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Abstract 

Background Application of the thoracodorsal artery perforator (TDAP) flap is known to be a popular and reliable 
method for extremity reconstruction. This manuscript presents our clinical outcomes in reconstructing soft tissue 
defects using simple and advanced TDAP flaps.

Methods From 2013 to 2022, 53 patients with a mean age of 23 years (ranging from 2 to 72 years) underwent recon-
structive surgery with different patterns of free TDAP flaps, including chimeric TDAP flaps, double skin paddle TDAP 
flaps, flow-through TDAP flaps, conjoined TDAP flaps, and microdissected debulking TDAP flaps.

Results All TDAP flaps survived. The size of the TDAP skin paddle ranged between 5 × 3 and 25 × 10  cm2. Primary 
closure of the donor site was achieved in all patients in the simple application group, and one patient in the advanced 
application group underwent partial skin grafting. Partial flap loss occurred in one case in the simple TDAP flap group 
and four cases in the advanced application group. There was one case of flap bulkiness and two cases of scar hyper-
plasia in the simple TDAP flap group. The mean follow-up duration was 11 months (4–46 months).

Conclusions The free TDAP flap, with five types of advanced applications, makes it versatile for reconstructing dif-
ferent kinds of soft tissue defects of the extremities that can be used to achieve individualized defect reconstruction, 
minimize donor site morbidities, and an aesthetic appearance.
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Introduction
Complex defects of the extremities frequently arise in 
clinical settings and are generally caused by trauma, 
lesion resection, and congenital abnormalities [1–4]. 
With the development of the perforator flap, recon-
structive surgeons pursue not only flap survival but also 

improved appearance of the recipient site and reduced 
damage to the donor site [5–7]. Regarding different 
wounds, featureless flap transplantation is no longer 
performed. More appropriate donor sites are individu-
ally selected and the flap design is optimized for wound 
repair according to the defect characteristics.

The anterolateral thigh (ALT) flap has always been 
a classic flap in soft tissue reconstruction, which can 
provide a large area of skin and muscle with con-
stant anatomy and reliable blood supply [8–10]. How-
ever, when the patient is overweight, the harvested 
skin flap is usually thick and unsuitable for covering 
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superficial wounds on the limbs. Additionally, scarring 
on the thigh is not aesthetically pleasing, especially for 
women. Therefore, the thoracodorsal artery perforator 
(TDAP) flap is a suitable alternative as it comes from a 
more hidden area.

The TDAP flap is also commonly used to repair soft 
tissue defects of the extremities and was first reported 
by Angrigiani in 1995 [11]. It was soon widely applied 
because of its advantages, such as the hidden donor site, 
convenient flap harvesting, and constant anatomy [12–
15]. In this paper, we reported our clinical outcomes of 
reconstructing different wounds of the extremities with 
different applications of TDAP flaps from simple to five 
types of advanced patterns.

Patients and methods
Patients
This retrospective study enrolled 53 patients aged 
between 2 and 72  years (25 males and 28 females) who 
underwent reconstructive surgery with different types 
of TDAP flaps from January 2013 to December 2022. 
The cause of injury or etiology included traffic accident 
(n = 24), machine injury (n = 12), scar release (n = 7), 
chronic ulcer (n = 5), tumor resection (n = 4), and explo-
sive injury (n = 1). The defect sites were located on the 
limbs and trunk. The detailed patient characteristics are 
listed in Table 1.

The same surgical team performed all operations. All 
patients and their families provided written informed 
consent. Ethics approval was obtained from the local eth-
ics committee.

Surgical methods
Preoperatively, computed tomography angiography 
(CTA) was conducted in all patients to map the perfora-
tors. A handheld Doppler probe was applied to locate the 
perforators.

The TDAP flap was harvested as described in our pre-
vious study [16, 17]. Briefly, a paper template was tailored 
according to the shape of the skin defects after radi-
cal debridement. The design of the flap was outlined on 
the thoracodorsal site based on the perforators detected 
preoperatively. The flap was then elevated from the lat-
eral border. The main perforator was defined during 
dissection above the deep fascia. Then, the perforator 
was retraced back to the main trunk of the thoracodor-
sal artery (TDA) and dissected at the proper position 
according to the needed pedicle length.

The following five advanced patterns of TDAP flaps 
can be harvested according to the defect characteristics 
(Fig. 1).

The chimeric TDAP flap
This flap consists of a TDAP skin paddle and a latissi-
mus dorsi muscle paddle supplied by the independent 
branches of the TDA, and the flap can be revascular-
ized by anastomosing a group of pedicles. It is suitable 
for repairing defects with deep dead space. During the 
dissection of the perforators, the thick muscle branch is 
retained, and the muscle paddle is harvested to an appro-
priate size. Then, the muscle branch is retraced to the 
main trunk of the TDA.

