
Article Not peer-reviewed version

Long-Term Breast Morphological

Analysis after Ergonomic FALD Flap

Reconstruction

Gennaro D'Orsi , Alessio Farcomeni , Martina Giacalone , Elettra Gagliano , Lisa Vannucchi , Gianluca Vanni ,

Oreste Claudio Buonomo , Valerio Cervelli , Benedetto Longo *

Posted Date: 22 August 2024

doi: 10.20944/preprints202408.1627.v1

Keywords: breast reconstruction; autologous breast reconstruction; ergonomic flap; latissimus dorsi flap;

FALD flap; fat grafting; autologous fat transfer; aesthetic outcomes; pedicled flap

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3476732
https://sciprofiles.com/profile/3477430
https://sciprofiles.com/profile/1293888
https://sciprofiles.com/profile/3324343
https://sciprofiles.com/profile/3642110
https://sciprofiles.com/profile/2209021


 

Article 

Long-Term Breast Morphological Analysis after 

Ergonomic FALD Flap Reconstruction 

Gennaro D’Orsi 1, Alessio Farcomeni 2, Martina Giacalone 3, Elettra Gagliano 3, Lisa Vannucchi 3, 

Gianluca Vanni 4, Claudio Oreste Buonomo 4, Valerio Cervelli 3 and Benedetto Longo 3,* 

1 Department of Surgical Sciences, School of Medicine and Surgery, PhD program in Medical-Surgical 

Applied Sciences, Tor Vergata University of Rome, Italy 
2 Department of Economics & Finance, Tor Vergata University of Rome, Italy 
3 Chair of Plastic Surgery, Department of Surgical Sciences, School of Medicine and Surgery, Tor Vergata 

University of Rome, Italy 
4 Division of Breast Unit, Department of Surgical Sciences, School of Medicine and Surgery, Tor Vergata 

University of Rome, Italy 

* Correspondence: benedetto.longo@uniroma2.it; Tel. +39-06-23-18-85-14 

Abstract: Background: The Fat-Augmented Latissimus Dorsi (FALD) flap is an autologous flap that combines 

Latissimus Dorsi (LD) flap with immediate autologous fat transfer (AFT) in order to improve breast 

reconstruction (BR) volume. In recent years, our team has described the ergonomic FALD flap, an evolution of 

this technique which helps to achieve a complete BR in a single surgical step. In this long-term study, we 

analyze morphological variations of the breast after ergonomic FALD flap reconstruction compared to the 

traditional transverse FALD flap technique. Methods: Between December 2020 and September 2022 we 

prospectively enroll patients undergoing BR using FALD flap into 2 groups: Group A included ergonomic 

FALD flap, while Group B included traditional FALD flap. The primary endpoint of the study was to compare 

the two groups in terms of breast projection (BP), breast width (BW) and breast height (BH), while the second 

endpoint concerned the analysis of the aesthetic outcomes. Results: 32 FALD flaps (23 patients) were 

performed for the Group-A and 31 FALD flaps (25 patients) for Group-B. There were no significant differences 

regarding demographic variables. After propensity score weighting analysis, Group-A showed a statistically 

significant better breast projection (p<0.0001) compared to Group-B. (6.05 vs 5.60). Final aesthetic analyses 

showed to be superior in Group-A concerning breast shape (p=0.001) and global score evaluation (p=0.004). 

Conclusion: The ergonomic FALD flap offers better long-term aesthetic outcomes for autologous BR with 

higher breast projection compared to the traditional transverse FALD flap. 

Keywords: breast reconstruction; autologous breast reconstruction; ergonomic flap; latissimus dorsi flap; 

FALD flap; fat grafting; autologous fat transfer; aesthetic outcomes; pedicled flap 

 

Introduction 

The Fat-Augmented Latissimus Dorsi (FALD) flap is a totally autologous flap recently described 

for breast reconstruction (BR) [1,2]. It combines Latissimus Dorsi (LD) flap reconstruction with 

immediate intraoperative autologous fat transfer (AFT) in order to improve its volume [3]. 

