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Introduction

Chronic wounds in the lower extremities are very difficult to heal due to poor circula-
tion. Also, if a wound is complicated by osteomyelitis, it is more difficult to correct 
surgically; in such cases plastic and orthopedic surgeons join forces to effect treat-
ment [1]. Some studies indicate that soft-tissue defects of the distal thigh, especially 
around the knee, must be treated using vascular pedicle island flaps. Most of these 
flaps are transferred from the back of the lower leg or from the anterior thigh, both of 
which receive blood supply from perforators of the popliteal artery [2-7]. We report a 
rare case of refractory ulceration leading to a chronic wound complicated by osteo-
myelitis of 32 years duration due to trauma that had been addressed surgically several 
times, and describe our experience of successful surgical wound care after debride-
ment and flap coverage. The chronic wound was successfully treated with a short 
head of the biceps femoris (SHBF) muscle transposition flap, followed by a fasciocu-
taneous (FC) expanded-keystone advancement flap. These two planar flaps filled the 
cavity and we believe offer a suitable alternative to flap coverage of lower extremity 
bone exposure defects. The study was approved by the Institutional Review Board of 
Dongguk University Hospital (IRB No. 110757-202004-HR-04-02) and performed in 
accordance with the principles of the Declaration of Helsinki. The patient also pro-
vided written informed consent for the publication and the use of his images. 
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Abstract

In many cases chronic wounds in the lower extremities are extremely difficult to heal because of inadequate blood supply, and when 
wounds are complicated by osteomyelitis, plastic surgeons and orthopedic surgeons must join forces to facilitate treatment. A 63-year-old 
man with bone exposure and a peripherally indurated chronic open wound complicated by osteomyelitis of the right distal thigh was admit-
ted to the department of orthopedic surgery at our hospital. He was referred to our department for treatment of the right side chronic open 
wound. We report our successful experience with a partial biceps femoris muscle transposition flap with fasciocutaneous expanded-key-
stone advancement flap following wound and bone debridement for the coverage of complex wounds associated with bone infection. The 
results show two discrete layers of muscle. In patients with chronic osteomyelitis, fasciocutaneous flaps might provide a more effective 
means of covering full-depth soft tissue defects without donor site morbidity, compared to free flaps. 
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Case

A 63-year-old man with a bone-exposed, peripherally indu-
rated chronic open wound complicated by osteomyelitis at the 
right distal thigh was referred to the department of orthopedic 
surgery at our hospital for treatment of the chronic open 
wound. The patient had severe asthma and needed to have his 
wound covered under spinal anesthesia. He was referred to our 
department of plastic and reconstructive surgery for wound 
coverage.

The patient had suffered a motorcycle accident in 1988, and 
at the time had sustained open fractures of the right femur 
midshaft and underwent open reduction and internal fixation 
(ORIF) surgery. However, the surgical wounds became infect-
ed, and between 1988 and 2000, the wound infection was op-
erated on at other hospitals about six times. In 2000, he under-
went fracture saucerization and sequestrectomy, and received 
ORIF using the Ilizarov apparatus at our department of ortho-
pedic surgery. Chronic open wounds subsequently developed 
and chronic osteomyelitis was diagnosed by bone biopsy. The 
patient was hospitalized with chronic osteomyelitis several 
times over the years and was treated conservatively. Unfortu-
nately, in February 2004, he was involved in another motorcy-
cle accident, and after conservative treatment the external fix-
ator was removed by an orthopedic surgeon. In 2008, he was 
involved in a car accident and fractured at the same right fe-
mur, for which he underwent ORIF at our orthopedic surgery 
department. He retained an internal fixator and had open 
wounds, but did not attend scheduled follow-ups. Twelve 
years later (around December 2019), he was admitted at our 
department of orthopedic surgery again. The neglected wound 
on the right leg was open, chronicized, and indurated with 
much scarring, and the bone was chronically infected (Fig. 1). 

There was little knee function because it was fixed by the fix-
ator from right thigh to lower leg for a long time. Flexion con-
tracture was measured at 15° and further flexion at 60° just be-
fore surgery.

First of all, in order to ascertain the exact current wound 
condition of the lower extremity, bone biopsy and culture were 
performed, from which chronic osteomyelitis was confirmed. 
Ceftriaxone was administered intravenously for about 6 
weeks, and the slough discharge was reduced, but we conclud-
ed that conservative treatment including antibiotics alone 
would not control the chronic osteomyelitis. As a result, we 
decided to debride the dirty tissues with scarring and to cover 
the skin defect with clean subcutaneous tissue and skin. 

For surgery, the patient was placed on the operation table in 
the left lateral decubitus position and spinal anesthesia was 
performed by an anesthesiologist. Preparation was performed 
in the usual manner with draping and disinfection. Local an-
esthetic was injected (2% lidocaine mixed with 1:100,000 epi-
nephrine) at the site of the defect and incision site, and this 
was followed by compression for up to 10 minutes waiting for 
vasoconstriction to occur. 

