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INTRODUCTION
Reduction mammoplasty is among the most common 

procedures in plastic surgery.1 This is in part due to the 
prevalence of symptomatic macromastia, in which abnor-
mally large breasts can result in significant functional, 
cosmetic, and psychological patient morbidity.2 The signs 
and symptoms of macromastia can include neck and 

shoulder pain, intertrigo, brassiere shoulder grooving, 
difficulty with exercise, difficulty with fitting clothing, and 
low self-esteem.3–6 Through removal of excessive breast tis-
sue, while addressing breast position and contour, reduc-
tion mammoplasty can alleviate these issues and improve 
patient quality-of-life (QoL).6–8

A limiting factor to the operative time required to com-
plete a reduction mammoplasty is skin closure. Soft tissue 
closure following surgery is typically achieved in multiple 
layers: (1) reapproximation of breast parenchymal pillars, 
(2) closure of the dermis to restore the strength layer of the 
skin, and (3) juxtaposition of the epidermis to close the skin 
and minimize scar formation. Materials typically used to 
achieve closure include a variety of sutures with or without 
additional support with adhesive tapes and/or other skin 
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ABSTRACT

Introduction: Reduction mammaplasty is a mainstay in the treatment of symptom-
atic macromastia, with a well-described positive impact on patient quality-of-life 
(QoL). Absorbable dermal staplers have the potential to improve the efficiency of 
skin closure in reduction mammoplasties, but a more comprehensive assessment 
of its impact on key outcomes has not been fully elucidated. 
Methods: A retrospective review of patients undergoing reduction mammoplasty 
between November 2018 and December 2020 was conducted. Patients were 
included if they had undergone a wise-pattern reduction with a superomedial 
pedicle and completed 3 months of follow-up. Patient demographics, operative 
information, clinical and aesthetic outcomes, and QoL were compared between 
patients that had INSORB stapler-assisted and suture-only closures. 
Results: Seventy-five patients met the inclusion criteria, with 34 patients (45%) in 
the stapler cohort. Total procedure time was significantly reduced with the use of 
the dermal stapler (stapler: 154 vs. suture: 170 minutes; p = 0.003). The incidence 
of major complications was similar between cohorts (stapler: 8.8% vs. suture: 12%; 
p = 0.64), as was the incidence of minor complications (stapler: 44% vs. suture: 
41%; p = 0.82). Regardless of closure technique, patients demonstrated significant 
increases in all QoL domains (p <0.001). Lastly, 10 independent raters found no 
difference in the cosmetic appearance of breasts from either cohort, when judging 
overall breast appearance, shape, scars, volume and the nipple-areolar complex 
(all p > 0.05).
Conclusions: The dermal stapler improves efficiency of closure during reduc-
tion mammoplasty without increasing the incidence of wound healing complica-
tions. Additionally, cosmetic outcomes are not affected, and patients demonstrate 
similar post-operative satisfaction with the result regardless of closure technique.  
(Plast Reconstr Surg Glob Open 2021;9:e3784; doi: 10.1097/GOX.0000000000003784; 
Published online 25 August 2021.)
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adhesives. The choice of materials is largely surgeon spe-
cific but is often dependent upon level of tension, incision 
length, and factors perceived to contribute to the patient’s 
capacity to heal (eg, age, comorbidities, compliance). The 
ideal materials and/or devices used for closure are ones that 
maximize efficiency while maintaining quality, providing 
expediency without sacrificing strength and precision.9

Previous research has demonstrated that absorbable 
dermal staplers (DS) provide precision, strength, and effi-
ciency in soft tissue closure.10,11 These benefits are relevant 
in reduction mammoplasty, which not only requires sig-
nificant time allocated to skin closure, but also demands 
a well opposed and high-integrity skin closure. This is 
because the breast envelope must adequately support the 
underlying breast tissue while maintaining breast position 
and contour, often combating a considerable amount of 
tension. Potential complications related to suboptimal 
skin closure include wound infection, wound dehiscence, 
delayed wound healing, excessive scar formation, and 
overall poor cosmesis.12

Given the inherent challenges of this operation, addi-
tional research is necessary to confirm the utility of DS in 
reduction mammoplasty before widespread implementation 
and endorsement. It is important to evaluate if the potential 
benefits of this device translate to reduction mammoplasty 
while ensuring that there is no increased risk of wound com-
plications or poorer aesthetic outcomes. Prior studies evalu-
ated an array of soft tissue closures with few being reduction 
mammoplasty.9,10 Therefore, the purpose of this study was to 
comprehensively determine how the use of an absorbable 
DS affects operative time, clinical outcomes, QoL, and cos-
metic appearance on reduction mammoplasty. We hypoth-
esize that implementation of the DS will significantly reduce 
time of surgical closure and overall time of surgery, while 
maintaining similar safety and patient-reported outcomes.