Intraoperative AFT is usually performed into the flap at the level of the subcutaneous adipose tissue 

of the skin paddle and below the LD muscle fascia cranially and caudally to the skin paddle [4]. At 

the recipient site, the AFT can be performed in mastectomy flaps in cases of delayed BR while it can 

be performed in the loose areolar space just below the major pectoralis muscle in case of immediate 

BR [5]. In recent years, our team has described an evolution of the FALD flap, i.e. the ergonomic 

FALD flap, characterized by a remodeling of the skin paddle and its vertical positioning at recipient 

breast site, which helps to achieve a complete BR in a single surgical step reducing the need for 

additional AFT sessions [6,7]. Specifically, the ergonomic position of the flap allows improving the 

shape of the new breast, filling both lower and upper poles appropriately and increasing the new 

breast projection [8,9]. 
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In this long-term study, we analyze the morphological variations of the breast after the 

ergonomic FALD flap reconstruction compared to the traditional transverse FALD flap technique. 

Patients and Methods 

This is a prospective clinical study of a cohort of patients enrolled between December 2020 and 

September 2022 at our institute, the Policlinico Tor Vergata University Hospital, in accordance with 

the Declaration of Helsinki statement.  

Inclusion criteria were patients scheduled for breast reconstruction using FALD flap, while 

exclusion criteria were patients with paraplegia problems or who practiced climbing or windsurfing. 

Breast candidates for Modified Radical Mastectomy (MRM) were also excluded from the study. 

Patients were randomly enrolled into 2 groups: Group A included BR using ergonomic FALD flap, 

while Group B included BR using traditional transverse FALD flap. 

During the preoperative drawing of the LD skin paddle [Figure 1], we measured the breast 

projection (BP), breast width (BW) and breast height (BH) using a millimeter caliper in all patients. 

 

Figure 1. Preoperative markings on the back of bilateral FALD flap. 

Data regarding age, BMI, smoke, laterality, mastectomy type, timing of reconstruction, 

preoperative weight of the breast, intraoperative fat grafting volume, additional fat grafting sessions, 

duration of surgery and complications were collected, and breast pictures were taken. Preoperative 

volume assessments of the breast were performed using BREAST-V formula, available on the 

WebApp 3.0 www.braflap.com [10]. Exactly 12 months after breast reconstruction, all patients 

underwent accurate measurement of the post-operative breast projection (BP), breast width (BW) and 

breast height (BH) using a millimeter caliper [Figure 2].  
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Figure 2. Measurement of the post-operative breast projection (BP) using a millimeter caliper. 

Study Endpoints 

The primary endpoint of our study was to evaluate the two groups in terms of breast projection 

(BP), breast width (BW) and breast height (BH), assessing whether these differences were statistically 

significant. The second endpoint was about the assessment of aesthetic outcomes in the groups. We 

used a modification of the rating scale described by Garbay et al. firstly and adapted by Carlson et al. 

[11,12] for the aesthetic analysis, comparing the treated breast to the preoperative situation or the 

contralateral by two independent blinded reconstructive surgeons, 12 months after reconstruction. 

Standardized photographs were used from 5 specific views: frontal view, oblique view from each 

lateral side and complete lateral view at each side. Volume, shape, breast mound placement, 

inframammary fold, texture of the skin and scar location were evaluated ranging from 0 to 2 and 

analyzed for statistical assessment (Table 1). The total score represents the sum of each subscale 

averages. We also assessed a global aesthetic score by categorizing each breast into one of 4 groups: 

excellent (treated breast nearly identical to opposite breast), good (treated breast only slightly different 

from opposite breast), fair (treated breast clearly different from opposite breast but not seriously distorted ) and 

poor (treated breast severely distorted), as described by Harris et al. [13] (Table 2). 

Table 1. Subscale analysis of breast reconstruction. 

