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INTRODUCTION

The latissimus dorsi (LD) muscle flap was first described by 
Tansini in 1906 [1]. According to Maxwell [2], it was used in 
Europe between 1910 and 1920. Use of the flap, however, large-
ly remained dormant in the literature until it was described for 
breast reconstruction in combination with an implant by 
Schneider in 1977 [3]. The original myocutaneous flap design 

was later extended for complete autologous reconstruction by 
including larger amounts of subcutaneous fat as described by 
Hokin [4], resulting in the so-called extended LD (ELD) flap.

An increased focus on donor site morbidity and preservation 
of function, as exemplified by the evolution of Hartrampf ’s 
transverse rectus abdominis myocutaneous (TRAM) flap to 
Holmström’s free abdominoplasty flap and later Allen’s fasciocu-
taneous deep inferior epigastric artery perforator (DIEP) flap, 
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has also influenced views on the classical LD flap design [5-7]. 
Tobin initiated this era in the 1980s, when tailoring the LD flap 
and other muscle flaps using only segments of the muscle, leav-
ing functional muscle behind, and Maruyama described that us-
ing the horizontal section of the muscle enabled a fasciocutane-
ous extension to diminish flap bulkiness [8,9]. 

Inspired by the above innovations, the “latissimus dorsi flap 
without muscle” was described in 1995 [7]. This was the first 
thoracodorsal artery perforator (TDAP) flap. Since then, several 
different variations of the original TDAP technique have been 
described. Along with this development, different versions of a 
muscle-sparing LD (MSLD) flap and different designs of a pro-
peller TDAP flap have been presented [7-13]. 

The transition from the TRAM flap to the DIEP flap, as well 
as the transition from the LD flap to the TDAP flap, is exempli-
fied in publications by Nahabedian et al. [14] and Hamdi et al. 
[9] describing the selection criteria of the different procedures.

The TDAP flap and its variations can all be considered modi-
fications or improvements of the original LD myocutaneous 
flap [10,15]. This development can be attributed to the perfora-
tor flap techniques, where some of the cutaneous branches of 
the thoracodorsal artery (TDA) are identified and dissected 
from the muscle, resulting in a cutaneous paddle [7]. The ad-
vantages and disadvantages of this technique have previously 
been described in the literature [9,12,16]. 

The common denominator for these flaps is that they are all 
variations of pedicled TDA flaps, which can be used for breast 
reconstruction. The flaps are not identical, but they can be con-
sidered a surgical “finesse” of the same procedure. The indica-
tions for use of the different TDA flaps are thus not the same. 
Surgeons tend to focus on patient selection for specific proce-
dures. However, the different types of TDA flaps should, per-

haps, be selected based on the patient instead—that is, a proce-
dure should be selected for a specific patient. 

The aim of this paper and review is to present our clinical ex-
perience and recommendations for procedure selection when 
applying TDA-based flaps for breast reconstruction. 

OUR EXPERIENCE USING TDA FLAPS

We present a review of the literature combined with a retrospec-
tive review of data on women undergoing breast reconstruction 
with different TDA flaps performed in Denmark, Norway, and 
Argentina over a 20-year period between 1998 and 2018. The 
data from Argentina were approved by the Ethics Committee of 
Instituto Oncológico Henry Moore (IRB No. HM-12008). The 
Scandinavian data are a compilation and summary of previously 
published data and derive from a study approved by the Danish 
Committee on Health Research Ethics (S-20120207) [10,15, 
17]. The data and images presented in this paper are published 
with consent of the involved patients. Based on our experience, 
we describe our criteria for procedure selection and indications.

Surgical technique
The classic TDAP flap 
The cutaneous paddle of the TDAP flap is dissected entirely of 
the underlying muscle, followed by the dissection of one or more 
perforators through the muscle to the thoracodorsal bundle [7]. 
The classical TDAP flap is illustrated in Fig. 1, showing the vas-
cular-pedicled flap. The classical TDAP flap is associated with 
very few complications/comorbidities, when raised correctly. 
However, dissection of the flap is challenging, and flap loss is a 
possible major complication. If the length of the vascular pedicle 
is sufficient, there is no need to divide the thoracodorsal vessels 

Fig. 1. The classical TDAP flap 

Illustration of the classical thoracodorsal artery perforator (TDAP) flap raised on the vascular pedicle. 
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for additional lengthening. However, division of the vascular 
bundle is often needed if the flap reaches the medial part of the 
breast. This should be done without causing damage to the tho-
racodorsal nerve. 