The double skin paddle TDAP flap
This flap consists of two separate skin paddles nourished 
by independent perforators of the TDA, and the blood 

Table 1 Patient characteristics

TDAP thoracodorsal artery perforator
a Some patients received more than one advanced application

Variable Value (%)

No. of patients 53

Age (year)

 Mean 23

 Range 2–72

Sex

 Male 25 (47)

 Female 28 (53)

Etiology

 Traffic accident 24 (45)

 Machine injury 12 (23)

 Scar release 7 (13)

 Chronic ulcer 5 (9)

 Tumor resection 4 (8)

 Explosive injury 1 (2)

Defect location

 Upper arm and forearm 5 (9)

 Hand and wrist 11 (21)

 Thigh and lower leg 20 (38)

 Foot and ankle 17 (32)

Type of TDAP flap

Simple application 17 (32)

Advanced  applicationa 36 (68)

 Chimeric 30 (70)

 Microdissected debulking 6 (14)

 Flow-through 4 (9)

 Double skin paddle 2 (5)

 Conjoined 1 (2)

Follow-up month (month)

 Mean 11

 Range 4–46
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supply can be restored by anastomosing a set of pedicles. 
Two main perforators in each paddle are dissected to 
the TDA trunk. For two adjacent defects, two skin pad-
dles can cover the defects separately. For a wide defect, 
two paddles can be well-designed, harvested, and sutured 
together to conform to the shape of the defect.

The flow‑through TDAP flap
The T-shaped pedicle is the main feature of this flap. Spe-
cifically, the subscapular artery and circumflex scapular 
artery are ligated and cut off at the proper position and 
separately anastomosed to the proximal and distal ends 
of the recipient vessels. This flap is suitable for wounds 
with primary segmental vascular defects.

The conjoined TDAP flap
This flap consists of an overlength TDAP flap harvested 
exceeding the angiosome of the TDA. To ensure flap 
survival, the perforator of the corresponding angiosome 
must be carried and reconstructed. The conjoined TDAP 
flap has two pedicles, a primary thoracodorsal vascu-
lar pedicle, and an accessory pedicle. In our case of the 

conjoined TDAP flap application, the accessory pedicle 
came from intercostal vessels.

The microdissected debulking TDAP flap
Removing excess subcutaneous adipose tissue from a 
thick flap allows more aesthetic reconstruction. The per-
forators in the superficial fascia are dissected and pro-
tected under a microscope or magnifying glasses, and 
approximately 5  mm of fascia around the perforators is 
preserved.

After harvesting a particular TDAP flap, the flap was 
transferred to the recipient site, and the thoracodorsal 
vessels were anastomosed to the proper recipient vessels. 
The donor site was then closed directly.

Results
A total of 53 patients with a mean age of 23 years (range 
2–72  years) underwent reconstruction with different 
TDAP flap patterns. Of the 53 patients, 17 (32%) were 
treated with a simple TDAP flap, and 36 (68%) were 
treated with an advanced TDAP flap. In some patients, 
more than one advanced pattern was applied. There was 

Fig. 1 Simple and advanced applications of TDAP flap. The simple and five advanced applications of TDAP flap can be harvested according 
to the defect features. TDAP thoracodorsal artery perforator, AA axillary artery, SA subscapular artery, CSA circumflex scapular artery, 
TDA thoracodorsal artery, tTDA transverse branch of TDA, dTDA descending branch of TDA, ICA intercostal artery, p1 primary perforator 
of the thoracodorsal artery, p2 secondary perforator of the thoracodorsal artery, p3 perforator of the intercostal artery, M latissimus dorsi muscle 
paddle
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a total of 30 cases (70%) of chimeric flap use, six cases 
(14%) of microdissected debulking flap use, four cases 
(9%) of flow-through flap use, two cases (5%) of double 
skin paddle flap use, and one case (2%) of conjoined flap 
use (Table 1).

The size of the TDAP skin paddle ranged between 5 × 3 
and 25 × 10   cm2. In the use of chimeric TDAP flaps, the 
size of the latissimus dorsi muscle paddle harvested was 
between 4 × 3 and 16 × 13  cm2. In all patients treated with 
simple TDAP flaps, primary closure of the donor site was 
achieved. Direct closure was not achieved in one patient 
treated with a chimeric and microdissected debulking 
TDAP flap, and this patient underwent skin grafting with 
a graft 5 × 3  cm2 in size (Table 2).

