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Summary Background: The fat-augmented latissimus dorsi (FALD) flap is an evolution of the 
traditional latissimus dorsi (LD) flap, which allows to obtain a total autologous breast re
construction (BR) avoiding the use of breast implants. The aim of this study was to develop a 
predictive preoperative formula in order to estimate and optimize the amount of fat to be 
transferred during FALD flap BR, using only anthropometric measurements.
Methods: We conducted a prospective clinical study between September 2020 and April 2023. 
All patients underwent back pre-operative ultrasound scan to assess the subcutaneous skin 
paddle thickness (SPT) and a regression analysis was performed to evaluate which anthropo
metric variable had a better correlation with this thickness.
Results: Data from 66 FALD flaps were collected. The mean SPT was 11.95 mm (SD 4.56). A 
significant correlation between SPT and body mass index (BMI) was found (r = 0.640, 
p  <  0.0001). Using the fat-to-capacity ratio (113%), the following formula (the FALD-V) was 
developed to predict the needed fat transfer into FALD flap: [−509 + 12.32 × BMI + 11.71 × skin 
paddle width + 17.43 × skin paddle height] × 1.13. 
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The considered variables (BMI, skin paddle width and skin paddle height) were statistically 
significant (p  <  0.001, p = 0.0483, p = 0.0154, respectively). The cross-validation confirmed 
the accuracy of the formula (r = 0.810).
Conclusion: The FALD-V can be used as an innovative complimentary device in the planning of 
FALD flap one-stage total autologous BR. To enhance its application, a 3.0 WebApp at www. 
braflap.com (and www.breast-v.com) is available free of charge for both iOS and Android devices.
Level of evidence: II
© 2024 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by 
Elsevier Ltd. 

Introduction

The latissimus dorsi (LD) flap is a well-known procedure for 
autologous breast reconstruction (BR) that can be utilized 
to address a large spectrum of breast cancer surgery de
fects.1–3 The introduction of fat-augmented latissimus dorsi 
(FALD) flap allowed plastic surgeons to perform totally au
tologous BRs of small and medium sized breasts, avoiding 
the use of breast implants, combining the LD flap with im
mediate intraoperative autologous fat transfer (AFT).4–6 As 
described in previous studies, AFT should be safely per
formed orthotopically into the subcutaneous tissue of the 
skin paddle of the flap, above and below the Scarpa’s 
fascia.4 It is generally not recommended to inject fat tissue 
directly into the muscle, because it could lead to poten
tially fatal embolization, in addition to potential risks of 
skin flap impairment due to direct vascular injury.7–10

Practicing this innovative procedure, plastic surgeons can 
use a simple method to obtain an autologous reconstruction 
without necessarily recurring to microsurgery.11–14 However, 
accurate pre-operatory breast evaluation and intra-opera
tory flap tailoring are key determinants for the final es
thetic outcome of the reconstruction.15–18 A 3.0 WebApp for 
IOS and Android devices available for free at www.BREAST- 
V.com and www.braflap.com comes in handy for the pre
operative selection of appropriate patients, since the FALD 
flap is indicated for reconstructions of small (< 400 cc) and 
medium-sized (401–600 cc) breasts.19–21 A central element 
of this BR is knowing how much fat the reconstructive sur
geon has to infiltrate into the skin-adipose paddle of the 
flap, trying to avoid unwarranted infiltrations that could 
compromise its correct perfusion and also to avoid un
necessary time for adipose tissue collection.22

In 2014, Del Vecchio et al. in an elegant study defined 
graft-to-capacity ratio as the volume of grafted fat in rela
tion to the volume of the recipient site, analyzing its clinical 
importance in cases of large-volume fat transplantation.23

The calculated average graft-to-capacity ratio was 113%, 
with a standard deviation of 22%. Based on this ratio, 
knowing the precise volume of the skin-adipose paddle above 
the LD muscle, it is possible to calculate preoperatively the 
precise amount of AFT needed to infiltrate. In this study, we 
investigated possible associations between anthropometric 
values and subcutaneous fat thickness of the back, using this 
relationship to assess the volume of the skin-adipose paddle 
of the LD flap, and consequently the volume of fat needed to 
infiltrate into it. The aim of our research was to develop a 

mathematical formula that would allow us to predict and 
optimize the amount of AFT needed to infiltrate during FALD 
flap BR to achieve a one-stage autologous BR enhancing 
surgical planning and operative time (OT).

