Zhang etal. BMC Surgery ~ (2024) 24:187 BMC Su rgery
https://doi.org/10.1186/512893-024-02481-5

Check for
updates

Clinical applications and cadaveric study
of the free descending genicular artery
perforator flap without the saphenous vein

Xiaolong Zhang'", Junyu Chen'", Lebin Zhuang?', Lingfei Ouyang', Weichao Gui', Zilong Yao', Bowei Wang',
Ping Zhang', Bin Yu', Hua Liao®" and Jijie Hu'""

Summary

Background The descending genicular artery (DGA) and medial thigh region have been underused as donor sites
for perforator flaps. This study evaluated the anatomical relationship between the perforators of the DGA and the
saphenous vein (SV) to review the clinical applications of the free descending genicular artery perforator (DGAP) flap
for locoregional reconstruction.

Methods Fifteen cadavers were arterially perfused with red latex and dissected. Thirty-one patients with extremity
tissue defects were treated with a free DGAP flap, including six patients who received a chimeric flap. The minimum
distance between the DGAP and the SV was measured during surgery.

Results In all patients, the skin branch of the descending genicular artery was found in the medial femoral condyle
plane in front of the SV. The average distance between the descending genicular artery perforator and the SV was
3.71+0.38 cm (range: 2.9-4.3 cm). Thirty flaps survived completely, and one flap developed partial necrosis; however,
this flap healed two weeks after skin grafting. The average follow-up time was 11.23 months.

Conclusions We conclude that the SV can be preserved when harvesting the descending genicular artery perforator
flap, causing less damage to the donor site and having no effect on flap survival. The free descending genicular artery
perforator flap without the SV is a better therapy for complicated tissue defects.
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site with SA flaps remains challenging [4]. Karamiirsel
and Celebioglu [5] introduced the clinical application of a
direct cutaneous perforator flap of the DGA, which offers
protection to the saphenous nerve and causes less dam-
age compared to the SA flap. Furthermore, chimeric flaps
related to the DGA have been developed in recent years
for the treatment of limb tissue defects, bone nonunions,
and tendon reconstruction, showing satisfactory results
[6-9].

The name of the saphenous vein is derived from the
Greek word ‘safaina, which does not refer to a ‘shallow
vein’ or ‘useless vein’ that can be sacrificed during flap
surgery [10]. Except in the ankle, the SV is located on the
surface of the deep fascia and is deeper than other super-
ficial veins. Similar to deep veins, the surface of the SV
has a dense envelope that separates it from other super-
ficial veins [11]. Therefore, the superficial branch of the
SV is often mistaken for its trunk on vascular ultrasound.
It is crucial to preserve the SV trunk during the harvest-
ing of the DGAP flap. However, existing studies [12-14]
on the anatomical aspects of the DGA have primarily
focused on the variations of its branches and the param-
eters of the branch arteries. These studies do not provide
clear answers regarding the relationship between the SV
and the DGAP flap. Furthermore, there are no reports
mentioning whether the SV should be preserved during
the harvesting of the DGAP flap.

We designed the DGAP flap without the SV and saphe-
nous nerve, conducted a cadaveric perfusion study, and
treated extremity tissue defects using the DGAP flap. The
objectives of this study were to: (1) summarize the ana-
tomical relationship between the DGAP flap and the SV;
(2) control injury to the donor site; and (3) summarize
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the clinical significance and complications of the DGAP
flap.

Materials and methods

Anatomical dissection

Fifteen fresh human lower-extremity specimens were first
intubated via the femoral artery, and blood vessels were
washed with 10% formaldehyde (2000-3000 ml) until
venous vessels no longer returned blood. After 24 h, the
femoral artery was perfused with a red latex mixture at
room temperature (24 °C) using a syringe until the toes
were flushed red [15]. One centimeter from the medial
patella of the specimen, an arc incision was made along the
medial midline of the thigh to the proximal end. The skin
branch (SB) of the DGA was positioned approximately
4 cm above the knee joint, and its skin entry point was
marked as the P point (SP-p). Reverse separation along the
SB with protection showed the branches of the DGA. The
adductor canal was opened along the DGA. The osteoar-
ticular branch (OB) was found on the anterior and inferior
sides of the femoral medial condyle, and the branch artery
of the femoral medial muscle was found near the proxi-
mal OB (Fig. 1a). The main trunk of the SV was exposed
by separating the tissue in the superficial layer of the deep
fascia, and the DGAP penetrated the skin anterior to the
SV. The intersection point was marked as the S point (S-p),
which was obtained by making a vertical line from point P
to the SV. The distance between the SP-p and the S-p was
designated as DSPS (Fig. 1b). The DSPS of each specimen
was measured and recorded.

