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The face is the primary means by which individuals pre-
sent themselves, interact with others, and communicate.1 
As people age, significant body changes begin to occur, 
and concerns about appearance focus increasingly on the 
face,2-4 sometimes resulting in negative psychosocial 
sequelae.5,6 Anxiety about aging and concerns regarding 
body image are significant predictors of social motivations 
to pursue cosmetic surgery.7-9 In 2011, almost 7 million 
nonsurgical facial cosmetic procedures were performed in 
the United States, and aesthetic facial surgery accounted 
for approximately 30% of the 1.5 million-plus plastic sur-
gery procedures performed in the same year.10

For all cosmetic procedures, successful outcomes are 
intrinsically linked to patients’ expectations, goals, desires, 
and, ultimately, patient satisfaction.11-13 With regard to 
aesthetic facial procedures, patient satisfaction with 
appearance, improved body image functioning, and over-
all quality of life (QOL) are perhaps the most important 

Development and Psychometric Evaluation of 
the FACE-Q Aging Appraisal Scale and Patient-
Perceived Age Visual Analog Scale

Vivek Panchapakesan, MD; Anne F. Klassen, DPhil;  
Stefan J. Cano, PhD; Amie M. Scott, MPH; and Andrea L. Pusic, MD

Abstract
Background: The primary outcome measures for patients who undergo aesthetic facial procedures are quality of life and satisfaction with appearance. 
The FACE-Q, a new patient-reported outcome (PRO) instrument composed of independently functioning scales, is designed to measure a broad range of 
important outcomes in patients who undergo cosmetic surgical and/or nonsurgical facial procedures.
Objectives: The authors describe the development and psychometric evaluation of the FACE-Q Aging Appraisal Scale and the FACE-Q Patient-
Perceived Age Visual Analog Scale (VAS).
Methods: International guidelines for creating PRO instruments were strictly observed throughout development of the FACE-Q scales. Qualitative 
methods were used to identify the concepts most important to patients who received aesthetic facial procedures. These were turned into “items”—and 
the resultant FACE-Q Aging Appraisal Scale was field tested, along with the Patient-Perceived Age VAS, in 288 patients who underwent cosmetic surgical 
and/or nonsurgical facial procedures.
Results: Rasch measurement theory and traditional psychometric methods confirmed the reliability and validity of the scales.
Conclusions: The FACE-Q Aging Appraisal Scale and Patient-Perceived Age VAS are psychometrically sound, condition-specific PRO instruments with 
excellent reliability and validity. They enable accurate outcome assessments in patients who undergo aesthetic facial procedures.
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aesthetic facial surgery, quality of life, patient satisfaction, patient-reported outcomes, FACE-Q
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outcomes.11,12,14-16 The measurement of such constructs is 
best captured by patient-reported outcome (PRO) instru-
ments, which are considered vital to clinical research and 
are used to support decision making at all levels of health 
care.17

Despite the importance of such measurement tools, a 
systematic review performed by our team identified a lack 
of reliable and valid PRO instruments suitable for use 
among facial aesthetic patients.18 To address this deficit, 
our team set out to develop the FACE-Q, a PRO instrument 
that includes a range of separate scales to measure out-
comes important to patients who undergo facial aesthetic 
procedures. The methodology to develop this instrument 
has been used previously to create other plastic surgery–
specific PRO instruments.19-21

In the present article, we describe the development and 
psychometric evaluation of the FACE-Q Aging Appraisal 
Scale, a 7-item scale designed to provide overall global 
assessment of a patient’s perception of his or her appear-
ance in the context of facial aging. We also discuss the 
FACE-Q Patient-Perceived Age Visual Analog Scale (VAS), 
which consists of a single item that asks patients to report 
their perceived age in comparison to their actual age.

Methods

Approval for the study was obtained from the local 
Institutional Review Board at each of 5 study locations. 
The content of the FACE-Q Aging Appraisal Scale was cre-
ated as part of a larger study to develop a suite of scales 
that cover a range of concepts important to facial aesthetic 
patients.22 The scales were constructed with strict adher-
ence to recommended guidelines for PRO instrument 
development.23-27 These guidelines describe the 3 phases 
required to develop a scientifically credible and clinically 
meaningful instrument.

In brief, the first phase involved formally defining a 
conceptual framework and generating a pool of items. The 
items were developed from literature review, qualitative 
patient interviews, and expert opinion. A series of scales 
was developed from the item pool, which then underwent 
pilot testing on the target sample to clarify ambiguities in 
item wording, confirm appropriateness, and determine 
acceptability and completion time. This phase has been 
described in detail in a separate publication.28 The second 
phase involved field testing the scales in a large sample of 
subjects. Questions (also referred to as items) were 
retained or rejected based on their performance against a 
standardized set of psychometric criteria. Phase 3 (not yet 
completed) will entail further psychometric evaluation of 
the item-reduced scales.29,30

Phase 1: Qualitative Phase

Qualitative methodology was used to assess patient per-
ception of facial aesthetic concerns. Between January 2008 
and February 2009, 50 patients were recruited from among 

7 offices of plastic surgeons and dermatologists in the 
United States (New York) and Canada (Vancouver). The 
participants were 20 to 79 years of age (mean, 51 years) 
and had undergone 1 or more of the following facial pro-
cedures: botulinum toxin (n = 20), resurfacing (n = 15), 
filler (n = 15), blepharoplasty (n = 25), facelift (n = 22), 
rhinoplasty (n = 9), necklift (n = 8), browlift (n = 4), 
and chin implant (n = 2).

Open-ended questions were used for the interviews, 
which were digitally recorded, transcribed verbatim, and 
coded within NVivo8 software (QSR International, 
Burlington, Massachusetts)31 using a line-by-line coding 
approach. Concurrent data collection and analysis and the 
constant comparative method were utilized to refine codes 
and categories as they emerged. Data analyses led to the 
development of a framework of concepts important to 
facial aesthetic patients.

Scales with items covering the concepts in the frame-
work were then developed. Codes were examined in rela-
tion to specific patient characteristics. Attaching key 
patient characteristics to each code provided the informa-
tion needed to develop both core items and unique items. 
A set of scales was created through examination of the 
item lists generated from the coded material. This enabled 
identification of a set of items that together described a 
continuum for each major concept. Flesch-Kincaid grade-
level scores were assessed for each item32 and adjusted as 
necessary to ensure that the lowest possible reading level 
was used. Scale instructions and appropriate response 
options were developed for each scale.

Expert appraisal was performed by presenting the 
scales to 26 experts (15 plastic surgeons, 4 dermatologists, 
3 psychologists, and 4 office staff). Following this, 35 facial 
aesthetic patients participated in 1-on-1 cognitive debrief-
ing interviews to clarify ambiguous wording and confirm 
the appropriateness, acceptability, and completion time of 
the preliminary scales. A set of independently functioning 
scales that measure the concepts forming the framework 
was the end result of this process.

Phase 2: Quantitative Phase (Field Test)

Items were identified that represented the best indicators 
for each scale based on their performance against a stand-
ardized set of psychometric criteria. Data from patients 
recruited through 2 separate studies were compiled for 
psychometric analyses. The results presented here pertain 
only to the FACE-Q Aging Appraisal Scale. This scale was 
developed for use in research and clinical practice to com-
pare outcomes related to facial rejuvenation across proce-
dure types and/or to measure changes after any facial 
aesthetic procedure. In general, the goal of facial aesthetic 
procedures is to diminish the signs and appearance of 
aging.

Study 1
Between June 2010 and June 2012, data were collected for 
patients from 10 plastic surgeons and 2 dermatologists, 
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representing 10 different practices in the United States 
(New York, Washington, St Louis, Dallas, and Atlanta) and 
Canada (Vancouver). Eligible patients were those who 
could read English, were at least 18 years of age, and were 
planning to undergo or had already undergone any surgi-
cal or nonsurgical facial aesthetic procedure.

Numerous FACE-Q scales were developed in the initial 
phases of research. These scales were grouped into book-
lets based on common surgical and nonsurgical proce-
dures and were distributed to the participating practices. 
Primarily patients undergoing facelift or blepharoplasty 
completed the FACE-Q Aging Appraisal Scale. In the 
instructions for this scale, the patient was asked to 
respond to each item based on “how you feel about the 
age your face looks” and to indicate 1 of the 4 response 
options: definitely agree, somewhat agree, somewhat disa-
gree, or definitely disagree. A higher score on the scale 
equated to the person feeling that he or she looked 
younger in appearance, whereas a lower score denoted 
thinking that he or she looked older. Therefore, higher 
scores on this scale represented a better outcome.

Patients from 6 surgical practices were recruited at the 
time of their initial consultation or follow-up appointment 
and asked to complete a questionnaire booklet in the wait-
ing room before the appointment. Patients from the other 
4 practices were invited to participate in a postal survey. 
To ensure a high response rate, a modified Dillman proto-
col was utilized,33,34 involving personalized letters, multi-
ple reminders, and a $5 gift card to thank patients for their 
participation.

Study 2
Between March 2010 and July 2011, the FACE-Q Aging 
Appraisal Scale and the Patient-Perceived Age VAS were 
administered to 100 patients who were planning to undergo 
or had already undergone facelift surgery. The scale was 
administered alongside other FACE-Q scales relevant to 
measuring patient concerns. This study included patients 
from France, Germany, the United Kingdom, and Israel. 
Translations and linguistic validation of the FACE-Q scales 
were provided by Mapi Research Trust (Lyon, France).35 
The Mapi process is based on translation principles as 
detailed by the European Regulatory Issues and Quality of 
Life Assessment (ERIQA) group36 and the International 
Society of Pharmacoeconomics and Outcomes Research37,38 
and recommended by the US Food and Drug Administration.23 
This process ensured that the concepts measured by the 
FACE-Q scales were equivalent for all languages (ie, English, 
German, French, and Hebrew) and easily understood by the 
people in each participating country.

Rasch Measurement Theory Methods

Rasch measurement theory (RMT) methods were used to 
evaluate the scaling properties and construct validity of 
the FACE-Q Aging Appraisal Scale.39 RMT analysis is the 
formal testing of an outcome scale against a mathematical 
measurement model that was developed by the Danish 

mathematician Georg Rasch.39 During RMT analysis, 
responses to a set of items from a scale (observed scores) 
can be tested against response patterns predicted by the 
model. This approach differs from traditional psychomet-
ric methods. The pattern expected by the Rasch model has 
been described as a probabilistic version of the Guttman 
scale,40 which itself is a deterministic pattern that follows 
a strict hierarchical ordering of items. The formal tenets of 
measurement (order, unidimensionality, and additivity) 
are operationalized, enabling interval-level data to be 
obtained from questionnaires.41 The Rasch model is 
derived from theory and therefore is independent of the 
sample. This separation is of significant value in the devel-
opment of measurement instruments, because discrepan-
cies between what the model predicts and what the sample 
demonstrates can be analyzed, understood, and improved 
to optimize the instrument.

The properties that make RMT methods different from 
traditional psychometric methods enable RMT to supple-
ment standard assessments of construct validity and reli-
ability by also evaluating the fundamental scaling 
properties of an instrument.42 Assessment of validity 
involves examination of thresholds for item response 
options, item fit statistics, item locations, and differential 
item functioning. Assessment of reliability involves exam-
ination of the Person Separation Index (PSI). The overall 
picture given by the multiple tests in the Rasch model 
provides evidence for a judgment to be made about the 
overall quality of the scale. (A detailed explanation and a 
more comprehensive review of RMT methods may be 
found elsewhere.43) RMT analyses were performed on the 
FACE-Q Aging Appraisal Scale using RUMM2030 software 
(RUMM Laboratory, Duncraig, Western Australia).44

Validity

Item Response Category Thresholds
Each item of the FACE-Q Aging Appraisal Scale has multi-
ple response categories (ie, definitely disagree, somewhat 
disagree, somewhat agree, and definitely agree), which 
reflect an ordered continuum that increases for the con-
struct of interest. A threshold is the location at which the 
probability of responding in adjacent pairs of response 
options is 50%.42 When the categories are working as 
intended, the thresholds are ordered. “Disordered” thresh-
olds imply that the response categories for that item are 
not working as intended. Disordered thresholds occur 
when respondents have difficulty consistently discriminat-
ing between response options.45 When response options 
work as expected, evidence of the validity of the scale is 
obtained.46

Item Fit Statistics
The items of the FACE-Q Aging Appraisal Scale must work 
together (fit) to define a single continuum both clinically 
and statistically. Item fit is assessed by statistical and 
graphic indicators.42,47 Statistical indicators include fit 
residuals (item-person interaction) and χ2 values (item-trait 
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interaction), whereas graphic indicators are the item charac-
teristic curves (ICC). We expect the fit residuals to fall 
between –2.5 and +2.5, with associated nonsignificant χ2 
values (significance interpreted after Bonferroni adjust-
ment).48 Fit statistics are most meaningful when inter-
preted together and in the context of their clinical 
usefulness as an item set.

Targeting
The items of any given questionnaire should be well tar-
geted to the patient population being studied. Scale-to-
sample targeting pertains to the match between the range 
of the construct measured by the scale and the range of 
construct in the study sample.47 Targeting analysis informs 
us of the sample’s degree of suitability for evaluating the 
FACE-Q Aging Appraisal Scale and the suitability of the 
scale for measuring the sample. Better targeting translates 
to better information as well as the ability to interpret 
psychometric data with confidence.47,49

Stability
Stability analysis enables an explicit test of scale perfor-
mance in the form of examining differential item function-
ing (DIF). DIF refers to the degree to which item 
performance remains stable across subgroups. DIF occurs 
when different subgroups of a sample (eg, males and 
females) respond differently to a certain question when 
the level of the underlying trait (eg, appearing old) is the 
same. As a guide, statistically significant χ2 values indicate 
potential DIF and therefore problems in scale performance 
(significance interpreted after Bonferroni adjustment).50 
When DIF occurs, attempts are made to remedy it if pos-
sible by calibrating an item for each group. If not possible, 
the item is removed from the scale.51

Reliability

Person Separation Index
The Person Separation Index (PSI) is analogous to 
Cronbach’s α46 and is an indicator of the degree of reliabil-
ity of the fit characteristics.52 A value of 0.70 for group use, 
as well as 0.80 for individual patient use, is considered the 
minimum accepted level of PSI for adequate reliability.53

Traditional Psychometric Methods

Traditional psychometric methods primarily use correla-
tion or descriptive analyses to evaluate scaling assump-
tions (legitimacy of summing items) and scale reliability 
and validity. These are described in detail elsewhere.49 
The following were examined in our study: data quality 
(percentage of missing data for each item), scaling 
assumptions (similarity of item means and variances), 
magnitude and similarity of corrected item-total correla-
tions,54-56 scale-to-sample targeting (score means, SD, 
and floor/ceiling effects), and internal consistency relia-
bility (Cronbach’s α57).

Additional known-groups validity testing was per-
formed by examining correlations between scores on the 
FACE-Q Aging Appraisal Scale and the single-item Patient-
Perceived Age VAS, in which patients reported their per-
ceived age compared with their actual age. Patients were 
asked to circle the category that reflected the number of 
years older or younger they look, ranging from 15 years 
younger to 15 years older. In particular, we examined the 
ability of the FACE-Q Aging Appraisal Scale to detect 
clinical differences between predefined subgroups. We 
compared scale scores with a global item on the self-
reported age appraisal, ranging from 6 to 10 years older to 
6 to 10 years younger than current age. We hypothesized 
that FACE-Q Aging Appraisal Scale scores would be statis-
tically significant incrementally in “younger” subgroups 
compared with “older” subgroups. We also compared 
FACE-Q Aging Appraisal Scale scores between patients 
who completed the questionnaire before surgery and those 
who completed it afterward. We hypothesized that those 
who completed it after surgery would have higher scores, 
indicating that they believed they appeared younger. For 
comparative statistics, raw FACE-Q Aging Appraisal Scale 
scores were first transformed through RMT methods to 
interval-level data on a scale of 0 to 100.

Results
Phase 1: Qualitative Phase
As described above and in our previous publication,22 the 
qualitative work resulted in the development of a concep-
tual framework and series of independently functioning 
scales that measure the important concerns of facial aes-
thetic patients. The FACE-Q Aging Appraisal Scale con-
sists of 7 items whereby patients are asked to indicate 
how they feel about the age of their face using various 
descriptors (eg, worried, reminded, recognize) and sce-
narios (eg, in photos, in the mirror). The item set is easy 
to understand and complete with a Flesh-Kincaid grade 
level of 1.7, and each item in the scale has a grade level 
score below 3.6.

Phase 2: Field Test

The overall response rate was 78% (92% for face-to-face 
interviews, 59% for postal questionnaires). A total of 288 
patients completed the questionnaire (122 face-to-face 
interviews, 166 postal questionnaires). The age range of 
respondents was 28 to 89 years. There were 251 women 
and 30 men; sex data were missing for the other 7 patients 
(Table 1).

RMT Analyses

Overall, the results of RMT analysis supported the FACE-Q 
Aging Appraisal scale as a reliable and valid measure of 
how people feel about the age that their face looks. 
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Validity was supported by several findings. First, all 7 
items had ordered thresholds from the outset, which sup-
ported the appropriateness of the number and type of 
response options we created (Figure 1). Second, distribu-
tions of item thresholds and person estimates were well 
matched (targeting), indicating suitability of the sample 
for evaluating the scale as well as suitability of the scale 
for measuring the sample (Figure 2). Third, fit to the 
Rasch model was good. Only 1 of the 7 items (Q3) had a 
fit residual of 2.69, which was just slightly above the sug-
gested range of –2.5 to +2.5. No item had a significant χ2 
value after Bonferroni adjustment (Table 2). Scale reliabil-
ity was supported by high PSI (0.86), demonstrating excel-
lent reliability for individual patient use. Data set analysis 
showed no statistical DIF after Bonferroni adjustment  
(P < .002) with respect to sex, age (28-44, 45-54, 55-64, or 
65+ years), timing of questionnaire (presurgery or postsur-
gery; Table 3), type of surgery (facelift, blepharoplasty, or 
other), previous procedures, or geographic location (United 
States, Germany, UK, France, Israel, or Canada).

Traditional Psychometric Methods Analysis
The results of traditional analysis also supported the 
FACE-Q Aging Appraisal Scale as a reliable and valid 
measure (Table 4). The criteria were satisfied for all psy-
chometric properties evaluated. Data quality was high 
(missing data 1.4%; scale scores were computable for 
98% of respondents), and scaling assumptions were satis-
fied (similar mean item scores, corrected item-total corre-
lations range of 0.57-0.87). Scale-to-sample targeting was 
good (scale scores spanned the scale range and were not 
notably skewed; scale midpoint and ceiling effects were 
negligible), and internal consistency reliability was high 
(Cronbach’s α = 0.92).

Our validity-focused examinations of clinical known-
groups validity showed that our hypotheses relating to the 
patterns and significance of scores across the subgroups 
were supported (Table 5). Scale validity was further sup-
ported by correlations between scores on the FACE-Q 
Aging Appraisal Scale and the FACE-Q Patient-Perceived 
Age VAS, as well as between scores on the FACE-Q Aging 
Appraisal Scale and patient age in years (Pearson’s r = 
0.58 and –0.28, respectively). Patients who completed the 
FACE-Q Aging Appraisal Scale before surgery scored lower 
than those who completed it after surgery, indicating an 
ability to discriminate between the 2 groups (FACE-Q 
Aging Appraisal score: 51 [n = 111] vs 78 [n = 173], 
respectively; P < .01 on a t test of independent samples).

discussion
Body image, which plays an important role in both  
self-esteem and QOL, can be positively affected through 

Table 1. Patient Characteristics From Field Test

Characteristic Value

No. of patients 288

Age, y

 Mean (SD) 57.9 (14.8)

 Range 28-89

Sex

 Women 251 (87.2)

 Men 30 (10.4)

 Missing data 7 (2.4)

Ethnicity

 White non-Hispanic 249 (86.4)

 Asian 6 (2.1)

 South Asian 1 (0.3)

 Native American 10 (3.5)

 White Hispanic 4 (1.4)

 Black non-Hispanic 5 (1.7)

 Other 3 (1.0)

Geographic location

 United States 104 (36.1)

 Canada 89 (30.1)

 France 15 (5.2)

 Germany 45 (15.6)

 Israel 20 (6.9)

 United Kingdom 15 (5.2)

Timing of booklet

 Preoperative 114 (39.6)

 Postoperative 174 (60.4)

Type of surgery

 Facelift 217 (75.3)

 Blepharoplasty 67 (23.3)

 Other 4 (1.4)

Previous surgery

 Yes 177 (61.5)

 No 111 (38.5)

Values are presented as number (%) unless otherwise indicated.
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aesthetic surgery.58 Dissatisfaction with body image has 
been shown to be a strong motivator for the pursuit of 
aesthetic treatments.8,9,59 The overall goal of most facial 
aesthetic procedures is to enhance appearance and reduce 
the signs of aging, in turn improving body image, self-
esteem, and QOL. Results of aesthetic procedures are 
intrinsically tied to assessment of outcomes by the patient. 
With facial aesthetic procedures, it is paramount to assess 
patient-reported changes with regard to the appearance of 
aging. This requires a condition-specific PRO instrument, 
guided by rigorous methodology. Tips and pearls for clini-
cians to use when assessing, selecting, and utilizing PRO 
instruments are provided in Table 6.

The FACE-Q Aging Appraisal Scale was developed from 
extensive qualitative research that resulted in a detailed 
conceptual framework, which formed the cornerstone that 
guided development of a scale capable of measuring the 
unique aging concerns of patients who undergo facial  

aesthetic procedures. The RMT analyses confirmed that 
this scale is scientifically sound and clinically meaningful 
in measuring the construct of aging appearance in these 
patients. Traditional psychometric analyses provided addi-
tional support for the robustness of this measure. These 
findings were based on a large heterogeneous patient 
sample, and further results showed that the performance 
of the scale was consistent regardless of patient age, sex, 
geographic location, procedure type, whether previous 
procedures had been performed, and whether the scale 
was completed before or after surgery. Raw ordinal scores 
can be converted to interval-level scores, which makes the 
scale suitable for individual patient evaluation.

The use of the FACE-Q Patient-Perceived Age VAS in 
conjunction with the FACE-Q Aging Appraisal Scale pro-
vided an ideal “first look” at the clinical validity of the 
latter scale to detect clinical differences between prede-
fined subgroups. Our hypothesis that scores on the FACE-Q 

Figure 1. Threshold map for all items in the FACE-Q Aging Appraisal scale. The x-axis symbolizes the construct (satisfaction 
with aging appearance), with satisfaction increasing from left to right. The y-axis and rectangular bars represent the response 
category for each item: blue (1) = definitely agree, red (2) = somewhat agree, green (3) = somewhat disagree, and purple  
(4) = definitely disagree.

Figure 2. Person-item threshold distribution. The x-axis symbolizes the construct (feeling about age appearance of face), 
with satisfaction increasing from left to right. The y-axis shows the frequency of person measure locations (upper histogram) 
and item locations (lower histogram). In the upper histogram, the group has been divided into pretreatment (blue) and 
posttreatment (red) samples. This difference (in logits) between pretreatment and posttreatment scores was statistically 
significant (P < .0001).
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Table 2. Statistical Indicators of Fit (Fit Residual, χ2)

Item No. Item Item Location SE Fit Residual χ2 Value P Value

Q1 Recognize –1.98 0.13 0.08 12.05 .017

Q2 Don’t look like self –0.88 0.11 2.1 5.84 .211

Q3 Bothereda 0.24 0.10 –2.69a 13.53 .009

Q4 Want to look 0.49 0.10 2.37 3.21 .523

Q5 Starting to look 0.59 0.10 0.57 3.69 .450

Q6 Reminded 0.76 0.11 –0.91 5.23 .264

Q7 Photos 0.76 0.10 –0.14 5.43 .246

Items are listed in serial order. Abbreviation: SE, standard error.
aDenotes items with fit residual ±2.5 or significant P value.

Table 3. Uniform Differential Item Functioning: Sex, Age, and Timing of Surgery

Item No. Item

Sex Age Presurgery vs Postsurgery

MS F P  Value MS F P  Value MS F P  Value

Q1 Recognize 0.90 1.10 .29 1.59 1.90 .13 0.08 0.10 .75

Q2 Don’t look like self 0.02 0.02 .9 2.13 1.84 .14 1.90 1.59 .21

Q3 Bothered 0.02 0.03 .87 0.75 1.36 .26 1.00 1.75 .19

Q4 Want to look 0.06 0.05 .81 1.39 1.19 .31 7.60 6.70 .01

Q5 Starting to look 6.24 7.32 .01 1.98 2.22 .09 1.74 1.93 .17

Q6 Reminded 0.12 0.17 .69 0.06 0.08 .97 0.23 0.31 .58

Q7 Photos 0.31 0.38 .54 3.68 4.69 .003 2.04 2.50 .12

Abbreviations: F, item fit residual; MS, mean square.

Table 4. Traditional Psychometric Analyses: Data Quality, Scaling Assumptions, and Targeting

Item No. Item
Data Quality: % 
of Missing Data

Scaling Assumptions Targeting

Possible Range 
(Midpoint)

Actual Score 
Range Mean Score SD CITC

Floor/Ceiling 
Effects, %a Skewness

Q1 Recognize 1.4 1-4 1-4 3.68 0.66 0.57 1/77 –2.1

Q2 Don’t look like self 1.4 1-4 1-4 3.33 0.93 0.69 5/60 –1.12

Q3 Bothered 1.4 1-4 1-4 2.90 1.06 0.87 11/41 –0.38

Q4 Want to look 1.4 1-4 1-4 2.84 1.14 0.75 16/42 –0.35

Q5 Starting to look 1.4 1-4 1-4 2.80 1.10 0.80 15/38 –0.26

Q6 Reminded 1.4 1-4 1-4 2.75 1.08 0.83 14/34 –0.18

Q7 Photos 1.4 1-4 1-4 2.76 1.11 0.82 16/36 –0.24

Total 1.4 7-28 7-28 21.05 5.94 — 0.4/24 –0.41

Abbreviations: CITC, corrected item-total correlation; SD, standard deviation.
aCalculated as the percentage of people scoring either floor or ceiling level.
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Aging Appraisal Scale would be statistically significantly 
higher for patients who thought they look younger was 
supported. Thus, the VAS allowed us to quantify, in the 
study sample, the differences between patients’ percep-
tions of appearing “older than,” “exactly,” or “younger 
than” their age, which translated to a difference of approx-
imately 10 points between “older” and “their age” and 
approximately 20 points between “their age” and 
“younger.” The score differences between the defined sub-
groups can be used to help build hypotheses for expected 
differences and change scores for future clinical research. 
This analysis provides an early view about the meaning of 
scale scores, which, with further evidence and support, 
can be used to start identifying clinically meaningful dif-
ferences between (and within) patients. This analysis also 
aids in interpreting and contextualizing the relative impact 
of treatments in these patients.

This research further supports the use of RMT in 
developing new scales, which moves beyond the limita-
tions of traditional psychometric analyses. First, tradi-
tional psychometric analyses rely directly on the items 
and samples used to estimate them. Second, the psycho-
metric properties of the items and scales vary depending 
on the sample.60 As a result, reliability and validity esti-
mates of a specific measure may differ for different 
patient groups. Third, confidence intervals for individual 
patient scores tend to be large61; therefore, PRO instru-
ments developed with such methods provide total scores 
that can be used only for group comparisons—not  
for individual comparisons. Finally, most PRO instru-
ments used in medical research that were developed from 

traditional psychometric methods utilize an ordinal scale 
to rate the responses.62 Ordinal scales have limited ability 
to provide a true quantitative assessment that represents 
patient status along a continuum.41,62,63 The Rasch model 
is derived from theory, and therefore reliability and valid-
ity estimates computed using RMT are much less sample 
dependent than those derived from traditional methods.42 
The transformation of ordinal scores into interval-level 
measurements,42 enabling estimates suitable for individ-
ual person measurements, is facilitated, which provides 
more clinically meaningful comparisons between patients 
and within patients over time (such as comparisons of 
different procedures or assessing an individual patient 
before and after a procedure).

A limitation of our study is that the sample included 
patients who may have had multiple procedures previ-
ously. This is reflective of a pragmatic research approach 
and hence increases the validity of our findings, but the 
impact of specific procedures cannot be ascertained from 
this study. Moreover, the study population was primarily 
female. Again, this is pragmatic because more than 90% 
of cosmetic surgery patients in the United States are 
women,64 and many studies show that women express 
greater interest in, and greater willingness to undergo, 
cosmetic surgery than do men.65-67 It is noteworthy that we 
found no major differences in DIF based on sex; however, 
future studies should include more male patients. Further 
research should include evaluation of scale performance 
among patients who undergo facial aesthetic procedures 
other than facelifts or blepharoplasties and more detailed 
analyses of responsiveness (eg, the ability to quantify 

Table 5. Clinical Validity: Analysis of Variance Results for Age Appraisal Testing of Known Groups

How many years younger or older do you think you look compared with your actual age?

Category 6-10 y Older 1-5 y Older I Look My Age 1-5 y Younger 6-10 y Younger P Value

FACE-Q Aging Appraisal Scale, mean score (SD) 41 (33) 40 (19) 52 (23) 71 (24) 75 (20) <.001

Table 6. Tips and Pearls for Assessing, Selecting, and Utilizing Patient-Reported Outcome (PRO) Instruments

PRO instruments can be either generic or condition specific. The former is useful in comparing outcomes across different conditions, whereas the latter tends to be more clinically relevant 
(ie, covers the issues important to the patient population) and appropriate for assessing treatment outcomes. Choose a measure that suits your purpose.

PRO instruments should undergo rigorous development and demonstrate reliability, validity, and responsiveness. Features of well-designed PRO instruments include
 • Patient input through qualitative methods
 • A conceptual framework on which the PRO instrument is based
 • Psychometric testing to demonstrate reliability, validity, and responsiveness

In general, a PRO instrument should be used in patients similar to those of the study group for which it was designed.

For measuring treatment outcomes, a PRO instrument can be utilized before, during, and after treatment.

Choose PRO instruments that facilitate the ability to measure linear, continuous data (interval data [eg, on a scale of 0-100]) as opposed to raw scores alone (ordinal data), because only the 
former can measure and quantify changes between treatments in a meaningful manner.

Use PRO instruments as recommended by the developers, without modification of instructions, response options, or items; such alterations would necessitate repeating the psychometric 
testing and would violate the copyright provisions.

PRO instruments should be practically relevant in terms of the number of questions, length of time to complete, and ease of scoring.
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significant change). Our initial group-level pre- and post-
treatment analyses demonstrated significant change, 
which was further supported by minimal ceiling effects 
in the pretreatment sample and clear differences in com-
parisons with the VAS scale. These findings provide use-
ful first steps toward understanding the meaning of score 
differences, but further research is warranted to elaborate 
on clinical meaning and minimally important clinical  
differences.

conclusions

The FACE-Q Aging Appraisal Scale is a psychometrically 
sound, condition-specific PRO instrument with excellent 
reliability and validity. It can provide clinically meaningful 
scores, enabling accurate assessment of clinical compari-
sons of age appearance in patients who undergo facial 
rejuvenation. The Patient-Perceived Age VAS can be used 
to complement the FACE-Q Aging Appraisal Scale and fur-
ther improve clinical interpretability. As such, scientifi-
cally sound and clinically interpretable outcomes data can 
be obtained through these tools, in turn leading to practice 
improvement for individual physicians and to improve-
ment in the quality of outcome assessments.
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Hering’s law has significant importance in the surgical 
planning and outcomes of eyelid surgery. Clinically, 
according to Hering’s law, a patient’s attempt to overcome 
ptosis in 1 eye will induce an increase in innervation in 
both levators, resulting in contralateral lid retraction.1,2 In 
The Theory of Binocular Vision, Ewald Hering stated, “As 
far as their movements in the service of the sense of sight 
are concerned, both eyes will be handled as a single organ. 
To the mobilizing will it is irrelevant that this organ really 
consists of 2 separate parts, because it is not necessary to 
move each part separately; rather one and the same 
impulse of the will directs both eyes simultaneously, as 
one can direct a pair of horses [with] single reins.”3 
Hering’s law was initially thought to be relevant only in 
ptosis that is distal to or at the neuromuscular junction.4 
Later, others showed that the Hering’s law effect is not 
restricted and might be relevant to other types of ptosis.5,6

Several practical applications have evolved from 
Hering’s law. Following unilateral ptosis surgery, because 

the operated side requires less levator force, the contralat-
eral side becomes ptotic. Recently, Cetinkaya and Kersten1 
showed that cases of bilateral ptosis with documented 
Hering’s dependence yield better results when both eyes 
are operated on during the same session, as opposed to 
delaying surgery for the contralateral eyelid. In 1 study, 
half the patients with bilateral ptosis demonstrated 
Hering’s dependence preoperatively.1 In another study, 
development of ptosis in the contralateral upper eyelid 
after successful repair of unilateral ptosis was observed in 
9.6% to 17% of patients.7 The postoperative effect might 

Is Hering’s Law as Important in Congenital 
Blepharoptosis as in Acquired Ptosis?

