
Vol.:(0123456789)1 3

Breast Cancer (2021) 28:1273–1282 
https://doi.org/10.1007/s12282-021-01264-7

ORIGINAL ARTICLE

The transverse musculocutaneous gracilis flap for autologous breast 
reconstruction: focus on donor site morbidity

Laura C. Siegwart1 · Sebastian Fischer1 · Yannick F. Diehm1,2 · Jörg M. Heil3 · Christoph Hirche1 · Ulrich Kneser1 · 
Dimitra Kotsougiani‑Fischer1

Received: 13 March 2021 / Accepted: 25 May 2021 / Published online: 6 June 2021 
© The Author(s) 2021

Abstract
Purpose The transverse musculocutaneous gracilis (TMG) flap is as a valuable alternative in autologous breast reconstruc-
tion. The purpose of this study was to evaluate the donor site morbidity and secondary refinement procedures after TMG 
flap breast reconstruction.
Methods A retrospective study was conducted, including all patients who received TMG flap breast reconstructions, from 
January 2012 to August 2019. Primary outcomes were surgical site complications of the donor site and secondary refinement 
procedures carried out for aesthetic or reconstructive purposes for the medial thigh. Secondary outcomes of interest were 
lipofilling procedures for optimization of the reconstructed breasts.
Results Ninety-nine patients received 159 TMG flaps for breast reconstruction. Patients’ mean BMI was 23.5 (15.6–32.5) kg/
m2. Bilateral breast reconstructions were performed in 60.6%. The mean flap volume was 330 (231–440) g. Surgical site 
complications occurred in 14.5% of the TMG donor sites and wound dehiscence was the most common complication (9.4%). 
Lymphedema occurred in 1.8% of the donor thighs. Aesthetic refinement procedures were performed in 25.2% on the donor 
thigh or contralateral thigh. Secondary lipofilling was performed in 54.1% of the reconstructed breasts and fat was harvested 
in only 11.9% from the legs.
Conclusion The TMG flap breast reconstruction combines low donor site morbidity with adequate volume for appealing 
breast results, particularly in slim-to-normal weight patients. However, patients should be informed about the likelihood 
of secondary refinement procedures on the donor site and the need of lipofilling to optimize the breast shape and volume.

Keywords TMG · Transverse musculocutaneous gracilis flap · TUG  · Transverse upper gracilis flap · Donor site morbidity · 
Breast reconstruction

Introduction

Currently the lower abdomen represents the primary donor 
site for autologous breast reconstruction [1]. Based on the 
individual anatomy the deep inferior epigastric artery per-
forator (DIEP) flap or its muscle-sparing equivalent the 
muscle-sparing 2 transverse rectus abdominis (MS2-TRAM) 
flap are considered to be the gold standard [2–4]. However, 
due to inadequate tissue availability, previous surgeries or 
patient’s preference, surgeons might choose alternative donor 
sites. The medial thigh is a valuable option for soft tissue 
harvest [5–9]. First introduced in 1992 by Yousif et al., the 
transverse musculocutaneous gracilis (TMG) flap exploits 
the excess of fat and skin laxity of the medial thigh to recon-
stitute breast volume [10, 11]. The reliable anatomy of the 
nutrient pedicle, the medial circumflex artery, and supine 
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patient position allow for a safe and straight-forward two-
team approach. In Europe Schoeller et al. and Wechselberger 
et al. popularized the use of the TMG flap in patients who 
do not qualify for the abdominal donor site [6, 12]. In addi-
tion to appealing outcome of the reconstructed breast, the 
TMG flap has been advertised as a welcome opportunity to 

provide a medial thigh lift on the donor site. However, the 
literature regarding the donor site morbidity after TMG flap 
breast reconstruction is scarce and controversial. Few studies 
have evaluated the outcome of the medial thigh donor site in 
detail and limitations exist due to small patient samples of 
the presented studies and incomplete presentation of donor 
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site outcome measures [7, 8, 13–15]. Craggs et al. reported 
substantial donor site complications in 59% of the patients 
[13]. Fattah et al. reported wound complications in 36.8% 
of the donor thighs [16]. In contrast, Pülzl et al. outlined 
excellent donor site outcomes concerning thigh symmetry 
and thigh contour in 42% and 26% of the patients, although 
labial stretching was noted in 11.1% of the patients [14]. The 
limited skin and soft tissue availability on the medial thigh 
resulting in small breast volume has been listed as another 
shortfall of the TMG flap breast reconstruction [13, 17].

In this article we present our experience with TMG flap 
breast reconstruction, with particular emphasis on donor 
site morbidity of the medial thigh. In addition, we evaluate 
secondary refinement procedures of the reconstructed breast 
and review technical refinements of TMG flap harvest and 
donor site closure.

Patients and methods

Study design and data acquisition

Following local ethics committee approval [2018-13902_1], 
a retrospective study was conducted, including all patients 
who had received TMG flaps for autologous breast recon-
struction, between January 2012 and August 2019 in our 
breast reconstruction center. The protocol of this study was 
in accordance with the Declaration of Helsinki and its later 
amendments.

The postoperative follow-up was at least six months after 
TMG flap breast reconstruction with regularly clinical fol-
low-up visits.

The electronic inpatient hospital system and patient 
charts were used for data acquisition. We extracted patient 

characteristics such as gender, age, body mass index (BMI in 
kg/m2), smoking status, comorbid conditions, past medical 
history, including radiation and chemotherapy, and previous 
abdominal operations. Also, intra-operative data of TMG 
flap harvest and donor site closure were gathered (opera-
tion time, unilateral vs. bilateral reconstruction, timing of 
reconstruction, TMG flap size and weight and technical 
refinements in TMG flap harvest) as well as the number and 
character of secondary procedures on the donor site and the 
breast.