METHODS
An institutional review board approved retrospec-

tive chart review was conducted of all adult patients who 
underwent reduction mammoplasty with a single surgeon 
between November 2018 and December 2020. Patients 
were included if they had undergone a wise-pattern exci-
sion with a superomedial pedicle technique and com-
pleted their 3-month follow-up. Patients were excluded if 
they had undergone reduction with a different technique, 
an oncoplastic reduction, or did not meet the minimum 
follow-up requirement. The included patients were split 
into two groups based on method of dermal closure: 
INSORB dermal stapler (DS) (CooperSurgical, Trumbull, 
Conn.) or suture only (SO) (3-0 absorbable monofila-
ment). In both groups, either the dermal staples or the 
interrupted dermal sutures were placed in 1.5-cm incre-
ments along the entire length of the closure. This was 
followed by a running subcuticular 4-0 absorbable mono-
filament suture as the finishing layer for both groups.

Clinical Outcomes
The primary endpoint was to compare outcomes 

between patients who underwent closure with absorbable 
dermal staples to patients who underwent traditional suture 

closure. Patient demographics (age, sex, race, and ethnic-
ity), medical history (co-morbidities and smoking history), 
and operative details (operative time, operative technique, 
and weight of breast mass removed) were abstracted from 
the electronic medical record. The following postoperative 
complications were extracted from the electronic medical 
record for analysis: surgical site infection, seroma, hema-
toma, wound dehiscence, minor T-point delayed wound 
healing, other delayed wound healing (defined as wound 
healing issues outside of the T-point), fat necrosis, nipple-
areolar complex (NAC) necrosis, hypertrophic scarring, 
keloid, persistent pain, hypersensitivity, and numbness. All 
were considered minor complications, except for surgical 
site infection, seroma, hematoma, wound dehiscence, and 
fat necrosis, which were considered major complications.

Quality-of-Life
We aimed to determine if use of the DS affected 

patient-reported QoL and satisfaction with perioperative 
care. Patients were administered the modified BREAST-Q, 
Breast Reduction module preoperatively, and at their 
3-month postoperative visits. The QoL module includes 
the following 10 domains: satisfaction with breasts, psycho-
social well-being, sexual well-being, physical well-being, 
satisfaction with outcome, satisfaction with information, 
satisfaction with NAC, satisfaction with surgeon, satisfac-
tion with medical staff, and satisfaction with office staff.9 
BREAST-Q responses were scored using Q-Score software, 
providing scores from 0 to 100 for each domain.

Aesthetics
The final outcome was to determine how the use of the 

DS affects the cosmetic appearance of breasts after reduc-
tion mammoplasty. Standardized, front facing, de-identified 
patient torso photographs taken at the 3-month follow-up 
appointment were collected from the senior surgeon. The 
photographs were screened to exclude any with identifying 
tattoos or visible complications that could affect cosmetic 
ratings. After exclusion, 20 photographs remained for both 
groups. The Aesthetic Items Scale (a validated instrument 
for comparing cosmetic outcomes after breast surgery) 
was used to evaluate cosmesis.10 The instrument consists of 
five questions regarding the breasts’ volume, shape, sym-
metry, scars, and NAC, and is based on a five-point Likert 
Scale ranging from “very dissatisfied” to “very satisfied.”13 
This scale was modified so that the answers ranged from 
“very poor” to “very good,” and an additional question was 
included about the overall appearance of the breast. The 
cosmetic survey was administered to 10 independent rat-
ers of varying expertise in plastic surgery (two laypeople, 
two medical students, four plastic surgery advanced prac-
tice providers, two plastic surgery faculty members), and 
blinded to the closure technique of each patient. The sur-
vey was distributed individually and hosted on Qualtrics 
(Qualtrics International Inc, Seattle, Wash.).