Patients and Methods

Between September 2020 and April 2023, we prospectively 
enrolled patients scheduled for FALD flap BR at our in
stitute, the Policlinico Tor Vergata University Hospital, for a 
prospective clinical study, in accordance with the tenets of 
the Declaration of Helsinki. All patients underwent pre-op
erative ultrasound scan to evaluate subcutaneous skin 
paddle thickness (SPT) of the back.

Data were collected prospectively evaluating age, 
height, weight, body mass index (BMI), skin paddle size 
(width and height), skin paddle area (SPA), SPT, skin paddle 
volume (SPV), predicted intraoperative AFT volume, true 
intraoperative AFT volume, OTs and complications. The 
calculated SPT, SPV and the predicted AFT volume remained 
blinded to the first surgeon during the study.

The preoperative drawing consists of an ellipse of skin 
placed in one half of the back, typically measuring between 
9 and 12 cm in height using pinch test. The skin-adipose 
paddle over the LD muscle represents the main volumetric 
component of the FALD flap, and has a three-dimensional 
structure, composed of a width and height of the cutaneous 
ellipse and a depth of the adipose subcutaneous tissue 
(Figure 1). During the dissection of the thoracodorsal 

Figure 1 Showed the three-dimensional structure of the skin 
paddle over the LD muscle. A = skin paddle over LD muscle; 
B = subcutaneous tissue of skin paddle; C = LD muscle.
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pedicle, we preserve the thoracodorsal nerve intact in 
order to avoid long-term atrophy of the LD muscle. After 
flap harvest and accurate pedicle dissection, the flap is 
rotated through a subcutaneous tunnel to the anterior chest 
wall without tension (Video 1). Adipose tissue is harvested 
using 2.4 mm cannulas and 10 ml syringes, subsequently 
centrifuged at 3000 rpm for 3 min according to Coleman’s 
technique. The AFT is performed above and especially 
below the Scarpa’s fascia of the skin paddle, through 1 ml 
syringes and 1.2 mm cannulas (Video 2).

Supplementary material related to this article can be 
found online at doi:10.1016/j.bjps.2024.01.014.

Skin paddle area (SPA)

The SPA is likened to the area of an ellipse and is easily 
calculated by measuring its width and height [Figure 2] and 
applying a mathematical formula (Ellipse area = L × l × π; 
where “L” is the length of the semi-major axis and “l” is the 
length of semi-minor axis) as follow:  

SPA (cm2) = skin paddle width/2 × skin paddle height/2 × π (3.14)   

Skin paddle thickness (SPT)

While in the case of SPA calculation is needed to apply easily 
preoperative measurements to a mathematical formula only, 
for the prediction of SPT the procedure is more demanding.

An ultrasound scan with a linear probe has been used to 
exactly assess the skin and subcutaneous tissue thickness 
until LD muscle fascia. It represents a simple, quick, non- 
invasive and easily reproducible procedure to measure the 
depth of the tissues. The ultrasound scan was performed 
the day before surgery, placing the linear probe (8 MHz) 

accurately in the central point of the skin paddle drawn on 
the back. The probe was only lightly placed on the skin with 
the patient in prone decubitus position and the arms posi
tioned along the body. Care has been taken not to press the 
probe excessively on the skin so as not to alter the calcu
lated thickness. Figure 3 illustrates this measurement 
during an ultrasound examination, with the different ana
tomical structures clearly noticeable.