Primary outcomes of interest were non-operative and 
operative surgical site complications of the medial thigh in 
short-term such as wound dehiscence, seroma, hematoma 
and wound infection and secondary refinement procedures 
for aesthetic and non-aesthetic purposes of the donor thigh 
and contralateral thigh. Prognostic risk factors for operative 
and non-operative surgical site complications were evalu-
ated. Secondary outcomes of interest were lipofilling proce-
dures for optimization of the reconstructed breasts. Moreo-
ver, technical refinements of the TMG flap harvest procedure 
and donor site closure were reviewed.

Surgical technique of TMG flap harvest and donor 
site closure

Pre-operative markings were made in a standing posi-
tion. First, the femoral neurovascular bundle was identi-
fied, defining the anterior aspect of the TMG flap and the 
posterior aspect was marked shortly before the midline of 
the dorsal thigh. Second, the superior border of the TMG 
flap was set in the gluteal fold. Third, the inferior border 
of the skin island was designed using a pinch grip. In the 
operating room the patient was placed in frog leg position 
(Fig. 1a). Superficial dissection of the subcutaneous tissue 
was performed from the anterior aspect of the thigh until 
the saphenous vein and lymphatic collectors were located 
(Fig. 1b). Subsequently, deep dissection was performed to 
include the full thickness of adipose tissue. As needed, sub-
cutaneous fat, located inferiorly from the TMG skin island 
was included to extend flap volume. Following soft tissue 
preparation, the muscle fascia was incised and the soft tis-
sue elevated of the semi-membranosus and semi-tendinosus 
muscle until the adductor magnus muscle and the gracilis 
muscle were visible (Fig. 1c). The vascular pedicle to the 
gracilis muscle was thoroughly prepared in the septocuta-
neous space to its origin from the medial circumflex artery 
(Fig. 1d). Side branches to the adductor longus muscle were 
previously clipped. The gracilis muscle was prepared and 
cut as distally as possible. Care was taken to coagulate or 
ligate the minor vascular pedicles. The vascular pedicle was 
transected and subsequently the TMG flap was elevated from 
the medial thigh (Fig. 1e). Two suction drains were inserted. 
In some patients suspension of the superficial fascial system 

Fig. 1  a Thirty seven year old patient (BMI 20.7 kg/m2) with implant 
failure of the right reconstructed breast after skin sparing mastec-
tomy due to breast cancer. Patient is in supine position. Left leg in 
frog position with preoperative markings of the transverse muscu-
locutaneous gracilis (TMG) flap in average flap dimension outlin-
ing the proximal skin island (SI), the subcutaneous fat extension to 
boost flap volume [beveling (BV)] and the gracilis muscle (GM). 
The skin island is limited to the medial aspect by the neurovascular 
bundle (black arrow) and to the inferior aspect by pinch grip (white 
arrow). b Circumferential incision of the TMG flap skin island. c 
Opened muscle fascia following complete soft tissue preparation of 
the TMG flap sparing the saphenous vein (SV) and lymphatic collec-
tors. The vascular pedicle to the gracilis muscle is visualized between 
the adductor longus muscle (AM) and the gracilis muscle. d Prepara-
tion of the vascular pedicle (VP) in the septocutaneous space below 
the retracted adductor longus muscle to its origin from the medial cir-
cumflex artery. e Open donor site following complete lift of the TMG 
flap from the medial thigh. f Multiple layer closure of the TMG donor 
site on the medial thigh. g Closed incision negative pressure therapy 
on the TMG donor site

◂
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to the pubic bone was performed based on the surgeons pref-
erence using inverted single button sutures  (Vicryl®, size 
0, Ethicon, Norderstedt, Germany), adopted from cosmetic 
thighplasty. Donor site closure was achieved in three layers 
starting with dead space reduction by taking a few big bites 
of the deep soft tissue. Inverted single button sutures were 
used for subcutaneous closure (Monocryl 2.0, Ethicon Nor-
derstedt, Germany) followed by a continuous intracutane-
ous suture with resorbable material (Monocryl 3.0, Ethicon 
Norderstedt, Germany). Patients received a self-made closed 
incision negative pressure therapy (CINPT) system (Smith 
& Nephew GmbH, Hamburg, Germany) or sterile adhesive 
strips (Leukosan Strip, BSN Medical, Hamburg, Germany) 
(Fig. 1f). Postoperative compression garments for the abdo-
men were worn for up to 3 months.

Mobilization was started on the first postoperative day. 
Drain removal was performed when the maximal output rate 
sunk below 30 ml/24 h.

Statistics

Data are presented as frequencies for categorical variables. 
Means and range were used for continuous variables. We 
performed univariate logistic regression analyses to evaluate 
prognostic risk factors (age, BMI, TMG flap width, bev-
eling) associated with non-operative and operative surgi-
cal site complications. The performance of the model was 
based on the Hosmer–Lemeshow test. The Odds ratio β1 
(OR) and its 95% confidence interval (CI) were calculated 
for each independent prognostic risk factor. P values ≤ 0.05 
were considered statistically significant.

All data analyses were performed by Prism 8.3.0 software 
(GraphPad Software, California, USA).

Results

In total, the study evaluated 159 TMG flap breast reconstruc-
tions performed in 99 female patients. Patients’ mean age 
was 42.0 (22–66) years and the BMI was on average 23.5 
(15.6–32.5) kg/m2. Most of the patients included showed 
normal weight (61.6%; BMI 18.5–24.9 kg/m2). Twenty-
eight percent of the patients were overweight (28.3%; BMI 
25.0–29.9 kg/m2), while only 5% of the patients were obese 
(5%; BMI ≥ 30.0 kg/m2). Five percent of the patients receiv-
ing TMG flap breast reconstruction were even underweight 
(5%; BMI < 18.5 kg/m2).

Breast cancer was the most frequent cause for breast 
reconstruction (82.8%). Forty-eight percent (47.5%) of the 
patients carried breast cancer predisposition genes BRCA1 
or BRCA 2. Sixty percent (60.6%) of the patients received 
bilateral breast reconstructions. Bilateral breast reconstruc-
tions were usually performed in two surgeries (98.7%). 

The lag between the two surgeries averaged 3.6 (1.4–18.8) 
months.