The propeller TDAP flap
The propeller TDAP flap is a simplified TDAP procedure 

where dissection around the perforator is more limited [10-
13,18]. The skin island is still dissected of the underlying mus-
cle, but only until the flap can be turned as a propeller. The loca-
tion where the perforator pierces the muscle fascia is the turning 
point (Figs. 2, 3). The propeller TDAP flap is illustrated in Fig. 
4, showing the flap rotated around the perforator to the anterior 
part of the thorax. The main complications are venous conges-

Fig. 2. Raising the propeller TDAP flap

Fig. 3. Reconstruction with implant and propeller TDAP flap 

Delayed breast reconstruction with a 
propeller thoracodorsal artery perfo-
rator (TDAP) flap. (A) Drawings, (B) 
identification of the perforator, (C) 
raising the flap, and (D) closure of the 
donor site. 

(A) The propeller thoracodorsal artery 
perforator (TDAP) flap raised and 
ready for reconstruction. (B) The re-
cipient site/flap raised including skin 
and pectoralis major muscle. (C) The 
TDAP flap placed in the inframamma-
ry crease. (D) The completed recon-
struction using a TDAP flap and an 
implant.

B

B

D

D

A

A

C

C
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tion in the third angiosome when harvesting a large flap, and the 
risk of general venous congestion due to compromised venous 
outflow at the turning point of the perforator. The flap can be 
augmented in several ways, including by an implant (Fig. 3) or 
by fat grafting (Fig. 5). The propeller TDAP flap can be either 
perforator-pedicled or subcutaneous-pedicled [19]. 

 
The MSLD flap
The MSLD flap is raised with the vertical and anterior part of 
the LD muscle, containing the descending branch of the TDA, 
included in the pedicle. The MSLD flap is illustrated in Fig. 6, 

showing the flap with its pedicle in the anterior vertical part of 
the LD muscle, including the vertical branch of the thoracodor-
sal vessels and adjacent perforators. The flap reach is almost the 
same as that of the classical TDAP flap. Distal venous conges-
tion in the third angiosome can pose a problem. In theory, using 
the flap may lead to LD muscle function morbidity. However, 
the literature related to this is scarce. The skin paddle can be 
placed in various locations on the back, as long as its basis is 
placed on top of a sizable portion of the muscle pedicle, includ-
ing one or more perforators. The MSLD flap can be viewed as a 
muscle-pedicled propeller flap [19]. 

Fig. 4. The propeller TDAP flap

Illustration of the propeller thoracodorsal artery perforator (TDAP) flap, rotating the flap around the perforator. 

Fig. 5. Propeller TDAP reconstruction combined with fat grafting

Breast reconstruction with a propeller 
thoracodorsal artery perforator (TDAP) 
flap in combination with fat grafting. 
(A, B) Prior to mastectomy of left breast 
and prior to mastopexy of right breast. 
(C, D) After left-sided mastectomy and 
reconstruction with propeller TDAP 
flap and fat grafting and after right-
sided mastopexy.

B

D

A
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The conventional LD flap
The conventional LD flap is raised as a skin paddle carried on 
the entire underlying LD muscle. The muscle is released from 
its insertions on the trunk and often, to increase its reach, from 
its insertion on the humerus. The LD flap is illustrated in Fig. 7, 
showing the flap with the LD muscle as its pedicle. This flap is 
associated with shoulder and arm morbidity, as well as seroma 
formation at the donor site. The thoracodorsal nerve can either 
be left intact or divided. If it is left intact, there is a potential risk 
of breast animation deformity, and if it is divided, the muscle 
will undergo atrophy over time. 