All the different patterns of TDAP flaps survived, but 
partial flap loss occurred in five cases (9%). One case of 
partial flap loss occurred in a simple TDAP flap due to 
the compression of a hematoma and was treated by skin 
grafting. Three cases occurred in the chimeric TDAP 
flaps; one was cured by routine dressing changes, and 
secondary flap transplantation was performed for the 
other two. Another case of partial flap loss occurred in a 
double skin paddle TDAP flap and was treated by dress-
ing changes. In addition, a venous crisis occurred in one 
patient treated with a chimeric TDAP flap, and rescue 
was achieved by surgical exploration.

Long-term complications were observed in three cases 
(6%) of the simple TDAP flaps, including two cases of 

scar hyperplasia and one case of flap bulkiness. Second-
ary surgical flap debulking was performed 4 months after 
the reconstructive operation. Overall, the reoperation 
rate was 9%. The mean follow-up period was 11 months 
(4–46 months).

Case reports
Case 1
A 33-year-old female presented with two adjacent skin 
and soft tissue defects on the medial and lateral sides of 
her right forearm due to a machine injury (Fig.  2A, B). 
Reconstruction was performed using a double skin pad-
dle TDAP flap (Fig.  2C, D), with anastomosis between 
the TDA and the radial artery. The donor site was closed 
directly. The flap survived successfully without compli-
cations. At 4  months postoperatively, both the donor 
and recipient sites presented a favorable appearance 
(Fig. 2E–G).

Case 2
A 25-year-old female suffered a traffic accident. After 
debridement and external fixation of the fractures, the 
patient presented skin defects of the knee and lower 
leg and deep tissue defects of the lateral structures of 
the knee, including the lateral condyle of the femur and 
tibia, iliotibial band, biceps femoris, and fibular collat-
eral ligament. Partial defects of the above structures left 
a deep cavity (Fig. 3A, B). In addition, the patient had a 
thick layer of subcutaneous fat on her back. Therefore, a 
chimeric and microdissected debulking TDAP flap was 
designed according to the characteristics of the defects 
and the donor area (Fig.  3C). The thickness of the flap 
was reduced from 2 to 1  cm by debulking (Fig.  3D, E). 
Then, the flap was raised, and the vascular anastomo-
sis was performed between the TDA and the medial 
sural artery (Fig.  3F). Primary closure of the donor site 
was achieved, and no complications occurred during the 
follow-up period. Five months after surgery, the recipi-
ent and donor areas presented a cosmetic appearance 
(Fig.  3G, H). Functionally, knee stability and walking 
performance exhibited significant recovery at 18 months 
postoperatively (Additional files 1 and 2: Videos 1 and 2).

Case 3
After scar removal and tendon release, a 3-year-old boy 
presented with an overlong skin and soft tissue defect on 
his right hand and forearm (Fig. 4A, B). A flow-through 
conjoined TDAP flap was applied (Fig.  4C). The sub-
scapular artery was anastomosed to the proximal radial 
artery, and the circumflex scapular artery was anastomo-
sed to the distal radial artery. In addition, the intercos-
tal artery in the flap was anastomosed to a branch of the 
TDA as a supercharge. The donor site was closed directly, 

Table 2 Intraoperative and follow-up data

Variable Simple application
n = 17

Advanced application
n = 36

Skin paddle size  (cm2) 5 × 3 to 20 × 7 6 × 3 to 25 × 10

Muscle paddle size 
 (cm2)

– 4 × 3 to 16 × 13

Donor site closure

 Primary closure 17 35

 Partial skin grafting 0 1

Flap-associated complication

 Venous crisis 0 1

 Partial flap loss 1 4

 Total flap loss 0 0

Long-term complication

 Scar hyperplasia 2 0

 Bulky flap 1 0

Secondary procedure

 Vascular exploration 0 1

 Free flap transplanta-
tion

0 2

 Skin grafting 1 0

 Flap debulking 1 0
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Fig. 2 A, B A 33-year-old female presented with two adjacent skin and soft tissue defects on the medial and lateral sides of her right forearm. 
C Flap design of a double skin paddle TDAP flap. D A double skin paddle TDAP flap harvest. E–G Postoperative outcomes at 4 months 
after the reconstructive surgery

Fig. 3 A Large skin defect with deep dead space after debridement and external fixation of the fractures. B Preoperative X-ray photograph. C 
Flap design of a chimeric and microdissected debulking TDAP flap. D, E Flap thickness before and after microdissected debulking. F The harvested 
chimeric and microdissected debulking TDAP flap. G, H Postoperative outcomes of the recipient and donor site at 5-month follow-up
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and the flap survived without complications. One year 
after the surgery, thumb reconstruction was conducted. 
At the final follow-up, the patient and his family were sat-
isfied with the appearance and function of the affected 
areas (Fig. 4D–F).