Patients
This is a retrospective case series study using a free
descending genicular artery perforator flap without the

Fig. 1 Cadaveric dissection of the medial knee showing the main arteries (1a). In this specimen, the SA originates from the distal DGA. The DSPS was
measured in each specimen (1b). DGA, descending genicular artery; SB, skin branch; OB, osteoarticular branch; SA, saphenous artery; SV, saphenous vein;
SP-p, perforator point of the skin branch (yellow circle); S-p, intersection point obtained by making a vertical line from SP-p to the SV (red circle); DSPS,
distance between SP-p and S-p
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SV. The study was conducted from June 2011 to October
2018 and included 31 patients (24 males and 7 females)
with an average age of 30.9 years (range: 4—63 years). Of
these patients, 13 had hand or forearm tissue defects, 17
had foot or ankle tissue defects, and 1 case involved early
femoral head necrosis after internal fixation of a femoral
neck fracture. Six patients were treated with a chimeric
DGAP flap, while the remaining patients received a sim-
ple DGAP flap. The study collected patient demograph-
ics, procedural information, and postoperative details.

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. All surgeries were
performed by orthopedic surgeons from the same group
at Nanfang Hospital. All surgical methods were approved
by the ethics committee of Nanfang Hospital, Southern
Medical University, and all patients provided written
informed consent.

Flap design

All patients underwent computed tomography angi-
ography (CTA) assessment of the donor site. The
CTA data were processed using Mimics 20.0 software
to design the flap before surgery (Fig. 2). If any varia-
tions in vascular perforators were observed, such as the
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DGAP and OB not originating from the same trunk,
the surgical plan was adjusted in advance. If necessary,
a matching medial femoral condyle flap (MFCF) was
designed for the bone defect in the recipient area. Post-
operatively, CTA of the recipient area was performed
to evaluate the blood supply to the MFCE. In patients
with foot tissue defects, flaps were obtained from the
contralateral medial femoral condyle area. The flap
was designed using the medial longitudinal axis of the
lower limb as the reference. To determine the location
of the flap, Doppler ultrasound was used to detect the
DGAP on the skin, which was found 4-6 cm proximal
to the highest point of the medial femoral condyle. This
location was marked as the P point, serving as the cen-
ter point for the transverse diameter of the flap. The
proximal end of the flap could be extended up to 20 cm
from the P point, ensuring that the flap’s edge was posi-
tioned as far as possible from the knee joint.

Surgical technique

All patients were placed in a supine position and anes-
thetized with either general intubation or combined
spinal and epidural anesthesia. The general profile of
the flap and the SP-p were marked on the body surface

Fig. 2 Digital design of a chimeric DGAP flap. In this case, the skin (SB) and bone (OB) perforators arose from the distal DGA, and the SA originated from
the proximal DGA. SV, saphenous vein; DGA, descending genicular artery; MFCF, medial femoral condyle flap; OB, osteoarticular branch; SB, skin branch;
SF, skin flap; SA, saphenous artery; DSPS, distance between SP-p and S-p
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Fig. 3 After the use of preoperative CTA and intraoperative Doppler ultrasound, the initial marking of the incision line in case 2 (3a). The entire chimeric
DGAP flap (MFCF and SF) was completely isolated, and the SV was preserved (3b)

(Fig. 3a). First, an anterior-medial thigh incision was
made along the body surface marking line, and the SP-p
of the DGAP was separated near the body surface mark-
ing point. Reverse separation along the SB to the origin of
the DGA was performed. The muscular branches of the
DGA were ligated, and the sartorius muscle was pulled
to the medial side to find the adductor canal and the
saphenous nerve, where the trunk of the DGA emerged
from the adductor canal. During separation, the trunk of
the great saphenous nerve along the DGA and the patel-
lar anterior branch were observed. If a bone graft was
needed, an adductor canal incision was made along the
DGA to find the OB on the bone surface of the anterior-
medial femoral condyle. This part of the periosteum and
bone of the medial femoral condyle could be harvested as
a bone-skin chimeric flap. The SV in this segment could
be exposed with an intact membrane within the shallow
deep fascia. The intersection point of the vertical line
from the SP-p to the SV was marked as the S point (S-p).
The DSPS of each patient was measured and recorded
during surgery. The DGA was separated as far as possible
and ligated at the origin of the superficial femoral artery.
The flap was harvested with the SP-p as the midpoint to
form an arteriovenous pedicle. A schematic diagram of
flap harvesting is shown in Fig. 3b.