The right proximal wound with relatively lax surrounding 
skin flaps was operated on first. The peripheral indurated mar-
gin and fibrotic collagenous scar tissue of this chronic wound 
were debrided until clean fresh bleeding was observed. The 
debrided defect was then massively irrigated and meticulously 
hemostatized. Flaps including full-depth skin and some sub-
cutaneous fat layers were elevated on both sides of the surgical 
defect and then advanced to cover the defect (Fig. 2). After in-
sertion of a silastic drain, layer-by-layer suturing was per-
formed to eliminate any remaining dead space.

Next, we decided to cover the chronic wound area of the 
bone-exposed distal thigh. Similar to the defect on the proxi-
mal wound, the peripheral indurated margin and fibrotic col-
lagenous scarred tissue of the chronic wound of this area were 
debrided until clean fresh bleeding was exposed (Fig. 3). The 
chronically exposed distal femur bone was debrided using a 
burr to produce multifocal bone bleeding, and then the mus-
culotendinous junction of the SHBF was partially cut to pre-
serve function as much as possible. The cut muscle flap was 
then transposed toward the bone-exposed defect area, and the 
SHBF and vastus lateralis (VL) muscles were sutured to cover 
the dead space above exposed bone (Fig. 4). The vacant cavity 
over the SHBF transposition flap was packed with an expand-
ed FC keystone advancement flap containing subcutaneous 
and skin layers. The keystone design was performed on the 

Fig. 1. Preoperative photograph. Uncontrolled chronic open 
wounds of the right lateral thigh of 32 years’ duration. Indurated, 
scarred tissue of the right thigh and more severe bone-exposed 
wound of the distal thigh.
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destructed skin over the tensor fascia lata (TFL) and a part of 
the VL (Fig. 5), and the FC flap was elevated (Fig. 6A). After 
massive irrigation and meticulous hemostasis, the keystone 
flap was advanced, two Hemovacs were inserted, and the 
wound was closed layer-by-layer (Fig. 6B). 

No complications occurred after surgery, and flap circula-
tion was satisfactory. On the 5th day after surgery, the amount 
of Hemovac drainage markedly decreased and no hematoma 
was observed, thus all silastic drains and Hemovacs were re-

Fig. 2. Intraoperative photographs. In proximal thigh, (A) periph-
eral indurated scar tissue of the chronic wound was debrided. 
(B) Flaps were elevated on both sides of the surgical defect.

Fig. 4. Transposition of biceps femoris muscle flap. (A) The ten-
dinous junction of the biceps femoris short head was partially cut 
and transposed toward the muscle layer above the bone-exposed 
defect of the proximal thigh to cover dead space (yellow arrows). 
(B) The vacant cavity over the SHBF transposition flap was packed 
with an expanded fasciocutaneous keystone advancement flap 
containing subcutaneous and skin layers. SHBF, short head of 
the biceps femoris; VL, vastus lateralis.

A A

B B

Fig. 3. Intraoperative photograph. In distal thigh, peripheral in-
durated scar tissue of the distal chronic thigh wound was debrid-
ed until clean fresh bleeding was exposed. The chronically ex-
posed distal femur bone was burred to cause multifocal bone 
bleeding. 

moved. On the 14th day after surgery, staples and stitches were 
removed, and function of the partially transposed biceps fem-
oris was found to be preserved, thus facilitating ambulation. 
Four weeks after surgery, after observing the operated wound, 
we stopped the administration of intravenous antibiotics and 
decided to maintain oral antibiotics for a week after discharge. 
Although there was a very small skin defect, it was treated with 
secondary intention (Fig. 7). Our patient is undergoing reha-
bilitation for ambulation, and although no improvement of 
flexion contracture was noticeable, further flexion was better 
than before surgery.

Discussion

Various flaps from the posterior thigh area are commonly 
used to treat ischial or sacral pressure sores [8-10]. However, 
few reports have been issued on the transfer of a muscle flap 
from the posterior thigh region to the distal thigh and knee 
area. 
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Fig. 5. Fasciocutaneous keystone advancement flap design. (A) The fasciocutaneous expanded keystone advancement flap was de-
signed over the tensor fascia lata and vastus lateralis regions. A line was drawn from the anterior superior iliac spine (ASIS) to the lateral 
border of the patella, to prevent undermining medial to the line so that reliable vascular pedicles would not be injured. (B) Maximum 
width was noted. The side of the defect with greater tissue laxity was chosen as the flap donor area. An incision line at 90° to either end 
of the ellipse was drawn to meet the curvilinear line of the flap outer margin. Perforators were identified by Doppler sonography on the 
surface of the right thigh. P, perforator.

Fig. 6. Closure of the keystone flap. (A) An expanded fasciocutaneous (FC) keystone advancement flap, including subcutaneous and 
skin layers, was used to cover the short head of the biceps femoris transposition flap. The FC flap was undermined and elevated until 
the flap was mobile enough. (B) The wound was closed layer-by-layer using Vicryl 2-0, 3-0, nylon 3-0, and a surgical stapler. 