Discussion
Microsurgery has developed rapidly since Koshima first 
proposed the concept of the perforator flap in 1998 
[18–21]. The goal of reconstructive surgeons has gradu-
ally upgraded from flap survival to aesthetic repair and 
minimal invasiveness. Different defects prompt continual 
consideration of better reconstructive strategies. When 
there are deep tissue defects, simple skin flap cover-
age will leave a dead cavity, resulting in hematoma and 
infection. When a wound is irregular and broad or there 
are two adjacent wounds, a single flap cannot meet the 
demand, while composite flap transplantation is costly 
and time-consuming. When the trauma is severe and 
there is a major segmental vascular defect, whether the 
vascular and soft tissue defects can be reconstructed by 

a simple method simultaneously without vessel grafting 
remains a question. When the patient is overweight, the 
flap is often bloated and seriously affects the appearance. 
These problems cannot be solved by simple perforator 
flap transplantation.

This paper reports our clinical experience in treating 
different wounds with multiple applications of TDAP 
flaps, from simple to five types of advanced patterns. To 
our knowledge, this is the most extensive series describ-
ing the various uses of TDAP flaps. Our results demon-
strated the versatility of clinical applications of TDAP 
flaps with an individualized design and harvest strategy 
according to the different defect features.

The TDAP flap is currently a popular flap in the field 
of reconstruction because of its multiple advantages 
[22–24]. First, the anatomy of the TDA and its perfora-
tors are relatively constant and have a diameter simi-
lar to that of the main vessels of the limbs [25]. Second, 
both the skin and muscle paddle can be harvested in a 
large size. Furthermore, the donor site is hidden and can 
usually be closed directly, thus providing an aesthetic 

Fig. 4 A A 3-year-old male patient suffered a scar contracture on his right hand. B An overlong skin and soft tissue defects after scar removal. C 
A flow-through conjoined TDAP flap harvest. D–F Postoperative outcomes of the recipient and donor site at 23-month follow-up
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appearance and minimizing donor site morbidity [26]. In 
addition, the thoracodorsal nerve can be carried in the 
flap to restore the flap sensory [27]. However, a simple 
TDAP flap cannot solve the abovementioned problems. 
Thus, we summarized five types of advanced patterns of 
TDAP flaps to make the TDAP flap more useful in clini-
cal practice.

The chimeric TDAP flap is created by the simultane-
ous harvest of a skin paddle and either a latissimus dorsi 
muscle paddle, a scapula bone paddle, or a rib bone pad-
dle, all supplied by the TDA [28, 29]. In this study, a chi-
meric TDAP flap with a latissimus dorsi muscle paddle 
was the most commonly used advanced pattern among 
the 36 patients who underwent advanced TDAP flap 
transfer. It has obvious advantages in the treatment of 
wounds with deep tissue defects. Specifically, the skin 
paddle can cover superficial defects, and the muscle pad-
dle can fill dead spaces. In this way, skin and deep tissue 
defects can be repaired simultaneously by anastomosing 
a group of blood vessels. In addition, the latissimus dorsi 
muscle has an abundant blood supply and a good capac-
ity to resist infection [30]. Additionally, the muscle pad-
dle can be accurately harvested according to the size of 
the dead space, which not only improves the quality of 
recipient site repair but also preserves the integrity of the 
latissimus dorsi to the greatest extent possible. Using a 
chimeric TDAP flap, the damage to the donor site is less 
than that of a traditional latissimus dorsi flap.

The double skin paddle TDAP flap consists of two dis-
tinct skin paddles, each nourished by independent perfo-
rators originating from the TDA and connected through 
the same TDA pedicle [31, 32]. This flap is suitable for 
reconstructing two adjacent wounds or wounds that are 
irregular and broad, which can be repaired by appropriate 
design, harvest, and recombination of the two paddles to 
conform to the shape of the defect. Meanwhile, primary 
closure of the donor site can be achieved. Notably, preop-
erative CTA or Doppler examination is necessary to map 
the perforators and avoid blind surgical procedures.