Statistical Analysis
Standard descriptive statistics were utilized. Categorical 

variables were compared using Fisher’s exact tests while 
continuous variables were compared using Wilcoxon 
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rank sum test. Changes in QoL scores pre- to postopera-
tively were compared using Wilcoxon signed-rank test. 
Multivariate linear regression was constructed for proce-
dure time for all covariates with a P value less than 0.1 to 
detect any confounders. Finally, aesthetic ratings for each 
area were compared using t-tests between the two cohorts. 
Statistical significance was set at a two-tailed P value less 
than 0.05, and all analyses were performed with StataMP14 
(Statacorp, College Station, Tex.).

RESULTS
A total of 75 patients met inclusion criteria, of which 34 

underwent closure with the DS (45%) (Table 1). Median 
age was similar between groups (DS: 39.0 versus SO: 33.9 
years; P = 0.39), as was body mass index (DS 28.3 versus 
SO: 30.3 kg/m2; P = 0.26). There were no significant dif-
ferences in the incidences of comorbidities between the 
groups, specifically in terms of smoking status, immuno-
suppression, and diabetes mellitus (all P > 0.05). A greater 
mass of breast tissue was removed in the DS group, but this 
difference was not significant (P = 0.09). Regardless, pro-
cedure time was significantly decreased in the DS group 
when compared with SO patients (DS: 154 versus SO: 
170 minutes; P = 0.003). In multivariate linear regression, 
when controlling for gigantomasia (defined as >1500 g per 
breast removed), use of the DS was significantly associated 
with a reduced procedure time with a 19.6-minute reduc-
tion (P < 0.001) (Table 2).

Overall, complication profiles were similar between 
cohorts. Major complications were rare, with 8.8% and 
12% of patients developing major complications postop-
eratively in the DS and SO cohorts, respectively (P = 0.64). 
Minor complications were common and occurred in simi-
lar incidences in both cohorts, with 42.6% of patients over-
all developing a minor complication (P = 0.82). Generally, 

minor complications were T-point delayed wound heal-
ing, which occurred in 27% of patients in both cohorts  
(P = 0.97). The DS group did have a greater incidence of 
other delayed healing when compared with the SO group 
(17% versus 7.3%), but this difference did not reach signif-
icance (P = 0.30). There were no significant differences in 
scar related complications between the cohorts, including 
wide scar or keloid formation (both P > 0.05). There were 
no readmissions for either group; however, two patients 
in the SO group presented to the emergency department 
for a procedure related problem (2.4%). Follow-up was 
similar between cohorts, with a median of 3.1 months  
(P = 0.12) (Table 3).

QoL data were collected pre- and postoperatively for 
28 patients in the DS group and 32 patients in the SO 
group, representing an 80% response rate in the entire 
cohort (Table 4). Median time of survey response was simi-
lar between groups at 90 days, reflecting the 3-month post-
operative visit (P = 0.29). All patients, regardless of closure 
technique, showed significant increases in all BREAST-Q 
domains measured pre- and postoperatively (Fig.  1). 
Patients in both cohorts expressed high satisfaction with 
breasts (DS: 87 versus SO: 95; P = 0.25) and high satisfac-
tion with the outcome (DS: 100 versus SO: 100; P = 0.82) 
(Table 5). Additionally, both groups expressed high and 
similar satisfaction levels for all other BREAST-Q domains 
(all P > 0.05).

Ten independent raters completed the modified 
Aesthetics Items Scale,13 for 20 DS and SO patient pho-
tographs at their 3-month postoperative visit, resulting in 
200 ratings for each cohort. Overall appearance ratings 

Table 1. Demographics, Medical History, and Operative 
Details of Women Undergoing Reduction Mammoplasty