Arie Y. Nemet, MD

Abstract
Background: Although Hering’s law has significant importance in the planning and outcomes of eyelid surgery, it has not been applied in all cases 
of ptosis.
Objectives: The authors evaluate whether cases of unilateral congenital ptosis require surgery on the contralateral eyelid, in keeping with Hering’s law.
Methods: The records of 35 consecutive patients with unilateral congenital ptosis who had surgical repair between 2007 and 2012 were retrospectively 
analyzed. All patients underwent either levator resection or frontalis sling surgery. Preoperative and postoperative clinical documents and photographs were 
evaluated for each case, including preoperative Hering’s dependence and postoperative measurements of the change in position of the nonoperated eyelid.
Results: There were 19 women and 16 men, and the average patient age was 9.7 ± 10 years. The mean preoperative levator function and marginal reflex distance 
were 6.7 ± 4.7 mm and 0.3 ± 0.47 mm, respectively. There were significant differences in age, preoperative levator function, and marginal reflex distance between 
patients who underwent levator resection and those who had frontalis sling surgery. In all patients, the preoperative Hering’s dependence of eyelid position did not 
show any decrease, and the position of the contralateral eyelid postoperatively did not differ from the baseline position.
Conclusions: This research shows that Hering’s law does not apply to cases of congenital ptosis. This is likely due to the fibrotic levator 
palpebrae muscle and its special innervations. Thus, it is not necessary to perform levator resection or a frontalis sling operation on the unaffected 
eyelid.
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be suppressed at different levels by mechanisms including, 
but not limited to, frontalis muscle action.1

In my clinical practice, I have found that the Hering’s 
law dependence is present in most cases of unilateral leva-
tor dehiscence ptosis, which is the most common type of 
ptosis in adults.8 However, I have not observed this effect 
in cases of congenital ptosis. The purpose of the current 
study was to examine whether Hering’s law is applicable 
to unilateral congenital ptosis.

MEthods

A retrospective analysis was performed of the records of 
patients with unilateral congenital ptosis treated consecu-
tively with surgical repair, performed by a single surgeon 
(AYN), between January 2007 and December 2012. 
Excluded from the study were patients with bilateral con-
genital ptosis and those for whom the diagnosis was not 
clearly congenital ptosis (eg, ptosis that presented in child-
hood but was not seen at birth). Only cases of congenital 
ptosis that were documented in patient files, with photo-
graphs, were included. The study was approved by the 
Meir Medical Center Ethical Review Committee. Informed 
consent was not required.

All patients were photographed preoperatively and at 1 
and 3 months postoperatively. The presurgical evaluation 
included a full slit-lamp examination, cycloplegic refrac-
tion, visual acuity, ocular movements, and a ptosis 
workup. The ptosis workup included marginal reflex dis-
tance (MRD), levator function (LF), palpebral excursion, 
and manual testing for Hering’s dependence (by elevating 
the ptotic eyelid)9 and Bell’s phenomenon. Medical and 
general histories were obtained for each patient. Parents 
were asked to provide early photographs of the child to 
confirm that the ptosis was congenital.

Surgery was performed by a single surgeon, with the 
patient under general anesthesia. The type of surgery per-
formed was based on MRD and LF findings.10,11 Ptosis was 
classified in the traditional fashion as mild (2 mm), mod-
erate (3 mm), or severe (4 mm). Levator function was 
classified as excellent (13-15 mm), very good (10-12 mm), 
good (8-9 mm), fair (5-7 mm), or poor (≤4 mm). In general, 
patients with poor LF and poor MRD (≤1 mm) underwent 
a frontalis sling procedure, either with a Ptose-up implant 

(FCI Ophthalmics, Inc, Marshfield Hills, Massachusetts) 
or with preserved fascia lata (IOP Ophthalmics, Costa 
Mesa, California). The other patients underwent levator 
resection.

I evaluated the postoperative medical documentation 
along with pre- and postoperative clinical photographs. A 
postoperative eyelid position of less than a 1-mm differ-
ence from the position of the contralateral eyelid, with 
symmetric contour, was considered a good result. 
Postoperative results were discussed with the patients’ 
parents.

Statistics

Statistical analyses were performed using SPSS version 21 
software (SPSS, Inc, an IBM Company, Chicago, Illinois). 
The Shapiro-Wilk test was used to examine the distribu-
tion of data, and the Mann-Whitney test was used to 
ascertain between-group differences for selected parame-
ters. A P value of <.05 was considered statistically sig-
nificant.

REsuLts

A total of 35 patients (19 females and 16 males) with uni-
lateral congenital ptosis met the study criteria and were 
included in the analysis. The average age was 9.7 ± 10 
years. Patient demographics, as well as presurgical LF and 
MRD, are summarized in Table 1. Detailed patient data are 
presented in Table 2.

Statistical Analysis

Age, preoperative LF, and preoperative MRD were assessed 
for the levator resection group and the frontalis sling 
group. A Shapiro-Wilk test showed that the data were not 
distributed normally. Therefore, nonparametric tests 
(Mann-Whitney) were used to determine statistical differ-
ences for selected parameters between the 2 groups. 
Patients who underwent levator resection were older 
(mean age, 13.2 ± 11.3 years; range, 2.5-54 years) than 
those treated by frontalis sling (mean age, 4.5 ± 3.8 years; 

Table 1. Preoperative Parameters of Patients With Unilateral Congenital Ptosis

Surgical Procedure n

Sex Side
Age, Mean ± 

SD, y
LF, Mean ± SD, 

mm
MRD, Mean ± 

SD, mmFemale Male Right Left

Levator resection 21 14 7 7 14 13.2 ± 11.3 9.9 ± 3.0 0.4 ± 0.53

Frontalis sling 14 5 9 6 8 4.5 ± 3.8 1.9 ± 1.3 0.09 ± 0.19

Total 35 19 16 13 22 9.7 ± 10 6.7 ± 4.7 0.3 ± 0.47

Abbreviations: LF, levator function; MRD, marginal reflex distance.
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Table 2. Summary of Data for Patients With Unilateral Congenital Ptosis

Ptotic Eye, mm Nonptotic Eye, mm

ResultPatient No. Age, y Sex Procedure
Ptosis 
Side

Preopera-
tive LF

Preoperative 
MRD (mm)

Postopera-
tive MRD

Preopera-
tive LF

Preopera-
tive MRD

Preoperative-Postoperative 
Change in MRD

 1 7 F 12 LR R 15 2 4 15 4 0 G

 2 7 F 14 LR R 10 0 4 14 4 0 G

 3 9 F 14 LR R 9 0 4 12 4.5 0 G

 4 12 F 14 LR L 14 1 4.5 14 4.5 0 G

 5 24 F 15 LR L 14 1 3.5 14 3.5 0 G

 6 54 F 16 LR R 10 0 3.5 15 4 0 G

 7 13 M 16 LR L 15 1 4.5 15 4.5 0 G

 8 6 M 16 LR R 6 0 3 13 3.5 0 G

 9 8 F 16 LR R 9 1 4.5 14 4.5 0 G

10 7 M 16 LR L 10 0.5 3.5 14 4 0 G

11 21 F 16 LR L 13 0.5 4 13 4 0 G

12 23 M 16 LR L 8 0.5 4 15 4.5 0 G

13 8 M 16 LR L 6 0 3 12 5 0 –2

14 7 M 18 LR L 7 0 4 12 4 0 G

15 21 M 18 LR L 5 0.5 3.5 13 4.5 0 G

16 2.5 F 18 LR L 8 0.5 4 15 4 0 G

17 12 F 20 LR L 9 0 3.5 15 3.5 0 G

18 5 F 20 LR R 6 0 3 14 4 0 G

19 13 F 20 LR L 10 0 4 14 4.5 0 G

20 14 F 20 LR L 12 0 4.5 14 4.5 0 G

21 3 F 23 LR L 12 0 4.5 13 5 0 G

22 1 M FS R 2 –1 4 15 3.5 0 G

23 4 F FS L 2 0 4 12 4 0 G

24 4 M FS R 0 0 4 14 4 0 G

25 1 M FS R 0 –1 3.5 15 4 0 G

26a 1.5 M FS R 2 0.5 4 14 4.5 0 G

27b 14 M FS L 3 0 1.5 14 3.5 0 –2

28c 7 F FS L 0 0 3 12 3 0 G

29 6 F FS R 3 0 4.5 13 4.5 0 G

30 8 M FS L 2 0 3.5 15 4 0 G

31 8 F FS R 4 0.5 4 14 4 0 G

32 1.5 M FS L 2 0 4.5 14 4.5 0 G

33 5 F FS L 0 –1 1.5 14 3.5 0 –2

34b 4 M FS L 3 0 4.5 15 4.5 0 G

35 1.5 M FS L 3 0 4 15 4 0 G

Abbreviations: F, female; FS, frontalis sling; G, good (result within ±1 mm of the opposite eye); L, left; LF, levator function; LR, levator resection; M, male; MRD, marginal reflex distance; R, right.
aInfected Ptose-up sling.
bMarcus Gunn jaw winking.
cEsotropia.
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range, 1-14 years; P = .001). Presurgical LF was higher in 
the group treated by levator resection (9.9 ± 3.0 mm vs 
1.9 ± 1.3 mm for frontalis sling; P < .0001). Preoperatively, 
the between-group difference in MRD was not significant 
(P = .073). In all 35 patients, preoperative testing for 
Hering’s dependence of eyelid position did not show any 
drop. Postoperatively, the position of the contralateral eye-
lid in all patients was the same as the baseline position.

Representative clinical results are shown in Figures 1 
and 2. The child in Figure 1 underwent frontalis sling sur-
gery; the child in Figure 2 received levator resection. Both 
patients had congenital ptosis of the left eye.

discussion

Ewald Hering originally described the phenomenon of 
equal innervations for dependent extraocular eye mus-
cles.12 Frank B. Walsh13 was the first to describe Hering’s 
law for eyelids, which refers to the compensatory retrac-
tion of the contralateral upper eyelid in cases of unilateral 
ptosis. Since then, this effect on eyelid position has been 
discussed extensively in the literature.1,5,6,12,14,15 Hering’s 
law phenomenon can be explained by the special innerva-
tions of the levator palperalis (LP). This muscle may be 
considered the seventh extraocular muscle. Phylogenetically, 
it evolves by separating from the superior rectus muscle 
and differentiates from it only late in embryogenesis.16 
Therefore, the LP would be expected to follow neuro-
physiologic rules that apply to the superior rectus. The 
motor neuronal pool for the levators lies in a single, 

unpaired central caudal nucleus of the oculomotor com-
plex. Single motor neurons innervate the LP bilaterally.17,18

Retraction of the contralateral eyelid is dependent on 
various factors that affect eyelid height, including the fron-
talis muscle, the orbicularis oculi, sympathetic reaction by 
Müller’s muscle, and coexisting mild ptosis in the con-
tralateral eye. Moreover, compensatory retraction may not 
be visible if the patient uses the preferred-sighting (fellow) 
eye for fixation.19 It is likely that ocular dominance also 
has a strong influence on surgical results.1

Preoperative evaluation of Hering’s dependence has 
been described in various studies and typically includes 
the digital lift, closure, and pharmacologic stimulation 
tests.9,20,21 Lepore4 initially suggested that Hering’s law 
applies only in patients with ptosis due to neuromuscular 
junction or more distal dysfunction, as shown by con-
tralateral eyelid retraction. However, Averbuch-Heller  
et al5 and Carraway22 showed that some cases were due to 
third-nerve palsy proximal to the neuromuscular junction, 
and hence the effect is not limited to neuromuscular junc-
tion dysfunction. Mehta23 showed that Hering’s law also 
applies to mechanical ptosis.

The development of ptosis in the contralateral upper 
eyelid after successful repair of unilateral ptosis has 
occurred in a small number of patients. Bodian19 showed 
measurable drooping of the fellow upper lid in 11 (9.6%) 
of 115 cases of ptosis (of various causes) after surgeries 
that included levator shortening, frontalis sling, and tarso-
conjunctival resection. Erb et al24 found that 17% of 54 
patients had a decrease in contralateral MRD of more than 
1 mm after external levator advancement for unilateral 

Figure 1. (A) This 4-year-old boy presented preoperatively with right congenital ptosis, levator function of 0 mm, and 
marginal reflex distance of 0 mm. (B) Four years after frontalis sling surgery.

Figure 2. (A) This 12-year-old girl presented preoperatively with left congenital ptosis, levator function of 14 mm, and 
marginal reflex distance of 1.0 mm. (B) Fifteen months after levator resection surgery.
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aponeurotic blepharoptosis. Moreover, Hering’s effect 
tends to decline postoperatively with time. In 1 study, a 
week after repair of unilateral blepharoptosis, 64% of 
patients had decreased MRD on the contralateral eyelid, 
but the incidence was only 36% after 6 months.25 However, 
postoperative contralateral ptosis usually persists, often 
necessitating a second operation for its repair.25

Some histologic studies have examined congenital pto-
sis. The pathologic abnormalities of the levator palpebrae 
superioris described for congenital ptosis include neuro-
genic atrophy26 and an unusual amorphous extracellular 
material that stained positively for collagen type III and 
fibronectin on immunohistochemistry.27 In contrast, 
Edmunds et al28 did not detect any difference in muscle 
fiber diameter, or in the distribution or range of muscle 
fiber diameter, between patients with and without con-
genital ptosis.

Despite the longstanding recognition and existence of 
Hering’s law for eyelids, from a historical perspective, 
relatively little information is available on Hering’s effect 
in congenital ptosis. Kersten et al29 reported good-to-
excellent final postoperative eyelid height for 95% of 127 
patients after unilateral frontalis sling ptosis repair with 
conscious recruitment of the frontalis muscle. Shin et al30 
examined 39 patients who had undergone unilateral 
blepharoptosis repair, 28 (72%) of whom had congenital 
ptosis. Although there was a slight decrease in MRD after 
levator resection and frontalis sling surgery (–0.2 ± 0.7 
mm at 6 months), the change was not significant.

Based on these findings and my clinical experience, the 
present study was designed to determine whether Hering’s 
law applies to congenital ptosis when treated with levator 
resection or frontalis sling procedures. Frontalis sling 
repair, which is used in cases with more significant eyelid 
drooping, theoretically should be associated with a more 
prominent Hering’s law effect.

I attempted to correlate superior rectus function 
(quantification of Bell’s phenomenon, if present) with 
the LV and MRD of the ptotic eyelid. However, in young 
children who are resistant to examination, it can be dif-
ficult to achieve accurate grading of Bell’s phenomenon. 
There are several possible explanations for these find-
ings. In congenital ptosis, the LP muscle is fibrotic and 
not elastic due to dysgenesis.28,31 Thus, in contrast to the 
normal elastic eyelid, if one pulls up the ptotic eyelid of 
a patient with congenital ptosis, sensory input is dimin-
ished and the unpaired motor central caudal nucleus of 
the oculomotor complex does not respond. The contralat-
eral eyelid will not retract preoperatively. Likewise, after 
levator resection surgery, the length of the muscle does 
not alter the activity of the LP muscle. Even though the 
length has been decreased, the muscle tension has not 
changed.

Another reason that Hering’s effect does not occur after 
the frontalis sling procedure is because eyelid force stems 
from the frontalis muscle (which acts unilaterally on the 
affected muscle), not from the LP muscle. Thus, there is 
no impact on the LP nucleous (which innervates the LP 
bilaterally), and the LP of other eye does not stretch.

Ocular dominance and the fixation point may also 
influence surgical outcomes.1 In most cases of unilateral 
congenital ptosis, the dominant and fixating eye is con-
tralateral to the ptotic eye. Moreover, children with this 
condition often have amblyopia in the ptotic eye, meaning 
that there is even less sensory dependence on the ptotic 
eye and therefore less sensory drive to cause pseudo-
retraction of the normal eye in accordance with Hering’s 
law of yoked muscle pairs. Hence, when elevating the 
ptotic eyelid, the dominant eye maintains its fixation and 
does not drop. Thus, Hering’s dependence is not present.5

concLusions

The current study demonstrates that Hering’s law does not 
manifest in congenital ptosis. This was true for all 35 
patients, regardless of the degree of LF, the severity of 
ptosis (mild, moderate, severe), or the surgical technique 
used (levator resection, frontalis sling). This knowledge 
has broad clinical application. For example, cases of uni-
lateral congenital ptosis no longer require preoperative 
examination for Hering’s law dependence, nor do they 
necessitate operation on the contralateral eyelid. However, 
a thorough patient history (including photographs from 
early childhood) and clinical examination are needed to 
ensure the diagnosis of congenital ptosis. To investigate 
this phenomenon more extensively, a prospective study 
should be performed and include preoperative videos, 
additional photographs, and long-term follow-up. This 
would also permit the evaluation of brow function and 
other subtleties of eyelid movement.
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It is estimated that over 10 million breast augmentations 
have been performed worldwide, and approximately 
10 000 breast augmentations are carried out annually in 
the United Kingdom alone.1,2 Breast implant quality has 
improved considerably over the past 3 decades and, 
despite the US Food and Drug Administration (FDA) data 
in 2011 on McGhan/Allergan (Irvine, California) and 
Mentor (Santa Barbara, California) prostheses showing 
that up to 1 in 5 patients develop significant capsular con-
tracture (CC) and approximately 1 in 3 patients require 
reoperation within 10 years, there is still a very high 
patient satisfaction rate, rendering a favorable benefit-to-
risk ratio for implant-based augmentation.1

All countries other than the United States and Canada 
have had the benefit of access to anatomically shaped 
implants, textured and smooth implants, and, more impor-
tant, polyurethane-covered silicone implants (Silimed, Rio 
de Janeiro, Brazil; US distribution: Sientra, Santa Barbara, 
California). Polyurethane implants are known to have a 
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Abstract
Background: Polyurethane-coated conical implants were introduced by Silimed (US distributor: Sientra, Santa Barbara, California) in 2008 and offer an 
alternative to round or anatomically shaped implants. By their design and volume distribution, they naturally create central volume and give a reasonable 
fullness to the upper pole while lifting some ptotic breasts, thus avoiding the need for classical mastopexy.
Objectives: The authors discuss the advantages of conical implants as an alternative to conventional silicone implants for women with breast ptosis.
Methods: In the 2-year period between December 2010 and December 2012, a consecutive series of 302 women underwent implant-based breast 
surgery procedures (236 primary augmentations, 59 revisions, and 7 mastopexy-augmentations) with conical polyurethane devices. Implant volumes 
ranged from 225 to 560 cc, with low- to medium-profile devices predominating. No extra–high-profile implants were used. Only 1 patient had a drain 
inserted on completion of a revision augmentation.
Results: There were no infections (0%) and no wound dehiscence (0%). Four cases required reoperation (1.3%). Patient satisfaction scores were 
universally high (average, 9.94/10). There have been no capsular contractures to date, but follow-up is short.
Conclusion: The modern conical, polyurethane implant has many advantages over the conventional round or anatomically shaped implants and offers 
patients an ideal compromise between volume, natural upper pole fullness, and a lift without mastopexy scars.
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very low CC rate (<1%) and very low reoperation rate 
(<2%) over 15 years.3 Despite the conflicting views by 
experts on the safety of polyurethane implants, there has 
never been scientifically accepted evidence to contradict 
their safe and continued use in humans.4

Polyurethane implants were developed in response to 
the need for the prevention of implant displacement and 
to reduce the high incidence of CC, particularly during the 
1980s. In 1992, at the time of the moratorium on the use 
of silicone implants in the United States, there was a sus-
pension in the production of polyurethane implants. This 
was due to the concerns over silicone, not issues over the 
safe use of polyurethane. That generation of implants 
demonstrated premature separation of the polyurethane 
foam from the silicone implant. More modern polyure-
thane implants have a vulcanized coating, making prema-
ture separation prior to degradation extremely unlikely. 
There have also been changes to the sterilizing process 
and the introduction of a silicone sleeve as a means of 
reducing biofilm at insertion. More recently, cone-shaped 
polyurethane-covered implants have become available in 
the United Kingdom with a full CE mark. Evidence for low 
CC rates should encourage surgeons to confidently insert 
these implants in the subfascial rather than submuscular 
plane, thus reducing the significant morbidity associated 
with disruption of the musculoskeletal chest wall.

The aging female breast changes shape in response to 
normal physiological conditions, including postpartum 
effects. The various classifications of ptosis are essentially 
based on the position of the nipple in relation to the 
inframammary fold when the patient is in the erect posture. 
Complex breast ptosis is extremely difficult to treat and is 
notable in women who have very short subareolar to 
inframammary fold distances, tubular breasts, or with devel-
opmental abnormalities such as Poland syndrome. Women 
who request breast augmentation must be made aware of 
expected outcomes with each shape of implant currently 
available based on individual musculoskeletal variables. 
Round implants, particularly high-profile prostheses, can 
improve marginal ptosis at the expense of developing a 
higher and rounder, somewhat abnormal appearance. 
Submuscular placement of implants in larger breasted women 
often leaves the breast ptotic over an artificially high implant, 
and sliding ptosis often develops in later years anyway. 
Anatomical implants retain the low position of the nipple in 
a ptotic breast and leave the upper pole deficient of breast 
tissue. They can yield a good result in women with a positive 
upper thoracic vector and a negative lower thoracic vector if 
that is the shape the patient requests, provided the patient is 
not particularly seeking breast enlargement.

While compromise and alternatives—such as autolo-
gous fat grafting or mastopexy—are possible, the introduc-
tion of cone-shaped implants has provided an opportunity 
for improved results with primary, secondary, and recon-
structive breast surgery. Mastopexy is clearly an option for 
patients with advanced ptosis and may be necessary even 

with polyurethane implants, but the avoidance of scars is 
obviously to the patient’s benefit. Conical polyurethane 
implants are available with different base widths and 4 
different height projections. With judicious implant selec-
tion, it is less likely that there will be lateral fullness or 
abnormally superior breast bulging, and it is more likely 
that the result will be a centrally projecting breast with 
subsequent elevation of the nipple over the central mound. 
Polyurethane implants are better placed in the submam-
mary, subfascial plane, and the cone-shaped implants, if 
situated correctly, do not ripple or show the complications 
associated with conventional implants.

This study investigates the use of conical-shaped sili-
cone implants in a consecutive series of breast augmenta-
tion patients.

MEthods

A consecutive series of 302 consented women were retro-
spectively reviewed. Surgeries were carried out over a 
2-year period between December 2010 and December 2012 
(24 months). Polyurethane implants were placed mainly in 
primary augmentation but were also used for secondary 
implant surgery, augmentation-mastopexy, and postmas-
tectomy reconstruction. In total, 604 implants were placed. 
The size of implant ranged from 225 to 560 cc, with pro-
files from low to high, with low predominating. No extra-
high implants were used.

Our standard breast augmentation consultation included 
a general medical history, and a concerted effort was made 
to understand how the patient felt about the then-current 
status of her breasts and what expectations she had with 
respect to her ideal size (cup size) and/or shape. Many 
patients attended the consultation with pictures printed 
from the Internet, showing their preferences of appear-
ance. Unfortunately, many of these images showed unreal-
istic expectations.

Objective measurements of breast width and distances 
from the nipple to the sternal notch, inferior mammary 
fold, and midline were recorded. Chest wall projection and 
sternal irregularities were noted. A “pinch test” was per-
formed on the lower lateral breast using calipers. A skin 
roll test at the same site was performed and was recorded 
as either as good, where the attachment of the skin was 
unable to be rolled easily off the breast, or poor, where 
there was considerable “give” or laxity of the skin on the 
breast.

Patients were then shown a selection of implants with 
a range of shapes, volumes, and profiles. These were 
placed underneath a tight-fitting top and patients observed 
themselves in a full-length mirror. This was a simple but 
effective way to provide patients an indication of the 
“look” each implant was likely to give. Every patient was 
offered a second consultation to discuss any concerns 
prior to surgery and had the option of a resizing. The 
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patient decided which implant she wanted and signed a 
consent form for the size and shape preoperatively.

Since most women undergoing breast augmentation 
were young and fit for anesthetic, no routine preoperative 
blood tests were performed. Methicillin-resistant Staphylo-
coccus aureus (MRSA) protocols between the 3 hospitals 
where the surgery was performed varied among (a) no 
screening, (b) swabbing on admission the day of surgery, or 
(c) swabbing in a more traditional nurse-led preassessment 
clinic 1 week prior to surgery. No patient in this series was 
reported as MRSA positive during this study period. The 
continuation of this screening system is being reviewed in a 
separate study.

All surgery was performed under a full general anes-
thetic, with an intravenous dose of antibiotics on induc-
tion. The patient’s arms were placed alongside the body 
for primary and revision surgery and laterally for mas-
topexy/augmentation cases. Preoperative skin cleansing 
was performed with a first preparation of povidone iodine 
10%, superiorly from the clavicle to umbilicus inferiorly 
and to the maxillary line laterally. A second skin prepara-
tion was performed with chlorhexidine gluconate 20%, 
which was allowed to air dry.

Most implants were inserted via submammary incisions 
into subfascial pockets. The submammary incisions were 
approximately 6 cm in length but were longer if required. 
A spatulated Teflon-coated diathermy (Edge; Covidien, 
Mansfield, Massachusetts) was used for the dissection and 
hemostasis was meticulous. The implant pocket was delib-
erately made larger than the base width of the proposed 
implant, with particular emphasis on releasing the upper 
pole (ie, the deep fascia of the breast) off the pectoralis 
major muscle. The implant was fit comfortably into the 
lower pole pocket by dissecting free “Levick’s triangle,” 
which is situated below and lateral to the free border of 
the origin of the pectoralis major.5

Radial fasciotomies to the lower half of the breast were 
used in ptotic and cone-shaped breasts, particularly in 
patients with short subareolar to inframammary distances, 
to allow for expansion and elevation of the nipple. This 
technique first required placing the tissue under tension by 
inverting the breast. Then, under direct vision via the infe-
rior mammary incision, the lower half of the breast tissue 
was scored with a spatulated, Teflon-coated diathermy in 
a radial, discontinuous pattern apexed at the central nipple 
level. A “give” was often felt as fibrous bands were 
sequentially released, allowing the lower pole of the breast 
to expand. The staggered pattern of scoring was used to 
limit the theoretical risk of decreased vascularity to a 
strip/segment of breast tissue.

The surgical space was internally measured with a 
ruler, ideally aiming for a pocket 1 to 1.5 cm larger than 
the chosen implant base. Each breast pocket was then 
irrigated with 30 mL of Videne (Ecolab, Swindon, United 
Kingdom) diluted with 30 mL of normal saline.

Cone-shaped implants were inserted using the silicone 
sleeve method. This plastic sleeve, provided with every 
polyurethane breast implant, acts as a conduit to insert the 
prosthesis without the implant touching the skin surface. 
This theoretically reduces the risk of a biofilm. The tech-
nique requires experience for an atraumatic insertion.

Positioning of the implant is critical, since the polyu-
rethane implant does not drop; therefore, accurate pre-
operative markings cannot be overemphasized. During 
the repositioning, the “Velcro effect” of the implant may 
often distort the shape of the breast; so to correct this, 
the breast tissue needs to be gently lifted off the implant 
circumferentially and redraped over the implant. A suc-
tion catheter may also be placed to ensure a correctly 
fitted implant without any folds. This was done atrau-
matically by passing the blunt end of the suction can-
nula over the top of the implant with the suction off. It 
is important that this is a “feeling” device only; it must 
not be used as a dissecting tool. Maintenance of hemo-
stasis by dissection under direct vision only is vital in 
preventing hematoma formation. The next critical point 
is to make sure the position of the point of maximal 
projection of the implant (green dot) is situated at the 
lower border of the areola.

Once the implant was inserted and repositioned accu-
rately, patients were placed in a sitting position to help 
decide on the need for a further skin-tightening procedure, 
which in some cases was discussed preoperatively.

Closure was completed with 3-0 PDS (Ethicon, Inc, 
Somerville, New Jersey) for fascia and 4-0 and 5-0 Vicryl 
Plus (Ethicon, Inc) for deep dermal and subcuticular lay-
ers, and finally Dermabond (Ethicon, Inc) was applied to 
the skin. All patients were put into an Anita (Anita 
International Corporation, Ft Lauderdale, Florida) bra for 
6 weeks, in addition to a stabilizer and abdominal binder 
for extra support for the first 48 hours. No postoperative 
drains were placed for primary augmentation cases.  
Drains were placed only in secondary augmentation if 
necessary—that is, following bloody capsulectomy, which 
was particularly evident when implants had been inserted 
in submuscular pockets. Inflammatory tissue was highly 
evident in cases of ruptured Poly Implant Prothèse (PIP) 

Table 1. Number of Women Undergoing Conical Implant Breast 
Augmentation From December 2010 to December 2012

Type of Augmentation Total No. of Patients

Primary augmentation 236

Revision augmentation 59

Mastopexy-augmentation 7

Total 302
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implant exchange. Virtually all patients were discharged 
on the day of surgery.

REsuLts

Table 1 shows the case details and demographics of the 
consecutive series of 302 women in this series. Average 
follow-up was 15 months (range, 3-24 months). Patient 
ages ranged from 19 to 56 years (average, 31 years). 
Complications are shown in Table 2. In summary, there 

were no infections (0%). There were 4 cases of revision 
surgery (2 emergency, 2 nonemergency), for a reoperation 
rate of 1.3% at 2 years. These patients underwent aug-
mentation in the earlier part of the series. The 2 patients 
who underwent emergency surgery both developed hema-
tomas, which were attributed to excessive premature 
activity (ie, failure to follow postoperative advice), for a 
reoperation rate of 0.67%. The 2 nonemergency cases 
were elective revision surgery. The first patient required a 
minor adjustment of a medial edge of an inferior mam-
mary fold (too low). The second case was a malpositioned 
implant due in part to a large pocket caused by previous 
surgery in a delayed breast cancer reconstruction re-revision 
patient. There were no cases of CC within our short fol-
low-up period.

All patients in our practices are routinely seen at 4 
months postoperatively and asked to complete a postop-
erative patient satisfaction survey (Table 3). The patient 
satisfaction scores in this series were universally favora-
ble, with an average score of 9.94 out of 10. This was 
measured prospectively in a consecutive series of 50 
patients. We realize the limitations of the simple scoring 
system used in the survey and are aware of more rigorous 
methods to assess postoperative patient outcomes (such 
as the Breast-Q), but we still believe our results show high 
patient satisfaction with these implants.6

Table 2. Complication and Reoperation Rates Following Polyurethane 
Breast Augmentation

Complication Total Patients (N = 302)

Infection 0

Wound dehiscence 0

Allergic reaction 4 (1.3%)

Reoperations (emergency) 2 (0.67%)

Reoperations (nonemergency) 2 (0.67%)

Table 3. Patient Confidential Questionnaire—Satisfaction Survey
NAME:
DATE OF BIRTH:
OPERATION:
HOSPITAL:
We are constantly trying to improve the service we provide, and as such need vital feedback from our patients to maintain the highest of 
clinical care standards. Would you please take the next few minutes to complete the survey?
Please indicate how satisfied or dissatisfied you were with each of the five factors listed below by giving a score between 1 and 10, where 1 
means totally dissatisfied and 10 means totally satisfied with your care/outcome.
Put a cross in the box which best reflects your views. If you have no knowledge of a specific factor, cross the NA box to indicate that it is not 
applicable to you.
Taking everything into account, how satisfied or dissatisfied were you with:

NA 1 2 3 4 5 6 7 8 9 10

Nurses

Surgeon

Anesthetist

Hospital

Catering
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Clinical results are shown in Figures 1 through 7.

discussion

Many women presenting for breast surgery have precon-
ceived ideals of size and shape.7 These ideals can be influ-
enced by such factors as age and cultural, social, and 
professional backgrounds. For 40 years, despite significant 
differences between and within patients’ anatomy (eg, in 
chest wall vectors and asymmetry of rib and sternum), not 
to mention the size and shape variations in the breast 
itself, clinicians have been limited to the use of 2 implant 
shapes—namely, round or anatomical. In 2008, Silimed 

introduced the conical-shaped, polyurethane-covered sili-
cone implant. We are among the first surgeons in the 
United Kingdom to recognize the benefits of the current 
generation of polyurethane implants and, in particular, 
conical-shaped implants for breast augmentation.