Subscale Category 0 Category 1 Category 2 

Volume of 

breast mound 

Marked discrepancy relative 

to contralateral side 

Mild discrepancy relative to 

contralateral side 
Symmetrical volume 

Shape of breast 

mound 
Marked shape deformity Mild shape deformity 

Natural or 

symmetrical shape 

Placement of 

breast mound 
Marked displacement Mild displacement 

Symmetrical and 

aesthetic placement 

IMF 
Poorly defined/not 

identified 

Defined but with asymmetry or 

lack of medial definition 

Defined and 

symmetrical 
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Skin texture 
Marked discrepancy relative 

to contralateral side 

Mild discrepancy relative to 

contralateral side 
Natural texture 

Scar location More noticeable Less noticeable Well hidden 

Table 2. Global Aesthetic Score described by Harris et al. 

Category 4 Category 3 Category 2 Category 1 

Excellent: treated breast 

nearly identical to 

opposite breast 

Good: treated breast only 

slightly different from 

opposite breast 

Fair: treated breast clearly 

different from opposite breast but 

not seriously distorted 

Poor: treated 

breast severely 

distorted 

Statistical Analysis 

All patient data regarding demographics, surgical report and complications were collected in a 

database (Microsoft Excel Office 365, Redmond, WA, USA). Statistical analyses were performed using 

R version 4.4.1 (R Development Core Team, Vienna, Austria). Inter-rater reliability was calculated for 

all of the picture grading subscales and the total amount of the subscales using the Cohen’s Kappa 

[14]. The strength of agreement was classified considering the j score as follows: less than 0.00, poor; 

0.00–0.20, slight; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, substantial; and 0.81–1.00, almost 

perfect agreement [15]. Continuous endpoints were compared between the two groups with a linear 

mixed regression model with a categorical predictor and random subject-specific intercepts, to take 

into account dependence arising from clustered data (i.e., two breasts from the same patient). Ordinal 

endpoints were compared with respect to their median with a similar mixed model devised for 

quantile regression [16,17]. Since patients are not randomized, we also compute a propensity score to 

balance for age, BMI, smoking status, timing, preoperative breast projection, preoperative breast 

width and height. The comparison of the two groups is then repeated with the same approach, after 

weighting for the propensity score of the assigned group. A p-value lower than 0.05 was considered 

as significant. 

Results 

We included in the study 32 ergonomic FALD flaps (23 patients) who belonged to group A and 

31 traditional FALD flaps (25 patients) who belonged to group B. Statistical analysis did not show 

significant differences (p>0.05) between the groups concerning age, BMI, smoking habits, laterality, 

timing of BR, mastectomy type and preoperative breast volume. All results regarding patient data 

are summarized in Table 3. 

Table 3. Patients characteristics among the two groups. 

 Group A  Group B  P value 

Flaps number 32 31  

Patients number 23 25  

Mean Age [y] 50.5 (SD 9.51, range 33-70) 50.42 (SD 9.66, range 40-80) 0.796 

Mean BMI [kg/m2] 23.93 (SD 3.58, range 18.9-35.8) 23.08 (SD 2.69, range 18.6-30.4) 0.495 

Smoking history  6 (26.1 %) 7 (28.0 %) 0.882 

Laterality 
Unilateral: 14 (60.9 %) 

Bilateral: 9 (39.1 %) 

Unilateral: 19 (76.0 %) 

Bilateral: 6 (24.0 %) 
0.259 

Timing of reconstruction 
Immediate: 18 (56.2%) 

Delayed: 14 (43.8%) 

Immediate: 14 (45.2%) 

Delayed: 17 (54.8%) 
0.378 

Mastectomy type 

SSM: 9 (28.1 %) 

NSM: 13 (40.6 %) 

Secondary: 10 (31.3 %) 

SSM: 4 (12.9 %) 

NSM: 11 (35.5 %) 

Secondary: 16 (51.6 %)  

0.177 

Preoperative breast 

volume [cc] 

298.74 (SD 99.69, range 120-

520) 

288.75 (SD 78.81, range 130-

430) 
0.549 
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Preoperative Breast 