Statistical analysis

Data are expressed as mean  ±  standard deviation or 
median  ±  median absolute deviation (MAD) where appro
priate. Association between numerical variables was assessed 
by means of Pearson or Spearman correlation, where appro
priate. Linear regression was used to predict relevant end
points, after assessing their normality. Non-linear regression 
was also used by pre-specifying the parameter-driven non- 
linear relationship of interest. All tests are two-tailed, and a 
significance level of 5% was fixed before the analysis. Analyses 
were conducted using the R software, version 4.1.2.

Results

A total of 66 FALD flaps (61 patients) were performed during 
the time period examined. The mean age was 54.05 years (SD 
9.38), while the average BMI was 24.09 kg/m2 (SD 3.78). The 
procedure was unilateral in 56 cases (91.8%) and bilateral in 5 
cases (8.2%). The timing of reconstruction was immediate for 
33 (50%) breasts and delayed for the other 33 (50%) breasts. 
Regarding the immediate cases, Madden’s Modified Radical 
Mastectomy was performed on 4 (12.1% of the immediate BR) 
breasts, Skin Sparing Mastectomy on 15 (45.4% of the im
mediate BR) breasts, and Nipple-Sparing Mastectomy (NSM) on 
14 (42.4% of the immediate BR) breasts. The mean operating 
time was 266.63 min (SD 82.56). No case of total or partial 
FALD flap necrosis occurred, while there were 4 cases of fat 
necrosis (6.06%) detected on postoperative ultrasound ex
amination. Concerning general complications, 7 cases 
(10.61%) of persistent seroma at the donor site occurred. All 
these cases have been solved using needle aspiration in out
patient setting. One infection (1.51%) occurred at the re
constructed breast, resistant to antibiotic treatment and 
requiring surgical revision. We report no case of hematoma 
and chronic pain in our series. The average skin paddle width 
was 19.04 cm (SD 1.59) and skin paddle height 9.67 cm (SD 
1.22). The average calculated SPA was 145.12 cm2 (SD 26.41). 
Regarding data extrapolated from the ultrasound investiga
tion, the mean SPT was 11.95 mm (SD 4.56), the maximum 
thickness was 25.5 mm, while the minimum 4.8 mm.

Skin paddle volume (SPV) calculation

Simple regression analysis showed that BMI has significant 
correlation with subcutaneous thickness (r = 0.640, 
p  <  0.0001) (Figure 4). As a result, this final predictive 

Figure 2 The skin paddle area (SPA) is likened to the area of 
an ellipse (green) and is easily calculated multiplying L × l × π, 
where “L” is the length of the semi-major axis and “l” is the 
length of semi-minor axis.
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formula provided the best model to determine the three- 
dimensional volume of the whole skin paddle of the flap:  

SPV = −509 + 12.32 × BMI + 11.71 × skin paddle width + 17.43 × skin 
paddle height                                                                         

The average calculated three-dimensional volume of the 
skin paddle was 179.33 cc (SD 71.88). In order to validate 
the SPV calculation we performed a cross-validation with 
the volumetric assessment of the skin-adipose paddle ac
cording to a mathematical formula (SPV = SPA × SPT), mea
suring the thickness of the subcutaneous tissue 
intraoperatively with a ruler. The intraoperative calculated 
SPV was 177.66 cc (SD 90.05). The cross-validation reported 
a strong association between the two measurements, with a 
high Spearman correlation (r = 0.718, p  <  0.001) [Figure 5].

Predicted calculation of the autologous fat 
transfer (AFT)

Knowing the volume of the skin and adipose paddle over the 
LD muscle (SPV) and using the fat-to-capacity ratio de
scribed by Del Vecchio et al.,22 the following formula was 

Figure 4 Correlation between skin paddle thickness (SPT) 
and BMI. These two values showed a significant association 
(r = 0.640, p  <  0.0001).