Patients’ characteristics are shown in Table 1.
The most common indication to choose the TMG flap 

for autologous breast reconstruction was a slim body paired 
with inadequate tissue availability on the lower abdomen 
(76.0%) (Fig. 2a–d). Sixty-seven percent (66.6%) of the 
patients had a BMI < 25.0 kg/m2. However, 33.4% of the 
patients who received TMG flap breast reconstruction had 
a BMI ≥ 25.0 kg/m2 (Fig. 3a–d). Other indications for the 
TMG flap included previous surgeries (15.0%) or inadequate 
anatomical preconditions on the abdomen (4.0%) or patients’ 
preference (5.0%). The various indications for TMG flap 
breast reconstruction are summarized in Table 2.

TMG flap breast reconstructions were performed equally 
as immediate (52.2%) or delayed (47.8%) procedures. Sal-
vage procedures due to implant failure (17.6%) or prior flap 
loss (3.1%) were conducted in 20.7% of the breasts. The 
mean operation time for unilateral TMG flap breast recon-
struction averaged 253 (154–553) minutes. The mean flap 
size was 20.3 (14–27) cm × 7.2 (5.5–10) cm and the mean 
flap weight was 330 (231–440) g. Surgical refinements in 
TMG flap harvest and donor site closure included beveling 
of subcutaneous tissue inferior to the TMG skin island 

Table 1  Patients’ characteristics

N number, M mean, BMI body mass index

Patients N = 99

Age (years), M (range) 42 (22–66)
BMI (kg/m2), M (range) 23.5 (15.6–32.5)
BMI (kg/m2), (N, %)
 < 18.5 5 (5.0%)
 18.5–24.9 61 (61.6%)
 25–29.9 28 (28.4%)
 30–34.9 5 (5.0%)

Diabetes mellitus (N, %) 1 (1.0%)
Coagulation disorder (N, %) 5 (5.1%)
Active smoker (N, %) 22 (22.2%)
Preoperative chemotherapy (N, %) 51 (51.5%)
Preoperative radiation (N, %) 53 (53.5%)
Indication for breast reconstruction (N, %)
 Therapeutic mastectomy due to breast cancer 82 (82.8%)
  Idiopathic 49 (49.5%)
  BRCA1 or BRCA2 gene mutation 33 (33.3%)

 Prophylactic mastectomy (BRCA1 or BRCA2) 14 (14.2%)
 Poland syndrome (N, %) 1 (1.0%)
 Breast aplasia (N, %) 1 (1.0%)
 Mastopathy (N, %) 1 (1.0%)

Reconstruction laterality (N, %)
 Unilateral 39 (39.4%)
 Bilateral 60 (60.6%)



1277Breast Cancer (2021) 28:1273–1282 

1 3

to increase TMG flap volume (89.3%), suspension of the 
superficial fascial system (scarpa fascia) to the pubic bone 
(23.9%) as well as the use of closed incision negative pres-
sure therapy on the closed incision line (5.0%). The overall 
TMG flap success rate was 97.5%. All details of the intra-
operative procedures are listed in Table 3.

The incidence of non-operative surgical site complica-
tions such as delayed wound healing (6.9%), minor seroma 
(3.1%) and minor wound infection (1.9%) on the medial 
thigh was 11.9%. Non-operative surgical site complications 
were managed in the outpatient clinic with the exception of 

wound infections. Operative surgical site complications of 
the donor site occurred in 14.5% of the donor thighs. The 
most common reason to take a patient back to the operation 
room was wound dehiscence (9.4%), followed by seroma 
(2.5%).

Univariate logistic regression analysis revealed no 
prognostic risk factors associated with non-operative and 
operative surgical site complications [BMI: OR = 1.00, 
CI (0.90–1.11), p = 0.95; age: OR = 1.02, CI (0.98–1.06), 
p = 0.26; TMG flap width: OR = 1.26, CI (0.71–2.22), 
p = 0.41; beveling OR = 0.78, CI (0.27–2.60), p = 0.66 

Fig. 2  Normal weight female patient (37  years, BMI 20.7  kg/m2) 
with positive BRCA mutation status and invasive ductal carcinoma 
on the right breast in the medical history. Salvage reconstruction of 
the right breast with TMG flap from the left thigh following implant 
failure after skin sparing mastectomy and immediate silicone implant 
reconstruction on both sides. Skin sparing mastectomy and immedi-
ate silicone implant reconstruction of the left breast. The patient had 
one refinement surgery on the left donor thigh to enhance the contour. 
Two procedures of lipofilling of the right TMG flap breast were per-
formed, one combined with the refinement surgery of the donor thigh 

and one combined with the excision of the TMG skin island on the 
right breast. Postoperative view at 2.0-year follow-up. a Back view 
with concealed donor site scar in the natural crease of the left thigh. b 
Front view with natural symmetry of the thighs after unilateral TMG 
flap harvest with concealed donor site scar in the groin of the left 
donor thigh. c Flexed left donor thigh with inconspicuous scar in the 
groin. d Excellent shape with natural symmetry of both moderate size 
breasts following TMG flap reconstruction of the right breast and sili-
cone implant reconstruction of the left breast
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and suspension to pubic bone OR = 0.59, CI (0.22–1.41), 
p = 0.26].