The free skin or chimeric flap was transferred to the
recipient area with the radial artery or its branch as the
supply artery for the upper limb, or the dorsal foot artery
or anterior tibial artery as the supply artery for the lower
extremity. Two accompanying veins were anastomosed
in all flaps. All arteries and veins underwent end-to-end
anastomosis.

Results

The skin artery perforator was located in the medial
femoral condyle plane, in front of the SV trunk, in all
specimens. Both the skin artery perforator and the

Table 1 Patient demographics, injury cause, recipient site, and
recipient vessel

Characteristic Recipient vessel Result
(%)
Sex
Male 24 (774)
Female 7(226)
Mean age +SD, yrs. 309+153
Smoking 6(19.4)
Injury causes
Machine injury 16 (51.6)
Traffic accident 13 (41.9)
Burn 2 (6.5)
Trauma types
Skin defect of the foot Arteriae dorsalis pedis 14 (45.2)
Skin defect of the hand Radial artery or its 9(29.0)
branch
Thumb distal-segment defect  Radial artery 2 (6.5)
Bone-skin defect of the distal ~ Arteriae tibialis anterior
tibia
Tendon exposure of the wrist ~ Radial artery
Bone-skin defect of the Arteria radialis
forearm
Bone-skin defect of the first Arteriae dorsalis pedis 1 (3.2)
metatarsal
Femoral head necrosis Ascending branch of 1(3.2)

the lateral circumflex
femoral artery

osteoarticular artery branches originated from the DGA.
Except for one SA that originated later than the skin
artery perforator, all others originated from the proximal
DGA. The average distance between the DGAP and the
SV was 3.5610.53 cm (range: 2.9-4.1 cm).

Patient demographics, injury cause, recipient site, and
recipient vessel are summarized in Table 1. The aver-
age operative time was 3.2 h (range: 2.5-5.0 h), and
the average hospitalization time was 18.6 days (range:
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15-35 days). Intraoperatively, the mean pedicle length
was 76.1£17 mm. The average arterial diameter was
2.6+0.5 mm, and the average venous diameter was
2.71£0.7 mm. The mean flap area at the donor site was
5.2%10.3 cm. The average distance between the DGAP
and the SV was 3.71+0.38 c¢cm (range: 2.9-4.3 cm).
Table 2 presents the DGAP flap-related data. The average
follow-up time was 11.23 months (range: 6—48 months).
Thirty flaps completely survived, while one flap experi-
enced partial necrosis but healed after two weeks of skin
grafting. Six patients treated with skin—bone chimeric
flaps showed healing on X-ray examination three months
postoperatively. Five patients received free skin grafting
in the donor area, while others underwent direct suture
and healed with linear scars. Eight patients underwent
skin flap thinning three to twelve months after surgery
and experienced complication-free healing. All patients’
donor areas healed without numbness.

Clinical cases

Case 1

A 46-year-old female presented with right thumb III
defects, soft-tissue defects in the proximal part of the
thumb, and exposed phalangeal bone (Gustilo IIIb). The
patient underwent emergency debridement and negative
pressure drainage using a vacuum-assisted closure (VAC)
device. Five days after injury, the terminal thumb was
reconstructed, and the proximal phalangeal wound was
covered with a DGA skin—bone chimeric flap without the
SV. The DGA was anastomosed to the radial artery intra-
operatively. The bone graft was fixed with a hollow screw
and a Kirschner wire. Internal fixation was removed six
months after surgery. The final appearance and function
of the affected thumb and bony union are shown in Fig. 4.

Table 2 Descending genicular artery perforator flap-related data

Features Result(%)
n 31(100)
Type of flap

Skin flap 25(80.6)

Osteocutaneous chimeric flap 6(19.4)
Nerve

Including medial femoral cutaneous nerve 10(32.3)

Excluding medial femoral cutaneous nerve 21(67.7)
Donor site

Direct suture 26(83.9)

Skin grafting 5(16.1)
Pedicle length +SD, mm 76.1+17.0
Arterial diameter+SD, mm 26+05
Venous diameter +SD, mm 27107
Flap size

Width+SD, cm 52+17

Length+SD, cm 103+32
Distance between SP-p and S-p£SD, cm 3.71+038
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Case 2