Figure 3 The linear probe was only lightly placed on the skin with the patient in prone decubitus position and the arms positioned 
along the body. A = skin; B = subcutaneous adipose tissue; C = LD muscle; D = paraspinal and underlying muscles; E = periosteum; 
F = costal bone.
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built for the development of the FALD-V (i.e. fat volumetric 
assessment for LD flap) in order to calculate the optimal 
amount of fat tissue needed to infiltrate into the FALD flap:  

FALD-V = [−509 + 12.32 × BMI + 11.71 × skin paddle width + 17.43  
× skin paddle height] × 1.13                                                      

The covariates considered in the FALD-V (BMI, skin 
paddle width and skin paddle height) were statistically 
significant (p  <  0.001, p = 0.0483, p = 0.0154, respec
tively). The R2 was modest (0.645) and the root mean 
squared error for the predictions is 53.95. Age did not reach 
the threshold for statistical significance (p = 0.41) and was 
not included in the predictive formula. Using this formula, 

the mean predicted AFT needed per flap was 202.64 cc (SD 
80.85), while the mean true intraoperative AFT volume was 
158.97 cc (SD 28.85). Predicted AFT and true AFT showed a 
good correlation (Spearman's Rho 0.81) [Figure 6]. The ex
pected absolute error is estimated as 59.72 cc and the ex
pected relative error is 25.7%. Results are summarized in 
Tables 1, 2 and 3.

Discussion

The FALD flap bypasses the limitations of the traditional LD 
flap, being a totally autologous flap, able to replace breast 
implants through the intraoperative injection of adipose 
tissue, although it is considerate a second-choice BR pro
cedure after abdominal-based and PAP free flaps.24–26 De
miri et al. in 2018 described the FALD flap among 47 patient 
as total BR, despite the need for additional fat grafting 
sessions.27 Couto-gonzales et al. in 2020 reported a case 
series of 95 BR with FALD flap showing excellent esthetic 
results.28 Since this reconstructive option is gaining more 
and more acceptance worldwide, more studies on pre
operative planning of the intraoperative autologous fat in
filtration are needed.29,30 Our research group recently 
published a study on secondary BRs in irradiated breasts 
using FALD flap, detailing the surgical procedure.19 Fur
thermore, in the recent years we have had an evolution 
regarding orientation of the FALD flap in the recipient 
breast site. The transition from the traditional transverse/ 
horizontal orientation to the ergonomic vertical orientation 
of the skin-adipose paddle allowed us to obtain a one-stage 
reconstruction with superior breast projection, optimal 

Figure 6 Predicted and true AFT in the cohort showed good 
correlation (Spearman's Rho 0.81).

Table 1 Patients demographics. 

Flaps number 66
Patients number 61
Mean age [y] 54.05 (SD 9.38)
Mean height [cm] 156.65 (SD 23.85)
Mean weight [kg] 68.19 (SD 23.44)
Mean BMI [kg/m2] 24.09 (SD 3.78)
Laterality Unilateral: 56 (91.8%) 

Bilateral: 5 (8.2%)
Skin paddle width [cm] 19.04 (SD 1.59)
Skin paddle height [cm] 9.67 (SD 1.22)
Skin paddle area (SPA) [cm2] 145.12 (SD 26.41)
Skin paddle thickness (SPT) [mm] 11.95 (SD 4.56)

Table 2 Operative data. 