The mean follow-up time was 42 (6–91) months. Sec-
ondary refinement procedures were performed in 25.2% of 

Fig. 3  Overweight female 
patient (51 years, BMI 29.8 kg/
m2) with positive BRCA muta-
tion status and ductal carcinoma 
in situ on the right breast and 
invasive ductal carcinoma on 
the left breast in the medical 
history. Bilateral skin-sparing 
mastectomy and immediate 
TMG flap breast reconstruc-
tion in two separate surgeries 
after successful breast cancer 
therapy. The patient had one 
procedure of lipofilling per 
breast. Postoperative view at 
5.2-year follow-up. a Front view 
with natural symmetry of both 
reconstructed large size breasts 
following TMG flap breast 
reconstruction. Inconspicuous 
skin color of the TMG skin 
islands on both reconstructed 
breasts. Concealed donor 
site scars in the groin of both 
donor thighs. b Back view with 
concealed donor-site scars in 
the natural crease. c Left donor 
thigh with inconspicuous scar in 
the groin. d Right donor thigh 
with inconspicuous scar in the 
groin

Table 2  Indications for TMG flap breast reconstruction

N number

Patients N = 99

Slim or regular body shape (N, %) 76 (76.0%)
Previous abdominal surgery (N, %) 15 (15.0%)
 Visceral surgery 8 (8.0%)
 Cosmetic abdominoplasty 4 (4.0%)
 DIEP flap harvest 3 (3.0%)

Anatomical preconditions (N, %) 4 (4.0%)
 Abdominal hernia (N, %) 2 (2.0%)
 Rectus diastasis (N, %) 1 (1.0%)
 Inadequate abdominal perforator (N, %) 1 (1.0%)

Patient’s preference (N, %) 5 (5.0%)

Table 3  Intra-operative characteristics

N number, M mean

TMG flap breast reconstructions N = 159

TMG flap breast reconstruction (N, %)
 Immediate 83 (52.2%)
 Delayed 76 (47.8%)

Salvage procedures (N, %) 33 (20.7%)
 Implant failure 28 (17.6%)
 Flap loss 5 (3.1%)

TMG flap weight (g), M (range) 330 (231–440), (N = 10)
TMG flap length (cm), M (range) 20.3 (14–27), (N = 44)
TMG flap width (cm), M (range) 7.2 (5.5–10.0), (N = 85)
Operation time (minutes), M (range) 253 (145–553)
Surgical refinements donor site (N, %)
 Inferior beveling of subcutaneous tissue 142 (89.3%)
 Suspension of the superficial fascial 

system to the pubic bone
38 (23.9%)

 Closed incision negative pressure therapy 8 (5.0%)
Flap success 155 (97.5%)



1279Breast Cancer (2021) 28:1273–1282 

1 3

the donor thighs to optimize the aesthetic outcome of the 
operated or contralateral thigh. The most common proce-
dure on the TMG donor site was scar correction (10.1%), 
followed by dog ear resection (8.8%) and contour align-
ment by liposuction (2.5%). An alignment of the contralat-
eral thigh was performed in 3.8% by liposuction or thigh 
lift. Ninety-three percent (92.6%) of the refinement surger-
ies of the donor site were combined with breast touch-up 
procedures such as fat grafting, nipple-areola reconstruc-
tion or contralateral mastopexy. All fat grafts gained by 
liposuctions for alignment purposes were used for lipofill-
ing of the breast. Non-aesthetic secondary procedures such 
as skin harvest for nipple areola complex (NAC) recon-
structions were performed in 5.0% of the TMG donor sites. 
Lymphedema evolved in 1.8% of the donor thighs. Labial 
spreading was not present in our study population.

In addition, on average 1.6 procedures of lipofilling 
were performed in 54.1% of the reconstructed breasts to 
enhance the contour, shape or volume. Liposuction for fat 
harvest from the donor thigh or contralateral thigh was 
performed in only 11.9% of the procedures. In contrast, 
the abdomen, flanks and outer thighs were used for fat har-
vest in 53.5%, 20.2% and 14.4%, respectively. On average 
101 ml (range 20 ml–330 ml) of pure fat was injected per 
lipofilling procedure.

Details of outcome measures on the TMG donor site 
are listed in Table 4.

Discussion

Our results substantiate that the TMG flap is a suitable 
choice in unilateral and bilateral breast reconstruction in 
slim and normal weight patients. The TMG flap presents 
low donor site morbidity on the medial thigh while pro-
viding adequate volume to restore small to moderate size 
breasts. Beveling of subcutaneous tissue inferior to the 
TMG skin island is a safe option to increase the volume 
of the TMG flap without increasing surgical site complica-
tions. However, lipofilling is needed in about 54.1% of the 
reconstructed breasts to optimize the aesthetic outcome. 
Moreover, secondary refinement procedures on the donor 
site are not uncommon.

Autologous breast reconstruction in thin patients is 
often challenging due to an apparent lack of adequate 
donor sites. Previous studies indicated TMG flap breast 
reconstruction to be more likely performed in slim and 
normal weight patients compared with those having 
abdominal-based breast reconstruction [6, 13, 18, 19].

This was confirmed in our study, with the majority 
(66.6%) of patients receiving TMG flap breast reconstruc-
tion having a BMI < 25.0 kg/m2 and having insufficient 
tissue bulk on the lower abdomen. Notably, one-third 
(33.4%) of the patients had a BMI > 25 kg/m2 and qualified 
also for TMG flap due to other selection criteria. In these 
patients, the specific body and fat distribution type with 
excess tissue on the thighs influenced the choice of free 
flap towards the TMG flap. Significant scars on the abdo-
men presented another exclusion criterion for abdominal-
based free flap breast reconstruction [6, 18]. However, an 
adequate TMG flap volume with a mean flap weight of 
330 g could be harvested from the medial thigh donor 
site in our patients, where the proportional excess of soft 
tissue can be significant compared to other parts of the 
body [20]. In this context Weichman et al. investigated 
the impact of low BMI on the feasibility of performing 
autologous breast reconstruction with various flaps from 
the lower abdomen, bottom and thigh [19]. Similar to our 
study, the mean flap weight per breast used was 387 g in 
low–normal (18.5–22 kg/m2) weight patients and 367 g 
in high–normal (22–25 kg/m2) weight patients. This flap 
weight was sufficient to provide body appropriate breast 
reconstruction in that particular patient population. The 
aforementioned study supports the experience of success-
ful tissue harvest in our patient population and emphasizes 
the suitability of TMG flap breast reconstruction in slim 
and normal weight patients. Moreover, secondary lipofill-
ing is a good option to increase breast volume. However, 
in patients with large breasts reliable alternatives such 
as double TMG flaps for unilateral breast reconstruction 
should be considered [21].