Fig. 7. Six months postoperative follow-up photographs. (A, B) There was a very small skin defect but it was treated with secondary in-
tention. (C) The patient can ambulate using clutches. The knee function was restored slightly because the fixator was removed and 
short head of the biceps femoris was used partially for covering the chronic wound.
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Vascular pedicle island flap is often referred to as a means of 
reconstruction of soft-tissue defects around the popliteal fossa. 
The descending genicular artery perforator flap [11] and the 
reverse-flow anterolateral thigh perforator flap [2,12] are typi-
cal examples. These methods are relatively reliable and safe, 
but a change of posture is needed during surgery. As alterna-
tives, the medial sural artery perforator flap [5] and the reverse 
peroneal artery flap [6,13] are available, but are likely to re-
quire a skin graft at donor sites. 

Previously, musculocutaneous (MC) flaps were mainly used 
for distal thigh reconstruction, including sites near the knee, 
but we used a partial SHBF muscle flap without compromising 
lower limb ambulation, thus making lower leg movements 
more physiologic and functional. A discrete layer combination 
flap was produced using a FC keystone flap, which is shallower 
than other muscle layers of the lower extremity. In our patient, 
SHBF was pulled out and transposed because the right knee 
had little function preoperatively, which is why we chose this 
combination of muscle flap and FC keystone flaps. Previously 
used flaps were either perforator flaps or MC flaps, which re-
quired dissection from muscle to skin, undermining, and 
transposing, which increases complication risks. Therefore, we 
used two discrete layers to cut the musculotendinous junction 
slightly in the posterior region and the FC flap in the anterior 
region to maintain function of the hamstring muscle group as 
much as possible and to maximize ambulation.

A small-scale study demonstrated the utility of the keystone 
flap for the reconstruction of surgical defects. Compared with 
split-thickness skin grafts, keystone flaps heal with fewer com-
plications and better aesthetics when used to reconstruct sur-
gical defects of the lower extremities. Moreover, when com-
pared with free tissue transfer, there is no secondary donor-
site deformity. However, in order to minimize complications 
including wound dehiscence and infection, the operator 
should always consider the flap size, location and tissue laxity 
[14,15]. 

To the best of our knowledge, exposure of a large bone like 
the femur with osteomyelitis for more than 30 years has not 
been previously reported. In our case, the wound was deep 
and extended from skin to bone, and the amount of muscle 
and subcutaneous tissue needed for reconstruction were con-
siderable. In order to reconstruct this large defect while main-
taining function of the lower extremity, we utilized a partial 
SHBF muscle transposition flap and an FC expanded-key-
stone flap to maximize physiologic limb ambulatory function. 
In our case, the TFL appeared to be absent, the VL had atro-

phied to the level of a few strands of muscle fibers, and there 
was considerable scarring. Biceps femoris contributes to the 
posterolateral stability of the knee. Although the patient had 
poor knee joint function, we cut the musculotendinous junc-
tion of SHBF and made a flap to preserve maximum stability 
of the knee. After the operation, the patient’s passive range of 
motion has not been reduced, and he found it easier to walk 
on crutches. The flexion of the left knee showed a slight im-
provement, probably owing to fixator removal and rehabilita-
tion after the operation.

Though we had initially considered a free flap because the 
surgeon was more accustomed to the technique, taking into 
account the patient’s generally poor condition and the osteo-
myelitis in his lower extremity, the muscle flap was preferred 
to the MC flap, and our choice turned out to be appropriate. 
All procedures were performed with spinal anesthesia, and the 
total time required was 2 hours and 25 minutes. This was a 
sufficiently short surgery considering the patient’s general 
condition. Calf flaps are usually used for the distal thigh, but 
we thought it would be better to use SHBF because the fixator 
had been attached to the knee for several decades and the pa-
tient had little function of the knee joint.

In our patient, an SHBF muscle transposition flap and an 
FC expanded-keystone flap were used as a feasible reconstruc-
tive option for a substantial full depth soft-tissue and skin de-
fect complicated by osteomyelitis of the distal thigh area 
around the knee. The results achieved suggest that two discrete 
layers of muscle and FC flaps provide a safe, reliable, and effec-
tive means of covering full-depth soft tissue defects and pre-
serving bone integrity in patients with chronic osteomyelitis. 
However, one clinical case is insufficient to warrant the safety 
and reproducibility of the procedure. Nevertheless, we believe 
the described combination flap offers a reliable treatment op-
tion, especially in patients with significant full-depth damage, 
whether caused by trauma or iatrogenic chronic complica-
tions, to the lower extremity.

We suggest the advantages and disadvantages of this flap be 
studied from a statistical perspective and compared versus 
other methods with respect to short- and long-term complica-
tions and flap survival.
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