The ELD flap
The ELD flap and the conventional LD flap are raised in the 
same manner, but the extended version contains a maximum 
amount of subcutaneous soft tissue on top of the LD muscle 

[20-22]. The ELD flap is illustrated in Fig. 8, showing the flap 
with the LD muscle, including the subcutaneous fat, as its pedi-
cle. This flap is associated with shoulder and arm morbidity, as 
well as seroma formation at the donor site. The contour of the 
back/donor site is affected by the missing soft tissue. When us-
ing the ELD flap, there seems to be an increased risk of wound 
dehiscence and prolonged healing at the donor site. The mark-
ings for the maximal-sized skin island are based on experience 
and pinch tests. The skin island can be placed in different posi-
tions according to preference. However, if the paddle is located 
on the cranial part of the muscle, the attachment to the humerus 
must be divided for better reach. As with the other TDA flaps, 
the ELD flap can be combined with fat grafting (Fig. 9). The 
fascia of Scarpa should be preserved for closure of the donor site 
if possible.

Fig. 6. MSLD breast reconstruction with implant

Fig. 7. LD breast reconstruction with implant

Illustration of the muscle-sparing latissimus dorsi (MSLD) flap transposed on the muscle pedicle, including the descending branch of the thora-
codorsal vessels. 

Illustration of the latissimus dorsi (LD) flap showing the utilization of the whole LD muscle as the pedicle and for reconstruction. 
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Indications and procedure selection
The TDAP, propeller TDAP, and MSLD flaps 
The muscle-sparing versions of the TDA flaps (TDAP flap, pro-
peller TDAP flap, and MSLD flap) are generally indicated in 
cases when preservation of LD muscle function is desired. 
These flaps can be applied in women who require moderate 
amounts of soft tissue transfer and when one or more suitable 
perforators can be identified. There are, however, different ad-
vantages and disadvantages to be considered for each design.

The classic TDAP flap should only be applied when a sizable 

perforator of the TDA is present and when the surgeon is sure 
that the perforator can safely be dissected through the muscle to 
the feeding vessels without compromising the blood flow.

The propeller TDAP flap can be applied as an alternative in 
most cases where perforator(s) can be identified, regardless of 
the size. Identification can be done safely either freestyle or pref-
erably targeted by color Doppler ultrasonography (CDU) [10, 
11,13,16,18]. 

Both the conventional and propeller TDAP flaps are normally 
combined with an implant for sufficient reconstruction of the 

Fig. 8. ELD flap breast reconstruction

Illustration of the extended latissimus dorsi (ELD) flap, where the maximum amount of fat is harvested with the latissimus dorsi flap for total re-
construction. 

Fig. 9. ELD flap reconstruction with fat grafting

Picture showing the drawings for an 
extended latissimus dorsi (ELD) flap 
harvested with fat, the combination 
with fat transplantation for added 
volume, and the reconstructed breast. 
(A) The markings of the ELD flap. (B) 
The ELD flap raised with maximum 
amount of tissue. (C) Fat grafting of 
the ELD flap. (D) The breast recon-
structed with an ELD flap combined 
with peroperative fat grafting.

B

D

A

C
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breast contour, but in select cases these flaps can be used for a 
total autologous breast reconstruction [16], in combination 
with a free TDAP flap as stacked flaps or together with fat graft-
ing (Fig. 5). 

The MSLD flap is indicated in more complex cases, with lim-
ited radiation damage and acceptable skin flap thickness in the 
recipient area. The flap can be used as an alternative to the pro-
peller TDAP flap to ensure sufficient perfusion of the flap [12]. 
The MSLD flap is chosen instead of in the other muscle-sparing 
flaps in the following cases: (1) When the perforator(s) are 
small; (2) When the surgeon is uncertain whether the perfora-
tors can be identified and dissected sufficiently; (3) When the 
design of the skin paddle cannot be placed on the area of a siz-
able perforator of the descending branch of the TD vessels; (4) 
When previous surgery has left a scar that involves the vascular-
ization of the first perforator; (5) When an alternative perfora-
tor cannot be identified in a relevant location by CDU; or (6) 
When the skin island is harvested for nipple-areolar complex re-
surfacing only, and the pedicle must be placed distal to the area 
where the first perforator pierces the fascia.

The LD flap and ELD flap
The full LD flaps are indicated in cases with severe radiation 
damage and/or very thin skin in the recipient area. In these cas-
es, the additional vascularized soft tissue provided by the muscle 
is required for sufficient coverage of the implant.

Some patients opt for LD reconstruction rather than a perfora-
tor flap. In women who actively engage in sports, we aim to leave 
the muscle function intact and advise the use of perforator-
based flaps due to the risk of shoulder and arm-related morbidi-
ty following LD flap harvest [15,20]. 