Table 4  Outcome measures on the TMG donor site

TMG donor sites N = 159

Surgical site complications donor sites, total (N, %) 42 (26.4%)
Non-operative surgical site complications (N, %) 19 (11.9%)
 Delayed wound healing 11 (6.9%)
 Seroma 5 (3.1%)

Wound infection 3 (1.9%)
Operative surgical site complications (N, %) 23 (14.5%)
 Wound dehiscence 15 (9.4%)
 Seroma 4 (2.5%)
 Wound infection 2 (1.3%)

Hematoma 2 (1.3%)
Aesthetic refinements donor site, total (N, %) 40 (25.2%)
 Scar correction 16 (10.1%)
 Dog ear excision 14 (8.8%)
 Contour alignment (liposuction) 4 (2.5%)
 Contralateral thigh alignment (lift/liposuction) 6 (3.8%)

Non-aesthetic secondary procedures donor site (N, %)
 Skin harvest for NAC reconstruction 8 (5.0%)

Lymphedema donor site 3 (1.8%)
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Proper donor site selection is key to achieve excellent 
results of both the reconstructed breast and donor site. Inad-
equate soft tissue availability and tight wound closure might 
result in surgical site complications with inferior scar forma-
tion or contour irregularities on the donor site. In our study 
operative surgical site complications were present in 14.9% 
of the donor sites. Furthermore 11.9% of the operated thighs 
showed non-operative surgical site complications, which 
could be managed in the outpatient clinic. Also, Vollbach 
et al. outlined 13.2% non-operative complications on the 
medial thigh donor site [22]. In comparison, surgical site 
complications on the lower abdomen donor site are reported 
to be as high as 33% in unilateral DIEP flap breast recon-
struction and 31% in bilateral DIEP flap breast reconstruc-
tion in slim to normal weight patients (BMI < 25.0 kg/m2), 
similar to the complication rate of high-risk patients with 
obesity [23, 24]. Notably, the average DIEP flap volume per 
breast was similar to TMG flap volume in bilateral breast 
reconstruction [mean 365 (78–654) g] [23].

Turning to the discussion of secondary refinement pro-
cedures, a considerable number of patients in our study 
received refinement procedures on the donor thigh or con-
tralateral thigh (25.2%). Twenty-two percent of the donor 
thighs were optimized due to aesthetic complaints and 2.5% 
of the contralateral thighs were operated to optimize the 
symmetry after unilateral TMG flap harvest. Notably, 92.6% 
of the refinement procedures were combined with breast 
touch-up procedures such as lipofilling and nipple-areola 
reconstruction of the reconstructed breast or mastopexy 
of the contralateral breast. The most common refinement 
procedures were scar correction due to scar lowering, scar 
widening or painful scarring (10.1%) and dog ear excision 
(8.8%). Liposuction of the donor thigh or contralateral thigh 
was rarely performed in order to correct the thigh contour or 
asymmetries (6.3% of the thighs). Surprisingly, liposuction 
of other parts of the body such as the abdomen (53.5%), 
flanks (20.2%) and outer thighs (14.4%) was more com-
monly performed to harvest fat for lipofilling of the recon-
structed breasts. The number of secondary refinement pro-
cedures in our study is in line with that of the few previous 
studies. Nickl et al. performed liposuction for harmoniza-
tion of the contralateral thigh in 16.2% of the thighs and 
Wechselberger et al. conducted scar correction in 27% of 
the donor sites [8, 17, 25].

However, the need for refinement procedures on the TMG 
donor site is lower compared to that on the lower abdomen 
donor site in autologous breast reconstruction. In a recent 
systematic review, Lindenblatt et al. summarized the likeli-
hood of unpleasant donor site results in DIEP flap breast 
reconstruction, not at least due to the use of this popular 
microsurgical procedure in unsuitable patients [26]. In this 
context Enajat et al. described a refinement rate of 44.5% 
after DIEP flap or superficial inferior epigastric artery 

(SIEA) flap harvest to enhance the aesthetic outcome on the 
abdominal donor site, which was confirmed by Niddam et al. 
[27, 28]. Weitgasser et al. described a lower donor site mor-
bidity on the medial thigh in a recent cohort study compar-
ing double DIEP flaps to double TMG flaps in simultaneous 
bilateral breast reconstructions [18]. They demonstrated that 
23.7% of double DIEP patients had donor site complications. 
In contrast only 16.3% of double TMG patients showed 
donor site complications (p = 0.90) with no functional 
impairments such as abdominal wall weakness or hernia. 
However, postoperative lipofilling of the breast was more 
often performed in double TMG patients (65.1% vs. 38.2%, 
p < 0.05). In our study, on average 1.6 procedures of lipo-
filling were necessary in 54.1% of the reconstructed breasts 
to optimize the contour, shape or volume of the breast. For 
reference, the costs of secondary refinement procedures are 
usually covered by the health insurance in Germany, which 
may also explain the moderate to high rate of secondary 
refinement procedures in our study. However, Russe et al. 
also reported 1.8 fat grafting procedures in 59% of the 
patients to enhance the aesthetic outcome rather than only 
boosting the volume after TMG flap breast reconstruction in 
a multicenter study conducted in Austria and Germany [9].

There is an increasing desire for postmastectomy breast 
reconstruction in the Asian population, with autologous 
reconstruction accounting for 49% of the procedures [29, 
30]. To date, the DIEP flap is the most popular choice for 
autologous breast reconstruction [31]. However, Asian 
women represent ethnic differences, including a low BMI 
with few redundant abdominal tissues, small breast size, 
and a disposition for hypertrophic scarring [32, 33]. In light 
of these physical preconditions, the TMG flap may present 
a first-line option for breast reconstruction in the Asian 
population with reduced donor site morbidity compared to 
abdominal-based free flap breast reconstruction.