 
DS  

(n = 34)
Suture  

(n = 41) P

Age (y), median [IQR] 39.0 [28, 49] 33.9 [25, 39] 0.39
Body mass index (kg/m2), 

median [IQR]
28.3 [26, 31] 30.3 [27, 33] 0.26

Race, n (%)   0.78
  White 18 (53) 20 (49)  
  Black/African American 15 (44) 18 (44)
  Mixed 1 (3.1) 1 (2.4)
Other race 0 (0) 1 (2.4)
Unknown 0 (0) 1 (2.4)
Smoking status, n (%)   0.27
  Never 29 (85) 32 (78)  
  Former smoker 5 (15) 6 (15)
  Current smoker 0 (0) 3 (7.3)
Diabetes, n (%) 0 (0) 0 (0) 1.0
Immunosuppression, n (%) 2 (5.9) 0 (0) 0.11
Significant weight loss, n (%) 0 (0) 2 (4.9) 0.12
Gigantomastia, n (%) 8 (24) 4 (9.8) 0.09
Degree of ptosis, n (%)   0.64
  Grade 2 6 (18) 9 (22)  
  Grade 3 28 (82) 32 (78)
Bra notching, n (%) 32 (94) 40 (98) 0.20
Mass removed (g),  

median [IQR]
1808 

[1250, 2677]
1583 

[1252, 2130]
0.09

Operative time (min),  
median [IQR]

154 
[141, 170]

170 
[159, 183]

0.003

Table 2. Multivariate Linear Regression of Factors  
Associated with Total Procedure Time

 Coefficient 95% CI P

Overall procedure time    
  INSORB closure −19.6 [−29, −10] <0.001
  Gigantomastia −1.18 [−16, 14] 0.88
  Total mass removed  0.01 [0.003, 0.02] 0.002

Table 3. Clinical Outcomes of Reduction Mammoplasty

 
DS  

(n = 34)
Suture  

(n = 41) P

Major complication, n (%) 3 (8.8) 5 (12) 0.64
Minor complication, n (%) 15 (44) 17 (41) 0.82
Surgical site infection, n (%) (major) 1 (2.9) 0 (0) 0.27
T-point delayed wound healing,  

n (%) (minor)
9 (27) 11 (27) 0.97

Other delayed wound healing,  
n (%) (minor)

5 (17) 3 (7.3) 0.30

Wound dehiscence, n (%) (major) 0 (0) 0 (0) 1.00
NAC necrosis, n (%) (major) 0 (0) 1 (2.4) 0.36
Wide scar, n (%) (minor) 4 (12) 3 (7.3) 0.51
Hematoma, n (%) (major) 0 (0) 0 (0) 1.00
Seroma, n (%) (major) 0 (0) 0 (0) 1.00
Fat necrosis, n (%) (major) 2 (5.9) 3 (7.3) 0.80
Keloid, n (%) (minor) 0 (0) 1 (2.4) 0.36
Hypersensitivity, n (%) (minor) 1 (2.9) 0 (0) 0.27
Numbness, n (%) (minor) 3 (8.6) 1 (2.4) 0.22
Readmitted, n (%) 0 (0) 0 (0) 1.00
ED visit, n (%) 0 (0) 2 (4.9) 0.19
Follow-up (months), median [IQR] 3.1 

[2.9, 3.6]
3.1 

[2.9, 6.2]
0.12
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were similar between groups (DS 3.35 versus SO 3.44;  
P = 0.41). Mean NAC appearance scores were also simi-
lar between groups (DS: 3.43 versus SO: 3.51; P = 0.36) 
(Table 6).

DISCUSSION
In this study, we aimed to critically examine how the 

use of an absorbable DS affects outcomes in reduction 
mammoplasty. We found that use of the DS resulted in 
significantly reduced operative time when compared with 
more traditional suture closure. Importantly, there were 
no significant differences in major or minor complication 
rates when comparing the two cohorts. Regardless of clo-
sure technique, all patients included in this study demon-
strated significant improvements in all QoL domains, as 
measured by the BREAST-Q survey. Finally, patients in the 
DS cohort demonstrated equivalent aesthetic outcomes 

when compared with patients in the SO by independent 
evaluators. Taken together, use of the DS is safe and effec-
tive for patients undergoing reduction mammoplasty, with 
a significant reduction in operative time.