A surgeon’s choice and access to breast implants is not 
uniform throughout the world. In the United States and 
Canada, for example, polyurethane implants are not avail-
able, despite the abundance of evidence in many publica-
tions from South America and the rest of the world that 
demonstrates their efficacy in reducing CC and reoperation 
rates.8-14 This is because the FDA strictly regulates new 
implant usage within the United States, and FDA approval 
studies have not yet been completed for polyurethane 

Figure 1. This 25-year-old woman with a 260-cc low-profile conical implant. (A, C) Preoperative frontal and lateral views; 
postoperative frontal and lateral views at 4 months (B, D).
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Figure 2. This 31-year-old woman with a 295-cc low-profile conical implant. (A, C, E) Preoperative frontal, oblique, and lateral 
views; postoperative frontal oblique, and lateral views at 4 months (B, D, F).
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implants. US surgeons therefore are limited in their choice 
of implant. Only recently (2012) have round and anatomi-
cally shaped Silimed implants (distributed by Sientra) 
been available.

Capsular contracture is the most common complica-
tion that occurs after breast augmentation, and we 
believe that evidence showing a 17% reduction of CC in 
clinical practice by the use of polyurethane implants 
should be discussed with all patients prior to surgery. 
Polyurethane implants also reduce the risk of CC associ-
ated with secondary surgery.1,3-5 In most countries that 
offer polyurethane implants—particularly Brazil and the 
South Americas, Australia, United Kingdom, Belgium, 
and New Zealand—there is a wealth of clinical experience 
indicating their efficacy in clinical practice. For good 
medical practice, the surgeon must review the clinical 
and scientific evidence, as well as discuss all options 

with the patient. Informed consent clearly should indi-
cate that polyurethane implants have major advantages 
over silicone prostheses.

The ideal patient with ptotic breasts who would benefit 
from a polyurethane cone-shaped implant is a woman 
who does not want her result to have a “false” appearance 
and only wants to restore her breasts back to a shape with 
upper pole fullness and a degree of nipple projection. It is 
clear from the clinical photographs that cone-shaped 
implants do not necessarily result in a cone-shaped breast, 
but projection at the nipple level is the key to correcting 
ptosis. Physiological changes in breast shape with aging 
and pregnancy/breastfeeding are represented in a simple 
diagrammatic form in Figure 8. Loss of volume, shaded in 
pink, is more or less replaced by the dropped breasts’ 
increase in volume in the red shaded area. To restore the 
ptotic breast back to a more youthful shape and lift the 

Figure 3. This 27-year-old woman with a 325-cc medium-profile conical implant. (A, C) Preoperative frontal and lateral views; 
postoperative frontal and lateral views at 4 months (B, D).
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Figure 4. This 32-year-old woman with a 350-cc low-profile conical implant. (A, C, E) Preoperative frontal, oblique, and 
lateral views; postoperative frontal oblique, and lateral views at 4 months (B, D, F).
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nipple up and outward, as in the Tebbetts stretch test, we 
create a conical-shaped defect behind the shaded red and 
pink areas.15

If you compare round, anatomically shaped, and cone-
shaped implants of similar volume and profile side by side, 
the conical implant, by its design, concentrates the volume 
centrally, providing a better lift and enhanced upper pole 
fullness (Figure 9A-E). The subareola to inframammary  
fold distance appears longer and the nipple appears higher 
on the breast, in a more correct anatomical position. In 
choosing the correct projection for the cone-shaped implant, 
due consideration must be given to the expected “take up” 
of the subareolar to inframammary  fold. This means that a 
low- to medium-profile cone-shaped implant is often all that 
is needed, and this results in a softer, less stretched, and 
more natural appearance to the breast.

There are clearly limitations to the lift that can be 
obtained using just a conical implant—for example, a 

combination of significant ptosis (grade 3) and poor-
quality breast tissue and skin (poor skin roll test) will 
affect the final result. In these situations, the patient 
should be given the option of augmentation, with bigger 
volume than she would ideally like, or a smaller implant 
with or without the mastopexy and its resulting addi-
tional scars on the breast. Mastopexy-augmentation 
operations are notoriously difficult, but inserting a small 
cone implant into the correct subfascial position and 
then closing the incision allows a superior pedicle mas-
topexy to be performed without connecting the 2 surgi-
cal wounds and results in a superior shape and nipple 
projection (Figure 6).

In the wake of the PIP scandal, a significant number of 
patients presented for removal and replacement of 
implants. Most had procedures performed 2 to 10 years 
previously, and these patients desired removal and replace-
ment as quickly as possible. Over this period, most of 

Figure 5. This 23-year-old woman with a 435-cc medium-profile conical implant. (A, C) Preoperative frontal and lateral views; 
postoperative frontal and lateral views at 4 months (B, D).
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these breasts had become ptotic, with thinning of breast 
tissue and often asymmetry caused by incorrect placement 
of the implant in the submuscular plane. Revision of PIP 
implant surgery included removal of implants, partial or 
complete capsulectomy, radial and circumferential capsul-
otomy, and insertion of conical-shaped implants. Due to 
prior thinning of breast tissues, especially in the cleavage 
area, the majority of these patients were given low- to 
medium-profile implants to help soften the edges of the 
breast with good effect (Figure 7).

Adherence of surrounding tissues to the implant is crucial 
for long-term maintenance of the shape and form of the 
breasts. As stated, we routinely perform a “skin rolling test” 
to gauge subjectively the dermal-to-breast tissue attach-
ments. In our anecdotal experience, a good skin roll usually 
indicates a potentially good postoperative result, whereas a 
poor skin roll may correlate with a poor aesthetic result, but 
this is not necessarily reported as such by the patient.

concLusions

Polyurethane breast implants offer many advantages over 
the conventional silicone gel implants that are currently 
available. This consecutive series clearly demonstrates 
that conical implants have an important role in improving 
the appearance of women with physiologically ptotic 
breasts. These devices do not eradicate the need for mas-
topexy, but if used in combination, they can be a very 
useful adjunct to help surgeons obtain the best result, 
without “bottoming out” at a later stage in patients with 
more advanced breast ptosis.
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Figure 6. This 27-year-old woman with a mastopexy-augmentation using a 295-cc low-profile conical implant.  
(A, C) Preoperative frontal and lateral views; postoperative frontal and lateral views at 6 months (B, D).

 at ASAPS - Residents on February 11, 2014aes.sagepub.comDownloaded from 

http://aes.sagepub.com/
http://aes.sagepub.com/


1126  Aesthetic Surgery Journal 33(8)

Figure 7. This 33-year-old woman who previously had a submuscular augmentation with 320XH implants. Revision procedure 
included removing the anterior portion of the capsule, reattaching the pectoralis major muscle to the original position, creating 
a fresh tissue plane above the muscle, and then inserting a 435-cc medium-profile conical implant. (A, C) Preoperative frontal 
and lateral views; postoperative frontal and lateral views at 4 months (B, D).

Figure 8. Diagrammatic representation of (1) a youthful breast, (2) physiological changes over time, (3) area of volume 
changes (loss seen as pink, “increase” in red), and (4) restoration of volume with a conical shape.
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Figure 9. (A) Different shapes of a medium-profile implant on profile view: round 260-cc (left implant), conical 245-cc 
(middle implant), and anatomical 245-cc (right implant) implants; (B) low-profile conical implant; (C) medium-profile conical 
implant; (D) high-profile conical implant; and (E) extra high-profile conical implant. Figure 9B-E reprinted with permission 
from Silimed.

 at ASAPS - Residents on February 11, 2014aes.sagepub.comDownloaded from 

http://aes.sagepub.com/
http://aes.sagepub.com/


1128  Aesthetic Surgery Journal 33(8)

Funding

The authors received no financial support for the research, 
authorship, and publication of this article.

REFEREncEs

 1. US Food and Drug Administration. FDA Update on the 
Safety of Silicone Gel-Filled Breast Implants. 2011. http://
www.fda.gov/downloads/MedicalDevices/Productsand 
MedicalProcedures/ImplantsandProsthetics/BreastIm-
plants/UCM260090.pdf

 2. Medicines and Healthcare Products Regulatory Agency 
(MHRA). Types of breast implants. http://www.mhra.
gov.uk/Safetyinformation/Generalsafetyinformation 
andadvice/Product-specificinformationandadvice/Prod 
uct-specificinformationandadvice-A-F/Breastimplants/
Typesofbreastimplants/index.htm

 3. Vasquez G, Pellon A. Polyurethane-coated silicone gel 
breast implants used for 18 years. Aesthetic Plast Surg. 
2007;31:330-336.

 4. Fleming D. Polyurethane foam breast implants. In: Peters 
W, Brandon H, Jerina KL, Wolf C, Young VL, eds. Bio-
materials in Plastic Surgery: Breast Implants. Cambridge, 
UK: Woodhead Publishing; 2012.

 5. Dancey A, Nassimizadeh A, Levick P. Capsular contrac-
ture—what are the risk factors? A 14-year series of 1400 
consecutive augmentations. J Plast Reconstr Aesthetic 
Surg. 2012;65:213-218.

 6. Pusic AL, Reavey PL, Klassen AF, Scott A, Mccarthy C, 
Cano SJ. Measuring patient outcomes in breast augmen-
tation: introducing the Breast-Q Augmentation module. 
Clin Plast Surg. 2009;36:23-32.

 7. Mallucci P, Branford OA. Concepts in aesthetic breast 
dimensions: analysis of the ideal breast. J Plast Reconstr 
Aesthetic Surg. 2012;65:8-16.

 8. Capozzi A, Pennisi VR, Spira M. Clinical experience with 
polyurethane-covered gel filled mammary prosthesis. 
Plast Reconstr Surg. 1981;68:512-520.

 9. Cohney BC, Cohney TB, Hearne VA. Augmentation mam-
moplast—a further review of 20 years using the polyure-
thane-covered prosthesis. J Long Term Eft Med Implants. 
1992;1:269-279.

 10. Gasperoni C, Salagrello M, Gargani G. Polyurethane cov-
ered mammary implants: a 12-year experience. Ann Plast 
Surg. 1992;29:303-308.

 11. Hester TR. The polyurethane-covered mammary prosthesis: 
facts and fiction. Perspect Plast Surg. 1988;2(1):135-169.

 12. Hester TR, Tebbetts J, Maxwell GP. The polyurethane-
covered mammary implant prosthesis: facts and fiction 
(II). A look back and a “peak” ahead. Clin Plast Surg. 
2001;28:579-585.

 13. Pennisi VR. Polyurethane-covered silicone gel mammary 
prosthesis for successful breast reconstruction. Aesthetic 
Plast Surg. 1985;9:73-77.

 14. Pitanguy I, Brentano J, De Castro Ramalho M, Joao Porto 
M. Implante de silicone gel comrevestimento de poliure-
tano. Rev Bras Cir. 1990;80:119-130.

 15. Tebbetts JB, Adams WP. 5 critical decisions in breast aug-
mentation using five measurements in five minutes: the 
high five decision support process. Plast Reconstr Surg. 
2005;116:2005-2016.

 at ASAPS - Residents on February 11, 2014aes.sagepub.comDownloaded from 

http://www.mhra.gov.uk/Safetyinformation/Generalsafetyinformationandadvice/Product-specificinformationandadvice/Product-specificinformationandadvice-A-F/Breastimplants/Typesofbreastimplants/index.htm
http://www.fda.gov/downloads/MedicalDevices/ProductsandMedicalProcedures/ImplantsandProsthetics/BreastImplants/UCM260090.pdf
http://aes.sagepub.com/
http://aes.sagepub.com/


 Breast Surgery

Aesthetic Surgery Journal
33(8) 1129 –1137
© 2013 The American Society for 
Aesthetic Plastic Surgery, Inc.
Reprints and permission: 
http://www .sagepub.com/
journalsPermissions.nav
DOI: 10.1177/1090820X13510929
www.aestheticsurgeryjournal.com

A wide variety of breast reduction techniques have been 
demonstrated to work well for both small and moderate size 
breast reductions. Both vertical and inverted T-type incisions 
yield consistent results with shapely breasts and low morbid-
ity. On the other hand, reduction techniques in massive 
breasts yield less consistent results with regard to size, shape, 
nipple sensation, and morbidity. Furthermore, the literature 
clearly documents a direct correlation between breast reduc-
tion size and both major and minor complications.1,2

Large pedicles restrict the amount of breast reduction pos-
sible, put the viability of the nipple-areolar complex (NAC) at 
risk, and limit the surgeon’s ability to shape the breasts. To 
reduce these risks and minimize morbidity, free nipple grafting 
techniques have been used in these very large reductions. This 
frees the NAC from the dependency of its vascular pedicle.3

While the free nipple technique allows the surgeon to 
achieve significant reductions with lower morbidity, the 
nipple becomes a free skin graft, which means that graft 

Nipple Areola Reconstructing Reduction 
Mammaplasty

Ozan Bitik, MD; Hakan Uzun, MD; and James E. Zins, MD

Abstract
Background: The pigment density and texture of breast skin are not uniform. Especially in patients with massive breasts, lower pole skin can be 
significantly darker and coarser than the upper pole skin. Nipple areola reconstructing (NAR) reduction mammaplasty is a technical modification of the 
“free nipple” procedure in which the original nipple areola complex (NAC) is discarded and the new NAC is reconstructed from coarse pigmented lower 
pole skin using a modified skate flap purse-string technique.
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smallest breast size that can be achieved with tension-free wound closure. Patient satisfaction was also assessed.
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contraction, atrophy, depigmentation, and lack of sensation 
are the trade-off. Healing of the free graft may also 
adversely affect the shape, texture, and projection of the 
new NAC. Hence, these drawbacks have led surgeons to 
prefer conservative pedicle reduction over the free nipple 
reduction.4-6 Many plastic surgeons consider the free nip-
ple reduction as a last resort or a backup procedure.7-9

Finally, it should be noted that the skin covering the 
lower breast tends to be darker than the upper pole skin, 
especially in larger breasted women. Modified radical mas-
tectomy is a good case study for observing the persistent 
nature of this finding. The pigment difference between the 
upper and lower flaps in previously large-breasted women 
can easily be appreciated even many years later.

These issues led us to design a free nipple breast reduc-
tion technique in which a new NAC is reconstructed from 
the pigmented lower pole skin using a modified skate flap, 
purse-string technique. We refer to this technique as a nip-
ple areola reconstructing (NAR) reduction mammaplasty, 
and our initial clinical experience with the procedure is 
discussed here.

MEthods
Between 2010 and 2012, 16 consecutive patients (31 
breasts) underwent reduction mammaplasty with the NAR 
technique. All procedures were performed by the first 
author (O.B.). All patients had a minimum of 1 year fol-
low-up. One patient requested a unilateral matching pro-
cedure at the time of oncoplastic mastectomy, while all 
others were elective breast reductions. Patient charts were 
retrospectively reviewed for demographics, body mass 
index (BMI), preoperative and postoperative breast meas-
urements, weight of breast specimen, and complications. 
Nipple-areolar complex sensation and nipple projection 
were measured, and patient satisfaction was surveyed.

Patient Selection and Inclusion Criteria
The patients in our series were not consecutive, in terms 
of those who presented with gigantomastia. We do not 
offer a free nipple procedure of any kind to women who 
have childbearing and breastfeeding potential. We prefer 
to perform a rather conservative pedicled approach in this 
younger patient group. Therefore, NAR reduction mam-
maplasty was offered only to a subset of our gigantomastia 
patients who were postmenopausal at the time of initial 
visit. Additionally, only patients with significant lower 
breast pole pigmentation were considered as candidates. 
Patients who did not have lower breast pole acanthosis or 
those who did not prefer this procedure were operated on 
by performing either a classic free nipple procedure or a 
pedicled breast reduction.

Skin Markings
The markings for the NAR procedure are almost identical 
to those of an inferior pedicle, inverted-T pattern. The 
initial reference marking was made at the midsternal line, 
extending into the navel. Next, the meridian of the breast 

mound was marked, beginning from the midclavicular 
point, 6 to 9 cm from the sternal notch. Passing from the 
nipple, this line was extended toward and beyond the 
inframammary fold (IMF) onto the abdominal wall, at a 
distance of 9 to 11 cm from the abdominal midline.

Skate flap markings were centered on the breast merid-
ian at a point 9 to 11 cm above the IMF. (At this point, the 
new nipple would be reconstructed.) The long axis of the 
pattern was oriented horizontally so that the central inci-
sion of the skate flap could be made vertically (Figure 1A). 
A vertical central incision parallel to the direction of blood 
flow was preferred over a horizontal central incision in 
order not to compromise the circulation distally.

The height of the skate flap wings determined the final 
nipple projection. This height should be designed to be 
roughly 2 times the desired final nipple projection. In this 
series, we typically set this initial height between 15 and 
20 mm. Although this may seem too high initially, overcor-
rection is necessary to accommodate for postoperative loss 
of projection. The anticipated loss of nipple projection is 
roughly 50% in the first postoperative year.10 The perime-
ter of the skate flap purse-string pattern in NAR reduction 
mammaplasty can initially be designed relatively larger, 
since it is always possible to resize it with an areola 
marker after the assembly of the new nipple.

Once the skate flap markings were made, the borders of 
the inferior pedicle were drawn around it, leaving a supe-
rior safety margin of 2 to 3 cm. We chose to design the 
inferior pedicle at least 10 cm wide (Figure 1B).

Next, a Wise pattern skin excision was marked (Figure 
1C,D). Significant skin resection could be performed with a 
Wise pattern—of course, within the normal recommended 
ranges—since the small pedicle obtained by this technique 
facilitates tension-free closure. The apex of the Wise pattern 
was placed at the intersection between the breast meridian 
and the anterior breast skin trajectory of the IMF, usually 20 
to 22 cm from the midclavicular line. The height of the verti-
cal limbs of the Wise pattern should match the distance 
between the new reconstructed nipple and the IMF.

If the periareolar opening is to be designed at the time of 
preoperative markings, care should be taken to design it 
wide enough so that it will allow a slightly “purse-string”–
type of areolar closure. Narrow areolar openings may lead 
to inversion of the periareolar suture. The diameter of the 
areolar opening should be greater than 5 cm.

Surgical Technique
The surgical procedure began with deepithelialization of the 
pedicle (Figure 2A). It is much easier to assemble the new 
NAC from the deepithelialized surface of an intact breast 
mound. The central cap of the skate flap was elevated just 
at the level of the dermis to leave behind a supportive plat-
form on which the future nipple would rest. Next, the cen-
tral incision around the skate flap wings was made through 
the dermis. The rest of the skate flap was raised by taking 
care to preserve a 2- to 3-mm-thick, even layer of subcuta-
neous fat on the undersurface of the flaps (Figure 2B).

Next, the flaps were assembled according to the pattern 
(Figure 2C). An important deviation from the classic skate 
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Figure 1. Preoperative markings. (A) A new nipple position is marked 9 to 11 cm above the inframammary fold on the breast 
meridian. The long axes of the skate flap markings are designed to be horizontal so that the central incision can be made 
vertically. (B) A wide and short pedicle with a robust blood supply is designed around the new nipple areola complex.  
(C) Wise pattern skin excision. (D) Completed markings.

Figure 2. Surgical technique. (A) Deepithelialization of the pedicle. (B) Execution of the central vertical incision. (C) Assembly 
of the new nipple.
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flap purse-string technique is that the periphery of the  
pattern was not incised, since it was already deepithelial-
ized. This deviation further protected the peripheral circu-
lation.

Once the new NAC was assembled, the procedure con-
tinued exactly as the inferior pedicle breast reduction.

REsuLts

The average patient age was 51.9 years (range, 44-65 
years). Average BMI was 33.6 (range, 26.5-40.4 kg/m2). 
Average preoperative midclavicular point to nipple dis-
tance was 36.3 cm (range, 30-45 cm), and average preop-
erative nipple to IMF distance was 22.4 cm (range, 16.5- 
28 cm). Breast reductions varied from 1150 to 2850 g per 
breast, with an average of 1590 g resected per breast 
(Table 1). Our operative goal was to obtain the smallest 
breast size that can be achieved with tension-free wound 
closure. Although we did not measure or objectively com-
pare the standard free nipple reductions, we can anecdo-
tally note that the operative time was slightly increased 
with the NAR reduction in the surgeon’s hands.

All reconstructed NAC have retained pigmentation long 
term (Figure 3A-C). All reconstructed nipples retained sig-
nificant projection at 1 year. Mean (SD) nipple projection 
was 5.37 (2.06) mm.

Sensation of the new NAC was assessed during the 
1-year postoperative visit by using Semmes-Weinstein 
monofilaments. The new NAC were divided into 3 zones 
(medial/lateral/nipple) with regard to the scar geometry 
of skate flap periareolar pattern. In medial and lateral 
areolar compartments, sensation was assessed at 3 differ-
ent points, and the thickest monofilament that was felt at 
all 3 points was accepted and recorded. In the nipple, 
sensation was assessed only at the nipple tip. The mean 
(SD) pressure threshold was 32.1 (10.5) g/mm2 for the 
medial areolar compartment, 28.4 (17.3) g/mm2 for the 
lateral areolar compartment, and 44.8 (26.9) g/mm2 for 
the nipple.

Postoperative care did not differ from standard inferior 
pedicle breast reductions. Patients were discharged the 
same day or the morning after surgery. Only light dress-
ings were maintained for 1 day, and patients were allowed 
to shower on the second postoperative day. Postoperative 
use of a tight bra was not allowed for the first 2 weeks 

Table 1. Retrospective Review of Age, Body Mass Index, Midclavicular Point to Nipple Distance, Nipple to Inframammary Fold Distance, and Weight of 
Reduction Specimen

Patient No. Age, y BMI
Right MP-N 

Distance, cm
Left MP-N 

Distance, cm
Right N-IMF 
Distance, cm

Left N-IMF 
Distance, cm

Right Breast 
Reduction, g

Left Breast 
Reduction, g

1 52 36.6 40 40 25 25 1730 1720

2 44 26.5 35 35.4 22 22 1270 1290

3 58 34.1 34 38 21 23 1150 1350

4 49 32.6 39.5 36 23.7 21.4 1480 1255

5 51 39.4 37 38 23 23 1365 1400

6 57 33.7 42 42 26.5 26.5 1450 1470

7 48 29.6 32.4 33.5 19 20 1180 1240

8 65 40.4 40 36 25 23 2270 2080

9 49 28.9 30.6 31 18.3 19.6 1290 1300

10 60 38.2 38 40 24 27 2330 2490

11 50 35.6 42 45 27.2 28 2190 2850

12 54 34.5 35 34 22 21.6 2100 1940

13 49 31.4 32.5 32.5 21 21 1170 1190

14 46 29.2 30 31 16.5 17 1370 1410

15 47 30.8 38 35.4 20.5 22.2 1430 1280

16 51 36.1 31.5 — 19 — 1250 —

MP-N, midclavicular point to nipple; N-IMF, nipple to inframammary fold; —, unilateral matching procedure, left breast was not included in operation.
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following surgery to prevent compression of the recon-
structed nipple.

Complications were minimal. No major local complica-
tions (ie, need to return to the operating room) and no 
major systemic complications (ie, need for unscheduled 
hospitalization) were encountered. Two patients required 
touch-ups for the correction of minor periareolar irregu-
larities resulting mainly from the inversion of wound clo-
sure.

Patient satisfaction was surveyed over the telephone 1 
year postoperatively by a third-party interviewer. Patients 
were asked to rate their general satisfaction with the sur-
gery and their satisfaction with the new NAC on a scale 
from 1 (not satisfied) to 5 (extremely satisfied). The aver-
age score for general satisfaction was 4.6 and the average 
score for NAC satisfaction was 3.9.

discussion

It is not our intention in this description to offer the NAR 
reduction as an alternative to standard pedicled reduction 
techniques. Those standard techniques are, in fact, supe-
rior to our technique for most breast reductions. Rather, 

we offer the NAR reduction mammaplasty as an alterna-
tive to the free nipple graft breast reduction.

Free nipple areola graft breast reduction is a good tech-
nique for shaping the massive breast. It is also excellent at 
providing the most aggressive reduction. However, the 
drawbacks to this technique are many. Most attributes of 
the nonoperated normal NAC are lost. Specific character-
istics such as texture, color, nipple projection, and sensa-
tion are marginalized at best and lost at worst. 
Complications such as partial or complete graft loss, 
depigmentation, atrophy of the grafted skin, and poor 
sensation are common. Graft contraction frequently results 
in asymmetry. Graft healing requires time and additional 
care. Patients are not allowed to shower as long as the 
bolsters are in place. Most free nipple grafted breasts have 
widened areolas and flat nipples. In addition, nipples tend 
to progressively flatten with time. Hence, the term free 
nipple is a misnomer.

Nipple areola reconstructing reduction mammaplasty, 
on the other hand, avoids the drawbacks of the classic free 
nipple areola graft procedure. Flaps heal faster than skin 
grafts. Over the long term, healing of flaps is more predict-
able than with grafts in terms of skin atrophy, mainte-
nance of nipple projection, and depigmentation. Flaps 

Figure 3. Closeup views of reconstructed nipple areola complexes are shown more than 1 year postoperatively. Areolar 
pigmentation and nipple projection were maintained long term with natural results.
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contract minimally, the areolar pigment is stable, and the 
skin texture is stable. Loss of nipple projection in free nip-
ple areola graft reductions is a well-known phenomenon 
for which a couple of remedies have been published.11,12 
Conversely, we demonstrate maintenance of nipple projec-
tion long term.

Nipple areola reconstructing reduction mammaplasty 
inherits all the major advantages of the classic free nipple 
procedure. It enables the surgeon to perform massive 

reductions, design different non–NAC-bearing glandular 
pedicles for breast shaping, and obtain tension-free clo-
sure without the fear of ischemic complications (Figures 4 
and 5). Our technique involves “raising a flap on another 
flap.” Although this concept may seem to impose vascular 
limitations on skate flaps, this is exactly what we do in 
pedicled or free flap breast reconstructions. Enlarged 
breasts also have enlarged blood vessels. Nipple areola 
reconstructing reduction mammaplasty typically produces 

Figure 4. (A, C) This 58-year-old postmenopausal woman with mild type 2 diabetes presented with gigantomastia, as well 
as back and shoulder pain. (B, D) Twelve months after nipple areola reconstructing reduction mammaplasty, in which 1150 
g was resected from the right and 1350 g was resected from the left breast. (E, F) This patient’s preoperative markings are 
shown.
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short and wide pedicles that tend to have a robust circula-
tion that can easily support reconstructed NAC.

The minor revisions in our series resulted from inatten-
tion to basic principles rather than a limitation associated 
with this technique. Our mistake was to design the areolar 
opening narrower than the circumference of the new are-
ola. The circumference of the areolar opening should at 
least match or, better, be slightly wider than the diameter 

of the new areola. If a tendency toward periareolar inver-
sion is noted intraoperatively, expanding the areolar open-
ing should solve the problem. Other than that, insetting of 
the new NAC does not differ from a standard inferior 
pedicle, Wise pattern breast reduction.

As demonstrated by previous studies in the literature, 
skate flap purse-string technique NAC reconstructions can 
yield excellent results in postcancer reconstructed 

Figure 5. (A, C) This 60-year-old postmenopausal woman with type 2 diabetes presented with acanthosis on her lower 
breast pole skin, gigantomastia, and neck/back/shoulder pain. (B, D) One year after nipple areola reconstructing reduction 
mammaplasty in which 2330 g was resected from the right and 2490 g was resected from the left breast. (E, F) This patient’s 
preoperative markings are shown.

 at ASAPS - Residents on February 11, 2014aes.sagepub.comDownloaded from 

http://aes.sagepub.com/
http://aes.sagepub.com/


1136  Aesthetic Surgery Journal 33(8)

breasts.13,14 This positive reconstructive experience had 
been the primary motivation for adapting the skate flap 
purse-string technique to breast reductions that would 
otherwise require amputation of the native NAC. Both 
technical details and modifications of this technique have 
already been published in the literature.10,13,14 Problems 
such as loss of nipple projection have already been identi-
fied, amount of overcorrection has been refined, and long-
term stability of the results has been proven.

The skate flap is not the only nipple reconstruction 
technique that can be used with the NAR mammaplasty. 
Any number of nipple reconstructions can be substituted. 
Once the new nipple is reconstructed on the pigmented 
lower pole skin, the new areola can then be circumcised 
with an areola marker to obtain a new, pigmented NAC.

Pigment density and texture of the breast skin are not 
uniform. In patients with massive breasts, lower breast 
pole skin can be significantly darker and coarser than the 
upper breast pole skin. In some patients, the aggravated 
form of this cutaneous pathology is named acanthosis 
nigricans. This difference in skin texture and pigmentation 
might be attributed to forces exerted on the lower breast 
pole, such as chronic friction and moisture. However, pig-
mentation persists many years after procedures that alter 
these physical properties, such as reduction mammaplasty 
and mastectomy. This is evidenced by the difference in 
pigmentation between the upper and lower mastectomy 
flaps in diabetic patients with massive breasts, which can 
be evident even after decades.

All patients in our series have retained their new NAC 
pigmentation and nipple projection at 1 year postopera-
tively. None of our patients have complained about their 
new NAC color. However, we acknowledge the possibility 
of depigmentation in the long run, and patients in our 
series were informed accordingly. If depigmentation 
should occur, the resulting unintended color match can be 
managed by tattooing or instant tanning. Of course, it 
should be noted that the color of the NAC in an unoper-
ated breast varies considerably.

Nipple and areola sensation is altered after most types 
of breast reduction. Although no breast can have normal 
sensation following free nipple areola graft breast reduc-
tion, there is at least a crude and patchy return of sensa-
tion in all patients.15 Free nipple areola grafts are classically 
placed on richly innervated dermal beds, and nipple are-
ola sensitivity following these procedures has shown to be 
similar to the results of some commonly used pedicled 
reduction techniques.16-18

Nipple areola reconstructing mammaplasty seems to 
provide a postoperative areolar sensibility similar to pedi-
cled breast reductions and a diminished nipple sensation 
similar to free nipple areola graft reductions. Pressure 
thresholds in the medial and lateral areolar segments in 
our study were similar to normal breast skin pressure 
thresholds.19 They were also similar to postoperative areo-
lar pressure thresholds in the previously published pedi-
cled breast reduction series in the literature.15-17,20-22 When 
compared with previously published data in the literature, 
pressure thresholds in the nipple in our patients were 

higher than in large pedicled breast reductions and similar 
to free nipple grafts.16,21,22

Patient satisfaction is such a subjective issue, and our 
patient numbers are too small to design a statistically 
meaningful patient satisfaction survey. However, our 
patients were very happy with the overall results. Even the 
classic free nipple areola graft procedure has been shown 
to provide high patient satisfaction despite its draw-
backs.23 In our patient population of obese, postmenopau-
sal women with very large breasts, the positive gains from 
weight reduction and associated relief of symptoms were 
so dominating that this may well have inadvertently had 
an indirect and positive impact on their feelings regarding 
their NAC cosmetic result. That being said, it is our opin-
ion that cosmetic results of our reconstructed NAC are 
superior to what can be achieved with free nipple grafts.