The ELD flap can be indicated/selected in women with a high 
body mass index (BMI) and localized fat deposits in the back 
[20] where other reconstructive options are less favorable [21]. 
Harvest of the flap does, however, come with a risk of donor site 
seroma. 

Augmentation of TDA flaps
Any of the TDA flaps can be augmented by adding an implant, by 
adding an additional perforator flap, pedicled or free, as stacked 
flaps, and/or by combining the procedure with fat grafting. 

OUR EXPERIENCE USING TDA FLAP 
BREAST RECONSTRUCTIONS

A retrospective review of our own experience using TDA flaps 
included 491 cases of breast reconstruction in women with TDA 
flaps conducted over a 20-year period. In total, we performed 

574 TDA flaps in 491 patients (408 unilateral cases and 83 bilat-
eral cases). The procedures included 60 ELD flaps (10%), 122 
conventional LD flaps (21%), two MSLD flaps (0%), 233 pro-
peller TDAP flaps (41%), 122 TDAP flaps (21%), and 35 free 
contralateral TDAP flaps for stacked TDAP breast reconstruc-
tion (6%) (Table 1). We achieved the planned breast recon-
struction in 459 of 491 cases (93%). We have not included de-
tails about flap size, aesthetic outcomes, or complications of the 
individual flap types in this review, as the majority of our data 
have been published previously, for the classic TDAP flap [7,16, 
23], the propeller TDAP flap [10-13,18-20,23-25], LD flaps 
[7,19,20,24,26], and the stacked TDAP flap [27]. 

DISCUSSION

Application of the muscle-sparing versions of the TDA flaps for 
breast reconstruction is increasing worldwide with a rising num-
ber of publications reporting the utilization of these flaps for 
both immediate and delayed breast reconstruction [8,9,11,16, 
18,28-30]. In our clinics, the ratio of perforator-based TDA flap 
breast reconstructions to myocutaneous TDA flap-reconstruc-
tions has increased over time. 

The difficulty of TDA flap application ranges from the rela-
tively easy harvest of the classical LD flap to the somewhat de-
manding TDAP flap. We increasingly try to avoid inclusion of 
muscle in our flaps. This naturally comes with increased experi-
ence in perforator-based flap surgery in general and TDAP flap 
surgery in particular.

We still apply all the different types of TDA flaps for breast re-
construction. The choice of a flap depends primarily on the 
needs and characteristics of a specific patient. Comorbidities are 
important; if the patient has a significant comorbidity (e.g., hy-
pertension), is an active smoker, or recently stopped smoking, 
we always recommend the safer LD flap [11,12,31]. 

The recipient site also affects the choice of procedure. If mas-
tectomy has left the patient with very thin skin flaps or radiation 

Variable No. of 
patients

No. of 
bilateral flaps

No. of 
flaps

Extended LD  42 18   60
Conventional LD 103 19 122
MSLD  2  0   2
TDAP propeller 205 28 233
TDAP 104 18 122
Free TDAP  35  0  35
Total 491 83 574

TDA, thoracodorsal artery; LD, latissimus dorsi; MSLD, muscle-sparing LD; TDAP, 
thoracodorsal artery perforator.

Table 1. Our experience using TDA flap for breast reconstruction



Thomsen JB et al. Thoracodorsal artery flaps

22

therapy has caused significant sequelae to the skin and subcuta-
neous tissue, we also recommend use of the LD flap to provide 
sufficient well-perfused soft tissue for the reconstruction. 

The donor site can be affected by previous surgery leaving a 
scar close to the perforators that makes the blood supply of per-
forator-based flaps questionable. Furthermore, there may be an-
atomical variations, revealing multiple small perforators or a 
dominant perforator deriving from vessels other than the de-
scending branch of the TDA [29,30]. If a sizable perforator can-
not be identified, we aim for muscle-based reconstruction in-
stead of a perforator-based procedure. 