In an era of cost containment, plastic surgeons must 
make every effort to reexamine practices to ensure that 
treatment modalities are not only effective, but also cost-
conscious. Currently, surgical care accounts for over a third 
of total health care expenditures in the United States, with 
operating room time comprising a substantial portion of 
total surgical costs.14,15 At our institution, the overwhelm-
ing majority of reduction mammoplasty patients do not 
require an inpatient hospital stay, suggesting that operat-
ing time is the most significant contributor to costs for this 
subset of patients. In this study, we found that use of the 
DS reduces operative time for reduction mammoplasty 
patients by approximately 20 minutes, when compared 
with traditional suture closure. While this reduction in 
operative time may seem modest, it is likely associated with 

Table 4. Pre- and Postoperative BREAST-Q Scores

 

DS Suture Closure

Preoperative Postoperative P Preoperative Postoperative P

Satisfaction with breasts, median [IQR] 23 [0, 31] 87 [84, 100] <0.001 23 [12, 29] 95 [84, 100] <0.001
Psychosocial function, median [IQR] 37 [26, 51] 96 [80, 100] <0.001 36 [26, 4] 100 [76, 100] <0.001
Sexual function, median [IQR] 32 [21, 49] 100 [70, 100] <0.001 35 [21, 43] 100 [67, 100] <0.001
Physical function, median [IQR] 39 [33, 53] 79 [71, 92] <0.001 42 [33, 50] 87 [72, 100] <0.001

Fig. 1. Box plot revealing change in preoperative and postoperative quality of life (QoL) domain scores using the BREAST-Q survey. A, 
Suture only. B, Dermal stapler.

Table 5. Postoperative Quality-of-Life by BREAST-Q Domain

 
DS  

(n = 28)
Suture  
(n = 32) P

Timing of survey (d),  
median [IQR]

87 [85, 98] 92 [85, 103] 0.29

Satisfaction with breasts 87 [84, 100] 95 [84, 100] 0.25
Psychosocial well-being 96 [80, 100] 100 [76, 100] 0.97
Sexual well-being 100 [70, 100] 100 [67, 100] 0.61
Physical well-being 79 [71, 92] 87 [72, 100] 0.21
Satisfaction with outcome 100 [100, 100] 100 [100, 100] 0.82
Satisfaction with information 100 [100, 100] 100 [100, 100] 0.54
Satisfaction with nipples 100 [100, 100] 100 [100, 100] 0.98
Satisfaction with surgeon 100 [100, 100] 100 [100, 100] 0.18
Satisfaction with medical staff 100 [100, 100] 100 [100, 100] 1.0
Satisfaction with office staff 100 [100, 100] 100 [100, 100] 0.34

Table 6. Aesthetic Ratings at 3-month Postoperative Visit 
on Modified Dikmans Scale13*

 
DS  

(n = 200)
Suture  

(n = 200) P

Overall appearance, mean (SD) 3.35 (±0.99) 3.44 (±0.92) 0.41
Volume, mean (SD) 3.40 (±0.98) 3.42 (±0.96) 0.84
Shape, mean (SD) 3.16 (±1.1) 3.19 (±1.0) 0.77
Symmetry, mean (SD) 3.38 (±0.95) 3.34 (±0.99) 0.67
Scars, mean (SD) 3.47 (±0.98) 3.63 (±0.96) 0.11
NAC, mean (SD) 3.43 (±0.91) 3.51 (±0.93) 0.36
*Scores represent aggregate of Likert Ratings, with 1 being very poor and 5 a 
very good cosmetic result.
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cost-savings for the health system. Per our hospital’s histori-
cal financial records, a 20-minute reduction in operative 
time equates to over $1000 of cost savings, which is simi-
lar to other published estimates of costs per minute in the 
operating room in inpatient settings.16 A single DS ($43) 
was used on each breast, while an average of 4, 3-0 absorb-
able monofilament sutures ($8/each) were used per breast 
in the SO group. Even when considering the slightly more 
expensive cost of the DS ($86 versus $64) per operation 
(two breasts), the reduced operative time in the DS group 
likely leads to overall savings in costs when compared with 
patients who underwent traditional SO closure.