We acknowledge that this study has certain limitations. 
As our patient numbers grow and follow-up lengthens, 
outcomes may change. Our current practice preference of 
excluding younger patients with breastfeeding potential is 
another limitation. Consequently, our data cannot be used 
to justify the use of this technique in younger patients. We 
also acknowledge that many surgeons would have per-
formed free nipple grafts on similar cases and obtained 
good results.

concLusions
We have presented an alternative method of breast reduc-
tion in this article. It inherits the best features of the clas-
sic free nipple procedure while minimizing or eliminating 
some of its undesirable sequelae. In postmenopausal 
patients with massive breasts for whom the smallest 
breast size is the primary operative goal, our technique 
can be an appealing option as long as lower pole skin 
pigmentation can be identified.
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In “Nipple Areola Reconstructing Reduction Mammaplasty,” 
Dr Bitik and coauthors1 present a series of 16 patients 
treated with a novel technique of breast reduction. In their 
nipple areola reconstructing (NAR) procedure, the authors 
discard the nipple areolar complex (NAC) and perform a 
nipple areolar reconstruction with flaps of tissue on the 
upper part of a shortened inferior pedicle.

The premise of this technique is that it is superior to a 
full-thickness nipple/areolar graft, which the authors state 
has the shortcomings of graft contraction, atrophy, depig-
mentation, and lack of sensation. I agree with the authors 
that the above are definite shortcomings of free nipple 
grafts. This is why I have not performed a free nipple graft 
in my 28 years of practice. I agree with the authors that 
enlarged breasts have enlarged blood vessels, which is 
why I feel that in all 3 of the cases they presented, the NAC 
would have survived quite nicely with standard inferior 
pedicle flaps. I would not have performed a free nipple 
graft for those 3 cases. If the blood supply was good 
enough to support a skate flap on the end of those inferior 
pedicles, it certainly would have been good enough to sup-
port circulation to the NAC, just a few centimeters away.

Dr John McCraw used to say that breast hypertrophy 
acted like a tissue expander for the subdermal plexus of 
vessels.2 He believed that free nipple grafts were seldom if 
ever indicated. He certainly did not believe that there was 
a magical distance number from the inferior mammary 
fold to the areola beyond which the areola would die if it 
were not a graft. He once presented a paper called “The 
End of the Areolar Graft,” in which he showed several 
cases like the patient in Figure 1, and argued that nipple 
grafts were unnecessary. He presented a series of 154 
patients with an average body mass index of 37, an aver-
age pedicle length of 17 cm, an average reduction volume 
of 1600 g, and no nipple loss.3

Even though I agree with Dr McCraw that there are very 
few indications for free nipple grafts in large breast reduc-
tions, I realize that some surgeons continue to believe that 
they should be considered routinely. For those surgeons 
who would perform free nipple grafts, the NAR technique 
proposed by the authors could be considered. Their results 
are excellent, and the technique is novel and clever.
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Figure 1. (A) This 32-year-old woman presented with a body mass index of 39. The patient had a tendency to form keloids 
and had keloid scarring of the incisions, which were not revised and not symptomatic. (B) One year after a 4800-g reduction. 
(C) A 32-cm inferior pedicle. Photographs and case report provided by Dr John McCraw.
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According to the American Society for Aesthetic Plastic 
Surgery, nearly 113 000 breast reduction surgeries were 
performed in the United States in 2011, and reduction 
mammaplasty was the eighth most common plastic sur-
gery procedure performed in the United States (when 
compared with aesthetic surgery procedures only).1 The 
high prevalence of reduction mammaplasty underscores 
the fact that nonsurgical interventions have not been 
shown to provide lasting relief of symptomatic macromas-
tia.2 In addition, numerous studies have demonstrated 
increased patient satisfaction and better quality of life fol-
lowing reduction mammaplasty.3-8 Such studies also dem-
onstrate the importance of reduction mammaplasty as a 
therapeutic option, not just a cosmetic one.

Although some insurers will cover the cost of breast 
reduction surgery, the stipulations can be substantial. 

Many physicians and insurers require that women be at or 
near their ideal body mass index (BMI) or have partici-
pated in a trial period of physical therapy and exercise.2,9,10 
However, more than 34% of adults in the United States are 

The Impact of Body Mass Index on  
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Analysis of 2492 Patients
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Abstract
Background: Reduction mammaplasty is commonly performed in women who are considered obese by the body mass index (BMI) classification of 
the World Health Organization.
Objectives: The authors compare complication rates among breast reduction patients, stratified by BMI, across multiple institutions.
Methods: A retrospective analysis was performed of all reduction mammaplasties in the database of the National Surgical Quality Improvement 
Program for 2006 through 2010. Demographic, comorbidity, and BMI data were collected. Data on medical and surgical complications, reoperation, and 
mortality were collected through 30 days postsurgery.
Results: Of 2492 patients, 55% were considered obese (BMI >30). The overall rate of surgical complications was 4.0%, increasing from 2.4% for 
BMI <25 to 7.1% for BMI >45 (P = .006), with an adjusted odds ratio of 2.97 for BMI >45 versus BMI <25. The most common surgical complication 
was superficial surgical site infection; it was found in 2.9% of patients, increasing from 2.1% for BMI <25 to 5.1% for BMI >45 (P = .03). The medical 
complication rate was 0.6%, and the reoperation rate was 2.1%. There were no deaths. A maximal point analysis showed that BMI ≥39 was associated 
with a significantly higher complication rate, with an odds ratio of 2.38.
Conclusions: Reduction mammaplasty is a safe surgical procedure, even when performed on obese patients. However, patients with higher BMI have 
a greater risk of surgical site complications. This risk should be discussed preoperatively with obese patients.
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considered obese,11 and the mean BMI in recent studies of 
breast reduction surgery was 3110 and 34.12 The restrictions 
imposed by providers and insurers can be particularly 
problematic for obese women because their macromastia 
has already caused pain and discomfort, which may be 
exacerbated by exercise. On the other hand, some studies 
have shown that after reduction mammaplasty, women 
have greater ability to exercise and lose weight.13-16

Evidence of the effect of BMI on breast reduction com-
plications is inconclusive. Several studies have demon-
strated a positive correlation between increased BMI and 
the risk of complications,10,17,18 but others have shown no 
difference in complication rates between ideal-weight and 
obese patients.12,19,20 To investigate the impact of BMI on 
reduction mammaplasty for a generalized patient popula-
tion, we utilized the database of the National Surgical 
Quality Improvement Program (NSQIP) of the American 
College of Surgeons (ACS).

The NSQIP database is a collection of data on surgical 
patients, reported randomly from participating hospitals, 
regardless of insurance status. Between 2006 and 2010, the 
database captured more than 1.3 million surgical proce-
dures from more than 240 academic and community hos-
pitals. The recorded data include 30-day outcomes and 135 
independent variables describing patient demographics, 
comorbidities, and preoperative conditions. Defined  
outcomes—including postoperative morbidity, reopera-
tions, and mortality—were tracked by specially trained 
nurses via chart review, supplemented where necessary 
with letters and phone calls to patients, and subjected to 
internal audit.21 Because the database provides thorough 
data collection and reporting procedures for a broad 
patient population, it serves as a powerful tool to examine 
the impact of BMI on complication rates associated with 
reduction mammaplasty.

The present analysis of 2492 patients who underwent 
reduction mammaplasty between 2006 and 2010 repre-
sents the largest multi-institutional study to date of the 
impact of BMI on complication rates of breast reduction 
surgery. The study provides generalizable information for 
use in patient education and clinical decision making.

MEthods

The NSQIP data collection procedures have been described 
previously.21 Reduction mammaplasty procedures per-
formed in women from 2006 through 2010 were identified 
based on the primary Current Procedural Terminology code 
19318 (reduction mammaplasty). Excluded from the study 
were men, patients who underwent multiple procedures, 
and patients for whom BMI data were lacking.

Outcomes of interest included postoperative morbidity, 
reoperation, and mortality. Morbidities tracked by the 
NSQIP were classified as medical or surgical. Surgical 
complications included superficial surgical site infection 
(SSI), deep SSI, nipple or flap necrosis (graft/prosthesis/
flap failure), and wound disruption, which are defined in 
Table 1. Medical complications included pneumonia, 

unplanned intubation, ventilator dependence >48 hours, 
renal insufficiency, acute renal failure, urinary tract infec-
tion, coma, stroke, peripheral neurologic deficit, cardiac 
arrest, myocardial infarction, bleeding requiring a transfu-
sion, deep venous thrombosis, sepsis, and septic shock. 
Complications, reoperation, and mortality rates were 
tracked for each patient through 30 postoperative days.

The patients were categorized into 1 of 6 BMI groups, 
based on the World Health Organization (WHO) classifica-
tions: BMI ≤24.9, normal weight; BMI 25.0 to 29.9, over-
weight; BMI 30.0 to 34.9, class 1 obesity; BMI 35.0 to 39.9, 
class 2 obesity (severe obesity in surgical literature); BMI 
40.0 to 44.9, class 3 obesity (morbid obesity in surgical 
literature); and BMI ≥45.0, class 3 obesity (super obesity 
in surgical literature).22-24 Class 3 obese patients were sub-
classified as “morbid” or “super obese” based on trends 
used in the surgical literature.

Statistical Analysis

Demographic and preoperative statistics were tabulated 
for all BMI categories and compared between groups with 
χ2 or analysis of variance (ANOVA) testing for dichotomous 
and continuous variables, respectively. Complications, 
reoperations, and mortality rates also were tabulated and 
compared among the groups using χ2 or Fisher exact tests. 
Two-tailed P values below .05 were considered significant. 
Multiple logistic regression analysis was performed to 
compare complication rates across BMI categories with 
correction for confounders. Variables describing preopera-
tive patient status, comorbidities, and patient demograph-
ics were scanned for association with outcomes. All 
variables with at least 10 events and significance of P < .2 
were included in the final regression models.25-27 All odds 
ratios associated with BMI were measured with respect to 
the normal weight category (BMI <25), and therefore, by 
definition, the odds ratio for BMI <25 was 1. Complication 
profiles across BMI groups were scanned for a monotonic 
relationship, and the maximal statistic approach was used 
to assay for a cutoff point above which complications 
increase significantly.28 All analyses were performed with 
SPSS version 20.0 (SPSS, Inc, an IBM Company, Chicago, 
Illinois).

REsuLts

A total of 2492 female breast reduction patients were iden-
tified and then categorized into 1 of the 6 groups (as 
described above), based on 5-point BMI intervals ranging 
from ≤24.9 to ≥45. Patient demographics and rates of 
hypertension, chronic obstructive pulmonary disease 
(COPD), diabetes, and smoking are listed in Table 2.

The mean (SD) age of the study population was 42.2 
(14) years, and there was no statistically significant cor-
relation between age and BMI (P = .77). The mean (SD) 
BMI was 31.7 (6.8). The rate of hypertension was 22.8%, 
which increased from 8.9% for BMI <25 to 45.5% for  

 at ASAPS - Residents on February 11, 2014aes.sagepub.comDownloaded from 

http://aes.sagepub.com/
http://aes.sagepub.com/


1142  Aesthetic Surgery Journal 33(8)

BMI >45 (P < .001). The percentage of patients with 
diabetes mellitus was 4.5%. The rate of diabetes increased 
with BMI, from 0.6% for BMI <25 to 11.1% for BMI >45 
(P < .001). The percentage of patients with COPD was 
0.7%, and there were no significant differences among 
BMI categories. The percentage of smokers was 12.0%, 
and the rates according to BMI category (from lowest to 
highest BMI) were 9.2%, 9.4%, 15.2%, 15.1%, 10.2%, 
and 10.1% (P = .003) (Table 2).

The rates of surgical and medical complications, 
including reoperation, are shown in Table 3. The percent-
age of patients who experienced a complication increased 
steadily across BMI categories, with the greatest incidence 
at BMI >40. The overall rate of surgical complications 
was 4.0%, ranging from 2.4% for BMI <25 to 7.1% for 
BMI >45 (P = .006). Superficial SSI, the most common 
surgical complication, was found in 2.9% of patients;  
the rate increased from 2.1% for BMI <25 to 5.1% for 
BMI >45 (P = .03). Only 0.3% of patients had a deep SSI, 
and there was no correlation with any BMI category. Nipple 
or flap necrosis occurred in only 3 patients (0.1%); 2 of them 

had BMI of 30 to 35, and 1 had BMI >45. Wound disrup-
tion occurred in 23 patients (0.9%). Although a trend was 
observed between increasing wound disruption and 
increasing BMI, it was not statistically significant  
(P = .12). The average reoperation rate was 2.1%, with 
no statistically significant differences among BMI groups 
(P = .33).

Although surgical complication rates were higher 
among the obese cohort, medical complication rates did 
not differ significantly among the groups, either in aggre-
gate (P = .17) or for any individual complication (P > .05 
for each category). The total incidence of medical compli-
cations was low (0.6%). There were no instances of pneu-
monia, pulmonary embolism, ventilator dependence >48 
hours, chronic renal insufficiency, acute renal failure, 
coma, stroke, peripheral neurologic deficit, or cardiac 
arrest. There were no deaths.

Regression analysis showed that, after controlling for 
confounders, patients in every BMI group had a progres-
sively greater risk of complications as BMI increased 
(Table 4). However, this increase was only statistically 

Table 1. Surgical Outcome Variables as Defined by the National Surgical Quality Improvement Program

Superficial SSI Superficial incisional SSI is an infection that occurs within 30 days after the operation; the infection involves only skin or subcutaneous tissue 
  of the incision and at least 1 of the following:
• Purulent drainage, with or without laboratory confirmation, from the superficial incision
• Organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial incision
•  At least 1 of the following signs or symptoms of infection: pain or tenderness, localized swelling, redness, or heat AND deliberate opening 

of a superficial incision by the surgeon (unless the incision site culture is negative)
• Diagnosis of superficial incisional SSI by the surgeon or attending physician
The following conditions are not considered SSI:
 Stitch abscess (minimal inflammation and discharge confined to the points of suture penetration)
 Infected burn wound
 Incisional SSI that extends into the fascial and muscle layers (see deep SSI)

Deep SSI Deep incisional SSI is an infection that occurs within 30 days after the operation, appears related to the operation, and involves deep soft 
  tissues (eg, fascial and muscle layers) of the incision area and at least 1 of the following:
• Purulent drainage from the deep incision but not from the organ/space component of the surgical site
•  Spontaneous disruption of a deep incision or deliberate opening by a surgeon when the patient has at least 1 of the following signs or 

symptoms: fever (>38°C), localized pain, or tenderness (unless the incision site culture is negative)
•  An abscess or other evidence of infection involving the deep incision is found on direct examination, during reoperation, or by  

histopathologic or radiologic examination
• Diagnosis of a deep incisional SSI by a surgeon or attending physician
•   (Note: For the analysis, infection that involves both superficial and deep incisional sites is reported as deep incisional SSI. An organ/space 

SSI that drains through the incision is reported as a deep incisional SSI.)

Organ/space SSIa Organ/space SSI is an infection that occurs within 30 days after the operation, appears to be related to the operation, and involves any part 
  of the anatomy (eg, organs or spaces), other than the incision site, that was opened or manipulated during the operation, and at least 1 of 
  the following:
• Purulent drainage from a drain that is placed through a stab wound into the organ/space
• Organisms isolated from an aseptically obtained culture of fluid or tissue in the organ/space
•  An abscess or other evidence of infection involving the organ/space that is found on direct examination, during reoperation, or by  

histopathologic or radiologic examination
• Diagnosis of an organ/space SSI by a surgeon or attending physician

Nipple or flap necrosis (graft/flap failure) Mechanical failure of an extracardiac graft or prosthesis, including myocutaneous flaps and skin grafts, that requires return to the operating 
room, interventional radiology, or a balloon angioplasty within 30 days of the operation

Wound disruption Separation of the layers of a surgical wound, which may be partial or complete, with disruption of the fascia, within 30 days of the operation

SSI, surgical site infection.
aDue to the very small number of organ/space infections and the fact that deep infections and organ/space infections are very similar in the breast, organ/space infections were grouped with 
deep surgical site infections for the analysis.
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significant for the 2 highest BMI categories (P = .02 for  
40 ≤ BMI <45 and P = .03 for BMI ≥45). Hypertension 
(odds ratio [OR], 1.32; 95% confidence interval [CI], 0.87-
2.03) and longer operating time (OR, 1.003; 95% CI. 
1.000-1.005) were associated with a greater risk of compli-
cations, and performance of the procedure in an outpa-
tient setting (OR, 0.80; 95% CI, 0.50-1.28) was associated 
with a lower risk. However, none of these factors was 
statistically significant (P > .05).

After a graphical analysis confirmed a monotonic rela-
tionship (Figure 1), maximal point analysis showed that 
BMI 39 provides the best differentiation point between 
higher and lower risk groups (P < .001). The odds ratio 
for complications among patients with BMI ≥39 versus 
those with BMI <39 was 2.38. This further supports the 
finding that the 2 highest BMI categories are the only 
ones that showed a statistically significant difference in 
risk from baseline.

Table 2. Characteristics of the Study Population According to BMI Category

Characteristic
Overall  

(N = 2492)
BMI <25  
(n = 336)

25 ≤ BMI <30  
(n = 773)

30 ≤ BMI <35  
(n = 726)

35 ≤ BMI <40  
(n = 392)

40 ≤ BMI <45  
(n = 166)

BMI ≥45  
(n = 99) P Value

Age, mean (SD), y 42.2 (14) 41.4 (15) 42.4 (15) 42.1 (14) 42.5 (13) 43.0 (13) 41.2 (12) .77

BMI, mean (SD) 31.7 (6.8) 23.0 (2.0) 27.6 (1.4) 32.3 (1.4) 37.1 (1.4) 42.1 (1.4) 50.9 (5.7) <.001

Hypertension, % 22.8 8.9 15.8 24.5 31.6 41.6 45.5 <.001

COPD, % 0.7 0.3 0.4 0.6 1.3 2.4 1.0 .06

Diabetes, % 4.5 0.6 2.1 4.7 5.6 15.7 11.1 <.001

Smokers, % 12.0 9.2 9.4 15.2 15.1 10.2 10.1 .003

Continuous variables are expressed as averages with standard deviations. Dichotomous variables are expressed as percentages. BMI, body mass index; COPD, chronic obstructive pulmonary 
disease.

Table 3. Complications According to BMI Category

Complication
Overall  

(N = 2492)
BMI <25  
(n = 336)

25 ≤ BMI <30  
(n = 773)

30 ≤ BMI <35  
(n = 726)

35 ≤ BMI <40  
(n = 392)

40 ≤ BMI <45  
(n = 166)

BMI ≥45  
(n = 99) P Value

Any complication 112 (4.5) 9 (2.7) 27 (3.5) 33 (4.6) 20 (5.1) 14 (8.4) 9 (9.1) .008a

Surgical complication 99 (4.0) 8 (2.4) 22 (2.9) 31 (4.3) 17 (4.3) 14 (8.4) 7 (7.1) .006a

 Wound infection 78 (3.1) 7 (2.1) 18 (2.3) 25 (3.4) 12 (3.1) 11 (6.6) 5 (5.1) .05

 Superficial SSI 72 (2.9) 7 (2.1) 17 (2.2) 23 (3.2) 9 (2.3) 11 (6.6) 5 (5.1) .03a

 Deep SSI 7 (0.3) 0 1 (0.1) 3 (0.4) 3 (0.8) 0 0 .30

 Nipple or flap necrosis (graft/flap failure) 3 (0.1) 0 0 2 (0.3) 0 0 1 (1.0) .08

 Wound disruption 23 (0.9) 1 (0.3) 4 (0.5) 7 (1.0) 5 (1.3) 4 (2.4) 2 (2.0) .12

Medical complication 14 (0.6) 1 (0.3) 5 (0.7) 2 (0.3) 4 (1.0) 0 2 (2.0) .17

 Unplanned intubation 1 (0.04) 0 1 (0.1) 0 0 0 0 .82

 Urinary tract infection 4 (0.2) 0 2 (0.3) 0 1 (0.3) 0 1 (1.0) .21

 Myocardial infarction 1 (0.04) 0 1 (0.1) 0 0 0 0 .82

 Blood transfusion 5 (0.2) 1 (0.3) 0 2 (0.3) 1 (0.3) 0 1 (1.0) .35

 Deep vein thrombosis 1 (0.04) 0 0 0 1 (0.3) 0 0 .37

 Sepsis or septic shock 2 (0.1) 0 1 (0.1) 0 1 (0.3) 0 0 .73

Reoperation 52 (2.1) 5 (1.5) 17 (2.2) 10 (1.4) 11 (2.8) 6 (3.6) 3 (3.0) .33

Values are presented as number (%). The following complications were not observed: pneumonia, pulmonary embolism, ventilator dependence >48 hours, chronic renal insufficiency, acute renal 
failure, coma, stroke, peripheral neurologic deficit, cardiac arrest, or death. BMI, body mass index; SSI, surgical site infection.
aStatistically significant across BMI categories.
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discussion

Reduction mammaplasty is a common reconstructive surgi-
cal procedure that is being increasingly performed in 
patients with high BMI. Of the 2492 patients in the present 

analysis who underwent breast reduction surgery, only 336 
(13%) were considered of normal weight (BMI <25); 773 
patients (31%) were overweight (BMI 25-29.9). More than 
half of the patients in this study (n = 1383; 55%) were 
classified as obese by WHO criteria (BMI >30). This trend 

Figure 1. Overall complication rates according to body mass index (BMI) category. BMI ≥39 was associated with a 2.38 
greater probability of complications compared with BMI <39.

Table 4. Multivariate Regression Analysis: Total Complications According to BMI Category

Overall Complications

Characteristic Odds Ratio 95% CI P Value

Preoperative variable Lower Upper

Outpatient procedure 0.80 0.51 1.28 .36

Hypertension 1.33 0.87 2.03 .20

Operating time 1.00 1.00 1.01 .07

Obesity

 BMI <25 .08

 25 ≤ BMI <30 1.26 0.59 2.72 .55

 30 ≤ BMI <35 1.58 0.74 3.35 .24

 35 ≤ BMI <40 1.69 0.75 3.81 .20

 40 ≤ BMI <45a 2.81 1.17 6.77 .02

 BMI ≥45a 2.97 1.12 7.86 .03

BMI, body mass index; CI, confidence interval.
aThese BMI categories were independently associated with a significantly greater risk of complications.
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is reflected in the current plastic surgery literature, which 
states an average BMI of 3110 and 3412 for US populations, 
27.6 for a British population,29 28 for a Finish population,20 
and 27.9 for an adolescent British population.30

There has been debate among plastic surgeons about 
whether increasing BMI correlates with increasing compli-
cations after reduction mammaplasty. Zubowski et al5 
reviewed data for 267 bilateral breast reduction patients 
and found no significant major systemic complications, 
regardless of BMI. They determined that complication 
rates were significantly higher among obese patients but 
that the incidence of complications did not correlate with 
incremental increases in BMI over 30. Conversely, Setala 
et al20 did not find any correlation between obesity and 
higher risk of postoperative complications in their study of 
273 consecutive patients who underwent bilateral breast 
reduction surgery. The only difference they noted was an 
increase in areolar necrosis among obese patients: 6% 
versus 0% for nonobese patients (P = .007). Moreover, 
they did not observe any major systemic complications. 
Roehl et al12 performed a retrospective analysis of 179 
reduction mammaplasties and found no statistically sig-
nificant difference in complication rates based on BMI; 
however, there was a trend toward increasing complica-
tion rates with increasing BMI.

The aim of our study was to help clarify the effect of 
BMI on postoperative complications. This retrospective 
cohort analysis of the NQSIP database represents the larg-
est analysis of its type to date. We stratified 2492 patients 
into 6 groups based on WHO classification, and class 3 
obesity was further subdivided into morbid and super 
obesity based on classifications in the surgical literature. 
The 6 groups in this study were defined as follows: BMI 
≤24.9, normal weight; BMI 25.0-29.9, overweight; BMI 
30.0-34.9, class 1 obesity; BMI 35.0-39.9, class 2 obesity 
(severe obesity in surgical literature); BMI 40.0-44.9, class 
3 obesity (morbid obesity in surgical literature); and BMI 
≥45.0, class 3 obesity (super obesity in surgical litera-
ture).22-24 Two conclusions can be drawn from the findings 
of our study. First, the risk of major surgical and medical 
complications is low, regardless of BMI. This fact is sup-
ported by the breast reduction literature. Second, the risk 
of superficial surgical infection and wound breakdown 
increases significantly with increasing BMI.

In support of our first conclusion, we found that reduc-
tion mammaplasty is safe, even in patients with BMI >45. 
There were no deaths in our study population, nor were 
there any instances of pneumonia, pulmonary embolism, 
prolonged ventilation (>48 hours), renal insufficiency, 
acute renal failure, coma, stroke, cardiac arrest, or periph-
eral neural deficit. The rate of medical complications was 
very low (0.6%). These complications included 1 unplanned 
intubation, 1 myocardial infarction, 1 deep venous throm-
bosis, 2 cases of sepsis/shock, 4 urinary tract infections, 
and 5 blood transfusions. The rate of deep SSI was 0.3%, 
and the rate of nipple or flap necrosis was 0.1%.

Our first conclusion also is supported in the literature by 
Webb et al,30 who compared complication rates by BMI 
among 67 adolescents. They found that all but 1 complication 

was minor. The only major complication was an abscess 
that required surgical drainage. Skin separation and minor 
wound issues were the most common complications; 
these occurred in 22% of nonobese patients and 40% of 
obese patients (P = .11). The second most common com-
plication was altered nipple sensation, which occurred in 
13% of nonobese patients and 32% of obese patients  
(P = .07). The overall infection rate in their study (3%) 
did not different significantly between the 2 groups. Most 
important, patient satisfaction with the outcome was 86% 
for both weight groups. These data are consistent with 
those of Hanemann and Grotting,31 who reviewed data 
from CosmetAssure (Montgomery, Alabama), which pro-
vides insurance coverage for major complications of cos-
metic surgery. The complications included in their study 
were those that required admission to a hospital, emer-
gency room, or surgery center for treatment. Among  
the 904 breast reduction cases studied, there were no sig-
nificant differences in the overall rate of major complica-
tions (2.1% vs 2.0%) or the rate of major infections (1% 
vs 1%).

The second conclusion of our study, as mentioned 
above, is that surgical complications increase with increas-
ing BMI. The rate of surgical complications in our study 
was 4.0%, which increased from 2.4% for BMI <25 to 
7.1% for BMI >45 (P = .006). The incidence of superfi-
cial SSI was 2.9%, ranging from 2.1% for BMI <25 to 
5.1% for BMI >45 (P = .03). The rate of wound disrup-
tion was 0.9%. Although the rate of wound disruption did 
not differ significantly among the BMI categories, there 
was a trend toward high rates of wound disruption in 
patients with high BMI.

Our complication rates were lower than those reported 
by Chun et al,10 who reviewed 675 consecutive cases of 
reduction mammaplasty and found a significant increase 
in complications with increasing BMI. However, our trend 
for increasing complications followed a similar pattern. In 
a different study, Chen et al17 reviewed insurance data fol-
lowing any type of insurance-covered breast surgery for 
2403 obese patients and found that reduction mamma-
plasty was associated with a complication rate of 14.6% 
among obese patients and 1.7% among nonobese patients. 
Our results showed a similar trend, with a complication 
rate of 5.5% for obese patients (BMI >30) and 3.2% for 
nonobese patients (BMI <30). Our lower rates of compli-
cation are likely due to the fact that we did not include the 
subjective variables (eg, pain, deformity of the breast) that 
were used by Chen et al.17 Our results also mirror those of 
Shah et al,29 who compared breast reduction patients 
across 3 BMI groups (<25, 25-29.9, and >30). They 
found a significant increase in infection, nipple necrosis, 
any complication, and multiple complications in the 
groups with high BMI. Again, most of these complications 
were minor surgical site problems. There were no signifi-
cant differences in aesthetic outcomes between their study 
groups.

Finally, our maximal point analysis showed that 
patients with a BMI of 39 or higher had 2.38 times greater 
odds of having a complication than patients whose BMI 
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was 38 or lower. This finding is in agreement with the 
recent analysis by Chun et al,10 who found that women 
with a BMI above 36 had a 2-fold increase in the risk of 
complication. Further evaluation of reduction mamma-
plasty outcomes is needed to determine whether high- and 
low-risk groups can be defined.

It should be noted that, although regression modeling 
showed a trend toward increased complications for every 
group with BMI >25, the adjusted odds ratios did not 
become statistically significant until BMI reached 40 or 
higher. Although this may imply that reduction mamma-
plasty is relatively safe for obese patients, it also should 
prompt further investigation with cohorts large enough to 
provide greater numbers of the infrequent complications 
seen in each BMI category.

We believe that these data add to the plastic surgeon’s 
knowledge base for discussing risks with patients who are 
interested in breast reduction surgery. Most patients who 
present for breast reduction surgery are overweight or 
obese, and studies such as ours help the surgeon explain 
2 important points to patients: (1) that breast reduction 
surgery is medically safe and (2) that as BMI increases, so 
does the risk of surgical site complications. This knowl-
edge will prepare the patient and the surgeon for a poten-
tially longer postoperative course and may lead to 
improved satisfaction for both, since realistic expectations 
about postoperative problems would be discussed before-
hand.

Data from this review also are important in regard to 
establishing pay-for-performance criteria. Because the 
American population is becoming more obese, surgical 
site complications are, unfortunately, becoming more the 
norm than the exception. In turn, it is reasonable to sur-
mise that doctors should not be penalized for operating on 
patients who have a higher risk of complications if the 
final outcome will be beneficial to the patient.

A limitation of our study is that it did not ascertain 
whether correlations exist between complication rates and 
the amount of breast tissue removed, because tissue vol-
ume removed is not a variable captured by the NSQIP. 
Moreover, the fixed definitions of complications used by 
the NSQIP, although helpful for enhancing generalizability 
and objectivity, may result in failure to capture certain 
criteria specific to plastic surgery. For example, percentage 
of body fat, a factor found by Waisbren et al32 to be a 
“more sensitive and precise” predictor of SSI than BMI, is 
not a variable examined in the NSQIP. Another limitation 
was our inability to track certain complications (eg, hema-
toma, seroma) and aesthetic outcomes. Minor skin separa-
tions and minor SSI would not have been captured by the 
NSQIP definitions. In addition, it was difficult to deter-
mine whether any of the study patients underwent onco-
plastic breast reduction after partial removal of the breast 
for breast cancer. This fact, in conjunction with the limited 
follow-up period of 30 days, can be assumed to contribute 
to our lower rate of complications. Some authors have 
proposed augmenting the NSQIP data collection system to 
include a follow-up window of 90 days and to track addi-
tional variables specific to plastic surgery, which would 

permit a more comprehensive analysis of the NSQIP  
content.33

concLusions

In the largest study to date comparing BMI breast reduc-
tion complication rates and BMI, we found that surgical 
breast reduction is a safe procedure with a low risk of 
major complications—even in patients with high BMI. 
This supports the current practice of performing reduction 
mammaplasty on patients who are overweight. This prac-
tice is further supported by the current surgical literature, 
which shows that patient satisfaction rates and aesthetic 
outcomes are comparable for all BMI groups.29,30

Our study also showed that the risk of surgical site com-
plications increases with increasing BMI. Although it appears 
safe to perform reduction mammaplasty on patients with high 
BMI, it is important for clinicians to fully discuss with appro-
priate patients the increased risk of surgical site complica-
tions. It is also important to include BMI in risk stratifications 
when developing patient outcome measures for reimburse-
ment and pay-for-performance models, because patients with 
high BMI are more likely to have surgical site complications, 
based on BMI alone.
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Pain is one of the most inspirational symptoms in medicine. 
It has generated a plethora of advancements in techniques, 
devices, and medications. The pharmaceutical industry has 
developed ever more effective oral medications, but they are 
often limited by side effect profiles: addiction, unintended 
systemic effects, and metabolic toxicities, among others.1 
However, it is well known that improving postoperative pain 
control in plastic surgery procedures leads to earlier mobiliza-
tion, shortened hospital stays, reduced hospital costs, and 
increased patient satisfaction.