The vascularity of the donor tissue is the most important fac-
tor when selecting the type of TDA for reconstruction. The 
TDA procedure selection can be guided by CDU, which en-
ables the surgeon to perform the selected reconstruction as a 
targeted procedure by identifying all relevant perforators. This 
can be performed and used in the outpatient clinic prior to sur-
gery to guide the patient to the safest TDA flap option with the 
least possible donor site morbidity [32-34]. During surgery, 
CDU can be used to locate the perforators and to obtain an esti-
mate of the perforator size and topography, including anatomi-
cal variations [11,32]. Some patients do not have a dominant 
perforator with a classic location feeding the descending branch 
of the thoracodorsal vessels. In these cases, the dominant perfo-
rator may derive from the horizontal branch or even the sub-
scapular vessels [11,32]. In cases where there is a scar at the do-
nor site, other perforators may have become dominant because 
of redirected blood flow. 

The TDA procedures and selection between these procedures 
can be performed without CDU. However, the surgeon should 
be prepared to change the type of procedure on the fly [16,18, 
23]. As always the surgeon should know and rely on common 
anatomy [7,16,18]. 

The LD flap is a very reliable technique and cases of insuffi-
cient perfusion of the skin island are rare. In these cases, the un-
derlying muscle will support and cover the underlying implant. 
On the contrary, poorly perfused TDAP flaps do pose a prob-
lem, as the underlying implant can be exposed unless the im-
plant is covered by an acellular dermal matrix, which may cover 
the implant until salvage surgery [12]. 

The classical TDAP flap, based on a true perforator pedicle, is 
also a reliable and safe flap when performed by experienced sur-
geons [7,9,16,26]. Since its initial description, several publica-
tions have reaffirmed the concept [7,9,10,26]. The perforator 
flap technique allows the surgeon to completely discard the 
muscle, solving the problem of bulkiness [7]. Whilst on the 
learning curve for TDAP dissection, it is advisable to identify 
the perforator, either by careful dissection or by application of 

targeted CDU. In that way, conversion to the LD flap is still pos-
sible [7,10-13,16,18]. The design of the TDAP skin paddle is op-
tional and the flap can be placed either horizontally or obliquely 
on the back. The donor site scar is more difficult to hide with 
the oblique design, but the flap needs to be rotated only 130° 
compared to 180° with the horizontal design. This may influ-
ence venous circulation and prevent congestion if the perforator 
is not dissected sufficiently [13,18,24]. 

During surgery, reassuring continuous bleeding from the flap 
edges can be observed whilst raising the flap in a distal-to-proxi-
mal direction. This gives a clear visual indication that a perfora-
tor is located in the proximal end of the flap [7,16,18]. After vi-
sualization of the proximal perforator(s), a decision must be 
made between the TDAP flap, propeller TDAP flap, and MSLD 
flap. The choice between the TDAP and MSLD flap, as de-
scribed by Hamdi and colleagues, can be related to perforator 
size and the surgeon’s experience [8]. When the perforator is 
sizable, it is possible to dissect the vessel(s) through the muscle 
to the TDA as a vascular pedicled TDAP. The flap can then be 
tunneled through the muscle with minimal damage to the mus-
cle [7,9,16]. The descending branch of the thoracodorsal ves-
sels can be divided distally to increase the reach of the flap, but 
in most cases this is not necessary, as the perforator pedicle itself 
gives an additional pedicle length of 3–4 cm [13,16].

 If there is doubt whether the perforator can be dissected 
through the muscle, the propeller TDAP flap is an option, 
which can be transposed on 1–3 perforators, if they are in close 
proximity with each other. When choosing to perform the pro-
peller TDAP flap, the surgeon should be prepared to dissect the 
perforators though the muscle. This can be necessary if the loca-
tion of the perforator(s) is too far from the anterior edge of the 
LD muscle to ensure adequate rotation of the flap, as well as in 
cases where two perforators are included in the flap [10]. In the 
latter cases, the most distal perforator sometimes needs to be 
dissected towards the most proximal perforator to allow for ro-
tation of the flap (Fig. 10). 

If the perforators are very small and difficult to identify, one 
can opt for a MSLD flap to ensure perfusion of the flap [9]. 
Muscle-sparing techniques aim to minimize the risk of perfora-
tor damage or to incorporate more perforators under the ratio-
nale of obtaining better perfusion. However, if a sizable perfora-
tor is identified, there is no need for the muscle-sparing ap-
proach. If the complete pedicle is mobilized as part of MSLD 
surgery, a conventional LD flap is probably a better option, as 
the muscle is often left without function due to nerve damage. 
By performing a perforator-based TDA flap, the muscle func-
tion is better preserved [7,10,11,16,18]. 