From our analysis, we found that complication pro-
files between the DS and SO groups were similar. Overall, 
minor complications were common with over 40% of the 
cohort developing some complication. Although seem-
ingly high, this complication rate was in line with the cur-
rent literature, with reported complication rates between 
30 and 53%.2,12,17 Importantly, there was no difference in 
rates of T-point or other delayed wound healing between 
the DS and SO groups, with no wound dehiscence occur-
ring in the entire cohort. In reduction mammoplasties, 
the dermal layer acts as the strength layer of the closure, 
maintaining the envelope of the breast. From our results, 
it is clear that the DS can effectively maintain this layer, 
resulting in acceptable rates of delayed wound healing.

In terms of operative time, previous studies have 
reported that patients with increased operative time could 
be at risk for increased major complications and wound 
complications, such as surgical site infection.18,19 In these 
reports, it was found that even a 30 minute reduction in 
operative time could result in significantly reduced com-
plication rates.18,19 While patients in the DS cohort were in 
the operating room for a significantly shorter duration, we 
did not observe any differences in complication rates. This 
can likely be explained by our small sample size, when 
compared with the large pooled cohorts used in previ-
ous studies comparing operative time and complication 
rates.18,19

Overall, all patients demonstrated high satisfaction 
and reported improved QoL after reduction mammo-
plasty. In the entire cohort, patients reported significant 
improvement in all BREAST-Q domains measured pre- 
and postoperatively, including satisfaction with breasts 
and psychosocial, sexual, and physical well-being. This is in 
line with previous reports that have demonstrated similar 
improvements in domains measured preoperatively, and 
high scores on all domains overall.20,21 This result intui-
tively makes sense, as method of dermal closure would not 
affect most of the domains measured by the BREAST-Q. 
Importantly, patients reported similar satisfaction levels 
with the outcome, nipples, and breast overall, suggesting 
the use of the DS led to equivalent satisfaction and QoL 
for patients.

Finally, the impact of the DS on the aesthetics of reduc-
tion mammoplasty has never been studied. In this study, 
we used responses from a variety of raters at varying train-
ing levels, to control for differences in how laypeople, 
medical personnel, and plastic surgeons judge aesthetic 
outcomes. After analyzing the responses from 10 raters, 

no significant differences were detected in the overall 
appearance, volume, shape, symmetry, appearance of the 
scars, or NAC between the DS and SO cohort at 3-months 
postoperatively. This corresponded with outcomes data, 
which showed similar rates of scar hypertrophy and keloid 
formation between the cohorts. Furthermore, this is cor-
roborated by other reports comparing DS and suture 
closure, which showed equivalent scar vascularity, pigmen-
tation, and pliability at 1, 6, and 12 months following clo-
sure with an INSORB device, as measured by the modified 
Vancouver Scar Scale.9,22

Limitations
This study is primarily limited by its retrospective 

design, which may introduce some bias into the results. 
However, during the study period, all data collected were 
based on records from one surgeon and one advanced 
practice provider, bolstering the validity of outcomes 
reported. Additionally, the assessment of postoperative 
aesthetics occurred 3-months postoperatively, which sug-
gests the scar maturation process was still ongoing in the 
patient photographs used for the aesthetic evaluation.23 
Three months was chosen as the time point for pictures 
as many patients often elect not to follow-up after the 
3-month visit if they have no lingering symptoms or com-
plications requiring medical attention. While there may 
be additional changes to the scars over time, the authors 
would argue that any significant differences between scar 
appearance would be present at 3 months, and therefore 
the results presented in this study are likely valid for long-
term aesthetic outcomes. In addition, this study assessed 
outcomes in reduction mammoplasties with use of the 
INSORB stapler for closure of the vertical and horizon-
tal limbs of the wise-pattern incisions only. A future study 
may further contribute to our findings by determining 
the impact on outcomes if and when the stapler is used to 
inset the NAC.

CONCLUSIONS
Reduction mammoplasty is an effective, and safe 

option to treat women with symptomatic macromastia. 
Controlling for total breast mass removed, dermal clo-
sure using an absorbable DS in place of sutures leads 
to approximately a 20-minute reduction in operative 
time, which is associated with reduced hospital costs. 
Additionally, complication rates and aesthetics outcomes 
are similar between patients closed with sutures versus 
the DS. Finally, all patients, regardless of closure tech-
nique, demonstrated significant improvement in QoL 
and reported high satisfaction levels. The use of an 
absorbable DS is a safe and efficient approach to expe-
diate procedure time for patients undergoing reduction 
mammoplasty.
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