standing of the anatomy of the vascular system of the tendons 
and surrounding connective tissues. In this case, only dry fi-
brous tissue without granulation tissue was observed on the an-
terior surface with tendon exposure. However, the posterior 
surface of the tendon, which remained in constant contact with 
the granulation tissue, preserved the tendon sheath with abun-
dant vascularity, presenting an appropriate environment for the 
growth of granulation tissue. The key point in this study is to 

turn over the tendon to create a favorable environment for the 
graft to be taken.

The study started with a simple observation: connective tissue 
with abundant vascularity was noted when the tendons were 
turned over and the posterior surfaces of the tendons were ob-
served facing outward (Fig. 5). This connective tissue is as-
sumed to have been the remnant tissue of the paratenon and sy-
novial tissue surrounding the tendons. The anterior and posteri-
or sides of the tendons were turned over, exposing the side with 
abundant blood supply outward because the tendon-exposed 
defect had poor blood supply (Fig. 6). The skin graft was stably 
taken, and this method can be applied to skin defects in many 
areas of the hands and feet where tendons are exposed. More-
over, recovery of the patient’s ankle joint in terms of its range of 
motion was observed after the skin graft was taken. However, 
because most tendon-exposed defects are near a joint, a skin 
graft becomes unstable during movement, and the probability 
of hypertrophic scars in the graft-taken area may increase. Be-
cause the range of motion may be limited due to hypertrophic 
scars or contracture at the graft site, it would be essential to con-
duct early scar management and rehabilitation to prevent these 
issues in advance.

This method is a novel proposal for simple wound coverage in 
patients with comorbidities, in whom it is difficult to consider 
flap surgery, or for skin defects with exposed tendons. 

Fig. 5. Illustration of the posterior surface of an exposed tendon. 
Connective tissue with abundant vascularity was observed when the 
tendons were turned over and the posterior surfaces of the tendons 
were observed facing outward.

Fig. 6. Illustration of the technique of turning over the tendons. The 
tendons were turned over so that the posterior surface could behave 
as the anterior side. The edge of the paratenon was then fixed to-
gether to the surrounding granulation tissue or dense remnant fas-
cia using absorbable sutures, and the close granulation tissue was 
approximated and buried.
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