TDAP flaps can be observed clinically with regard to arterial 
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inflow and venous outflow simply by visual assessment of the 
color, capillary response, and signs of congestion. However, the 
border between the second and third angiosome can be difficult 
to assess. Distal flap loss does sometimes occur despite apparent 
good blood filling based on a clinical assessment [11]. Distal tis-
sue damage in a propeller TDAP is a problem, if it cannot be 
solved by flap revision. In recent years, it has become possible to 
prevent these problems by assessing flap perfusion by use of in-
docyanine green [35]. This assessment often reduces the length 
of the flap by a couple of centimeters and may save the patient 
from re-operations [10].

Medial breast defects must be carefully evaluated. These can 
either be reached and covered by an obliquely designed propel-
ler TDAP flap or a TDAP flap with dissection of the vascular 
pedicle to the origin of the thoracodorsal vessels to gain the 
maximum possible pedicle length [10,16]. The LD flap is also a 
safe and reliable solution for these defects. 

In bilateral cases, the risk of raising the flap and the possible 
morbidity associated with the chosen flap is inherently higher. 
We have used bilateral LD flaps, conventional and extended, for 
breast reconstruction, but try to avoid these procedures if possi-
ble, although a recent publication suggests that the procedure 
can be performed without significant impairment of shoulder 
function [22]. In the last decade, we have increasingly per-
formed bilateral propeller TDAP flaps for breast reconstruction 
[33]. This procedure requires the patient to be turned twice 
during surgery.

The evolving TDA flap techniques, starting with the conven-
tional LD flap and ending with the TDAP flap, were driven by 
the aim of achieving breast reconstructions without including 

the LD muscle, which is the largest muscle in the upper body [7, 
24,26,36]. For many years we were taught that LD flaps should 
not be used in physically active women as they require this mus-
cle for sports [37,38]. However, this limitation in indication 
does not make sense, as all women use their LD muscles in ev-
eryday life and daily activities. The morbidity associated with 
harvesting the LD muscle has been examined over time, but the 
literature relating to this subject is surprisingly divergent. Re-
cently, the effect of breast reconstruction with either of these 
two flaps on shoulder function has been examined [15,20]. 
These studies showed a significant difference in overall shoulder 
function between the two surgical techniques in favor of the 
propeller TDAP flap, but surprisingly there was no difference 
when measuring muscle strength before and after surgery. The 
finding of LD harvest-associated morbidity is supported by sys-
tematic reviews of the literature on LD flaps [39,40]. However, 
the evidence on functional morbidity associated with LD flap 
harvest is still ambiguous [22,37,40-43]. The follow-up time in 
most studies examining morbidities and consequences of har-
vesting the LD flap is relatively short. We need studies with long 
follow-up to fully understand the consequences of using this 
flap. The most important question is probably how these wom-
en function when they get older, as shoulder function declines 
with age. There are currently no long-term studies investigating 
morbidity related to harvest of the LD muscle. 

CONCLUSIONS

The TDA flaps, including the TDAP flap, propeller TDAP flap, 
the MSLD flap, the LD flap, and the extended LD flap, are all 

Fig. 10. Dissection of the thoracodorsal artery perforator

Picture showing a distal perforator dissected towards a proximal perforator to allow for rotation of the flap to the anterior part of the thorax. (A) The 
distal perforator dissected for better blood supply and rotation of the flap. (B) The intact motor nerve branch carefully dissected of the perforator.
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important flaps for reconstruction of the breast. The LD flap is 
still an option, although we prefer flaps without muscle when 
possible. The vascular-pedicled TDAP flap is an option for ex-
perienced surgeons in selected cases for total breast reconstruc-
tion and oncoplastic procedures including medial defects. 
Guided by CDU, the oblique perforator-pedicled or subcutane-
ous-pedicled propeller TDAP flap can be used in most recon-
structive cases of the breast; however, a secondary procedure is 
often necessary for correction of the pedicle bulk. The extended 
LD flap is an option for total breast reconstruction without an 
implant for women with a substantial BMI and substantial fat 
deposits in the subcutis of the back, although it is associated 
with the highest morbidity of all the TDA flaps. The MSLD flap 
can be used if the perforators are small or if dissection of the 
perforators is assessed to be hazardous. 
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