A 53-year-old female presented with an open fracture
(Gustilo IIIb) on her right forearm caused by a machine
injury. After emergency debridement and external fixa-
tion, soft-tissue and bone defects were covered using a
VAC device for closed negative pressure drainage. A sec-
ond debridement was performed, and the VAC device
was replaced before the defect was repaired with a DGAP
flap without the SV nine days after injury. The DGA was
anastomosed to the radial artery intraoperatively. Ulnar
and radial fractures were fixed using plates, and external
fixation was retained. After three months, external fixa-
tion was removed, and flap thinning and tendon release
were performed. The final function of the affected limb
and bony union are shown in Fig. 5.

Case 3

A 16-year-old patient presented with femoral head
necrosis (ARCO stage III) one year after internal fixa-
tion for a femoral neck fracture. After completing CTA
and other examinations, we proceeded with core decom-
pression combined with chimeric DGAP flap transplan-
tation. During the operation, the DGA was anastomosed
to the ascending branch of the lateral circumflex femoral
artery. Additionally, we implanted the removed femoral
head bone into the defect at the flap donor site. Regular
postoperative follow-up was conducted for four years to
assess the function and images of the affected limb, as
shown in Fig. 6 and Supplemental Digital Content 1.

Discussion

In this study, no communicating branch was found
between the SV and the descending genicular vein, indi-
cating that the flap does not require the SV trunk. The
average distance between the descending genicular artery
perforator and the SV was 3.71+0.38 cm (range: 2.9—
4.3 cm). All flaps of the 31 patients survived without any
venous crisis, suggesting that the DGAP flap can survive
solely by utilizing the descending genicular artery (DGA)
and vein, without the SV. This study demonstrated posi-
tive outcomes in treating avascular necrosis of the fem-
oral head using the chimeric DGAP flap. The findings
suggest that the chimeric flap holds promise as a poten-
tial donor for bone graft treatment in cases of femoral
head necrosis.

A digital technique was used preoperatively to design
an SA flap for six patients, but the range of the flap inci-
sion affected knee joint flexion and extension. Previously,
some authors [16] attempted to use bone wax to simulate
the size and shape of the skull defect area for effective use
of the DGA bone flap, but this was not accurate enough.
Recently, some experts [17] have employed 3D printing
technology to create a model similar in shape to the bone
defect area. While this helped in accurately harvesting
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Fig.4 Case 1. Bone and skin defect of the right thumb before reconstruction (a, b). Preoperative plan of the chimeric DGAP flap using Mimics 20.0 with
CTA data. The saphenous vein (yellow arrow) (c). Intraoperative photograph shows that the saphenous vein (yellow arrow) was preserved in the donor
site (d), and the chimeric DGAP flap was harvested (e). Postoperative CTA of the recipient area, SB, skin artery branch, and OB (f). Radiograph of the same
hand showing bony union 72 months after reconstruction and screw removal (g). Final outcome of the same thumb after reconstruction with a satisfac-
tory appearance (h)

the free MFCF during surgery, it did not assist in sepa-
rating the most critical vascular perforator. In this study,
we used Mimics 20.0 software to preoperatively simulate
the shape of the flap or chimeric flap. We analyzed the
vascular variation and anatomical relationship, provid-
ing guidance for flap harvesting. The largest successfully
harvested free bone flap had an area of 5.0x1.5X1.5 cm
(Case 2).

An early report [2] of the free SA flap suggested that it
was necessary to cut the sartorius muscle to protect the
artery perforator. However, DGAP flap harvesting with-
out the SV can preserve the saphenous nerve, the SV, and
the adjacent muscles of the knee joint. The skin branch is
a direct cutaneous perforator that can be separated using

a tourniquet. During surgery, the main trunk of the SV and
other adjacent vessels can be easily protected. Cutaneous,
muscular, and osteoarticular DGAPs can be used to form
the chimeric tissue flap for repairing open bone defects,
which can control local infection. This is recommended
as the preferred free bone graft donor area for small bone
defects [6, 18—20]. Satisfactory results were obtained using
DGAP osteocutaneous flaps to treat 6-cm radial bone
defects and thumb III defects. While some authors have
used the lateral upper arm flap with a humeral external
condyle bone graft to repair thumb defects [21], the lateral
upper arm osteocutaneous flap is smaller than the DGAP
osteocutaneous flap, and the DGAP donor area is more
concealed. The free DGAP bone flap has also been used to
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Fig.5 Case 2. Bone and soft-tissue defect of the right forearm after trauma (a, b). Preoperative plan of the DGAP flap without saphenous vein (c). Intraop-
erative picture shows that the saphenous vein (yellow arrow) was preserved (d). The harvested chimeric DGAP flap with the pedicle (e). After a follow-up
period of 12 months, radiology showed a bony union (f). Final appearance of the donor site (g). Maintenance of finger motion and hemi- chimeric fist (h, i)