Flaps number 66
Patients number 61
Operative time [min] 266.63 (SD 82.56)
Total complications 12 (18.18%)
Fat necrosis 4 (6.06%)
Seroma 7 (10.61%)
Hematoma 0 (0%)
Chronic pain 0 (0%)
Wound dehiscence 0 (0%)
Infection 1 (1.51%)

Figure 5 Correlation between preoperative estimated and 
intraoperative calculated skin paddle volume (SPV) (r = 0.718, 
p  <  0.001).
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upper pole fullness and excellent esthetic outcomes.31 Re
garding thoracodorsal nerve management, unlike what we 
do in mixed reconstructions with LD flap and breast implant 
in which we divide the TD nerve, in the case of re
constructions with FALD flap we prefer to leave this nerve 
intact. Thoracodorsal nerve sparing reduces long-term 
muscle atrophy and does not affect symptomatic spasticity 
or involuntary muscle movement as reported by recent 
studies.32

Preoperative planning is essential for all BRs, and even 
more so in this procedure where a key element is the AFT 
and the amount of this fat required.33,34 Knowing pre
operatively the exact amount of fat that can be optimally 
infiltrated into the flap could avoid unnecessary lipoas
pirations, shorten OTs while reaching the optimum volume 
needed in a single procedure. Furthermore, this data would 
help us to avoid excessive and unsafe infiltrations to the 
flap, which could affect its perfusion.35–37 The excessive fat 
infiltration into the flap could be unsafe for its perfusion as 
well as counterproductive since an overfilling would lead to 
the development of oil cysts and fat necrosis.38,39 We prefer 
to infiltrate fat tissue orthotopically and not directly into 
the LD muscles, in order to avoid any risk of potentially 
fatal embolism and direct or indirect vascular injury and 
compression of vein perforators,40 and for the potential 
adipocytes trans-differentiation into skeletal myocytes.41

Del Vecchio et al. in 2014 described the graft-to-capacity 
ratio dividing the volume of grafted material by the capa
city of the breast recipient site.23 The calculated average 
graft-to-capacity ratio was 113%, with a standard deviation 
of 22%. Considering the consistency of breast tissue com
parable to subcutaneous tissue of the back, we can esti
mate that the AFT in the subcutaneous adipose tissue of the 
FALD skin paddle will be 113% compared to its volume. The 
information needed to estimate the SPV are all easily 
available with preoperative measurements, except for the 
depth of the subcutaneous tissue. So, we calculated this 
thickness with the fastest, cheapest and least invasive 
method, i.e. ultrasound scan. Subsequently, we tried to find 
a relationship between the thickness of the subcutaneous 
fat tissue of the back and an anthropometric value of our 
cohort, in order to get the estimated thickness using an 
easily available measurements in the preoperative period 
and without any radiological examination. The use of an
thropometric data is known to be a fast and cheap method, 
as well as being easily reproducible, and the value that was 
most predictive of subcutaneous thickness was BMI, showing 
a regression coefficient of 0.640 (p  <  0.0001).

Fujiwara et al. in 2013 firstly described a linear re
lationship between LD flap weight and BMI, showing that 

BMI had the best correlation with LD flap weight among 
many variables taken into consideration (r = 0.664).42

Knowing the exact correlation between BMI and sub
cutaneous dorsal thickness, the FALD-V predictive formula 
of the autologous fat needed to be injected into the skin 
paddle of FALD flap has been developed as described pre
viously:  

FALD-V = [−509 + 12.32 × BMI + 11.71 × skin paddle width + 17.43  
× skin paddle height] × 1.13                                                      

The FALD-V can be used by reconstructive surgeons very 
easily in the preoperative period, solely knowing three an
thropometric values, or else the skin paddle width, skin 
paddle height and patient’s BMI. To enhance its application 
and in order to make it accessible to everyone and easy to 
use, we have developed an 3.0 WebApp at www.braflap.com
and www.BREAST-V.com for both iOS and Android devices. 
The fat tissue survival rate after fat grafting procedures has 
been described in literature by many authors, and it is 
widely demonstrated that it is regulated by two funda
mental principles: graft-to-recipient interface and inter
stitial fluid pressure limit.43,44 Using the graft-to-capacity 
ratio described by Del Vecchio et al., we can inject adipose 
tissue minimizing the risk of reducing fat survival rate due 
to excessive infiltrations.23

During the study the data regarding SPV and predicted 
AFT remained blinded to the first surgeon (B.L.), who 

Table 3 Comparison between predicted and intraoperative calculation of SPV and between predicted AFT and true operative 
AFT. Shown in the right column the Sperman’s correlation. 