Abdominoplasty, in particular, presents a significant 
challenge in the management of postoperative pain control. 
As abdominoplasty techniques have been refined, there has 

been a trend to minimize hospital stays, for both patient 
satisfaction and economic purposes.2 Minimizing postoper-
ative pain control has therefore become essential. Recently, 

Preliminary Report

Use of Abdominal Field Block Injections  
With Liposomal Bupivicaine to Control 
Postoperative Pain After Abdominoplasty
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Abstract
Background: It is well known that improving postoperative pain control in plastic surgery procedures leads to earlier mobilization, shortened hospital 
stay, reduced hospital costs, and increased patient satisfaction.
Objective: The authors evaluate the use of abdominal field block injections with liposomal bupivicaine (Exparel; Pacira Pharmaceuticals, Inc, San Diego, 
California) in postoperative pain management in patients undergoing abdominoplasty with rectus plication.
Methods: Case records from 64 female patients who underwent abdominoplasty with rectus plication were reviewed. We performed a total of 118 
abdominoplasties with rectus plication, alone or in combination with other surgical procedures, from August 2012 to December 2012, but 54 patients were 
excluded from the series due to inadequate follow-up. Patients received liposomal bupivicaine injections in an abdominal field block fashion. Patient age, 
height, weight, and smoking status were recorded. Delivery of standardized postoperative intramuscular or intravenous injections and oral pain pills was 
recorded. Postoperative data and questionnaires were used to evaluate clinical efficacy.
Results: The average number of procedures (including abdominoplasty with rectus plication) per patient was 7. Average patient body mass index 
was 27 kg/m2. Average pain scores were 3.5 (postoperative visit 1) and 2.8 (visit 2). The average number of oral pain pills required was 14 at the first 
postoperative visit and 11.5 at the second postoperative visit. Patients were able to resume normal activity at an average of 6.4 days.
Conclusions: Our experience with liposomal bupivicaine injections for regional blocks in abdominoplasty with rectus plication indicates that patients 
experienced reduced postoperative pain, required less postoperative narcotic medication, and resumed both earlier ambulation and normal activity. 
Further investigation is warranted with more clinical cases to recommend the use of this medication for routine pain management after an abdominoplasty.
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pain infusion pumps have shown promise in reducing post-
operative pain, but results are variable in the literature.3 The 
original devices developed in the 1950s were bulky, compli-
cated, and required constant monitoring.4 As the technol-
ogy was refined, the pain pump has become smaller, more 
precise, does not have the need for continuous monitoring, 
and is now disposable. We published our experience with 
use of these pumps in 20051 and found that the pump 
decreased postoperative pain, encouraged earlier patient 
mobility, and decreased the use of oral narcotics. However, 
despite improvements in the device, refinements in surgical 
techniques, and optimization of catheter placement, these 
pumps still have several disadvantages, including the incon-
venience of additional catheters, additional costs, their 
potential as a source of infection, and their potential contri-
bution to seroma formation. As another reliable method to 
improve the management of postoperative pain, a liposomal 
bupivicaine suspension (Exparel; Pacira Pharmaceuticals, 
Inc, San Diego, California) was introduced to the market in 
early 2012. Its use for posthemorrhoidectomy pain manage-
ment was first published in May 2012.5 Results from that 
study showed that it significantly reduced postoperative 
pain compared with bupivicaine HCL.

In this study, our objective was to investigate the use of 
abdominal field block injections with the liposomal bupiv-
icaine suspension in postoperative pain management in 
patients undergoing abdominoplasty with rectus plication. 
We hypothesized that the many advantages associated 
with injecting a long-acting anesthetic would translate 
directly into decreased pain, decreased need for oral pain 
medications, earlier ambulation, and earlier resumption of 
normal activities in the postoperative recovery period.

MEthods

We performed a total of 118 abdominoplasties with rectus 
plication, alone or in combination with other surgical proce-
dures, from August 2012 to December 2012. Sixty-four patient 
charts were included in this study. The remaining 54 patients 
were excluded because they were unable to return to the 
office for follow-up, could not provide accurate pain pill 
numbers, or could not be contacted by phone within the set 
time frame for performing the postoperative questionnaires. 
All procedures performed by 4 plastic surgeons took place at 
the same outpatient surgical facility and were conducted with 
the patient under general anesthesia. All patients received 
injection of liposomal bupivicaine suspension in an abdomi-
nal field block fashion. Patient age, height, weight, and smok-
ing status were recorded. At our surgical facility, 
abdominoplasty patients are usually admitted for overnight 
observation. Postoperative intramuscular or intravenous 
injections administered in the recovery unit and overnight 
facility were recorded. Pain scores and oral pain pill require-
ments were recorded in the recovery unit, in the overnight 
facility, and at 2 subsequent postoperative visits. Patients 
were called later in their postoperative course by a patient 
coordinator to document what day they returned to normal 
activity. Procedures were classified by a modified level of 

severity as described by Feng et al,3 as indicated in Table 1 
and Figure 1.

Technique

The technique of abdominoplasty remained consistent for 
all patients. The abdominal flap was raised and the anterior 
rectus fascia was plicated from the xiphoid process to the 
pubic symphysis. The liposomal bupivicaine was then con-
stituted by the operative nurse. A 20-mL vial was diluted 
with 60 or 80 mL of sterile normal saline for a final volume 
of 80 or 100 mL. Using a 27-gauge needle on a 10-mL 
syringe, the liposomal bupivicaine suspension was injected 
in an abdominal field block fashion (Figures 2 and 3). 
Beginning cephalically, the abdominal flap was injected 
deep to Scarpa’s fascia at the base of the flap. As the injec-
tor proceeded laterally, the injection was directed into the 
fascia of the external obliques. The midline rectus plication 
was also addressed, with injection of the anesthetic just 
deep to the fascial plication. Pararectus injections were also 
performed just deep to the fascia. Finally, the sub-Scarpa’s 
tissue of the caudal flap of the transverse incision was 
injected, as well as the tissue around the surgical drains.

After the procedure was complete, the patient was 
awakened from general anesthesia and transferred to the 

Table 1. Modified Classification Level of Severity as Described by  
Feng et al.3

Classification of Patient Procedures by Surgery Severity Classes

Class Procedures

1 Abdominoplasty alone

2 Abdominoplasty plus 1 other procedure (liposuction of 1 area, breast, or other)

3 Abdominoplasty plus 2 other procedures
or
Circumferential abdominoplasty alone

4 Abdominoplasty plus 3 procedures or more
or
Circumferential abdominoplasty plus any additional procedures

Figure 1. Modified classification level of severity as 
described by Feng et al.3
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recovery unit. Postoperative pain control in the recovery 
unit and overnight observation facility included intravas-
cular or intramuscular injections of meperidine or mor-
phine on an as needed basis. Twenty patients were 
discharged the day of surgery, and 44 patients were dis-
charged the next day following an overnight observation.

Patients returned for follow-up within the first week of 
surgery, but patients were called for follow-up and asked 
the study questions if the first postoperative visit was to 
exceed 4 days. At this time, patients were asked to rate 
their subjective abdominal pain score on a scale of 1 to 10, 
asked how many pain pills they had taken (or how many 

remained), and asked on what postoperative day they 
were able to walk 10 steps or more. At the second postop-
erative visit, these questions were repeated. Patients were 
also called later in their postoperative course to document 
what day they returned to normal activity.

REsuLts

All patients were women. The average patient age was 42 
years (range, 25-67 years). The average body mass index 
(BMI) of the patients was 27 kg/m2. Most (n = 55) 
patients fell into severity class IV, with an average number 
of 7 procedures (Figure 4). The average first postoperative 
contact, whether at follow-up appointment or during a 
phone call, was 3 days. The average time of second post-
operative contact was 7 days.

The average pain scores in the recovery unit, during the 
first postoperative visit or call and during the second postop-
erative visit or call, were 5.25, 3.5, and 2.8, respectively 
(Figure 5). The average number of oral pain pills required at 
the first and second postoperative visits was 14 and 11.5, 
respectively. The total average cumulative postoperative pain 
pill requirement was 25.5 (Figure 6). The average length of 
time patients reported resuming normal activity postopera-
tively was 6.4 days (range, 1-30 days). All patients ambulated 
on day 1.

discussion

The liposomal bupivicaine injection suspension (Exparel) 
described here is a new, unique option for long-term local 
anesthesia. The trademark multivesicular liposomal delivery 
system allows molecules of bupivicaine to be encapsulated 

Figure 2. Nerves of the abdominal wall. These nerves will 
be targeted for focused field blocks: lateral and anterior 
cutaneous branches of the intercostal nerves, ilioinguinal 
nerve, and anterior cutaneous branch of the iliohypogastric 
nerve. Reprinted with permission by Pearson Education, 
Inc, Upper Saddle River, NJ. Originally published in Marieb 
EN, Wilhelm PB, Mallatt JB. Human Anatomy. 7th ed. San 
Francisco, CA: Benjamin Cummings; 2013.

Figure 3. Typical distribution of injections. A total injection 
volume of 80 mL (20 mL liposomal bupivicaine, 60 mL 
normal saline) is distributed over the abdominal wall for 
field block. Reprinted with permission by Pearson Education, 
Inc, Upper Saddle River, NJ. Originally published in Marieb 
EN, Wilhelm PB, Mallatt JB. Human Anatomy. 7th ed. San 
Francisco, CA: Benjamin Cummings; 2013.

Figure 4. Severity class additional procedures. SAL, suction-
assisted liposuction.
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without altering their molecular structure. The delivery 
system structure resembles a spherical honeycomb. The 
walls of the system are made of a naturally occurring lipid 
layer that forms multiple aqueous chambers. Each chamber 
contains multiple molecules of bupivicaine. As the body 
resorbs the lipid walls, the unaltered bupivicaine is slowly 
released over time into the surrounding tissue. It has been 
shown that systemic plasma levels of bupivicaine can per-
sist up to 96 hours after injection.6 The product is currently 
available only in a 20-mL single-use vial, 1.3% (13.3 mg/
mL). The total dose of bupivicaine administered in a 20-mL 
vial is 266 mg, which is the recommended maximum dos-
age of liposomal bupivicaine (266 mg of liposomal bupivic-
aine is equivalent to 300 mg of free bupivicaine).7 The 
maximum safe dose of bupivicaine recommended is 400 mg 
in a 24-hour period. The major contraindication for its use 

is obstetrical paracervical block anesthesia. The product 
should be used with caution in those patients with hepatic 
disease. Other formulations of bupivicaine should not be 
administered within 96 hours following administration of 
the product.6 It is also recommended that other nonbupiv-
icaine-based local anesthetics such as xylocaine not be 
admixed with the product, as it may competitively displace 
the bupivicaine within the liposomes and potentially affect 
the safety and efficacy of the product.6 Previous pharma-
cokinetic studies of the product in total knee arthroplasty 
have shown 2 plasma concentration peaks in an absorption 
profile.8 The first peak is within 0 to 2 hours, which is 
believed to be the small amount of “free” bupivicaine con-
tained within the product. This is theoretically the time-to-
onset of the product. The second peak is approximately 36 
hours and subsequently decreases over time.8

Our experience with liposomal bupivicaine suspension 
injections for abdominal field blocks in abdominoplasty with 
rectus plication indicates that patients require less postopera-
tive narcotics, and they resume both earlier ambulation and 
normal activity. There have been previous studies of abdom-
inoplasty with the use of anesthetics for blocks. Feng et al3 
described administering intercostal, ilioinguinal, iliohypogas-
tric, and pararectus blocks with a mixture of bupivicaine 
with epinephrine, Pontocaine, and Depo-Medrol. They 
reported a significant decrease in postoperative pain in the 
immediate recovery period. However, the study was limited 
in that efforts to obtain subjective pain scores from a patient 
in the immediate recovery period were often impaired by the 
systemic effects of general anesthesia. Sforza et al9 also used 
a similar technique in placing a specific anesthetic block in 
the transversus abdominis plane. This study was also limited 
to the immediate postoperative recovery period; more impor-
tant, that nerve block technique is much more difficult to 
perform, and there is a significant risk of inadvertent perito-
neal puncture. We believe our current injection technique is 
safer, in that it involves a more superficial injection of the 
anesthetic. The anesthetic is diluted with 60 or 80 mL of 
normal saline for a total volume of 80 or 100 mL. This larger 
volume is typically used in procedures where more surface 
area would be covered, such as an extended abdominoplasty 
or body lift. We found that at this dilution, the anesthetic 
coverage is increased without impairing efficacy. More anes-
thetic is deposited in the known areas of the ilioinguinal, ili-
ohypogastric nerves; fascia just lateral to the rectus muscles; 
and the midline along the rectus fascia plication. Postoperative 
discomfort can also be minimized by injecting the areas 
around the surgical drains.

Previously, a bupivicaine pain pump improved the 
postoperative recovery experience for our patients. 
However, the multiple disadvantages included the added 
cumbersome burden of another catheter and heavy bal-
loon pump, malfunction, kinking of the catheter, seromas, 
and infections. We have since fully converted to injecting 
liposomal bupivicaine for all our abdominoplasty and 
body contouring procedures. In our previous study,1 we 
found that patients took an average of 16.8 pills postop-
eratively for pain management; with the injection of lipo-
somal bupivicaine, we have decreased the number of pills 

Figure 5. Pain scores. PACU, postanesthesia care unit; PO, 
postoperative.

Figure 6. Pain pill requirements. PACU, postanesthesia care 
unit; PO, postoperative.
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for pain to an average of 14 at the time of the first postop-
erative visit. The average number of pills for the second 
postoperative visit was 11.5, which shows a significant 
decrease in the immediate postoperative recovery period. 
This correlates with our clinical findings, in that patient 
calls for pain medication refills have dropped drastically 
since we switched from the pain pump to injection of 
liposomal bupivicaine. We suspect that the decreased refill 
requests attest to the novel delivery mechanism of the 
bupivicaine. Pain pumps “bathe” the surgical bed with 
anesthetic, and we suspect that some of it is removed 
when closed suction drains are used. Some areas of the 
surgical bed may have “pools” of anesthetic, while other 
areas might be devoid of it. With direct injection of liposo-
mal bupivicaine, the anesthetic can be delivered in known 
locations of the nerves and will otherwise remain where it 
was placed. Finally, we believe that a reduction in early 
postoperative analgesics may reduce the tolerance of later 
use and allow improved effectiveness of opiates in the 
second week.

We are convinced by the results of the current study 
that our patients’ postoperative recovery experience was 
significantly improved by liposomal bupivicaine, and we 
are continuing to expand our use of the product into other 
plastic surgical procedures. We are currently injecting lipo-
somal bupivicaine for breast cosmetic procedures such as 
secondary procedures, reductions, lifts, and augmenta-
tions. Anecdotally, we can say that, as we predicted, those 
procedures that involve more internal and/or deeper tis-
sue dissections prove to have the most significant decrease 
in postoperative pain. However, its cost does limit its use 
from an economic standpoint.

There are major limitations and deficiencies in our 
study that warrant further discussion. First, we did not 
include comparison groups. We were so impressed with 
the efficacy and multiple advantages with liposomal 
bupivicaine that we essentially stopped using the pain 
pump in our surgicenter. Our initial draft of this article 
included a “control group” of 3 patients and a single pain 
pump patient. However, these numbers are not high 
enough for meaningful comparison; the recommended 
minimum number of patients for a control group would be 
25% of the treatment group. A second limitation was the 
multiple procedures we performed in conjunction with 
abdominoplasty with rectus plication. As one would 
expect, adding additional procedures creates loci of pain, 
not to mention the fact that some procedures are more 
painful than others. This would relate directly to the total 
number of pain pills required. Another limitation of the 
study is the questions we asked about the subjective pain 
scale and normal activity. Despite precise questioning 
regarding abdominal pain, some patients may not have 
answered the question appropriately. The question about 
the day on which a patient had first been able to ambulate 
for 10 or more steps has no reference for validity. However, 
we believe the average number of steps from the bed to 
the bathroom or another room where the patient is recov-
ering is usually within 10 steps. Resumption of ambulation 
sooner in the immediate recovery period has been well 

established in reducing the incidence of thromboembo-
lism. The question of “normal activity” was also subjec-
tive. We attempted to expand the question by saying, 
“When did you first go out of the house for reasons other 
than follow-up appointments—for example, stores, shop-
ping, taking a leisure walk, school, work?” Every patient 
has a different personal/family life with unique baseline 
activity levels. Some people are baseline sedentary and 
avoid leaving the home, while others cannot sit still or stay 
at home. Also, the level of postoperative home care may 
have had an effect on their recovery. It was not uncom-
mon for patients to have limited help from friends or fam-
ily during their recovery period.

Another limitation to our study is the lack of complica-
tions reported. We did not experience systemic or local 
complications associated with the product. The most com-
mon side effects of the medication as described by the 
prescribing information are nausea, vomiting, and consti-
pation.6 These symptoms are often associated in the recov-
ery period with general anesthetic and narcotic 
administration. Our experience with the product previ-
ously did not raise significant concern over intravascular 
injections, as this risk is unlikely. Hematomas are known 
to occur with local administration into tissue. However, 
this would be skewed with the concurrent use of oral anti-
coagulation for thromboprophylaxis. We did find a unique 
clinical effect of the product. Many of our patients had 
minimal to no abdominal pain and would overexert them-
selves in the early postoperative recovery. This most often 
resulted clinically in prolonged swelling or fatigue rather 
than pain. No complications of incision or plication dehis-
cence occurred. Finally, we recognize that our study is 
limited due to not being a double-blinded, randomized, 
and active-controlled study. We only share our preliminary 
experience with the product and look forward to future 
institutional studies with more intensive investigations.

concLusions

In conclusion, the simplicity of direct injection of long-
acting local anesthetic for abdominal field blocks and the 
added benefit of decreased narcotic use suggest improved 
recovery with early resumption of normal activity and 
reduction of sequelae from oral pain medications. Further 
investigation is warranted with more clinical cases to rec-
ommend the use of this medication for routine pain man-
agement after an abdominoplasty.
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Many patients with a desire for abdominal fat reduction 
and skin tightening decline abdominoplasty because of the 
long scar, lengthy recovery, and associated morbidity and 
numbness. While traditional suction-assisted liposuction 
(SAL) has been reported to offer mild skin tightening, 
residual skin laxity and superficial contour irregularities 
can often occur when liposuction is performed in patients 
with moderate to severe skin laxity and poor skin quality. 
Physical indicators of a less-than-optimal aesthetic SAL 
outcome include the presence of a pendulous soft tissue 
overhang at the suprapubic crease and “rolls” of skin and 
fat that the patient can easily pull away from the underly-
ing fascia. Massive weight loss patients are especially 

affected by these problems. These soft tissue laxity issues 
often go uncorrected with SAL, power-assisted liposuction 
(PAL), and even ultrasound-assisted liposuction (UAL).1-4 
Although some degree of skin tightening is observed  
following SAL, the tightening mechanism is based on  

Nonexcisional Tissue Tightening: Creating Skin 
Surface Area Reduction During Abdominal 
Liposuction by Adding Radiofrequency Heating

Diane Irvine Duncan, MD

Abstract
Background: Recent publications show that heat-mediated tissue tightening is a promising treatment for the lax abdomen and may provide better 
long-term outcomes than traditional suction-assisted liposuction (SAL).
Objectives: The author evaluates the degree and duration of skin surface area contraction, as well as the influence of anatomic location of the 
treatment region on the degree of tissue tightening, in a study comparing SAL alone vs SAL plus radiofrequency-assisted liposuction (RFAL).
Methods: In this prospective, randomized, split abdominal study, 12 consecutive patients were treated with SAL alone on 1 side and with SAL plus RFAL 
on the other side. Each patient had 4 (3 × 3-cm) squares—2 per treatment type—tattooed in the lower abdominal region (2 on the right and 2 on the left). 
The surface area of these squares was measured with the Vectra computerized measurement system (Canfield, Inc, Fairfield, New Jersey) at pretreatment, 
at 6 weeks posttreatment, and at 1 year posttreatment. All measurements were subjected to statistical analysis using predictive analytic software and were 
evaluated for statistical significance.
Results: In regions treated with SAL alone, there was a 10.4% mean skin surface area contraction at 6 weeks and 8.3% at 1 year posttreatment. The 
mean skin surface area reduction was 25.8% in regions treated with radiofrequency plus SAL at 6 weeks and at 1 year. The anatomic location of each 
square (medial vs lateral) did not statistically correlate with more or less tissue tightening.
Conclusions: Radiofrequency-assisted tissue tightening, when applied in conjunction with SAL, is effective in achieving greater skin surface area 
reduction.
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a nonthermal inflammatory process resulting from subder-
mal stimulation and elastic contraction of skin, after 
removing the internal turgor created by excessive adipose 
tissue. Suction-assisted liposuction skin contraction is lim-
ited. While the amount of contraction depends on the 
inherent skin elasticity, the average amount of surface area 
reduction achieved with SAL is about 10%.5

Patients are increasingly demanding better results and 
tighter skin from less invasive, nonexcisional procedures 
with minimal scarring. Certain ethnic groups are espe-
cially intolerant of any procedure that leaves a visible scar. 
The introduction of laser-assisted liposuction (LAL), fol-
lowed by SAL, has added thermal stimulation to lipocon-
touring and has shown some ability to cause more skin 
tightening than SAL alone.6,7 DiBernardo8 reported mean 
area soft tissue contraction of 17.2% with LAL followed by 
SAL compared with a 10.6% skin surface area reduction 
obtained with SAL alone. Some tightening results were 
reported after UAL,9-13 but the studies were not rand-
omized, the outcomes were not statistically significant, 
and the results have not been confirmed in peer-reviewed 
studies by other investigators.

Radiofrequency-assisted liposuction (RFAL) followed 
by SAL has been used to treat subcutaneous adipose 
regions with a combination of soft tissue and skin heating 
to induce tissue contraction. The BodyTite RFAL device 
(Invasix, Yokneam, Israel) was introduced in 2008; it con-
sists of a cannula-type probe with a heated tip plus a hol-
low tube and is capable of performing synchronous 
heating and aspiration of fat. The internally located can-
nula tip emits radiofrequency (RF) energy directed toward 
an external electrode that reflects heat back to the epider-
mis (Figure 1).

The skin tightening and soft tissue contraction induced 
by RFAL14,15 is due to its effect on the fibroseptal network 
(FSN). Yoshimura16 showed that while adipocytes contrib-

ute volume to the fatty layer, more than 80% of cells in the 
region reside in the FSN. Thermal stimulation of the FSN 
by RF heating has been shown to cause skin surface con-
traction of up to 45%.17 In a prospective study reported in 
2011,18 the longevity of RFAL-induced contraction meas-
ured with the Vectra computerized measurement system 
(Canfield Scientific, Inc, Fairfield, New Jersey) averaged 
34.5% at 1 year posttreatment.

The purpose of our current institutional review board 
(IRB)–approved study was to evaluate skin surface area 
contraction following SAL alone compared with the results 
following RFAL plus SAL.

MEthods
Study Design and Device
A prospective, randomized study with a 1-year follow-up 
was designed to analyze and evaluate the degree of skin 
surface and soft tissue contraction achieved with RFAL 
plus SAL in comparison to SAL alone. A secondary objec-
tive was the comparison of the longevity of skin surface 
area reduction achieved with RFAL plus SAL vs SAL alone. 
The significance of the amount of lipoaspirate upon sub-
sequent tissue tightening, the amount of energy used, and 
the effect of the location of the treatment region were also 
analyzed.

The study cohort comprised 12 patients (11 women and 
1 man) who presented for abdominal lipocontouring. 
Twelve consecutive patients who appeared requesting 
reduction of abdominal fat thickness were chosen for this 
study. Inclusion criteria included mild to moderate subcu-
taneous fat in the abdominal region, with associated mild 
to moderate skin laxity. Exclusion criteria included preg-
nancy or breast feeding, obesity, severe skin laxity, signifi-
cant chronic illness, smoking, and inability to complete all 
postoperative appointments. The treatment types were 
randomized to the right or left lower abdomen; RFAL plus 
SAL was performed on 1 side, while SAL alone was per-
formed on the opposite side.

An objective, reproducible set of measurements was 
performed using 3-dimensional (3D) photographs taken 
with the Vectra system, and calculations were performed 
using Canfield software. No subjective measurements 
were used in this study. All measurements were verified 
and subjected to a standardized paired t test by an inde-
pendent statistician (Table 1).

Pretreatment, two 3 × 3-cm2 zones were tattooed on 
each side of each patient’s abdomen. The distribution of 
squares was linear, with 1 square in the lateral aspect of 
each lower abdominal quadrant (both right and left) and 1 
in the medial aspect of each lower abdominal quadrant 
(both right and left) (Figure 2). Preoperative Vectra 3D pho-
tographs were taken of the tattooed surface, and measure-
ment of the skin surface area within the tattooed sites was 
performed using the Canfield system (Figures 3 and 4). The 
BodyTite liposuction device used in this study consists of 
an RF-generating console that drives an applicator with a 
hollow, silicone-coated cannula (with RF emitted from the 
tip) and an external electrode that moves along the surface 

Figure 1. The BodyTite cannula (Invasix, Yokneam, Israel) 
is inserted into the subcutaneous tissue, while the external 
thermistor receives and reflects the radiofrequency-generated 
heat. Reprinted with permission from Invasix.
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Table 1. Surface Area Lower Abdomen

Patient No. 1pre 2pre 3pre 4pre 1@6 2@6 3@6 4@6 1/y 2/y 3/y 4/y

1 8.36 8.39 8.06 8.83 7.56 7.49 8.10 8.69 5.82 6.77 7.87 8.81

 Change, cm2 0.8 0.9 +.04 0.14 2.54 1.62 0.19 0.02

 % 9.57 10.73 +0.5 1.59 30.38 19.31 2.36 0.23

2 9.69 10.31 9.31 9.18 8.07 7.83 8.94 8.83 6.17 6.89 8.43 8.13

 Change, cm2 1.62 2.48 0.37 0.35 3.52 3.42 0.88 1.05

 % 16.72 24.05 3.97 3.81 36.33 33.17 9.45 11.44

3 9.23 9.13 9.20 8.61 6.86 7.26 8.91 8.50 5.03 6.10 8.35 8.47

 Change, cm2 2.37 1.87 0.29 0.11 4.2 3.03 0.85 0.14

 % 25.68 20.48 3.15 1.27 45.5 33.19 9.24 1.63

4 9.78 10.11 10.47 9.92 7.58 7.23 8.35 8.52 6.74 6.53 9.01 8.78

 Change, cm2 2.2 2.88 2.12 1.4 3.04 3.58 1.46 1.14

 % 22.49 28.49 20.25 14.11 31.08 35.41 13.94 11.49

5 9.35 9.01 9.98 10.02 6.99 5.63 7.89 8.84 6.58 5.52 8.49 8.79

 Change, cm2 2.36 3.38 2.09 1.18 2.77 3.49 1.49 1.23

 % 25.24 37.51 20.94 11.78 29.63 38.73 14.93 12.28

6 9.27 8.98 9.46 9.43 6.48 3.90 6.82 6.08 5.91 3.75 7.83 7.35

 Change, cm2 2.79 5.08 2.64 3.35 3.36 5.23 1.63 2.08

 % 30.1 56.57 27.91 35.52 36.25 58.24 17.23 22.06

7 9.75 9.53 10.13 9.26 8.19 8.25 10.12 9.14 6.97 6.58 10.01 9.55

 Change, cm2 1.56 1.28 0.01 0.12 2.78 2.95 0.12 +0.29

 % 16.0 13.43 0.10 1.30 28.51 30.95 1.18 +3.13

8 8.84 9.40 8.98 9.28 6.25 5.95 7.98 8.75 5.63 5.27 8.11 8.98

 Change, cm2 2.59 3.45 1.0 0.53 3.21 4.13 0.87 0.3

 % 29.30 36.7 11.14 5.71 36.31 43.94 9.69 3.23

9 9.04 9.11 9.45 9.07 7.44 7.11 8.26 8.43 6.05 5.45 8.64 8.57

 Change, cm2 1.6 2.0 1.19 0.64 2.99 3.66 0.81 0.5

 % 17.7 21.95 9.45 7.06 33.08 40.18 8.57 5.51

10 9.31 9.27 9.40 9.55 6.72 6.98 8.35 8.13 5.98 5.37 8.55 8.38

 Change, cm2 2.59 2.29 1.05 1.42 3.33 3.9 0.85 1.17

 % 27.82 24.7 11.17 14.87 35.77 42.07 9.04 12.25

11 9.34 9.76 9.01 8.93 6.73 7.02 7.99 8.41 5.88 6.14 8.07 8.37

 Change, cm2 2.61 2.74 1.02 0.52 3.46 3.62 0.94 0.56

 % 27.94 28.07 11.32 5.82 37.04 37.09 10.43 6.27

12 9.48 9.25 9.37 9.61 6.77 5.84 8.38 8.02 5.96 5.41 8.44 8.78

 Change, cm2 2.71 3.41 0.99 1.59 3.52 3.84 0.93 0.83

 % 28.59 36.86 10.57 16.54 37.13 41.51 9.92 8.64

For the purpose of statistical analysis, square 1 was noted as the most lateral region treated with SAL plus RFAL. Square 2 was designated as the medial region treated with SAL plus RFAL. 
Square 3 was the most medial region treated with only SAL, and square 4 was the most lateral region treated with only SAL. 1pre indicates measurements of square number 1, taken 
preoperatively. 1@6 indicates Vectra calculated measurements taken of square 1 at 6 weeks. 1/yr indicates similar computer generated measurements taken at 1 year. 
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of the skin. The external electrode receives the ablative RF 
energy from the internal cannula-electrode, which delivers 
nonablative transepidermal RF dermal stimulation super-
ficially. The Teflon-coated cannula performs synchronous 
coagulation and aspiration of the coagulated adipose  
tissue. The external electrode—in addition to providing 
nonablative, transepidermal heating of the dermis—also 
houses temperature thermistors and internal impedance 

monitoring sensors linked to an online feedback “cutoff” 
capability in the console. This allows the surgeon to 
achieve and maintain therapeutic end points and mini-
mizes the risk of a thermal injury from overheating of 
adipose tissue and skin. Typically, after injection of tumes-
cent fluid and a modest reduction in the density of subcu-
taneous fat with SAL, RFAL is applied to achieve the 
desired thermal and energy end points. During this RFAL 
phase, approximately 25% of the aspiration is performed. 
Following the RFAL phase, final contour is achieved with 
traditional microcannula SAL.

Treatment

All patients were treated under general anesthesia. 
Tumescent fluid was infiltrated at a 1:1 ratio in the lower 
abdomen throughout all 4 quadrants. In the lower quad-
rant randomized on each patient to receive RFAL treat-
ment only, settings were 45 watts, with a maximum 
epidermal skin temperature of 38°C. Treatment end points 
in the RFAL-treated regions were warmth to touch, ery-
thema, achievement of the 38°C skin surface temperature 
sustained for 1 to 2 minutes, and a visible contour flatten-
ing prior to aspiration. Radiofrequency heating was per-
formed at multiple levels, from deep to superficial. The 
transition between levels was determined by decreasing 
soft tissue resistance and the energy deposited at each 
level, as well as the observed elevation in skin tempera-
ture at each level. Following RFAL heating to the end 
points at each level and synchronous aspiration, final soft 
tissue contouring was performed using standard, blunt-
tipped microcannula SAL. The opposite lower quadrant of 
each patient’s abdomen received standard SAL treatment.

Patients were followed up at 1 week, 6 weeks, and 1 
year posttreatment. They were instructed to wear com-
pression garments for 6 weeks posttreatment. At 6 weeks 
and 1 year posttreatment, photographs were taken, includ-
ing 3D Vectra photography. The Vectra 3D system was 
used to measure the surface area of each treatment square 
at each follow-up interval. To better identify numeric 
trends for each treated region, the most lateral tattooed 
square treated with RFAL plus SAL was labeled square 1. 
The medial square treated with RFAL plus SAL was 
labeled square 2. The medial square treated with SAL 
alone was labeled square 3, and the most lateral square 
treated with SAL alone was labeled square 4.

The percentage of skin surface change was calculated 
for each numbered square at 6 weeks and at 1 year and 
analyzed for statistical significance using a paired Student 
t test. Although our study population was relatively small, 
if the differences were large, both the number of treated 
squares and the data would be significant. The data from 
each of the 48 regions were analyzed.