By applying a flow-through TDAP flap with a T-shaped 
pedicle, the subscapular artery is anastomosed to the 
proximal recipient artery, and the circumflex scapular 
artery is anastomosed to the distal recipient artery to 
reconstruct blood flow and avoid sacrificing the main 
blood vessels of the recipient site [33, 34]. This flap can 
be used for soft tissue defects with primary segmental 
vascular defects. In addition, the circumflex scapular 
artery can be anastomosed to a second flap to connect 
two flaps and achieve reconstruction of a larger area. Pre-
operative CTA examination is also helpful in this context 
to exclude vascular variation.

In the conjoined TDAP flap, the length of the skin flap 
exceeds the nourishing capacity of the angiosome of the 

TDA, necessitating an additional perforator from the 
corresponding angiosome to ensure flap survival [35, 36]. 
This flap is suitable for overlength or annular defects in 
the extremities. Notably, when only one group of ves-
sels can be used for reconstruction at the recipient site, a 
flow-through conjoined TDAP flap whose proximal end 
should be anastomosed to the recipient vessels and dis-
tal end to the accessory pedicle should be harvested. If 
two groups of available recipient vessels exist, anastomo-
sis with the primary and accessory pedicles can be per-
formed separately.

For microdissected debulking TDAP flaps, the sub-
cutaneous adipose tissues of the flap are removed while 
protecting the perforators in the superficial fascia and the 
dermal vascular network under the microscope [37]. This 
flap is suitable for overweight patients who suffer superfi-
cial skin and soft tissue defects of their limbs. In this way, 
an aesthetic and satisfied appearance can be achieved, 
and secondary debulking surgery can be avoided. How-
ever, dissecting the perforators within the superficial fas-
cia is time-consuming and carries the risk of perforator 
injury.

In many situations, satisfactory reconstruction can be 
achieved by applying or combining five advanced forms 
of TDAP flaps after careful analysis of the defect fea-
tures. For example, in case 2 in our study, we applied a 
chimeric and microdissected debulking TDAP flap. The 
muscle paddle filled the deep dead space, and the thin-
ner skin paddle improved the appearance of the recipient 
area. Meanwhile, only one group of vessels needed to be 
anastomosed.

In our study, the overall complication rate was 17% 
(9/53). The rate of flap-associated complications was 
11% (6/53), which could potentially be attributed to the 
severity of the defects, compromised vascular conditions, 
and the intricate nature of the surgical procedures. In the 
previous study, Guerra et  al. [38] reported their experi-
ence using a free TDAP flap for soft tissue reconstruc-
tion, with a total complication rate of 29% (5/17) and a 
flap-associated complication rate of 12% (2/17, one case 
of flap loss and one case of partial loss). Kim et  al. [39] 
reported 11 cases of free TDAP flap transplantation using 
their defatting technique with good results, in which two 
patients with a history of diabetes developed partial flap 
loss (2/11). In this study, the three cases of long-term 
complications occurred in the simple TDAP flaps, which 
may indicate the superiority of the advanced applications 
of TDAP flaps.

There are some limitations to the applications of 
TDAP flaps. First, the pedicle length is usually not long 
enough. Second, the TDA mostly has only one accom-
panying vein. When a large flap is transplanted, there is 
a risk of insufficient venous return, so an additional set 
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of superficial veins needs to be anastomosed. In addi-
tion, the body position may need to be changed during 
the operation. Additionally, it is technically demanding to 
apply advanced TDAP flaps.

This study also has several limitations. The small num-
ber of patients treated with advanced patterns of TDAP 
flaps limits the ability to identify the associated complica-
tions and risk factors. Another limitation is the absence 
of a control set of patients. For instance, we did not 
compare the TDAP flap to other flaps to reconstruct the 
different defects. Additionally, there is a lack of stand-
ardized postoperative functional assessments. However, 
our growing experience with the five advanced patterns 
of the TDAP flap has led to broader indications for the 
TDAP flap in reconstructing soft tissue defects with dif-
ferent features.

Conclusions
The free TDAP flap with five types of advanced applica-
tions is a versatile tool for reconstructing different kinds 
of defects in extremities. The chimeric TDAP flap is suit-
able for wounds with deep tissue defects. The double skin 
paddle TDAP flap is suited for repairing two adjacent 
or irregular, wide wounds. The flow-through TDAP flap 
can be used for injuries with major segmental vascular 
defects. The conjoined TDAP flap is suitable for over-
length or annular wounds of the extremities. The micro-
dissected debulking TDAP flap is appropriate to cover a 
superficial wound that requires a thin skin paddle. These 
procedures can be used to achieve individualized defect 
reconstruction while minimizing donor site morbidities 
and leading to an aesthetic appearance in both recipient 
and donor areas.
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TDAP  Thoracodorsal artery perforator
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