repair thumb osteomyelitis and nonunion [8, 19]. In this
study, the soft-tissue defect was treated with full-thickness
skin grafting on the bone flap, and the chimeric flap was
used to repair the composite tissue defect.

Necrosis of the femoral head is a long-term complica-
tion of femoral neck fracture [22]. Currently, the main
methods for vascularized bone graft include the use of
a free vascularized fibula, free vascularized iliac bone,
or a pedicled iliac bone flap [23, 24]. However, the fibula
graft carries the risk of sural nerve injury and secondary
ankle deformity [25], while the iliac graft has the poten-
tial for anterolateral femoral cutaneous nerve injury and
subcutaneous hematoma [26]. In this study, we employed
the descending genicular artery perforator chimeric flap
without the saphenous vein to treat a patient with ARCO
stage III femoral head necrosis (Case 3). The patient
underwent regular follow-up for four years post-surgery,
and it was observed that the progression of avascular
necrosis of the femoral head had halted, with an excel-
lent Harris score. The advantage of this osteocutaneous

flap is that it causes less damage to the donor site. More-
over, when using the flap for bone grafting, it can act as
a monitor to reflect the blood supply of the transplanted
bone within the femoral head. There has been no similar
report in the previous literature on DGA flaps [18, 27].
Multiple studies have indicated that MCFC flaps are
associated with low donor site morbidity rates, although
complications like chronic knee pain and paresthe-
sia can still arise [28, 29]. In our research, efforts were
made to preserve the main trunk of the SV, the saphe-
nous nerve, and the muscles surrounding the knee joint
as much as possible during DGAP flap harvesting. This
approach was designed to minimize any negative effects
on the function and appearance of the knee in the donor
region. During the follow-up period, temporary swelling
was observed and attributed to excessive suture tension.
Therefore, based on our cadaveric anatomical studies
and clinical statistical results, we suggest it is necessary
to limit the flap width to within 7 cm and to consider a
BMI>28 as a contraindication for this flap. Patients in
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Fig.6 Case 3. Anteroposterior radiograph of the pelvis shows cystic degeneration (yellow arrow) in the femoral head(a).Intraoperative picture shows the
harvested chimeric DGA flap with the pedicle(b). Postoperative CTA showed that the vascular anastomosis of the flap(yellow arrow) was unobstructed(c).
After a follow-up of 48 months, there is no abnormality in the shape of the femoral head and the cystic degeneration has disappeared. (d, e). Final ap-
pearance of hip range of motion (f)

the study did not report any long-term discomfort, such
as knee pain or skin numbness, after the repair. However,
the thickening of subcutaneous fat at the donor site pre-
sented a challenge in distinguishing between SB and flap
thinning. Although no complications were observed in
this study, previous research noted femoral fractures in
the donor region after harvesting DGAP bone flaps [30,
31]. We consequently recommend considering allograft
or artificial bone transplantation in the donor region and
promoting the use of crutches or a walker to bear weight
for 2—3 months post-surgery.

This research has two limitations. Firstly, it is a retro-
spective study with a small number of patients. Although
our case series is limited by a small sample size, it high-
lights the potential utility of the DGAP chimeric flap
without the saphenous vein for locoregional reconstruc-
tion. Secondly, the surgery has a long learning curve due
to the various anatomical variations in the branches of
the descending genicular artery.

Conclusion

The main trunk of the SV can be preserved during DGAP
flap harvesting, causing less damage to the donor site
and having no effect on flap survival. Attention should

be paid to protecting the SV when the distance between
the posterior edge of the flap and the skin branch exceeds
3.7 cm. DGAP flaps without the SV are suitable for
repairing skin-bone composite tissue defects, such as
thumb IIT defects. This chimeric flap is expected to be a
potential donor for the treatment of avascular necrosis of
the femoral head.
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DGA Descending Genicular Artery

DGAP  Descending Genicular Artery Perforator
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VAC Vacuum-Assisted Closure
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SB Skin Branch

CTA Computed Tomography Angiography
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