REsuLts

The average age of the 12 patients in this study was 40.2 
years (range, 20-61 years). In this study, all 12 patients 

Figure 2. Distribution of measured treatment squares in the 
lower abdomen.

Figure 3. Three-dimensional Vectra (Canfield Scientific, 
Inc, Fairfield, New Jersey) photograph of tattooed treatment 
zones on a patient’s abdomen. Measurements were taken 
with the Vectra system pretreatment, after tattoos were 
placed, at 6 weeks posttreatment, and again at 1 year.

Figure 4. Calculation of surface area of each tattooed 
region. Because the surface of body parts is curved, the 
3-dimensional image is broken down into multiple small 
triangles, the sum of which are added together to derive the 
total surface area. Reprinted with permission from Canfield 
Scientific, Inc (Fairfield, New Jersey).
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demonstrated contour improvement with both modalities. 
The amount of RFAL-aspirated fat ranged from 410 to 2200 
mL. Average skin surface area reduction in the RFAL/SAL-
treated regions was 25.8% at 6 weeks (range, 9.6%-56.6%) 
(Figure 5) and increased to 36.4% at 1 year (range, 19.3%-
58.2%; Table 2 and Figure 6).

The regions that received SAL treatment only had a 
wide range of much smaller, but measurable, surface area 
changes. Skin surface change ranged from an increase of 
0.5% to contractions of 35.5% at 6 weeks. The average 
surface area contraction was 10.4% in the SAL-treated 
regions at 6 weeks (Figure 6). At 1 year posttreatment, the 
average change was an 8.26% reduction (range, 3.1% 
increase to 22.1% contraction), indicating that the initial 
degree of skin tightening appeared to diminish over time 
in the SAL control sites (Figure 6). Table 3 shows a full 
statistical comparison of various treatment end points for 
both treatment protocols.

Our SAL contraction results were similar to the percent 
contraction reported by DiBernardo.8 At 6 weeks, the aver-
age skin contraction on the RFAL/SAL-treated side was 2.5 
times greater than on the side where only SAL was per-
formed.

Clinical results are shown in Figures 7 through 11.

Effect of Time

Again, the average amount of skin surface area contrac-
tion increased significantly in the regions treated with 
RFAL plus SAL between the 6-week and 1-year follow-up 
intervals. In the areas treated with SAL alone, much of the 
early skin surface area contraction was lost. Adding RFAL 
to SAL resulted in continuing skin contraction over time, 
with an average addition of 10.6% over 10.5 months. 
Every patient exhibited this ongoing improvement in soft 
tissue contraction in the RFAL treatment region over the 
12 months. A mean of 2.1% of the initial skin surface area 
contraction was lost in the regions treated with SAL alone. 
Adding RFAL heating to the treatment region induced sig-
nificant, long-lasting skin surface area contraction. At 6 
weeks posttreatment, an additional 15.2% skin surface 
contraction was noted over the SAL “baseline” in lower 
abdominal treatment regions. Vectra measurements taken at 
1 year showed a much larger difference—28.1% more skin 
contraction was noted in the RFAL-plus-SAL regions than in 
the SAL-only areas. While the SAL-treated regions lost some 
skin contraction with time, the areas treated with RFAL plus 
SAL continued to show further tightening with little to no 
residual skin laxity at 1 year (Figure 6; Table 3).

Figure 5. Vectra 3D contraction measurements for 
radiofrequency-assisted liposuction (RFAL) plus suction-
assisted liposuction (SAL) and SAL-only treated regions 
measured at a 6-week follow-up.

Table 2. Distribution of Measured Treatment Squares in the Lower Abdomen

Area 1: RFAL + SAL (Outer) Area 2: RFAL + SAL (Inner) Area 3: SAL Alone (Inner) Area 4: SAL Alone (Outer)

At 6 weeks

 Mean reduction, surface area, % 23.1 28.54 10.87 9.96

 Range of change, surface area, % –9.57 to –29.3 –10.73 to 56.57 +0.5 to –27.91 –1.27 to –35.52

At 1 year

 Mean reduction, surface area, % 34.76 37.95 8.86 7.66

 Range of change, surface area, % –28.51 to 45.5 –19.31 to 58.24 –1.18 to –17.23 +3.13 to –22.06

RFAL, radiofrequency-assisted liposuction; SAL, suction-assisted liposuction.

Figure 6. Vectra 3D contraction measurements for 
radiofrequency-assisted liposuction (RFAL) plus suction-
assisted liposuction (SAL) and SAL-only treated sides 
measured at a 1-year follow-up.
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Effect of Treatment Region
Mean values showed that the medial treatment regions 
had a higher rate of skin contraction than the lateral 
regions. The more central the location—probably due to 
the area having more fat—the more surface area reduction 

was noted. However, the difference was small, and when 
subjected to a paired t test, statistical significance was not 
achieved. However, the trend was noted for both treat-
ment modalities. At 6 weeks, there was a mean of 5.4% 
more skin tightening in the medial RFAL-plus-SAL treatment 

Table 3. Statistical Analysis of Comparative Values

Comparison P  Value Statistically Significant?

Surface area reduction

 RF plus SAL vs SAL alone at 0-6 weeks (combined areas 1 and 2 vs combined areas 3 and 4) .00000102 Yes, less than .05

 RF plus SAL vs SAL alone at 6 weeks to 1 year (combined areas 1 and 2 vs combined areas 3 and 4) .00000013 Yes, less than .05

 RF plus SAL vs SAL alone at 0 to 12 months (combined areas 1 and 2 vs combined areas 3 and 4) .00000203 Yes, less than .05

Time

 SAL alone 0 to 6 weeks vs SAL alone 6 weeks to 1 year .0053 Yes, less than .05

 RF plus SAL 0 to 6 weeks vs RF plus SAL 6 weeks to 1 year .00263 Yes, less than .05

 RF plus SAL at 6 weeks vs RF plus SAL at 1 year .01728 Yes, less than .05

 SAL only at 6 weeks vs SAL alone at 1 year .000000267 Yes, less than .05

Anatomic location

 RF lateral vs RF medial at 6 weeks .1118 No, greater than .05

 RF lateral vs RF medial at 1 year .1653 No, greater than .05

 SAL lateral vs SAL medial at 6 weeks .420 No, greater than .05

 SAL lateral vs SAL medial at 1 year .1657 No, greater than .05

RF, radiofrequency; SAL, suction-assisted liposuction.

Figure 7. (A) This 21-year-old woman presented for treatment of her pannus. She is shown pretreatment, with tattoos in 
place. (B) Six weeks after treatment on the right side with radiofrequency (RF) plus suction-assisted liposuction (SAL) and on 
the left side with SAL alone. Surface area reduction is visibly greater on the RF plus SAL side. (C) One year posttreatment, the 
side treated with SAL plus RFAL maintained more skin surface area reduction than the left (SAL-only) side.
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region than the lateral. At 1 year, these areas showed a 
3.19% difference. In the SAL-only areas, there was a dif-

ference of 0.9% at 6 weeks, with the medial region show-
ing more surface area reduction than the lateral. At 1 year, 

Figure 8. (A) This 53-year old woman presented with a complaint of a loose, flaccid abdomen with excess fat and a 
suprapubic overhang. An abdominoplasty was recommended, but she declined. (B) Six weeks after treatment on the right 
side with suction-assisted liposuction (SAL) alone and on the left side with radiofrequency-assisted liposuction plus SAL. 
Improvement of the pendulous overhang is visible on both sides.

Figure 9. (A) This 48-year-old woman presented with postpartum deformity; the loose, flaccid pannus was her chief 
complaint. (B) Two months following radiofrequency-assisted liposuction in all abdominal regions, the patient’s abdominal 
tissue has reattached to her underlying fascia. Note that this woman was not a study patient, and photographs were provided 
by Stephen Mulholland, MD.
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SAL-only medial regions showed more skin contraction 
than the lateral regions by an average of 1.2%.

Effect of Amount of Energy Deployed

Although both treatment types showed a wide range of 
differences in the degree of skin contraction, it would be 
logical to assume that the increase in the degree of skin 
surface area reduction in the RFAL-treated areas could be 
attributed to the addition of heat to the skin and underly-
ing septal network in the subcutaneous fat. Therefore, we 
evaluated the amount of RF energy used in each patient 

quadrant. Patient 8 had the least surface area reduction in 
the RFAL-treated regions, and patient 6 had the most. For 
the patient with the least response, 22.7 kJ were used, 
while 22.5 kJ were used for the patient with the greatest 
response. Kilojoule usage ranged from 14.23 for the 
patient who weighed the least to 24.9 kJ for the heaviest 
patient. Statistical analysis of total energy compared with 
the amount of skin surface area contraction showed no 
correlation.

Effect of Amount of Fat Aspirated

There was no statistical correlation between the amount of 
overall lipoaspirate and skin surface area reduction in the 
tattooed treatment zones. The amount of fat removed from 
within the tattooed regions was not separately measured. 
Future studies of this effect may be warranted.

Complications

No patient experienced hematoma, infection, or seroma 
following treatment. No patient was burned. Two had 
nodularity persisting after 1 year. No patient underwent 
a revision of the treatment region, and no patient noted 
dissatisfaction with the outcome with either treatment 
protocol.

discussion

Many devices, including energy-assisted liposuction sys-
tems, claim to induce skin tightening, tissue tightening, 
and skin contraction.19-22 Although most of these findings 

Figure 11. (A) This 21-year-old woman presented with lower abdominal lipodystrophy and striae after a 20-lb weight loss. (B) 
One year after treatment with radiofrequency-assisted liposuction plus suction-assisted liposuction (SAL) to the right abdomen 
and SAL alone on the left.

Figure 10. Adipose stromal fibers make up the fibroseptal 
network, which is targeted by the radiofrequency-powered 
BodyTite cannula (Invasix, Yokneam, Israel).
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are published in peer-reviewed articles, these claims lack 
the rigor of scientific analysis through randomized trials 
employing validated, objective instruments to measure 
soft tissue contraction. Measurements such as circumfer-
ential reduction are prone to a wide degree of interob-
server variability and are not well regarded as reliable, 
reproducible measurements of soft tissue contraction. 
While histological sections of skin and hypodermis can 
show cell wall disruption of adipocytes and collagenesis in 
the treatment region, biopsies cannot measure the degree 
of skin tightening seen over a broad surface area.

Several articles in the plastic surgery literature have dem-
onstrated clinical improvement with apparent skin tighten-
ing in localized treatment regions with LAL and RFAL,23,24 
but only DiBernardo25 compared the degree of skin contrac-
tion when treating the abdomen with LAL plus SAL versus 
SAL alone. McBean and Katz20 measured skin surface area 
reduction with LAL but did not directly compare it with 
SAL-treated regions as a control. In DiBernardo’s study, the 
surface area of the tattooed squares was measured before 
treatment and again at 1 month and 3 months posttreat-
ment. The author noted that the skin surface area reduction 
ratio of LAL to SAL improved over time. This finding of 
thermally stimulated soft tissue contraction was mirrored in 
our study. In DiBernardo’s study, there was a wide range of 
skin surface area change, from a 9% to 28% reduction in 
the 1-month LAL-plus-SAL group and a 6% to 27% reduc-
tion in the SAL-alone group. At 3 months, the range of 
values was 7% to 25% in the LAL-plus-SAL group and 2% 
to 23% in the SAL-alone group. Both groups appeared to 
lose some degree of initial skin contraction over time. 
Average surface area reduction noted by DiBernardo was 
22% (LAL/SAL) versus 18% (SAL) at 1 month and 17% 
(LAL/SAL) versus 13% (SAL) at 3 months.

McBean and Katz20 measured skin surface area reduc-
tion with LAL but did not directly compare it with SAL-
treated regions as a control. In their study, they calculated 
a 17% skin surface area reduction with LAL plus SAL 
compared with a “negligible” degree of skin contraction 
with SAL alone.26 Estimates of the degree of long-term, 
aesthetically acceptable skin surface reduction with SAL 
alone ranges from negligible to 13%, although experts in 
superficial liposuction techniques claim a larger percent-
age (C. Mendieta, personal communication, September 
2011). A definitive and widely accepted value of skin sur-
face area contraction with SAL alone remains elusive, as 
techniques vary greatly among practitioners. Proponents 
of superficial liposuction speculate that by injuring the 
superficial FSN in the subdermal space and removing 
volumetric distention immediately below the dermis, cen-
tripetal skin contraction and accommodation of the skin is 
forced. Paul and Mulholland27 note that if the balance 
between FSN contraction and subdermal heating is not 
maintained, an irregular skin surface can result. This is 
especially important to remember when treating patients 
with striae or damaged skin (Figure 12).

Tissue recruitment plays a major role in lipocontouring of 
the abdominal region, and it is an expected consequence of 
heat-mediated tissue tightening. As the fibroseptal bands 
draw together, some shifting of the relative positions of sub-
cutaneous tissue and overlying skin occurs. The skin surface 
accommodates the contraction of the underling subcutane-
ous tissue. Subcutaneous tissue contraction is not easily 
measured. We tattooed the skin surface because it is the only 
means of visible measurement.

There is less controversy about the value of adding heat 
to the tissue before or after SAL, as many studies validate 
the effect of heat on skin and adipose tissue.28,29 The septal 
network remaining after tumescent infusion and SAL is 
depicted in Figure 10. By performing approximately 50% 
to 60% of the SAL prior to heating, some of the insulating 
adipose tissue is removed, and the exposed collagenous 
tissue of the FSN responds more rapidly and strongly to 
RFAL heating. However, this is not the current standard 
practice. With this alteration in protocol, no burns or other 
complications were noted. The amount of SAL was not 
extensive. Some SAL was performed prior to heating to 
reduce the amount of insulation provided by fat. This 
exposed the fibroseptal bands to heat, creating more vis-
ible and measurable tissue tightening. Theoretically, burns 
might be more likely, but with skin temperature monitor-
ing using the external thermistor, the skin temperature is 
closely monitored, and burns can be avoided.

Immediately after application of the RFAL device to the 
septal network and overlying skin, visible contraction of 
the fibers is evident. In vivo studies on soft tissue contrac-
tion showed that RFAL-induced temperatures of 69°C 
applied to the septofascial network can result in a mean 
33% contraction, compared with less impressive contrac-
tion when the RF thermal stimulus was applied to the 
dermis or directly to the fat.27 The effect of LAL and RFAL 
on soft tissue contraction is heat mediated; RF is a more 
efficient and conductive form of thermal stimulation.30

Figure 12. This image illustrates treating a patient with 
striae. The right side was treated with suction-assisted 
liposuction (SAL) plus radiofrequency-assisted liposuction; 
the left was treated with SAL alone. The increased soft tissue 
contraction on the right causes even more buckling of the 
skin than SAL alone does.
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The distribution of heat during RFAL or LAL is also 
important. To maintain smooth, multilevel tissue contrac-
tion, multiple levels of thermal stimulation, from deep to 
superficial, should be performed, rather than just the 2 
levels of thermal stimulation currently suggested by LAL 
experts. Following tumescent infusion, SAL is performed 
to better expose the collagenous FSN to heat. Deep treat-
ment can create a reattachment of the flaccid pannus to 
the deep fascia (Figure 9). Too much heating or uncon-
trolled thermal stimulation at the deep fascial level can 
increase the risk of seroma, so it is important to keep  
the RFAL cannula moving to deposit modest levels of  

thermal energy and avoid exceeding the FSN contraction 
temperatures of 69°C. The operator should then move to 
sequentially more superficial levels and treat multiple 
areas of the broad surface. Midlevel RFAL heating is per-
formed at about the level of Scarpa’s fascia. The response 
to heating of fascia is more rapid than that of the FSN, so 
less heating time is spent at this location. The supra-
Scarpa region is heated, and then the subdermal region is 
heated. If a significant section of skin surface area reduc-
tion is needed, 2 shorter sessions of superficial heating 
with a maximum external skin temperature of 38°C is 
safer and will reduce the risk of thermal skin injury.

Protection from risk of thermal injury is an integral part 
of the BodyTite system’s mechanism of action. An internal 
cannula-electrode with an RF current flowing up to the 
external electrode provides thermal containment (Figure 
13), along with constant monitoring of internal tissue 
impedance and external epidermal temperature. The syn-
chronous aspiration of the coagulated deep adipose tissue 
removes very hot, liquefied tissue from the adipose com-
partment while continuing to heat the FSN. The heat 
generated by the internal probe is directed superficially 
toward the external electrode, and the thermal contain-
ment between the 2 RF electrodes ensures safety of deeper 
structures. Little heat is lost to nondirectional dispersion. 
When working with RFAL at the superficial level, care 
must be taken to deliver heat gently and evenly. An exter-
nal skin surface temperature monitor and impedance 
monitor is built into the external electrode. The device 
cuts off RF delivery when the preset safe skin temperature 
is achieved and will begin to apply energy again when the 
temperature drops below the set point, allowing the  
surgeon to safely maintain a constant epidermal and deep 
tissue temperature. During our study, that temperature 

Figure 13. Directional thermal containment in the BodyTite 
device, as measured by a thermal camera, shows the heat 
source as the cannula tip, which has been positioned within 
the subcutaneous fat. Heat is directed specifically towards 
the external thermistor. There is no nondirectional diffusion 
noted within the tissue. Reprinted with permission from 
Invasix (Yokneam, Israel).

Figure 14. (A) Abdominal tissue treated with suction-assisted liposuction (SAL) alone. (B) Appearance of the same tissue 
following treatment with radiofrequency heating using the BodyTite device (Invasix, Yokneam, Israel). Note shrinkage of the 
open regions in all dimensions. Vertical shortening plus contraction in the horizontal and oblique planes is apparent.
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was set at 38°C to avoid overheating the skin. Other stud-
ies have used a skin temperature cutoff of 40 to 42°C.31,32

While the focus of this study was skin surface area 
contraction, the true target of treatment is the lax FSN 
above and below Scarpa’s fascia. Time spent heating the 
basal dermis is important, but the degree of heat-mediated 
dermal tightening that is safely achievable with RFAL or 
LAL is significantly less than the amount of safe subcuta-
neous fibrous tightening.33 The degree of skin contraction 
is directly dependent on the thermal temperature achieved 
and the duration of that thermal stimulus, which in turn 
is reflected in the amount of energy used at the site during 
treatment. Thermal containment of the RF-generated heat 
is a safety feature of the BodyTite system. This allows 
focused treatment of a particular area while protecting the 
deep and lateral tissues from overheating (Figure 14). Too 
little energy will result in too little contraction, and too 
much energy can create an irregular surface as the under-
lying septal network contracts more than the skin. This 
effect is mainly seen in patients with very thin skin or 
patients with striae. Our findings would appear to support 
Kenkel’s theory that most of the skin contraction seen 
with heat-mediated devices is due to contraction of the 
underlying septal network.34

While the effects of heat-mediated tissue tightening are 
helpful in patients with mild to moderate soft tissue and 
skin laxity, the application is somewhat limited. This treat-
ment is not meant to replace skin excision and redraping 
when those procedures are clinically indicated. The RF 
device is a powerful tool, and its use should be undertaken 
only by those who are trained and recognize the possibil-
ity of complications, including burns and seroma.

During this study, it became evident that the total 
amount of energy used may be less important than the 
location of the heating, thermal end points, and the tech-
nique of heating. Multiple levels of adipose tissue heating 
were performed, from deep to superficial. More energy 
was used at the superficial than the deep level. This mul-
tilayer RFAL heating pattern creates the effect of tightening 
multiple levels of the FSN, which effectively binds the 
loose dermal-subcutaneous tissue layer back to the 
abdominal rectus fascia through the contracted FSN 
(Figure 10). This heat-mediated contraction of the septal 
network in the adipose layer is not seen with SAL alone.

Clinical treatment outcomes vary between patients. The 
53-year-old woman seen in Figure 8 was advised that she 
needed an abdominoplasty. She declined, stating that she 
would only agree to liposuction. Her posttreatment out-
come showed a surprising amount of improvement in the 
pendulousity of her abdomen, both on the left (RFAL-plus-
SAL treated) side and the right (SAL-only) side. Tattoos 
were placed well above the pendulous skin to reduce the 
risk of confounding variables. Figure 9 (not a study 
patient) shows the effect of RF assistance in correcting the 
separation of the skin/fat layer from the underlying fascia. 
Contraction of the FSN creates a readherence of the tissue 
to the body framework.

concLusions

This prospective, randomized study of a 12-patient cohort 
was performed to determine the amount of additional skin 
and soft tissue tightening achieved by adding RFAL to 

Figure 15. (A) This 23-year-old man presented after massive weight loss of 80 pounds. He disliked the bulge and pendulous 
overhang of his abdomen, which was quite pronounced when the patient was shirtless. (B) One year after treatment with 
radiofrequency-assisted liposuction plus suction-assisted liposuction (SAL) in the right abdomen and bilateral flanks and SAL 
alone on the left abdomen.
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traditional liposuction. The longevity of skin surface area 
contraction was also evaluated over 1 year. Independent 
statistical analysis showed a significant difference between 
RF heating of the tissues plus SAL compared with SAL 
alone. The regions treated with RFAL plus SAL showed a 
mean skin surface area reduction of 28.5% versus 10.3% 
with SAL alone at 6 weeks posttreatment. At 1 year, RFAL- 
plus-SAL regions showed a 34.5% surface area reduction, 
as opposed to an 8.3% contraction in the SAL-only 
regions. RFAL plus SAL also yielded a significant increase 
in surface area reduction over time. The SAL regions lost 
approximately 2% of the original surface area reduction at 
1 year.

Heating of the FSN appears to account for the majority 
of RFAL-induced contraction noted with heating of subcu-
taneous and dermal tissues when used as an adjunct to 
SAL (Figure 15). The application of multiple levels of heat 
can also reattach a loose pannus to the abdominal fascial 
wall, thereby improving the pendulous character of the 
tissue. While traditional liposuction removes distended fat 
and mechanically stimulates the FSN, the addition of heat 
can create significantly more skin contraction.
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Hyaluronidases are enzymes that degrade hyaluronic acid 
(HA), a fundamental constituent of the extracellular matrix 
that can be injected subcutaneously for aesthetic purposes. 
These enzymes are widely employed in aesthetic medicine, 
due to their role in preventing complications from inappropri-
ate injection of HA, eliminating HA nodules, or correcting 
unsightly HA overfilling. Hyaluronidases have been employed 
for several years as a spreading agent to promote the diffu-
sion of several substances injected subcutaneously,1 to 
remove the cumulus-corona-oocyte complex formed during 
intracytoplasmic sperm injection,2 to prevent tissue damage 
after extravasation of several substances,3 for edema reduc-
tion,4 and for treatment of vitreous hemorrhage.5

It is essential for the aesthetic practitioner to have a sound 
knowledge of the indications, modalities of application, and 
adverse effects of hyaluronidases. However, although the 
indication, usage, effects, and complications of these enzymes 
have been reported for several applications, an extensive 
review of this topic in aesthetic medicine is lacking.

Hyaluronidase: action and 
classification

Hyaluronic acid is a glycosaminoglycan (GAG), the main 
component of the extracellular matrix that links protein 

filaments, collagen fibers, and connective tissue cells.5 It is 
formed by a polymer of disaccharides composed of 
D-glucuronic acid and D-N-acetylglucosamine, linked with 
β-1,4 and β-1,3 glycosidic bonds. Hyaluronidases are 
endoglycosidases that depolymerize HA, producing multi-
ple effects in tissues: they decrease the normal high vis-
cosity of HA, lessening its lubricating quality and acting as 
a “spreading factor” facilitating the diffusion of several 
substances injected subcutaneously, like dyes and antivi-
ral vaccines.6

Meyer7 previously discovered the action of these pro-
teins and classified the hyaluronidases into 3 groups3: 
mammalian hyaluronidase (testis tube), leech/hookworm 
hyaluronidase, and microbial hyaluronidase. Each group 
differs with regard to its mechanism of action (Figure 1):
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•	 Mammalian glycosidases are endo-β-N-
acetlyhexosaminidases that degrade the β-1,4 
glycosidic linkages of HA (Figure 2), producing 
tetrasaccarides. These enzymes act on HA, chon-
droitin, chondroitin-4,6-sulfate, and dermatan sul-
fate and can be found in mammalian spermatozoa 
and lysosomes, as well as in the venom of snakes, 
reptiles, and hymenoptera.8

•	 The second class comprises endo-β-D-
glucuronidases. These hyaluronidases degrade the 
β-1,3 glycosidic bond, resulting in tetra- and hexa-
saccharides (Figure 3). These enzymes, in contrast 
to mammalian glycosidases, degrade only HA and 
remain inert toward other GAGs.9 These enzymes 
can be found in the salivary glands of leeches and 
hookworms.

•	 Microbial hyaluronidases are classified as hyal-
uronate lyases. They differ from the other hyal-
uronidases because they do not use hydrolysis, 
but there is a β-elimination reaction at β-1,4 gly-
cosidic linkages, producing an unsaturated disac-
charide (Figure 4). These enzymes have been 
isolated from several microorganisms, including, 
for example, strains of Clostridium, Micrococcus, 
Streptococcus, and Streptomyces.8

Hyaluronidases may also be divided in 2 groups according 
to pH-dependent activity:

•	 Acid active hyaluronidases. This group of enzymes 
expresses their activity between pH 3 and 4.

•	 Neutral active hyaluronidases, active between pH 
5 and 8. Hyaluronidases from snake venom and 
bee venom belong to this group.10

Hyaluronidases for medical use were initially derived 
from crude extracts of ovine or bovine testicular tissue 
(called bovine testicular hyaluronidase [BTH]). The 

enzyme obtained with this procedure is impure and immu-
nogenic, containing several contaminating substances 
such as proteases, immunoglobulin, and vasoactive fac-
tors. An alternative, hyaluronate lyase from Streptococcus 
agalactiae, may be employed. This formulation is purer 
than BTH and has a higher specificity. Moreover, BTH 
produces several oligosaccharide fragments of hyaluronan 
that could have a role in allergic reactions and act as 
growth factors, promoting possible metastasis.11 Employing 
the bacterial lyase could avoid these complications.

Now, a newer formulation is available, called Hylenex 
(Halozyme Therapeutics, San Diego, California), a human 
recombinant hyaluronidase that is considered less immu-
nogenic and safer.5 After intravenous administration, hya-
luronidases undergo elimination through the kidneys with 
a known clearance (t1⁄2 = 2.1 ± 0.2 min), where t1⁄2 is 
half-time. Nevertheless, the mechanism of inactivation 
inside the dermis and other tissues is still unknown, 
mainly depending on HA synthesis. The hyaluronidase 
effects in this context persist for approximately 48 hours.12

applications

Hyaluronidases are employed for medical use to increase 
tissue absorption of several drugs. This enzyme is able to 
promote the drug’s diffusion into the extracellular matrix 
and to increase blood vessel permeability. In effect, the 
subministration of these enzymes could prevent tissue 
damage after extravasation of several substances (eg, 
parental nutrition solution, electrolyte infusions, antibiot-
ics, aminophylline, mannitol, and chemotherapeutic 
agents), reducing their concentration.3

Other authors have observed that the combination of 
hyaluronidase and urokinase decreases the mortality rate 
after myocardial infarction in an animal model.13 
Recombinant hyaluronidase is currently employed for  
intracytoplasmic sperm injection to remove the cumulus-
corona-oocyte complex, composed of granulosa cells inside 
a matrix of oligosaccharide chains cross-linked by hyaluro-
nan binding proteins and proteoglycans.2 However, the 
most important application of hyaluronidases is hypoder-
moclysis (ie, the capacity of increasing absorption and dis-
persion of the injected drug). These enzymes have been 

Figure 1. Hyaluronic acid molecular structure and action 
site of the 3 groups of hyaluronidases. The molecule is 
cleaved by mammalian hyaluronidases (1), bacterial 
hyaluronidases (1), and leeches hyaluronidases (2).

Figure 2. Product of mammalian hyaluronidases.

Figure 3. Product of leeches hyaluronidases.

Figure 4. Product of microbial hyaluronidases.
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widely employed as spreading agents, along with chemo-
therapeutics, local anesthetics, and contrast media.

In chemotherapeutics, hyaluronidases are injected 
along with the chemotherapeutic agent, thus improving 
the penetration of the drug inside the malignant tissue (eg, 
brain tumors).1 In ophthalmic surgery, hyaluronidases are 
employed for retrobulbar anesthesia,14 whereas in pain 
therapy, hyaluronidases are administered along with local 
anesthetics in caudal blocks, directly at the site of pain 
(eg, joints, tendons) or through an intrathecal route.15 In 
radiography, hyaluronidases are added to the contrast 
media to improve reabsorption. Nevertheless, although the 
combination of hyaluronidases with local anesthetics does 
not affect the activity of the enzymes, iodinated contrast 
media have been demonstrated to reduce the activity of 
hyaluronidases.16

Off-label applications of hyaluronidases include edema 
reduction and lysis of epidural adhesions to treat chronic 
painful conditions like radiating pain and lower back 
pain.4 Moreover, hyaluronidases are utilized for edema 
reduction in the case of paraphimosis, intestinal intussus-
ception, supraglottal airway edema, transplanted organ 
rejection, and treatment of vitreous hemorrhage.5

applications in plastic surgery and 
dermatology

In plastic surgery and dermatology, hyaluronidases are 
commonly employed to improve the effects of local anes-
thetics and to dissolve the injected HA. Baring and 
Marshall17 described their own technique for infiltration in 
open septorhinoplasty. Probably the most important appli-
cation of hyaluronidase enzymes for the plastic surgeon 
and dermatologist is the correction of HA filler injection. 
This procedure can be performed for aesthetic purposes 
and/or functional aims.

In the first case, hyaluronidases can be employed for 
eliminating nodules or bumps, for treating an overcorrec-
tion by HA filler injection and/or excessive superficial infil-
trations. In all these cases, the dosage of hyaluronidases 
usually ranges from 3 to 75 units.18 For nodules, hyaluroni-
dases may be successfully employed. With inflammatory 
and painful nodules, independent of the usage of hyaluro-
nidases, Narins et al19 recommend initiating use of an anti-
biotic for 2 weeks (eg, clarithromycin 500 mg/d covers a 
wide range of infections). In selected cases, especially when 
large amounts of HA filler should be eliminated, an incision 
for drainage of the HA is suggested, along with enzyme 
injection. When hyaluronidases are not effective in dissolv-
ing the nodules (eg, in the case of inflammatory nodules or 
long-lasting fillers), steroids could be employed after careful 
evaluation. In these cases, steroids should be administered 
only after antibiotic therapy has been initiated. This treat-
ment is not appropriate for early onset inflammatory nod-
ules, before antibiotic treatment, and before having 
attempted a treatment with hyaluronidase.

Hyaluronidases may be effectively utilized to correct 
overinjection of HA filler. In these patients, the modalities 

of hyaluronidase injection depend on the localization and 
quantity of the previous HA filler injection (Table 1). Even 
low doses of ovine hyaluronidase (<3 units) may be effec-
tive in reversing excessive augmentations (eg, in lower 
lids).18 However, when a long-lasting filler has been 
employed and shows resistance to hyaluronidases, exci-
sion may be considered.19

Hyaluronidase may also be employed for complications 
deriving from HA filler injection, like intra-arterial injec-
tion or utilization of excessive HA. In both cases, the 
injected HA may cause cutaneous ischemia by compres-
sion or embolization of the subdermal plexus. In these 
patients, the skin discolors within a few hours, while 
necrosis and ulcers may be visible within 24 hours. 
Hyaluronidases may be effectively applied in the first 4 
hours. Injection of the enzymes in the following hours 
does not seem to be effective in reducing skin necrosis.23

Other authors also advise employing these enzymes 6 
hours after HA filler injection with 75 IU of hyaluroni-
dase.20 In the first hours, at the first sign of blanching, a 
topical treatment with nitroglycerin paste is recommended, 
along with hyaluronidases.24 Late application of hyaluroni-
dases (more than 24 hours after HA injection) has not 
proved effective in avoiding skin necrosis. Nevertheless, 
their usage may reduce the size of the necrotic area and 
improve the healing process.

infiltration tecHnique

The affected area should be investigated with ultrasonog-
raphy before any treatment is employed, in order to assess 
the depth, quantity, and extension of the previously 
injected HA. The areas to be treated should be marked on 
the overlying skin, and infiltration by hyaluronidases 
should be extremely accurate and limited to the affected 
area. The practitioner should adjust the quantity to be 
injected to the type of hyaluronic acid (eg, filler with 
higher concentrations of hyaluronic acid will require 
higher quantities of hyaluronidases) and the number and 
extent of affected areas.