Until now, few recommendations for surgical refine-
ment of the TMG donor site existed [6, 8, 34]. Based 
on the authors’ experience and a thorough review of the 
literature, donor site morbidity can be minimized with 
accurate patient selection, avoidance of oversized flap 
dimensions and compliance to the anatomy. Soft tissue 
excess should be evaluated with pinch grip in abduction to 
allow for easy donor site closure. In case of tension, flap 
dimensions should be reduced to avoid unfavorable scar-
ring and labial spreading. Instead the inclusion of fat distal 
of the TMG skin islands, the so-called beveling, allows 
for safe volume maximization. However, to include the 
perforators that arise from the gracilis muscle and supply 
the skin island and subcutaneous tissue, the TMG height 
should not go below 6 cm [7]. The low rate of lymphedema 
in our patient population (1.8% of the donor thighs) is 
related to the careful TMG harvest, respecting the anatomy 
of the vein and lympathic system of the thigh. To avoid 
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lymphedema the anterior flap border pointed out by the 
femoral neurovascular bundle should not be exceeded, and 
during dissection of the saphenous vein lymph collectors 
proximate below should be preserved [7, 34]. Also flap 
extension should not go beyond the posterior thigh mid-
line to prevent posterior flap tip necrosis, but should be as 
close as possible to the midline [15]. In addition, suspen-
sion of the inner thigh tissue against the pubic periosteum, 
adopted from cosmetic thighplasty may prevent the sag-
ging of the thigh and labial spreading, [8, 13]. Moreover, 
closed incision negative pressure therapy may reduce the 
number of surgical site complications on the donor site, 
as we have shown previously in abdominal based breast 
reconstruction [35].

The limitations of the present study relate to its retrospec-
tive design. There could be unrecorded complications due 
to incomplete documentation. However, the review of the 
medical records was conducted with high sensitivity and 
precision. In addition, some questions remain unanswered 
regarding functional aspects such as loss of sensitivity and 
muscle strength of the donor thigh. Also, patient-reported 
outcome measures should be surveyed to explore the impact 
of the medial thigh donor site on daily living and quality of 
life. To answer these questions the authors are currently per-
forming a prospective study in patients with postmastectomy 
TMG flap breast reconstruction.

Conclusion

The TMG flap presents a suitable option to provide suffi-
cient volume for unilateral and bilateral autologous breast 
reconstructions and demonstrates low-donor site morbidity, 
in slim-to-normal weight patients in particular. However, 
patients should be informed about the likelihood of second-
ary refinement procedures on the donor site and the possibil-
ity of lipofilling to the breast to optimize shape and volume.

Acknowledgements We would like to thank Lyudmila Y. Bondarenko 
for proofreading this article.

Author contributions: Study conception and design: DKF, LCS and 
UK. Acquisition of the data: CH, YFD, JMH and SF; Analysis and 
interpretation of the data: DKF, LCS, UK; Drafting of the manuscript: 
DKF and LCS; Critical revision: UK, CH, JMH, SF and YFD. All 
authors approved the final version of the manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. The authors have nothing to disclose. No funding was received 
for this article.

Availability of data and material The datasets analyzed during the cur-
rent study are not publicly available due to patient confidentiality but 
are available from the corresponding author on reasonable request.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethics approval This retrospective chart review study involving human 
participants was in accordance with the ethical standards of the insti-
tutional and national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards. 
Institutional review board approval [2018-13902_1] in Mainz was 
attained.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Plastic Surgery Statistics. Am Soc Plast Surg n.d. 2020. https:// 
www. plast icsur gery. org/ news/ plast ic- surge ry- stati stics. Accessed 
12 Oct 2020

 2. Seidenstuecker K, van Waes C, Munder BI, Claes KEY, Witzel C, 
Roche N, et al. DIEAP flap for safe definitive autologous breast 
reconstruction. Breast Edinb Scotl. 2016;26:59–66. https:// doi. 
org/ 10. 1016/j. breast. 2015. 12. 005.

 3. Healy C, Allen RJ. The evolution of perforator flap breast recon-
struction: twenty years after the first DIEP flap. J Reconstr Micro-
surg. 2014;30:121–5. https:// doi. org/ 10. 1055/s- 0033- 13572 72.

 4. Eisenhardt SU, Momeni A, von Fritschen U, Horch RE, Stark GB, 
Bannasch H, et al. Correction: breast reconstruction with the free 
TRAM or DIEP flap—what is the current standard? Consensus 
statement of the German speaking working group for microsur-
gery of the peripheral nerves and vessels. Handchir Mikrochir 
Plast Chir Organ Deutschsprachigen Arbeitsgemeinschaft Hand-
chir Organ Deutschsprachigen Arbeitsgemeinschaft Mikrochir 
Peripher Nerven Gefasse Organ V. 2018;50:E1. https:// doi. org/ 
10. 1055/a- 0731- 7969.

 5. Buntic RF, Horton KM, Brooks D, Althubaiti GA. Transverse 
upper gracilis flap as an alternative to abdominal tissue breast 
reconstruction: technique and modifications. Plast Reconstr Surg. 
2011;128:607e-e613. https:// doi. org/ 10. 1097/ PRS. 0b013 e3182 
30c2b6.

 6. Schoeller T, Huemer GM, Wechselberger G. The transverse mus-
culocutaneous gracilis flap for breast reconstruction: guidelines 
for flap and patient selection. Plast Reconstr Surg. 2008;122:29–
38. https:// doi. org/ 10. 1097/ PRS. 0b013 e3181 77436c.

 7. Fansa H, Schirmer S, Warnecke IC, Cervelli A, Frerichs O. 
The transverse myocutaneous gracilis muscle flap: a fast and 
reliable method for breast reconstruction. Plast Reconstr Surg. 
2008;122:1326–33. https:// doi. org/ 10. 1097/ PRS. 0b013 e3181 
88205f.

http://creativecommons.org/licenses/by/4.0/
https://www.plasticsurgery.org/news/plastic-surgery-statistics
https://www.plasticsurgery.org/news/plastic-surgery-statistics
https://doi.org/10.1016/j.breast.2015.12.005
https://doi.org/10.1016/j.breast.2015.12.005
https://doi.org/10.1055/s-0033-1357272
https://doi.org/10.1055/a-0731-7969
https://doi.org/10.1055/a-0731-7969
https://doi.org/10.1097/PRS.0b013e318230c2b6
https://doi.org/10.1097/PRS.0b013e318230c2b6
https://doi.org/10.1097/PRS.0b013e318177436c
https://doi.org/10.1097/PRS.0b013e318188205f
https://doi.org/10.1097/PRS.0b013e318188205f


1282 Breast Cancer (2021) 28:1273–1282

1 3

 8. Nickl S, Nedomansky J, Radtke C, Haslik W, Schroegendorfer KF. 
Optimization of breast reconstruction results using TMG flap in 
30 cases: Evaluation of several refinements addressing flap design, 
shaping techniques, and reduction of donor site morbidity. Micro-
surgery. 2018;38:489–97. https:// doi. org/ 10. 1002/ micr. 30290.