Predicted Intraoperative Sperman r

Skin paddle volume (SPV) [cc] 179.33 (SD 71.88) 177.66 (SD 90.05) 0.718
Autologous fat transfer (AFT) [cc] 202.64 (SD 81.22) 158.97 (SD 28.85) 0.810

Figure 7 Pre-operative photograph (frontal view) of a 45- 
year-old patient with right breast volume of 104 cc and left 
breast volume of 114 cc.
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performed the intraoperative AFT based on his experience 
in not overfilling the flap and giving a good breast volume 
simultaneously. In order to verify the reliability of the de
scribed formula, we analyzed and compared the predicted 
AFT volume needed and true AFT volume performed during 
surgery. The result of cross-validation reported that the two 
volumes compared fit well (r = 0.810) as shown in Table 3
and Figure 6. Furthermore, during the procedure the 
thickness of the subcutaneous tissue of each flap was 
measured with a ruler and the SPV mathematically 

calculated. The correlation between predicted SPV and in
traoperatively calculated SPV also showed a strong asso
ciation (r = 0.718, p  <  0.001), confirming the accuracy of 
the formula. The prediction of AFT represents a valid and 
reliable tool that can be appropriately applied in the pre
operative setting of every FALD flap BR, in order to achieve 
a safe reconstruction with nice aesthetical outcome as 
shown in Figures 7-13. Clinically, plastic surgeons can use 
easily the FALD-V to estimate preoperatively the amount of 
the AFT needed, as it can speed up the fat aspiration pro
cess and avoid excessive and damaging infiltrations for the 
flap.45

Figure 8 The same patient (frontal view) 6 months after an 
immediate bilateral NSM mastectomy and FALD flap breast re
construction. The estimated SPV was 129.08 cc, while the in
traoperative calculated SPV was 120.81 cc, same for both sides. 
In this case 130 cc of intraoperative AFT was performed on the 
right breast and 120 cc on the left breast. The calculated AFT 
with the FALD-V formula was 145.86 cc for both breasts.

Figure 9 Post-operative photograph of the donor site, 
6 months after the bilateral BR procedure.

Figure 10 Pre-operative photograph (frontal view) of a 56- 
year-old patient scheduled for left breast reconstruction with 
FALD flap. Preoperative left breast volume = 480 cc.

Figure 11 Post-operative picture 12 months after immediate 
left NSM with inframammary fold (IMF) incision and breast re
construction using FALD flap. The estimated SPV was 173.24 cc, 
while the intraoperative calculated SPV was 181.37 cc. Volume 
of intraoperative AFT to the left breast = 190 cc. The calcu
lated AFT with the FALD-V formula was 195.77 cc.

Journal of Plastic, Reconstructive & Aesthetic Surgery 90 (2024) 25–34  

31



Using the described formula, it will be possible to cal
culate during the preoperative marking the precise amount 
of adipose tissue required to be injected into the skin-adi
pose paddle of FALD flap, using only three measurements: 
skin paddle width, skin paddle height and BMI.

Conclusion

The FALD-V represents a reliable, predictive and re
producible tool that can be used during the preoperative 
drawing in the planning of a FALD flap one-stage total au
tologous BR. This innovative device can help plastic sur
geons in determining the fat to be aspirated and 
transplanted, avoiding excessive or insufficient aspirations 
of adipose tissue, using solely three anthropometric values: 
skin paddle width, skin paddle height and BMI. To enhance 

its application, the FALD-V can be easily used free of charge 
with a 3.0 WebApp at www.braflap.com and www.BREAST-V. 
com for both iOS and Android devices.
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