In our experience, a few units of enzyme (10-20 units) are 
adequate to treat each affected area. In any case, the injec-
tion of more than 200 units of hyaluronidase per treatment 
should be avoided. Infiltration does not usually require dilu-
tion of the enzymes with local anesthetics. A 30-gauge nee-
dle, ranging from 3 to 13 mm in length, may be effectively 

Table 1. Dosage of Hyaluronidases by Region of Application

Region Hyaluronidase (Units)

Nasal and perioral skin 15-3020,21

Periorbital area 3021

Infraorbital area 10-1518

Lower lid 1.522
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employed. The injection should be performed perpendicular 
to the skin. Multiple treatments may be necessary. The treat-
ments should be planned every 3 weeks, although shorter 
times may be prescribed for high hyaluronate density fillers 
(Figures 5 and 6).

Some examples of hyaluronidases are listed in Table 2. 
Availability and indications for each product are specific to 
each country (see the section on Technical Notes).

drug interactions

Knowledge of the mechanisms involved in the pharmacoki-
netics of hyaluronidase is limited. The clearance of hyaluro-
nidase in the serum occurs with a half-time of 2.1 ± 0.2 
minutes by inactivation in the kidneys and liver.5 The most 
common interactions occur with furosemide, benzodiaz-
epines, phenytoin, dopamine, and α-adrenergic agonists. 
Hyaluronidase antagonists include anti-inflammatory 
agents (eg, indomethacin, dexamethasone, and salicylates), 
numerous plant-based drugs (eg, flavonoids and antioxi-
dants), antihistamines, mast cell stabilizers, heparin, vita-
min C, and dicumarene.3,12 The preliminary patient 
interview should aim to investigate the consumption of the 
above-mentioned substances that could mimic tissue resist-
ance to hyaluronidases.5 Radiographic contrast media have 
been advocated for reduction of hyaluronidase activity, 
which, conversely, is slightly increased by corticosteroids.16 
According to Szepfalusi et al,25 hyaluronidase may represent 
a potent antigen in coadministration with chemotherapeu-
tics and dexamethasone, triggering IgE synthesis.

complications
Allergic reactions are the only complications reported after 
employing hyaluronidases. Different allergic reactions have 
been described, depending on the region of application. Local 
injection site reactions are the most common. According to 
the literature, the incidence of local allergic reactions ranges 
from 0.05% to 0.69%.14,26,27 These data have been calculated 
under peribulbar anesthesia, and the main symptoms include 
edema, erythema, pain, and itching. Although the incidence 
of mild allergic reactions could be higher because they may 
have been unrecognized,27 urticaria and angioedema have 
been reported in less than 0.1% of cases.5 In cases where 
high dosages of hyaluronidases (200 000 IU) were adminis-
tered, allergic complications could rise to 31.3%20 (Table 3).

Immediate and delayed allergic reactions to hyaluroni-
dases have been described as type I (mediated by IgE) and 
type IV (mediated by T cells) hypersensitivity.25,28 Moreover, 
these enzymes have been demonstrated to increase capil-
lary permeability,29 potentially worsening the above- 
mentioned reactions. An allergy may be diagnosed by prick 
or intradermal test,16,26 and serum immunoglobulin E (IgE) 
antibodies highly specific to hyaluronidases may be 
observed after exposure.15 The allergic history of the patient 
is unrelated to the reactions to hyaluronidase.25 Such reac-
tions include local complications (local edema, tumor, mild 
pain),14 itching sensation, generalized maculopapular 
rash,30 and urticaria,15 although the reported symptoms are 
rare, mild, and benign in most cases.

Concerning the reactions mediated by IgE, a study in 
pediatric oncological populations sensitized by intrave-
nous hyaluronidase treatment or by cross-reactivity with 

Figure 5. A 41-year-old woman treated with 2 mL of cross-
linked hyaluronic acid. Inflammatory nodules were observed 
2 months after the treatment.

Figure 6. Hyaluronidases were then employed, injecting 600 
units in 3 sessions, performed every 7 days. The results 3 
months after the treatment with hyaluronidases are shown.
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other IgE antibodies showed that anaphylactic reactions 
are the most severe, and immediate allergic reactions were 
observed after intravenous administrations of chemothera-
peutics.25 Additionally, some authors suggested that the 
coadministration of hyaluronidase, chemotherapeutics, 
and dexamethasone might trigger IgE synthesis.25

Even in pain therapy,30 where hyaluronidases are admin-
istered along with local anesthetic in caudal blocks or directly 
at the site of pain (eg, joints, tendons) or through an intra-
thecal route, anaphylactic reactions have been observed.15 A 
number of allergic reactions to hyaluronidases have been 
described in ophthalmic surgery, where these enzymes are 
employed for retrobulbar anesthesia with lidocaine or bupiv-
acaine.14 A case of delayed allergic reaction with secondary 
visual loss was also reported.31

The subcutaneous injection of hyaluronidases produces, 
in most cases, a mild local allergic reaction. Generalized 
allergic reactions occur more commonly after administration 
of systemic high doses of enzyme (Table 4). A careful patient 
interview may help in individuating previous enzyme admin-
istration with possible sensitization.

tecHnical notes

A hyaluronidase prescription should take into account 2 
issues: (1) drug availability and (2) off-label indications for 

aesthetic purposes. The prescription for hyaluronidases in 
the United States is regulated, like every drug, by the US 
Food and Drug Administration (FDA) Center for Drug 
Evaluation and Research (CDER), which reviews new drug 
applications supplied by a pharmaceutical company. When 
the drug meets the requirements for safety and effective-
ness, the dosage, route, and indications are established.41

Several categories of hyaluronidases have been 
approved for clinical use, from animal or recombinant 
production. These enzymes have been approved for 3 pur-
poses: (1) as an adjuvant to increase the absorption and 
dispersion of other injected drugs, (2) to produce hypoder-
moclysis, and (3) as an adjunct in subcutaneous urogra-
phy for improving reabsorption of radiopaque agents.

Although the promotion of any drug for indications not 
approved by the FDA is not allowed, off-label prescription 
is not formally prohibited and is delegated to the practi-
tioner’s choice, if considered safe and effective.

In the European Union, marketing approval is released 
after testing of the product’s quality, efficacy, and safety. 
Authorization is granted by centralized or national proce-
dures. Analogously to the United States, off-label promo-
tion is not allowed by Article 87 of Directive 2001/83/EC. 
Nevertheless, off-label prescriptions are allowed, pro-
vided the patients’ best interests and autonomy are 
respected. Hyaluronidases are labeled in the European 
Union for the following indications: (1) as adjuvant 

Table 2. Example of the Most Common Commercially Available Hyaluronidases

Product Name Produced by Origin Description

Vitrase ISTA Pharmaceuticals Purified ovine testicular hyaluronidase Each vial of 6200 USP units contains 5 mg lactose, 1.92 mg potassium phosphate dibasic, and 
1.22 mg potassium phosphate monobasic.

Amphadase Amphastar Purified bovine testicular hyaluronidase Each vial contains 150 USP units of hyaluronidase per milliliter with 8.5 mg sodium chloride, 1 
mg edetate disodium, 0.4 mg calcium chloride, monobasic sodium phosphate buffer, and not 
more than 0.1 mg thimerosal (mercury derivative).

Hylenex Halozyme therapeutics Purified recombinant human hyal-
uronidase

Each vial contains 150 USP units/mL, nonpreserved.

Table 3. Incidence of Allergic Reactions to Hyaluronidases

Author Incidence, % Injection Site Units Timing Local Symptoms Systemic Symptoms Treatment

Leibovitch et al26 0.13 Peribulbar 100-300 12-72 hours 
after injection

Proptosis, periorbital erythema, 
swelling, extraocular muscle 
function restriction, periorbital 
pain or itchiness, conjunctival 
chemosis

None Systemic antibiot-
ics and steroids

Szepfalusi et al25 31.25 Intravenous 200 000 Immediate — Anaphylactic reactions: 
burning on the skin, urti-
caria, macular exanthema, 
dyspnea, blood pressure 
drop

—

Kempeneers et al14 0.05 Retrobulbar — — Angioedema — —

Eberhart et al27 0.69 Peribulbar 112.5 24 hours after 
injection

Angioedema, itching None —

 —,  not available.
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Table 4. Review of Allergic Reactions to Hyaluronidases Reported in the Literature

No. Study Years Units Timings Local/Systemic Symptoms

 1 Kim et al15 55/F 1500 U: epidural 1 hour Systemic Generalized urticaria

 2 Ahluwalia  
et al31

77/F — 28 hours Local, 
systemic

Swelling, nausea and vomiting, extraocular muscle function restriction

 3 Leibovitch  
et al26

75/F 100-300 U 12 hours Local Proptosis, erythema, Swelling, extraocular muscle function restriction, perior-
bital pain, itchiness

 4 87/F 24 hours

 5 70/M 24 hours

 6 85/F 48 hours

 7 75/F 72 hours

 8 Kim et al30 68/F 1500 U: epidural Immediate Systemic Itching sensation and a generalized maculopapular rash

 9 35/F 1500 U: tendon 12 hours Local Swelling, mild pain

10 55/F 1500 U: anserinus bursa 24 hours Local Swelling

11 Eberhart et al27 — 112.5 U: peribulbar 24 hours Local Angioedema, itching

12

13

14 Ebo et al32 47/F 1500 U subcutaneous 
(scar)

30 minutes Local, 
systemic

Angioedema, anaphylactic reaction

15 50/F 1500 U subcutaneous (in-
filtration of the femoral 
cutaneous nerve)

20 minutes Systemic Generalized maculopapular rash, angioedema of the larynx

16 Szepfalusi  
et al25

4/M 200 000 U intravenous Immediate Systemic Urticaria, tachycardia, shock

17 5/F Tachycardia, exanthema, dyspnea

18 8/M Itching, exanthema, dyspnea

19 14/M Total body urticaria

20 11/F Dyspnea, exanthema, shock

21 Varma and 
Metcalfe33

79/F 1500 U: peribulbar 48 hours Local Periorbital swelling, pain, redness

22 Musa et al34 50/F 1500 U: sub-Tenon’s 
anesthesia

36 hours Local Pain, decreased vision, proptosis, swelling, extraocular muscle function restriction

23 Kirby et al35 67/F 15 000 U: peribulbar Immediate Local, 
systemic

Chemosis, periorbital edema, hypertension, sweating, nausea, incontinence

24 Delaere et al36 84/F 150 U: peribulbar 24 hours Systemic Nausea, vomiting

25 74/F Nausea, vomiting

26 31/M Itchy neck and throat, swallowing difficulties

27 Escolano  
et al28

71/M — Immediate Systemic Generalized rash

28 Quhill et al37 70/F 150 U: peribulbar 5 days Local Proptosis, pain, decrease of visual acuity, extraocular muscle function restriction

29 Youssef et al38 — —, peribulbar 24-48 hours Local Periorbital swelling, decrease of visual acuity

30 —

31 —

32 Agrawal et al39 41/F 30 U: sub-Tenon’s anes-
thesia

5 minutes Local Periorbital erythema, edema

33 Minning29 7/F — 30 minutes Local Hemorrhage

34 Kempeneers 
et al14

73/F Peribulbar 12 hours Local Pseudotumor

35 Taylor and 
Pollowitz40

54/F — Immediate Local Edema

—, not available.
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therapy in subcutaneous drug administration, (2) to 
increase penetration of a local anesthetic, (3) to promote 
the reabsorption of contrast medium in urology, and (4) 
to promote reabsorption of subcutaneous hematomas.

Similarly, in Italy, drug prescriptions are regulated by law 
number 94/98, which allows prescriptions for those mole-
cules approved by the European Union or already present in 
drugs regularly marketed. The administration of hyaluroni-
dase for the treatment of HA injection is therefore considered 
off-label, informed consent of the patient is required, and the 
related prescriptions (specifying the indication) must be 
reported in a medical record. In addition, the pharmacist 
must send a copy of the off-label prescription to the local 
health office and then to the Public Health Department.

The production of hyaluronidases has been abandoned 
in Italy for marketing issues (eg, Jalovis 5 fl 250 IU by Coli 
Srl [Pomezia, Italy] was available until November 9, 1990; 
Jaluran fl 3 fl 300 IU by Pfizer Italia Srl [Borgo San 
Michele, Italy] was available until May 30, 2003; and 
Jaluran Ipod 3 fl 300 IU by Bioindustria Srl [Novi Ligure, 
Italy] was available until July 29, 1986). In these cases, the 
drug may be obtained legally as a galenic formulation.

conclusions

Hyaluronidases should be considered an effective instru-
ment for the practitioner employing HA fillers, both for 
correcting the achieved results and for avoiding severe and 
disfiguring complications. Proper knowledge of their use 
and prompt recognition of complication signs after filler 
injection are essential for everyday practice.

disclosures

The authors declared no potential conflicts of interest with respect 
to the research, authorship, and publication of this article.

funding

The authors received no financial support for the research, 
authorship, and publication of this article.

references

 1. Kohno N, Ohnuma T, Truog P. Effects of hyaluronidase on 
doxorubicin penetration into squamous carcinoma multi-
cellular tumor spheroids and its cell lethality. J Cancer 
Res Clin Oncol. 1994;120:293-297.

 2. Evison M, Wing V. Human recombinant hyaluronidase 
(Cumulase®) improves intracytoplasmic sperm injection 
survival and fertilization rates. Reprod BioMed Online. 
2009;18(6):811-814.

 3. Girish KS, Kemparaju K. The magic glue hyaluronan and 
its eraser hyaluronidase: a biological overview. Life Sci. 
2007;80(21):1921-1943.

 4. Racz GB, Heavner JE, Trescot A. Percutaneous lysis of 
epidural adhesions—evidence for safety and efficacy. 
Pain Pract. 2008;8:277-286.

 5. Dunn AL, Heavner JE, Racz G, Day M. Hyaluronidase: 
a review of approved formulations, indications and off-
label use in chronic pain management. Expert Opin Biol 
Ther. 2010;10(1):127-131.

 6. Duran-Reynals F. Exaltation de l’activité du virus vacci-
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Autologous fat transplantation is widely performed in 
plastic surgery for soft tissue augmentation in cosmetic 
and reconstructive surgery. Fat for transplantation has the 
advantage of being abundant, relatively cheap, easy to 
harvest, and autogenic.1 The greatest drawback at the cur-
rent time is the unpredictable stability and longevity of the 
graft.2-6 Current data range from impressive outcomes1,7 to 
disappointing long-term results, with up to 80% reabsorp-
tion reported.1,3,8 The wide range in reported rates of suc-
cessful grafting suggests that the optimum method for 
harvest, manipulation, and graft placement, at least in the 
clinical setting, still awaits precise determination.

The cell survival theory suggests that the number of 
viable cells in the grafted material correlates with the 
amount of long-term survival of the graft.9 This theory has 
been supported by evidence of adipose-derived stem cells 
in lipoaspirated fat.10 Further, data have shown that a 

major factor in fat graft survival is the trauma placed on 
the adipose tissue during extraction.11,12 Reports on trauma 
induced by liposuction vary from no cell damage to 90% 
adipocyte rupture.1,13,14 Others have suggested that rates of 
centrifugation can have a dramatic effect.15

Comparison of Adipocyte Viability and Fat  
Graft Survival in an Animal Model Using a  
New Tissue Liquefaction Liposuction Device  
vs Standard Coleman Method for Harvesting
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Abstract
Background: The use of autologous fat for augmentation has become common practice among plastic surgeons for both cosmetic and reconstructive 
procedures. Previously reported data suggest that the method of fat extraction can have profound effects on adipocyte viability and subsequent fat graft 
survival.
Objective: The authors describe a pilot study comparing a new tissue liquefaction liposuction device (TLL; HydraSolve Lipoplasty System; Andrew 
Technologies, Irvine, California) with a standard syringe aspiration method with respect to adipocyte viability, fat graft survivability, and fat graft quality.
Methods: Lipoaspirate from 5 patients was harvested using either TLL or the standard method. Samples were centrifuged and assayed for cell viability. 
All lipoaspirate samples were grafted into nude rats and harvested 42 and 84 days later. Graft survival and quality were assessed.
Results: There was no difference in adipocyte viability between the lipoaspirate conditions. At 42 days, there was no significant difference in fat graft 
weight and the TLL grafts were more fibrotic than the standard control grafts, but this was improved with the increased centrifuge rate. At 84 days, fat 
grafts were equivalent with respect to graft weight and histology.
Conclusions: Lipoaspirate harvested with the TLL device and centrifuged at 3000 rpm resulted in fat grafts that were equivalent in weight and histology 
to those from lipoaspirate harvested with the standard syringe aspiration technique.
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Our study objective was to compare harvesting with a new 
tissue liquefaction liposuction device (TLL; HydraSolve 
Lipoplasty System; Andrew Technologies, Irvine, California) 
with a standard syringe aspiration technique. Lipoaspirate 
viability and graft survival and quality were assessed.

Methods
Lipoplasty Adipose Tissue Harvest and 
Preparation
Human consent was obtained by the surgeon or appropri-
ate member of the study team using a consent form 
approved by the Institutional Review Board of the University 
of Texas Southwestern Medical Center (Dallas, Texas). 
Patients were recruited from those undergoing body con-
touring procedures by the senior investigator (J.K.). Each 
patient was infiltrated with a wetting solution consisting of 
1 L of Ringer’s lactate and 1 ampule of epinephrine 
(1:1000) so that a 1-mL infiltration-to-aspiration ratio was 
obtained. Approximately 20 mL of lipoaspirate was col-
lected from each consented patient using the standard 
Coleman technique (as a control group) or the new TLL 
device. This new category of liposuction utilizes a stream 
of warmed, low-pressurized, pulsed saline that is emitted 
inside the distal end of the cannula and remains inside the 
cannula until aspirated. The stream causes a targeted phase 
transition of fat tissue from a solid to a liquid, while non–
fat tissue is not liquefied. The fat liquefaction occurs via 
cell disaggregation: fat tissue is changed from a solid mass 
into a liquid, multicell suspension composed of clumps of 
adipose tissue in a saline medium. In TLL, there is no cut-
ting of tissue; the cannula aperture edges are dull, and they 
are manufactured with a rounded radius of curvature and 
therefore cannot cut tissue (Figure 1).

The lipoaspirate harvested with the TLL device was 
divided into 3 samples and centrifuged at 0, 500, or 3000 
rpm (TLL-0, TLL-500, and TLL-3000, respectively) for 1 
minute. The control group’s lipoaspirate was centrifuged 
at 3000 rpm for 1 minute. The adipose tissue was then 
transported from the operating room to the appropriate 
laboratory and distributed into 1.0-mL samples for both 
analysis and the grafting procedure (Figure 2). Each 

patient had 4 donor rats with 4 mL in each animal (1 mL/
condition: TLL-0, TLL-500, TLL-3000, and control). The 
remaining tissue was analyzed for further histology and 
adipocyte viability (see details below; Figure 2).

Lipoaspirate Histology and Clump Size

Small samples (approximately 0.25 mL of the tissue) 
were fixed in 10% neutral buffered formalin and gently 
shaken for approximately 48 hours, allowing for the tis-
sue to fix (Figure 2). The samples were then embedded 
with paraffin, sectioned, and stained with hematoxylin 
and eosin (H&E). Clump size was determined with pic-
tures of the H&E stains, which were obtained using an 
Olympus IX51 epifluorescence microscope (Olympus, 
Center Valley, Pennsylvania) equipped with an Optronics 
Microfire Color CCD Camera (Optronics, Houston, 
Texas) and viewed under rhodamine fluorescence. 
Analysis was performed with National Institutes of 
Health (Bethesda, Maryland) ImageJ software by ana-
lyzing 8 images of clumps from each condition. The 
average number of adipocytes per clump was deter-
mined for each sample of adipose tissue.

Cell Viability

Samples from all 4 testing conditions were collagenase 
treated (0.5 mg/mL) for 20 minutes at 37°C (Figure 2). 
Digested samples were then filtered with a 200-µm filter to 
remove undigested tissue. To test the cell viability of the 
adipose cells, the Nexcelom Cellometer Auto T4 (Nexcelom, 
Lawrence, Massachusetts) was used. The sample was 
mixed 1:1 with 100 µg/mL propidium iodide (pI) interca-
lating agent and measured. The Cellometer calculates the 
number of cells with a greater than 30 µm diameter (total 
adipocytes) and then, of those cells, the number that are 
pI positive (total dead). Cell viability (%) is calculated by 
subtracting the dead adipocytes from the total adipocytes 
(live adipocytes) divided by total adipocytes.

Animals and Graft Implant

Twenty athymic rats (RNU; Foxn1rnu) purchased from 
Charles River Laboratories (Wilmington, Massachusetts) 
were used for this study. Rats were housed in a tempera-
ture-controlled sterile environment at 64 to 79°F using a 
12-hour light/12-hour dark cycle. Animals were housed in 
groups of 2 prior to surgery and singly housed postopera-
tively. The rats were fed standard chow (#2916; Harlan-
Teklad, Houston, Texas), and water was provided ad 
libitum. At approximately 10 weeks of age, fat grafts were 
placed on the dorsum of the animal. Animals were anesthe-
tized using a combination of isoflurane gas and oxygen, and 
fat grafting was performed with a 16-gauge needle through 
a single stab incision made caudally through the skin to 
allow passage of the fat graft cannula. The cannula was 

Figure 1. Tissue liquefaction liposuction (TLL) device. 
Schematic of TLL cannula mechanism during lipoaspiration. 
Reprinted with permission from Andrew Technologies, Irvine, 
California, manufacturer of the device tested in this study.
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inserted through the incision and tunneled under the epi-
dermis/dermis of the skin to deposit the human fat subcu-
taneously in the formed tunnels. Each fat graft was placed 
at least 1 cm from other grafts, through individual stab 
incisions. A total volume of 0.5 mL of lipoaspirate for each 
experimental condition was deposited per row. No sutures 
were needed to close the skin due to the single stab inci-
sion. Rats were administered 0.01 mg/kg buprenorphine 
and given 4.4 mg/kg carprofen wafers after the procedure. 
Buprenorphine doses were also administered every 8 to 12 
hours after the procedure for the following 48 hours. 
Tissues were harvested at either 42 or 84 days after grafting. 
The tissues were weighed and analyzed for graft survival. 
Care of all animals and procedures were approved by the 
University of Texas Southwestern Medical Center.

Graft Explant

Rats were deeply anesthetized, and a 320-mg/kg dose of 
phenobarbital barbiturate was injected intracardiac for 
sacrifice. An incision was made on the dorsum along the 
tail base left to right, and the dorsal skin layer was lifted 
to visualize the grafts. Gross analyses and general appear-
ance observations were taken at this time and recorded in 
the study binder. The grafts were then removed individually 

by the surgeon, left to right of the animal, and the weights 
of the grafts were recorded.

Graft Histological Analyses

The grafts were cut into 2 sections (cranial and caudal) 
and each placed in 10% neutral buffered formalin and 
gently shaken for approximately 48 hours, allowing for 
the tissue to fix. The samples were then embedded with 
paraffin, sectioned, and stained with H&E. Scanned pho-
tographs from each slide were printed and evaluated by 
3 blinded reviewers and rated 1 to 5 for fibrotic and adi-
pose tissue content. The more adipose tissue content, the 
higher the rating. Figure 3 shows 5 example grafts, with 
their score based on the aforementioned scoring system 
and the percent makeup of adipose and fibrotic tissue in 
each graft.

Statistics

The data were calculated as mean ± SEM. After con-
firming normal distribution of data, comparisons 
between graft conditions were made by the paired 
2-tailed Student t test. P < .05 was considered to be 

Figure 2. Experimental design schematic. Adipose tissues were harvested using either the control (CNTRL) or tissue 
liquefaction liposuction (TLL) protocols. Samples were centrifuged at 3000 rpm (CNTRL and TLL), 500 rpm (TLL), and 0 rpm 
(TLL). Patient lipoaspirate from each of the 4 conditions was grafted into 2 rats; 1 rat from each of 10 patients was sacrificed 
at day 42 and 1 at day 84, and grafts were harvested. Lipoaspirate from each of 4 conditions was fixed and processed for 
histological processing. Lipoaspirate from each of 4 conditions was collagenase treated, and adipocytes were assessed for 
viability using propidium iodide staining and analyzed using the Nexcelom Cellometer (Lawrence, Massachusetts).
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statistically significant. P values were noted where sig-
nificances occurred.

Results
Effect of Different Liposuction Techniques 
on Lipoaspirate Viability and Consistency
Lipoaspirate from 5 patients taken using both the TLL and 
control methods was assessed for clump size using histo-
logical methods (Figure 4A). Data demonstrated that with 
centrifugation (TLL-500, TLL-3000), there was no differ-
ence in lipoaspirate clump size between the TLL and con-
trol groups. However, with no centrifugation (TLL-0), the 

clumps found in lipoaspirate harvested with TLL were 
significantly smaller than those found in the control sam-
ples. Samples of lipoaspirate with differential centrifuga-
tion speeds were compared with control (Figure 4B). 
There was no difference in adipocyte viability between 
any of the tested conditions.

Effect of Different Liposuction Techniques 
on Fat Graft Survival at 42 and 84 Days 
After Implantation
Equal weights of lipoaspirate from each of the 4 conditions 
were implanted on the dorsum of nude rats. At day 42  

Figure 4. Lipoaspirate clump size and adipocyte viability comparing tissue liquefaction liposuction centrifuged at 0, 500, and 3000 
rpm vs the standard control technique. (A) Analysis of the lipoaspirate clump size from each condition. (B) Percent cell viability as 
assessed using the Nexcelom Cellometer. Data are presented as mean ± SEM; if significant (P < .05), P value is noted.

Figure 3. Histological scoring system scale. Fat grafts from each rat were stained for hematoxylin and eosin and assessed by 
3 blinded reviewers. Reviewers were provided the scale demonstrating adipose/fibrosis levels and asked to assign each graft a 
rating.
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postimplantation, half of the animals were sacrificed and 
grafts were dissected and weighed. The grafts from both the 
uncentrifuged TLL and the TLL centrifuged at 500 rpm were 
smaller than the control grafts; however, the TLL-3000 and 
control grafts were equivalent (Figure 5A). Representative 
images of fat grafts are shown (Figure 5B-5E). To determine 
the quality of the implanted grafts, histological processing 
and H&E staining were performed. Three independent, 
blinded reviewers scored stained sections from each graft. 
Data demonstrated that the control technique produced 
grafts with a higher adipose tissue/fibrotic tissue ratio than 
the TLL technique at day 42 postimplantation (Figure 5F). 
Representative images of fat grafts are shown in Figure 5G-J.

At day 84 postimplantation, the second half of the animals 
were sacrificed and their grafts dissected and weighed. At 
day 84, the TLL-3000 and control samples were equivalent 
with respect to graft weight, but the TLL-500 and TLL-0 grafts 
were significantly smaller compared with the control grafts 
(Figure 6A). Representative images of fat grafts are shown in 
Figure 6B-E. Similar results were observed when measuring 
graft quality (Figure 6F). The TLL-0 and TLL-500 conditions 
produced grafts with significantly more fibrotic tissue than 
the control grafts. However, the grafts from the TLL-3000 and 
control lipoaspirate systems were equivalent. Representative 
images of fat grafts are shown (Figure 6G-J).

discussion

There are many methods of fat harvest, from traditional 
tumescent liposuction to ultrasound and water-assisted 
methods. It has been suggested that conventional liposuction 
may have a more detrimental effect on fat cells than syringe 
aspiration for fat graft harvest and that fat grafts harvested 
with conventional liposuction may have fewer viable fat 
cells.13,16,17 More recently, ultrasound-assisted liposuction has 
been demonstrated to preserve adipose stem cell viability.18 
It has been suggested that water-assisted liposuction (WAL) 
may spare certain anatomical structures such as blood ves-
sels and nerves and induce less trauma than traditional lipo-
suction. Araco et al19 performed a study of 60 patients 
randomly assigned to water-assisted or traditional liposuc-
tion. Postoperative pain was assessed by visual analog scale 
(VAS) score and dose of pain medication required.1,19 Sasaki7 
demonstrated safety with respect to volume of instilled fluid, 
lidocaine dosing, and aspiration volumes. In that study, the 
author also suggested comparable results with fat grafting 
from WAL lipoaspirate, but further studies are required as 
this assessment was subjective. Stutz and Krahl1 published a 
study using WAL to treat 30 patients with lipoedema. They 
demonstrated that damage to the lymph vessels can be 
avoided with WAL. Further, adipocytes remained largely 
intact with WAL. In our current study, we obtained results 
from a new TLL device, which provides a localized stream of 
warmed fluid that remains inside the cannula and may result 
in less volume being injected into the patient. Our study 
attempted to determine whether this new technology was a 
useful adjunct to current fat harvesting techniques.

Fat graft survival is a multifactorial process. Harvest 
technique and centrifugation rates have been demonstrated 
to alter fat graft survival.20 Further, higher numbers of adi-
pocyte-derived stem cells have been shown to enhance graft 
take.21 In addition, the presence of cytokines and growth 
factors (whether endogenous or ectopically produced) also 
plays a role.22 In this study, we chose to focus on differences 
in harvest technique and centrifugation rates. It is possible 
that different harvesting and centrifugation techniques had 
effects on other factors responsible for graft survivability. 
However, the aim of this study was to test techniques as 
they would be used clinically.

We performed a pilot experiment to test adipocyte via-
bility, fat graft survival, and fat graft quality from lipoaspi-
rate harvested with the TLL device as compared with 
standard control techniques. Further, we compared the 
outcomes of differential centrifugation speeds on the TLL 
lipoaspirate. Our results demonstrate that there is no 
impact on adipocyte viability based on technique, no mat-
ter the centrifugation rate (Figure 4B). There was a differ-
ence in clump size, but only between the TLL uncentrifuged 
lipoaspirate and the control technique (Figure 4A). The 
adipose tissue clump sizes did trend larger in the control 
lipoaspirate compared with those from the TLL also cen-
trifuged at 3000 rpm, thus suggesting that there may be 
innate differences in the physical state of the lipoaspirate. 
To the best of our knowledge, there are no studies that 
analyze lipoaspirate clump size and fat graft survival. 
Analyses of these data suggest that larger clump size is 
correlated with increased graft take. We could hypothesize 
that there is a delicate balance between clumping of adi-
pocytes, matrix formation, and vascularity of the graft. 
Tissue clumps would provide a scaffold on which to 
rebuild tissue. This rebuilding process would be much less 
efficient and much more time-consuming if cells had to 
rebuild the matrix. There is likely a limit to this correlation 
as adipose tissue clumps with too large a volume will 
result in necrotic tissue at the center due to poor vascu-
larization.