 9. Russe E, Kholosy H, Weitgasser L, Brandstetter M, Traintinger 
H, Neureiter J, et al. Autologous fat grafting for enhancement 
of breast reconstruction with a transverse myocutaneous graci-
lis flap: a cohort study. J Plast Reconstr Aesthet Surg JPRAS. 
2018;71:1557–62. https:// doi. org/ 10. 1016/j. bjps. 2018. 07. 008.

 10. Yousif NJ, Matloub HS, Kolachalam R, Grunert BK, Sanger 
JR. The transverse gracilis musculocutaneous flap. Ann Plast 
Surg. 1992;29:482–90. https:// doi. org/ 10. 1097/ 00000 637- 19921 
2000- 00002.

 11. Yousif NJ. The transverse gracilis musculocutaneous flap. Ann 
Plast Surg. 1993;31:382. https:// doi. org/ 10. 1097/ 00000 637- 19931 
0000- 00025.

 12. Wechselberger G, Schoeller T. The transverse myocutaneous 
gracilis free flap: a valuable tissue source in autologous breast 
reconstruction. Plast Reconstr Surg. 2004;114:69–73. https:// doi. 
org/ 10. 1097/ 01. prs. 00001 27797. 62020. d4.

 13. Craggs B, Vanmierlo B, Zeltzer A, Buyl R, Haentjens P, Hamdi 
M. Donor-site morbidity following harvest of the transverse 
myocutaneous gracilis flap for breast reconstruction. Plast Recon-
str Surg. 2014;134:682e-e691. https:// doi. org/ 10. 1097/ PRS. 00000 
00000 000612.

 14. Pülzl P, Schoeller T, Kleewein K, Wechselberger G. Donor-
site morbidity of the transverse musculocutaneous gracilis flap 
in autologous breast reconstruction: short-term and long-term 
results. Plast Reconstr Surg. 2011;128:233e-e242. https:// doi. org/ 
10. 1097/ PRS. 0b013 e3182 268a99.

 15. Bodin F, Dissaux C, Dupret-Bories A, Schohn T, Fiquet C, Bru-
ant-Rodier C. The transverse musculo-cutaneous gracilis flap for 
breast reconstruction: How to avoid complications. Microsurgery. 
2016;36:42–8. https:// doi. org/ 10. 1002/ micr. 22394.

 16. Fattah A, Figus A, Mathur B, Ramakrishnan VV. The transverse 
myocutaneous gracilis flap: technical refinements. J Plast Reconstr 
Aesthet Surg JPRAS. 2010;63:305–13. https:// doi. org/ 10. 1016/j. 
bjps. 2008. 10. 015.

 17. Locke MB, Zhong T, Mureau MAM, Hofer SOP. Tug “O” war: 
challenges of transverse upper gracilis (TUG) myocutaneous free 
flap breast reconstruction. J Plast Reconstr Aesthet Surg JPRAS. 
2012;65:1041–50. https:// doi. org/ 10. 1016/j. bjps. 2012. 02. 020.

 18. Weitgasser L, Schwaiger K, Medved F, Hamler F, Wechselberger 
G, Schoeller T. Bilateral simultaneous breast reconstruction with 
DIEP- and TMG flaps: head to head comparison, risk and compli-
cation analysis. J Clin Med. 2020. https:// doi. org/ 10. 3390/ jcm90 
72031.

 19. Weichman KE, Tanna N, Broer PN, Wilson S, Azhar H, Karp 
NS, et al. Microsurgical breast reconstruction in thin patients: 
the impact of low body mass indices. J Reconstr Microsurg. 
2015;31:20–5. https:// doi. org/ 10. 1055/s- 0034- 13763 98.

 20. Stevens J, Katz EG, Huxley RR. Associations between gender, age 
and waist circumference. Eur J Clin Nutr. 2010;64:6–15. https:// 
doi. org/ 10. 1038/ ejcn. 2009. 101.

 21. Werdin F, Haug DM, Amr A, Schoeller T. Double transverse 
myocutaneous gracilis free flaps for unilateral breast reconstruc-
tion. Microsurgery. 2016;36:539–45. https:// doi. org/ 10. 1002/ micr. 
22397.

 22. Vollbach FH, Heitmann C, Fansa H. Autologe Brustrekonstruk-
tion mit Gewebe von der Oberschenkelinnenseite. Senol Z Für 
Mammadiagnostik Ther. 2014;11:194–200. https:// doi. org/ 10. 
1055/s- 0034- 13856 97.

 23. Mani M, Saour S, Ramsey K, Power K, Harris P, James S. Bilat-
eral breast reconstruction with deep inferior epigastric perforator 
flaps in slim patients. Microsurgery. 2018;38:143–50. https:// doi. 
org/ 10. 1002/ micr. 30173.

 24. Mani M, Wang T, Harris P, James S. Breast reconstruction with 
the deep inferior epigastric perforator flap is a reliable alternative 
in slim patients. Microsurgery. 2016;36:552–8. https:// doi. org/ 10. 
1002/ micr. 22524.

 25. Wechselberger G, Traintinger H, Larcher L, Russe E, Edelbauer 
M, Ensat F. Clinical applications of the transverse musculocutane-
ous gracilis flap for secondary breast reconstruction after simple 
mastectomy. Plast Reconstr Surg. 2016;137:19–28. https:// doi. org/ 
10. 1097/ PRS. 00000 00000 001857.