Projection [cm] 
6.38 (SD 0.74; range 5 - 8) 6.42 (SD 0.77; range 5 - 8.5) 0.408 

Preoperative Breast Width 

[cm] 
11.36 (SD 0.77; range 10 – 13) 11.21 (SD 0.95; range 9.5 – 13) 0.247 

Preoperative Breast 

Height [cm] 
11.13 (SD 1.16; range 9 – 13) 11.37 (SD 1.01; range 9.5 – 13) 0.147 

We did not observe statistically significant differences regarding the preoperative breast 

projection (BP), breast width (BW) and breast height (BH) among the two groups (respectively 

p=0.408, p=0.247 and p=0.147). After 18 months from reconstruction, the average post-operative BP 

was 6.05 cm (SD 0.56, range 5.5 – 7.5) for group A, while 5.60 cm (SD 0.65, range 9.5 - 12) for group B, 

presenting a statistically significant difference (p<0.0001). Conversely, post-operative BW and BH had 

no statistically significant differences between the two groups, respectively p=0.477 and p=0.390. 

Mean post-operative BW was 11.00 cm for group A and 11.03 cm for group B, while BH was 10.63 cm 

for group A and 10.47 cm for group B [Table 4]. 

Table 4. Post-operative breast morphological analysis after weighting for the propensity score of the 

assigned group. 

 Group A  Group B  BminusA CIlow CIup P value 

Flaps number 32 31     

Patients number 23 25     

Post-operative Breast 

Projection [cm] 

6.05 (SD 0.56; 

range 5.5 – 7.5) 

5.60 (SD 0.65; 

range 4.5 – 7) 
-0.795 -1.102 -0.488 < 0.0001 

Post-operative Breast 

Width [cm] 

11. 00 (SD 0.84; 

range 9.5 – 12.5) 

11.03 (SD 0.74; 

range 9.5 – 12) 
0.165 -0.287 0.617 0.477 

Post-operative Breast 

Height [cm] 

10.63 (SD 1.22; 

range 8.5 – 13) 

10.47 (SD 0.96; 

range 9 – 13) 
-0.281 -0.916 0.355 0.390 

Mean intraoperative AFT volume was 173.9 cc (SD 34.0) for ergonomic flap group and 177.7 cc 

(SD 43.9) for control group, with no significant differences (p=0.351). Contrariwise, we observed a 

statistically significant difference between the groups regarding additional AFT (p<0.00001). 

Particularly, patients underwent ergonomic FALD reconstruction required 0.26 (SD 0.45) mean 

additional AFT sessions, while patients from the traditional FALD group 1.52 (SD 0.71).  

The amount of surgical complications was similar between the active and control groups, with 

no statistically significant differences (p=0.973).  

Aesthetic Outcome 

The analysis of the surgeons’ assessment 12 months after breast reconstruction was performed 

using an adapted rating scale firstly described by Garbay et al. and modified by Carlson. 

Only the comparison of breast shape was statistically superior in group A (p=0.001), while as 

regards the other variables taken into consideration, no significant difference was found [Table 5]. 

Furthermore, a statistically significant difference was observed regarding the global aesthetic score 

(3.44 vs 3.06; p=0.004), with superior aesthetic outcome in group A using a classification described by 

Harris et al. 
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Table 5. Aesthetic propensity scores weighted analysis using surgeons’ evaluations. Propensity scores 

were estimated by means of a logistic regression model in which treatment was the outcome and 

predictors were age, BMI, operative time, mastectomy weight, and smoking habit. A value of p <0.05 

was considered as significant. 

 Group A Group B BminusA CIlow CIup p-value 

Volume 1.75 1.71 -0.104 -0.316 0.108 0.335 

Shape 1.75 1.39 -0.454 -0.711 -0.198 0.001 

Placement of breast 

mound 
1.72 1.52 -0.232 -0.476 0.011 0.061 

IMF 1.69 1.61 -0.107 -0.341 0.128 0.374 

Skin texture 1.69 1.58 -0.093 -0.333 0.146 0.445 

Scar 1.66 1.51 -0.171 -0.417 0.075 0.174 

Total score 10.25 9.32 -0.500 -3.853 2.353 0.752 

Global score 3.44 3.06 -0.509 -0.858 -0.160 0.004 

Discussion 

The FALD flap was a revolution in the field of breast reconstructive surgery as it allowed for a 

totally autologous BR, avoiding the use of breast implants and their possible short- and long-term 

complications [18,19,20,21]. Furthermore, this procedure does not require any microsurgical expertise 

[22,23,24]. 