 26. Lindenblatt N, Gruenherz L, Farhadi J. A systematic review of 
donor site aesthetic and complications after deep inferior epigas-
tric perforator flap breast reconstruction. Gland Surg. 2019;8:389–
98. https:// doi. org/ 10. 21037/ gs. 2019. 06. 05.

 27. Enajat M, Smit JM, Rozen WM, Hartman EHM, Liss A, Kildal 
M, et al. Aesthetic refinements and reoperative procedures follow-
ing 370 consecutive DIEP and SIEA flap breast reconstructions: 
important considerations for patient consent. Aesthet Plast Surg. 
2010;34:306–12. https:// doi. org/ 10. 1007/ s00266- 009- 9424-y.

 28. Niddam J, Bosc R, Lange F, Chader H, Hersant B, Bigorie V, 
et al. DIEP flap for breast reconstruction: retrospective evalua-
tion of patient satisfaction on abdominal results. J Plast Reconstr 
Aesthet Surg JPRAS. 2014;67:789–96. https:// doi. org/ 10. 1016/j. 
bjps. 2014. 02. 008.

 29. Ng YYR, Tan VKM, Goh TLH, Yong WS, Wong CY, Ho GH, 
Madhukumar P, Ong KW, Ong YS, Sim Y, Tan BK, Tan BKT 
(2017) Trends in post-mastectomy reconstruction in an Asian 
population: a 12-year institutional review. Breast J 23(1):59–66. 
https:// doi. org/ 10. 1111/ tbj. 12682.

 30. Oda A, Kuwabara H, Fushimi K. Disparities associated with breast 
reconstruction in Japan. Plast Reconstr Surg. 2013;132(6):1392–
99. https:// doi. org/ 10. 1097/ PRS. 0b013 e3182 a80600.

 31. Yap YL, Lim J, Yap-Asedillo C, Ong WC, Cheong EC, Naidu S, 
et al. The deep inferior epigastric perforator flap for breast recon-
struction: Is this the ideal flap for Asian women? Ann Acad Med 
Singapore. 2010;39:680–6. (PMID: 20957302).

 32. Deurenberg P, Deurenberg-Yap M, Guricci S. Asians are different 
from Caucasians and from each other in their body mass index/
body fat per cent relationship. Obes Rev 2002;3(3):141–6. https:// 
doi. org/ 10. 1046/j. 1467- 789X. 2002. 00065.x.

 33. Butzelaar L, Soykan EA, Galindo Garre F, Beelen RHJ, Ulrich 
MM, Niessen FB, Mink van der Molen AB. Going into surgery: 
risk factors for hypertrophic scarring. Wound Repair Regen. 
2015;23(4):531–7. https:// doi. org/ 10. 1111/ wrr. 12302.

 34. Buchel EW, Dalke KR, Hayakawa TE. The transverse upper 
gracilis flap: efficiencies and design tips. Can J Plast Surg 
2013;21(3):162–6. https:// doi. org/ 10. 1177/ 22925 50313 02100 309.

 35. Siegwart LC, Sieber L, Fischer S, Maraka S, Kneser U, Kotsou-
giani-Fischer D. Influence of closed incision negative-pressure 
therapy on abdominal donor-site morbidity in microsurgical breast 
reconstruction. Microsurgery. 2020. https:// doi. org/ 10. 1002/ micr. 
30683.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/micr.30290
https://doi.org/10.1016/j.bjps.2018.07.008
https://doi.org/10.1097/00000637-199212000-00002
https://doi.org/10.1097/00000637-199212000-00002
https://doi.org/10.1097/00000637-199310000-00025
https://doi.org/10.1097/00000637-199310000-00025
https://doi.org/10.1097/01.prs.0000127797.62020.d4
https://doi.org/10.1097/01.prs.0000127797.62020.d4
https://doi.org/10.1097/PRS.0000000000000612
https://doi.org/10.1097/PRS.0000000000000612
https://doi.org/10.1097/PRS.0b013e3182268a99
https://doi.org/10.1097/PRS.0b013e3182268a99
https://doi.org/10.1002/micr.22394
https://doi.org/10.1016/j.bjps.2008.10.015
https://doi.org/10.1016/j.bjps.2008.10.015
https://doi.org/10.1016/j.bjps.2012.02.020
https://doi.org/10.3390/jcm9072031
https://doi.org/10.3390/jcm9072031
https://doi.org/10.1055/s-0034-1376398
https://doi.org/10.1038/ejcn.2009.101
https://doi.org/10.1038/ejcn.2009.101
https://doi.org/10.1002/micr.22397
https://doi.org/10.1002/micr.22397
https://doi.org/10.1055/s-0034-1385697
https://doi.org/10.1055/s-0034-1385697
https://doi.org/10.1002/micr.30173
https://doi.org/10.1002/micr.30173
https://doi.org/10.1002/micr.22524
https://doi.org/10.1002/micr.22524
https://doi.org/10.1097/PRS.0000000000001857
https://doi.org/10.1097/PRS.0000000000001857
https://doi.org/10.21037/gs.2019.06.05
https://doi.org/10.1007/s00266-009-9424-y
https://doi.org/10.1016/j.bjps.2014.02.008
https://doi.org/10.1016/j.bjps.2014.02.008
https://doi.org/10.1111/tbj.12682
https://doi.org/10.1097/PRS.0b013e3182a80600
https://doi.org/10.1046/j.1467-789X.2002.00065.x
https://doi.org/10.1046/j.1467-789X.2002.00065.x
https://doi.org/10.1111/wrr.12302
https://doi.org/10.1177/229255031302100309
https://doi.org/10.1002/micr.30683
https://doi.org/10.1002/micr.30683

	The transverse musculocutaneous gracilis flap for autologous breast reconstruction: focus on donor site morbidity
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods

	Study design and data acquisition
	Surgical technique of TMG flap harvest and donor site closure
	Statistics

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