A significant drawback of this technique initially described with a transverse skin paddle 

orientation at the breast recipient site, was the poor projection of the reconstructed breast and the 

emptying of the upper pole which required the need for several additional fat grafting sessions 

[25,26]. The additional AFT sessions were specifically aimed at filling the upper pole and giving better 

projection to the reconstructed breast. These defects have been overcome by an evolution of this flap, 

that is the ergonomic FALD flap, recently described by our team [6]. This modification allowed us to 

significantly reduce the additional AFT sessions and obtain a finalized result after the first 

reconstructive procedure. The key point is the folding of the de-epithelialized skin paddle, since the 

lower part of the skin paddle was folded back, suturing its inferior apex to the posterior surface of 

the LD muscle. In this way we try to replicate the shape of an anatomical implant [27,28]. [Video 1, 

https://drive.google.com/file/d/1gFaU4OlixutzGaxp0BpmV6RaK_POuOIC/view?usp=drive_link] 

In 2018, Demiri et al. conducted an interesting study compared a series of delayed breast 

reconstructions using the FALD flap with implant-based reconstructions in irradiated patients, 

observing a significantly lower range of complications in FALD flaps [29]. Economides et al. in 2017 

described a case series of patients undergoing FALD flap, demonstrating that the immediate 

infiltration of adipose tissue into the flap allows avoiding the use of breast implant [30].  

In our prospective study we focused on evaluating the morphological variations of the 

reconstructed breast after the ergonomic FALD flap, comparing them with the traditional FALD flap. 

The statistical analysis highlighted a significant difference regarding the post-operative breast 

projection in favor of patients undergoing ergonomic FALD flap reconstruction (p<0.0001). The 

increase in breast projection is due to the vertical positioning of the skin paddle and its folding in the 

lower portion, ensuring good volume at the lower pole and at the same time fullness at the upper 

pole. 

The management of the thoracodorsal nerve during the LD flap harvest is controversial in 

literature [31,32,33]. We do not denervate the LD muscle when performing a FALD flap, while we 

use to denervate the thoracodorsal nerve in cases of BR with LD flap and implant, in order to reduce 

muscle animation and possible implant migration [34,35]. In our opinion, leaving the thoracodorsal 

nerve intact could contribute to maintaining muscle trophism and therefore maintaining good 

projection and volume over time [36]. Furthermore, in our technique long-term maintenance of 

volume is due to the use of multiple recipient site for AFT located at the breast region, i.e. the retro-

pectoral space between the pectoralis major and minor muscles, the subcutaneous adipose tissue of 
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the mastectomy skin flaps, the subcutaneous tissue of LD skin paddle and the space under LD muscle 

fascia [3]. 

Regarding aesthetic assessment, the surgeons' evaluation confirmed a better long-term aesthetic 

outcome of the ergonomic FALD flap compared to the traditional transverse FALD, especially in 

terms of breast shape. 

Figures 3 to 6 show the results after breast reconstruction with ergonomic FALD flap, in which 

it is possible to appreciate a good breast projection, similar to the pre-operative condition. 

 

Figure 3. Pre-operative picture (frontal view) of a patient scheduled for bilateral NSM and immediate 

breast reconstruction with bilateral ergonomic FALD flap. 
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Figure 4. Post-operative picture 6 months after bilateral NSM and immediate autologous breast 

reconstruction using FALD flap. The LD flap volume calculated using LD-V formula was 214.40 cc 

for each flap. 

 

Figure 5. Pre-operative picture (frontal view) of a patient scheduled for right NSM and immediate 

breast reconstruction using FALD flap. 
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Figure 6. Post-operative picture 4 months after right NSM and immediate autologous breast 

reconstruction with FALD flap. The estimated right LD flap volume using LD-V formula was 221.18 

cc. 

Conclusion 

The ergonomic FALD flap represents a valid alternative for autologous breast reconstruction 

with a good long-term aesthetic outcome. This technique allows to obtain a significantly higher breast 

projection and superior aesthetic results compared to the traditional FALD flap, maintaining an equal 

range of complications. 
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