When fat grafts from the 4 different lipoaspirate condi-
tions were explanted 42 days after grafting, we found that 
those from the control technique were larger than those 
from the TLL device with no centrifugation or centrifuga-
tion at 500 rpm (Figure 5B-E). There was no statistical 
difference in graft size between the TLL and CNTRL condi-
tions centrifuged at 3000 rpm, suggesting that with similar 
centrifugation conditions, results from these 2 techniques 
are similar. However, measures of graft quality suggest 
that grafts from lipoaspirate harvested with the control 
technique have more adipose tissue composition while 
those from the TLL device have more fibrotic tissue at 42 
days (Figure 5F-J), the clinical implications of which are 
unknown. While slight differences appear at day 42 post-
implantation, results suggest equivalency between the 
3000-rpm centrifuged TLL and CNTRL techniques by day 
84. It is apparent that using the TLL technique for lipoaspi-
ration with no or low rpm centrifugation speeds results  
in smaller and more fibrotic grafts. As demonstrated  
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Figure 5. Explant pad weight and histological scoring at day 42 postimplantation from tissue liquefaction liposuction (TLL) 
and standard control harvested lipoaspirate. (A) Average graft weight (g) at explant and a representative image from each 
centrifuge condition: TLL-0 (B), TLL-500 (C), TLL-3000 (D), and control (E). (F) Average histological score for each condition 
and representative histological images of each condition: TLL-0 (G), TLL-500 (H), TLL-3000 (I), and control (J). Data are 
presented as mean ± SEM; if significant (P < .05), P value is noted.
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Figure 5. (continued) Explant pad weight and histological scoring at day 42 postimplantation from tissue liquefaction liposuc-
tion (TLL) and standard control harvested lipoaspirate. (A) Average graft weight (g) at explant and a representative image 
from each centrifuge condition: TLL-0 (B), TLL-500 (C), TLL-3000 (D), and control (E). (F) Average histological score for each 
condition and representative histological images of each condition: TLL-0 (G), TLL-500 (H), TLL-3000 (I), and control (J). Data 
are presented as mean ± SEM; if significant (P < .05), P value is noted.
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Figure 6. Explant pad weight and histological scoring at day 84 postimplantation of fat grafts from tissue liquefaction 
liposuction and standard control harvested lipoaspirate. (A) Average graft weight (g) at explant and a representative image 
from each centrifuge condition: TLL-0 (B), TLL-500 (C), TLL-3000 (D), and control (E). (F) Average histological score for each 
condition and representative histological images of each condition: TLL-0 (G), TLL-500 (H), TLL-3000 (I), and control (J). Data 
are presented as mean ± SEM; if significant (P < .05), P value is noted.
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Figure 6. (continued) Explant pad weight and histological scoring at day 84 postimplantation of fat grafts from tissue lique-
faction liposuction and standard control harvested lipoaspirate. (A) Average graft weight (g) at explant and a representative 
image from each centrifuge condition: TLL-0 (B), TLL-500 (C), TLL-3000 (D), and control (E). (F) Average histological score 
for each condition and representative histological images of each condition: TLL-0 (G), TLL-500 (H), TLL-3000 (I), and control 
(J). Data are presented as mean ± SEM; if significant (P < .05), P value is noted.
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previously, the formation of oily cysts and fibrotic connec-
tive tissues are evidence of late-stage fat necrosis and 
result in the need for repeat grafting procedures.3,8,9 Here 
we support previous studies that suggest that lipoaspirate 
centrifugation is critical for graft survival and quality.20

There are many techniques for fat harvest and transfer 
available to the plastic surgeon. Our study examined the 
ability of a new TLL device to harvest fat that is suitable 
for fat transfer. Our study confirmed that TLL fat centri-
fuged in a similar fashion as described by Coleman yields 
comparable viable volume and similar histology in a rat 
model. Further work is necessary to determine how  
this technology compares with other similar technologies, 
including power-assisted liposuction, water-assisted lipo-
suction, and ultrasound-assisted liposuction, among others.

conclusions

The data presented here demonstrate the equivalency 
between TLL and standard syringe lipoaspiration tech-
niques. There are conflicting data as to the effects of water-
assisted lipoaspiration compared with the standard 
tumescent technique.1,7,19,23,24 These studies have a broad 
range of outcomes, including patient outcomes, measures 
of viable adipose tissue, and numbers of stem cells. We 
demonstrated here that for grafting purposes, the lipoaspi-
rate from the TLL device and the control technique is 
equivalent and produces similar outcomes with respect to 
graft survival and quality in this animal model. These stud-
ies were limited with respect to determining why certain 
harvesting and centrifugation techniques resulted in differ-
ent fat grafting outcomes. However, the data presented here 
demonstrate that the established protocols for the tech-
niques tested produce mostly equivalent outcomes. Further 
studies will need to be performed to determine why the 
observed differences in graft survival and quality do exist.
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Keloid formation is characterized by an overabundant gen-
eration of fibroblasts and collagen that leads to excessive 
cicatrix proliferation. Patients would be able to avoid the 
psychological and physical discomfort and pain of keloid 
scarring to some extent if fibrosis generation was reduced 
and fibroblast apoptosis was increased. In recent years, 
aberrant micro-ribonucleic acids (miR) expression has 
been proven to play an essential role in controlling cell 
proliferation,1 apoptosis,2 migration,3 and hematopoiesis4 
in vivo and in vitro.

MiR are small, noncoding ribonucleic acid (RNA) mole-
cules of 19 to 25 nucleotides in length; they typically func-
tion as negative regulators of the expression of many target 
genes. They can restrict translation of the endogenous  
messenger RNA (mRNA) or promote its degradation at a 

posttranscriptional level by combining with 3′-untranslated 
regions of target mRNA.5 MiR are increasingly important as 
players in related skin diseases and wound healing.6 
However, almost no reports have been published about the 
effects of miR on keloid pathogenesis. Previously, we 
observed upregulation of the expression of 23 miR in keloid 
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Abstract
Background: Micro-ribonucleic acids (miR) are small, noncoding RNA molecules 19 to 25 nucleotides in length that typically function as negative 
regulators of expression for many target genes involved in cell proliferation, differentiation, and apoptosis. However, the effects of miR-21 on keloid 
fibroblasts are currently unknown.
Objectives: The authors investigate whether miR-21, a specific miR implicated in multiple aspects of keloid fibroblasts, affects the expression of Fas 
ligand (FasL) in the presence of transforming growth factor (TGF)–β1.
Methods: The relationship between TGF-β1 and miR-21 expression was investigated by TaqMan quantitative real-time polymerase chain reaction (Life 
Technologies, Grand Island, New York). FasL protein was determined by Western blotting, and regulation of cell proliferation/migration/apoptosis ability 
by TGF-β1 inhibitor or plasmid was evaluated respectively by EdU incorporation, Transwell assay, and flow cytometry analysis.
Results: Fibroblasts from keloid tissue were confirmed to express high levels of TGF-β1 and miR-21 compared with normal skin fibroblasts. Expression 
of TGF-β1 and miR-21 was positively correlated in fibroblasts. In addition, cells transfected with TGF-β1 inhibitor or miR-21 inhibitor showed significant 
increases in FasL protein levels and number of apoptotic cells compared with control cells, whereas cell growth and migration significantly decreased. The 
opposite results could also be confirmed when TGF-β1 was upregulated in normal skin fibroblasts.
Conclusions: TGF-β1 could effectively influence cell proliferation, apoptosis, and migration via its control of miR-21. These findings also identify a novel 
mechanism of interaction between TGF-β1 and miR-21 in the regulation of FasL protein, which is involved in keloid formation.
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tissue compared with normal skin tissue through a human 
miR array chip (Agilent, Santa Clara, California) technology.7 
These keloid-related miRNA could provide significant 
opportunities for the development of cicatrix therapies. 
Among them, the quantitative expression of miR-21 showed 
the biggest difference between keloid tissue and normal 
skin tissue.

MiR-21 is one of the most commonly and dramatically 
upregulated miRNA in various cancers and has been 
implicated in an antiapoptotic effect.8 There is evidence 
that miR-21 plays an important role in fibrosis of the kid-
ney and lung.9,10 Hence, we examined whether these find-
ings could be replicated in keloid fibroblasts. The signals 
that induce fibroblasts to undergo excessive proliferation 
have not been completely defined but invariably include 
the activities of aberrant cytokines and growth factors, 
such as transforming growth factor (TGF)–β.

Transforming growth factor–β is the fundamental mem-
ber of a large family of growth and differentiation factors. 
The TGF-β group includes the TGF-β proteins, the activins, 
and the bone morphogenetic proteins (BMP) that activate 
distinct signaling pathways.11 In mammals, 3 isoforms of 
TGF-β are all expressed in fibrotic tissues, but TGF-β1 is 
considered a key molecule in the activation of the fibrosis 
program.12 TGF-β1 has been implicated in the pathogenesis of 
cancer, extracellular matrix (ECM) synthesis, fibrosis dis-
eases, and other disorders.13-15 TGF-β1 has been shown to 
notably enhance the hyperplasia of cultured fibroblasts.16,17 
Recently, some reports have indicated that miRNA are 
involved in the TGF-β1 signaling pathway18 and TGF-β1 can 
upregulate the expression of miR-21, which mediates the 
effect of TGF-β1 in breast cancer genesis,19 renal fibrosis,20 
and myofibroblast conversion.21 However, the role of miR-21 
induction by TGF-β1 in keloid formation is still undeter-
mined. With a microassay to measure the influence on 
keloid formation, the study of the related biology of TGF-β1 
has provided some interesting and surprising insights into 
how this factor can regulate the pathological and physiolog-
ical processes of scar formation.

Fas ligand (FasL), phosphatase and tensin homolog 
(PTEN), and programmed cell death protein (PDCD) 4 
have been conclusively confirmed to be the target genes of 
miR-21.8,22 FasL (CD95L) is composed of ligand-dependent 
transcription factors that lead to a signaling cascade that 
instructs the cell to die.23 The binding of FasL to the Fas 
(CD95) receptor would induce cell apoptosis, and this is a 
classic pathway in cells and tissues.24 Recent evidence 
indicates that miR-21 directly targets FasL during hypoxia 
and thus inhibits myocardial cell apoptosis8 and could 
suppress the translation of FasL by targeting FasL 3′-UTR.25

Our aim was to identify how the upstream cytokine 
(TGF-β1) of miR-21 and its downstream target gene (FasL) 
mediate its relevant function in keloid formation. In brief, 
TGF-β1 can differentially affect miR’s synthesis and protein 
expression, so we assessed whether TGF-β1 similarly regu-
lated miR-21 and FasL protein in keloids. Right now, the 
molecular mechanism behind keloid pathogenesis is still 
largely unknown, so we were hopeful that this study 

would provide significant information about keloid forma-
tion for future research.

Methods
Isolation of Fibroblasts and Cell Cultures
Fresh keloid tissues and normal skin tissues were respec-
tively isolated from 4 patients with keloid scarring and 4 
nonkeloid patients treated at the Second Affiliated Hospital 
of Harbin Medical University. All patients provided docu-
mented informed consent to participate in this study. The 
epidermis was scraped off, and the rest of dermis was  
cut into 1-mm3 pieces and cultured in high-glucose 
Dulbecco’s modified Eagle medium (DMEM; Hyclone 
Laboratories, ThermoFisher Scientifics, Waltham, Massa-
chusetts) that was supplemented with 10% fetal bovine 
serum, penicillin (100 U/mL), streptomycin (100 mg/
mL), and Fungizone (0.25 mg/mL) (all purchased from 
Sangon Biotech, Shanghai, China) to keep sterile. Two 
weeks later, original generation fibroblasts were visibly 
growing from the edge of the tissue block and continued 
to subculture after treatment with 0.25% trypsin. Cells 
from generations 3 to 8 were used for experiments. 
Human fibroblasts were maintained at 37°C with 5% CO2 
in a humidified incubator. Each experiment was repeated 
at least 3 times.

Transfections and RNA Extractions

Fibroblasts were seeded into 24-well plates at a density of 
4 × 104 cells/well for cell viability, and 50 nM of TGF-β1 
or miR-21 small interfering RNA (siRNA) was transfected 
in 24-well plates using X-tremeGENE siRNA Transfection 
Reagent (Roche, Mannheim, Germany), according to the 
manufacturer’s protocol. The cells were harvested at 24 
hours posttransfection. Total mRNA was isolated using the 
RNApure Tissue Kit (CW0584; CoWin Biosciences, Beijing, 
China) and converted into complementary DNA (cDNA) 
with a Prime Script RT reagent Kit (DRR037A; Takara, 
Otsu, Japan). Mature miR-21 was extracted with the miR-
cute miRNA isolation kit, and reverse transcription of miR-
21 was performed using the miRcute miRNA first-strand 
cDNA synthesis kit (RT100309; Tiangen Biotech, Beijing, 
China). The above-mentioned siRNA used in experi-
ments were synthesized by Genepharm Biotechnology 
(GenePharma, Shanghai, China). For TGF-β1 inhibition, 
cells were transfected with 3 different interference chains 
in order to choose the most effective. The oligonucleotide 
sequences are shown in Table 1, while the negative control 
sequence was 5′-CCUACGCCACCAAUUUCGU(dTdT)-3′. 
For miR-21 inhibition, the oligonucleotide sequence with 
2′-O-methyl modification was 5′-UCAACAUCAGUCU-
GAUAAGCUA-3′. The sequence of miR-21 mimics was 
5′-UAGCUUAUCAGACUGAUGUUGA-3′. For upregulation of 
TGF-β1, GV230-mTGF-β1 plasmid (4.7 kb) encoding 
mTGF-β1 cDNA (1173 bp; full length) was purchased from 
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GeneChem Corporation (Shanghai, China). Purpose gene 
and enhanced green fluorescent protein (EGFP) were fusion 
expression. Each plasmid included the cytomegalovirus 
(CMV) promoter for transcription of the genes in the trans-
fected cells. The plasmids were adequately cloned and 
purified by using a GeneJuice Transfection Reagent 
(Novagen, Darmstadt, Germany).

Quantitative Real-Time PCR Analysis of 
mRNA and miRNA Expression

Quantitative real-time polymerase chain reaction (qPCR) 
was performed using the Sybr green I for quantification 
(Applied Biosystems, Foster City, California). Primers for 
TGF-β1 and miR-21 are listed in Table 2. The amount of 
mRNA was normalized with β-actin as an internal control. 
The expression of miR-21 in keloid samples was measured 
with U6 as a reference. The following programs were 
established for quantitative PCR: for amplification of TGF-
β1, an initial denaturation at 95°C for 5 minutes, denatura-
tion at 94°C for 30 seconds, annealing at 49°C for 30 
seconds, and amplification at 72°C for 30 seconds. For 
miR-21 amplification, an initial denaturation was followed 
by 30 seconds at 95°C, 30 seconds at 51°C, and 30 seconds 
at 72°C by 40 cycles. Relative expression was calculated 
using the ΔΔCT method. All qPCR was performed at least 
3 times, and the data are presented as mean ± standard 
deviation (SD).

Western Blot Analysis

Cells were transfected with either TGF-β1 inhibitor or miR-
21 inhibitor/mimic in 6-well plates and grown for 72 
hours. Total proteins from fibroblasts were extracted. In 

brief, the cells were lysed in a buffer composed of RIPA 
and phenylmethylsulfonyl fluoride (PMSF). After adding 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
sample loading buffer (Promega, Madison, Wisconsin), 
extracted proteins were in boiled in water for 5 minutes. 
Protein concentration was measured using a BCA Protein 
Assay kit (Pierce, Rockford, Massachusetts). Protein sam-
ples (40 µg) were electrophoresed on 10% polyacrylamide 
gels (Bio-Rad, Shanghai, China) and transferred to polyvi-
nylidene fluoride (PVDF) transfer membranes (Millipore, 
Billerica, Massachusetts). The membranes were blocked in 
Tris-buffered saline with Tween-20 (TBST) containing 5% 
skim milk for 60 minutes at 37°C and then incubated with 
the primary antibody at 4°C overnight. Immunoblotting 
was performed with the following primary antibodies: rab-
bit anti-FasL antibody (1:200; ZSGB-BIO, Beijing, China) 
and mouse antiactin (1:500; Abcam, Cambridge, United 
Kingdom). After washing 3 times in TBST/Tris-buffered 
saline (TBS) the next day, the membranes were incubated 
with the secondary antibody (goat anti–rabbit/mouse 
immunoglobulin G) for 1 hour at 37°C. After additional 
washing steps, the blots were visualized with the ECL 
chemiluminescence kit (Beyotime, Haimen, China) and 
followed by exposure to x-ray films.

Proliferation Assay and Apoptosis Assay of 
Fibroblasts

Fibroblasts were harvested using 0.25% trypsin and plated 
onto a 96-well plate (Nest Biotechnology Corporation, 
Wuxi, China) at a density of 5 × 103 cells/well. Twenty-
four hours after transfection, cells were incubated with 
EdU at 37°C and 5% CO2 for 2 hours.26 The cells were 
fixed using 4% paraformaldehyde and incubated with 2 
mg/mL aminoacetic acid for 5 minutes. After washing 

Table 1. Transforming Growth Factor (TGF)–β1 Small Interfering RNA (siRNA) for Transfection

TGF-β1 siRNA Sense Antisense

1150382 sense CAGAGUACACACAGCAUAU(dTdT) AUAUGCUGUGUGUACUCUG(dTdT)

1150384 sense CAGAGUGGUUAUCUUUUGA(dTdT) UCAAAAGAUAACCACUCUG(dTdT)

1150385 sense CGCGUGCUAAUGGUGGAAA(dTdT) UUUCCACCAUUAGCACGCG(dTdT)

Table 2. Primers Used for Quantitative Polymerase Chain Reaction Amplification

Gene Symbol Forward 5′-3′ Reverse 5′-3′

TGF-β1 CCACCGAAATCTATGACAAG CTGAGGTATCGCCAGGAAT

β-actin AGAAGGAGATCACTGCCCTGGCACC CCTGCTTGCTGATCCACATCTGCTG

miR-21 GCGGTAGCTTATCAGACTGATGTTGA

U6 ACACGCAAATTCGTGAAGCGTTCC
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with phosphate-buffered saline (PBS), the cells were incu-
bated with penetrant for 10 minutes and then Apollo reac-
tion cocktail (RiboBio Corporation, Guangzhou, China) 
was added for 30 minutes in the dark. 4′,6-Diamidino-2-
phenylindole (DAPI) was used to stain cell nuclei. The 
stained cells were detected with a fluorescence microscope 
computing the ratio of proliferation. The Cell-Light EdU 
Apollo 567 In Vitro Imaging Kit was purchased from 
RiboBio Corporation.

The apoptosis of fibroblasts was measured by using the 
annexin V-FITC/PI apoptosis detection kit (Beyotime). 
After transfection with the TGF-β1 inhibitor/plasmid for 24 
hours, the cells were harvested by trypsinization and 
washed with PBS. Then, the cells were centrifuged and 
resuspended with annexin V binding buffer. After incuba-
tion with annexin V-FITC/PI, cells were analyzed with 
FloMax software (Partec, Görlitz, Germany) and flow 
cytometry analysis results.

Fibroblast Migration

For the Transwell assay, keloid fibroblasts were transfected 
with TGF-β1 inhibitor/plasmid for 24 hours in advance. 
Treated fibroblasts (1 × 105 cells/well) were plated into 
the upper chamber of a 24-well Transwell migration insert 
(pore size: 8 mm) with serum-free Dulbecco’s modified 
Eagle’s medium (DMEM). The lower chamber was filled 
with 500 µL DMEM containing 10% fetal bovine serum 
(FBS) as chemoattractant. After 2 hours, nonmigration 
fibroblasts were removed carefully from the upper side of 
the membrane with a cotton swab, and the cells on  
the lower side of the membrane were fixed with 4%  

paraformaldehyde and stained with crystal violet. 
Fibroblasts that had adhered to the lower side of the mem-
brane were observed and counted by light microscopy.

Statistical Analysis

Data from qPCR were performed with GraphPad Prism 5.0 
(GraphPad Software, La Jolla, California). Western blot 
analysis was done with ImageJ software (National 
Institutes of Health, Bethesda, Maryland). The data were 
expressed as mean ± SD. A P value of <.05 was consid-
ered as significant.

Results
TGF-β1 and miR-21 Are Overexpressed in 
Human Keloid Specimens
We used qPCR technology to measure the mRNA expres-
sion of TGF-β1 and miR-21 separately in keloid and nor-
mal skin. As shown in Figure 1, expression levels of 
TGF-β1 and miR-21 in keloid fibroblasts are significantly 
distinct from those in normal skin fibroblasts (P < .05). 
The elevated TGF-β1 and miR-21 in keloid formation  
are predicted to be involved in many related biological 
processes.

TGF-β1 Induces miR-21 Expression

We initially tested 3 TGF-β1 siRNA to achieve 50% to 70% 
TGF-β1 gene knockdown and then selected the 1150382 

Figure 1. Elevated expression of transforming growth factor (TGF)–β1 and miR-21 in keloid fibroblasts. (A) Human keloid 
fibroblasts have a higher expression level of TGF-β1 compared with normal skin fibroblasts (*P < .05). (B) Human keloid 
fibroblasts have a higher expression level of miR-21 compared with normal skin fibroblasts (*P < .05).
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siRNA sequence that was the most effective for further 
experiments. The keloid fibroblast, which overexpresses 
TGF-β1, was assessed after treatment with TGF-β1 inhibitor 
(1150382 sense). The expression of the quantity of TGF-β1 
mRNA decreased by 57.1% (Figure 2A). To determine 
whether TGF-β1 could regulate miR-21 expression in keloid 
fibroblasts, the keloid fibroblasts that overexpressed TGF-
β1 were assessed after treatment with the TGF-β1 inhibitor. 
Endogenous miR-21 was effectively cut by 71.4% at 24 
hours after transfection (Figure 2B), proving that in keloid 
fibroblasts, to some extent, miR-21 could be regulated by 
TGF-β1. To establish the conclusive relationship between 
TGF-β1 and miR-21, normal skin fibroblasts treated with 

TGF-β1 plasmid were examined by qPCR again. As seen in 
Figure 2C, miR-21 expression markedly varied and TGF-β1 
consistently induced a 1.3-fold increase in miR-21 expres-
sion. These data indicate that TGF-β1 could induce miR-21 
expression in a dose-dependent manner in fibroblasts.

TGF-β1 Influences Fibroblast Proliferation, 
Migration, and Apoptosis

We detected proliferation levels of fibroblasts by EdU 
incorporation respectively in 5 groups: normal skin, nor-
mal skin transfected with TGF-β1 plasmid, keloid, keloid 

Figure 2. Quantitative polymerase chain reaction revealed the expression levels of transforming growth factor (TGF)–β1 and 
miR-21 after treatment with TGF-β1 inhibitor or TGF-β1 plasmid for 24 hours. (A) TGF-β1 expression was dramatically decreased 
by interference with TGF-β1 inhibitor in keloid fibroblasts (KF) (*P < .05). (B) miR-21 expression was significantly reduced in 
response to TGF-β1 inhibitor in keloid fibroblasts (*P < .05). (C) TGF-β1 plasmid could effectively improve the expression of 
miR-21 in normal skin fibroblasts (NF) (*P < .05).
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Figure 3. EdU incorporation reflects the proliferation activities of fibroblasts. EdU (red) was incorporated into fibroblasts, 
which were proliferated for 2 hours; 4′,6-diamidino-2-phenylindole (DAPI; blue) was used to stain the nucleus. The merge is 
the integration of EdU and DAPI (original magnification, ×200). (A) Normal skin fibroblasts incorporated by EdU. (B) Normal 
skin fibroblasts stained with DAPI. (C) Merged images of A and B. (D) Normal skin fibroblasts transfected with transforming 
growth factor (TGF)–β1 plasmid are incorporated by EdU. (E) Normal skin fibroblasts transfected with TGF-β1 plasmid are 
stained with DAPI. (F) Merged images of D and E. (G) Keloid fibroblasts incorporated by EdU. (H) Keloid fibroblasts stained 
with DAPI. (I) Merged images of G and H. (J) Keloid fibroblasts transfected with TGF-β1 negative control are incorporated by 
EdU. (K) Keloid fibroblasts transfected with TGF-β1 negative control are stained with DAPI. (L) Merged images of J and K. (M) 
Keloid fibroblasts transfected with TGF-β1 inhibitor are incorporated by EdU. (N) Keloid fibroblasts transfected with TGF-β1 
inhibitor are stained with DAPI. (O) Merged images of M and N.
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Figure 3. (continued) EdU incorporation reflects the proliferation activities of fibroblasts. EdU (red) was incorporated into 
fibroblasts, which were proliferated for 2 hours; 4′,6-diamidino-2-phenylindole (DAPI; blue) was used to stain the nucleus. 
The merge is the integration of EdU and DAPI (original magnification, ×200). (A) Normal skin fibroblasts incorporated by 
EdU. (B) Normal skin fibroblasts stained with DAPI. (C) Merged images of A and B. (D) Normal skin fibroblasts transfected 
with transforming growth factor (TGF)–β1 plasmid are incorporated by EdU. (E) Normal skin fibroblasts transfected with 
TGF-β1 plasmid are stained with DAPI. (F) Merged images of D and E. (G) Keloid fibroblasts incorporated by EdU. (H) Keloid 
fibroblasts stained with DAPI. (I) Merged images of G and H. (J) Keloid fibroblasts transfected with TGF-β1 negative control are 
incorporated by EdU. (K) Keloid fibroblasts transfected with TGF-β1 negative control are stained with DAPI. (L) Merged images 
of J and K. (M) Keloid fibroblasts transfected with TGF-β1 inhibitor are incorporated by EdU. (N) Keloid fibroblasts transfected 
with TGF-β1 inhibitor are stained with DAPI. (O) Merged images of M and N.
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treated with si–TGF-β1 negative control, and keloid fibro-
blasts treated with TGF-β1 inhibitor. We found that the 
proliferation rate of keloid fibroblasts was significantly 
higher than that of normal skin fibroblasts, whereas the 
proliferation levels were decreased following inhibition of 
TGF-β1 in keloids. Enhanced TGF-β1 expression promoted 
fibroblast proliferation when normal skin fibroblasts were 
treated with TGF-β1 plasmid (Figure 3). The percentage of 
fibroblasts in the 5 groups stained by EdU account for 
32.55%, 38.34%, 44.44%, 44.47%, and 27.75%, respec-
tively (Figure 4). These results indicate that increased 
expression of TGF-β1 can improve fibroblast proliferation 
activity.

Similarly, Transwell experiments confirmed that keloid 
fibroblasts exhibited increased migration activity that was 
1.85-fold higher compared with normal skin fibroblasts. 
However, after the addition of TGF-β1 inhibitor to keloid 
fibroblasts, migration activity was significantly reduced 
(by 1.69-fold), while migration activity was significantly 
increased (by 1.67-fold) in normal skin fibroblasts treated 
with TGF-β1 plasmid (Figure 5A-E). The results revealed 
that high-expression TGF-β1 can promote fibroblast migra-
tion activity.

Flow cytometry analysis demonstrated that the early-
phase apoptotic rate of normal skin fibroblasts was about 
2.5-fold compared with that of keloid fibroblasts (P < .05) 

Figure 3. (continued) EdU incorporation reflects the proliferation activities of fibroblasts. EdU (red) was incorporated into 
fibroblasts, which were proliferated for 2 hours; 4′,6-diamidino-2-phenylindole (DAPI; blue) was used to stain the nucleus. 
The merge is the integration of EdU and DAPI (original magnification, ×200). (A) Normal skin fibroblasts incorporated by 
EdU. (B) Normal skin fibroblasts stained with DAPI. (C) Merged images of A and B. (D) Normal skin fibroblasts transfected 
with transforming growth factor (TGF)–β1 plasmid are incorporated by EdU. (E) Normal skin fibroblasts transfected with 
TGF-β1 plasmid are stained with DAPI. (F) Merged images of D and E. (G) Keloid fibroblasts incorporated by EdU. (H) Keloid 
fibroblasts stained with DAPI. (I) Merged images of G and H. (J) Keloid fibroblasts transfected with TGF-β1 negative control are 
incorporated by EdU. (K) Keloid fibroblasts transfected with TGF-β1 negative control are stained with DAPI. (L) Merged images 
of J and K. (M) Keloid fibroblasts transfected with TGF-β1 inhibitor are incorporated by EdU. (N) Keloid fibroblasts transfected 
with TGF-β1 inhibitor are stained with DAPI. (O) Merged images of M and N.
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(Figure 6A,B), and the percentage of apoptosis of keloid 
fibroblasts increased after treatment with the TGF-β1 
inhibitor. The number of early-phase apoptotic cells in the 
si–TGF-β1 group was approximately 9 times greater than 
those in the negative control group (P < .05; Figure 6C,D). 
Overexpressing TGF-β1 prevented normal skin fibroblasts 
from early-phase apoptosis by half (P < .05; Figure 6A,E). 
These results indicate that enhanced TGF-β1 could restrain 
the apoptosis rate of fibroblasts effectively.

TGF-β1 Regulates FasL Expression

Given recent studies demonstrating that FasL is a target 
gene of miR-21 and our data, which demonstrated that 
TGF-β1 can motivate miR-21 expression, we investigated 
the ability of cellular responses driven by TGF-β1 exposure 
to regulate FasL levels. Downregulation of FasL protein in 
keloid fibroblasts was demonstrated by Western blotting 
compared with normal skin fibroblasts (P > .05), whereas 
FasL protein levels were massively increased in the pres-
ence of TGF-β1 inhibitor in keloid (P < .05) (Figure 7).

MiR-21 Targets FasL in Fibroblasts

To determine whether miR-21 regulates FasL expression at 
a posttranscriptional level, we assessed the influence of 
miR-21 directly on FasL protein. As shown in Figure 8A, 

when keloid fibroblasts incubated in standard media were 
assessed 72 hours after treatment with miR-21 inhibitor, 
we found a significant increase in the expression of FasL, 
and this was reversed by adding miR-21 mimic in normal 
skin fibroblasts (Figure 8B). These findings are consistent 
with the ability of the TGF-β1 inhibitor to induce elevated 
protein levels of FasL. These results suggest that TGF-β1–
induced FasL protein downregulation is mediated by miR-
21 in fibroblasts.

discussion

Our previous microarray profiling identified the expression 
of 1200 miRNA with altered expression of 32 of them, 
including miR-21. MiR-21 has the most potential for 
involvement in facilitating the cicatrix formation mecha-
nism and has been proven to yield a significant upregula-
tion by TGF-β1 in some pathological conditions. Recent 
studies found that TGF-β1 promotes expression of mature 
miR-21 through a posttranscriptional mechanism in human 
vascular smooth muscle cells and HaCaT keratinocytes.27,28 
Through qPCR technology, we confirmed that TGF-β1 and 
miR-21 were significantly upregulated in keloid fibroblasts 
compared with normal skin fibroblasts, and expression of 
miR-21 was altered in keloid fibroblasts by treatment of 
TGF-β1 siRNA. These data demonstrate that expression of 
TGF-β1 and miR-21 was positively correlated in fibroblasts. 
MiR-21, as a negative regulator of genes at the transla-
tional level, is an important player in proliferation, migra-
tion, and apoptosis and is linked to a variety of diseases.29,30 
We consider the alteration of cell growth characteristics in 
this study attributable to the role of miR-21, which is a 
crucially intermediate element of TGF-β1.

Furthermore, we found that TGF-β1 can facilitate the 
downregulation of the FasL protein via enhancing miR-21 
expression. These findings identified a novel mechanism 
of interaction between TGF-β1 and miR-21 in the regulation 
FasL protein. Elevated FasL expression plays a significant 
role in tumorigenesis, which may trigger apoptosis of acti-
vated lymphocytes, attenuating the action of immunosur-
veillance aimed at tumors.31 In some cell types, TGF-β1 
inhibits FasL-mediated apoptosis by downregulating FasL 
expression and enhances its antiapoptotic function. 
However, there are still problems to be solved about how 
these elements interact with each other. Davis et al27 
proved that TGF-β was able to enhance the expression of 
miR-21 through the Smad-mediated signaling pathway, 
which stimulates the processing of primary miR-21 to 
mature miR-21. There is also evidence that Smad3, a trans-
ducer of TGF-β signaling, increases expression of miR-21, 
which promotes renal fibrosis.20 When TGF-β1 in keloids 
was suppressed, the expression of miR-21 was concur-
rently decreased. To interpret the role of miR-21 in TGF-β 
signaling, we found that the expression of FasL was sig-
nificantly varied, which was consistent with the result of 
TGF-β1 interference in keloid fibroblasts. This phenome-
non most likely occurred because increased expression of 

Figure 4. The percentage of fibroblasts stained by EdU 
per high-power field in each group (original magnification, 
×200). The results showed keloid fibroblasts exhibited 
higher proliferation rates compared with normal skin 
fibroblasts (NF) (∆P < .05). Transforming growth factor 
(TGF)–β1 plasmid increased proliferation activity of normal 
skin fibroblasts (*P < .05). The proliferation rates of 
keloid fibroblasts under the suppression of TGF-β1 were 
significantly decreased compared with negative control  
(#P < .05). Values are mean ± SD.
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Figure 5. Human fibroblast migration in a Transwell assay (original magnification, ×200). (A) Migration activity of normal 
skin fibroblasts. (B) Migration activity of normal skin fibroblasts treated with transforming growth factor (TGF)–β1 plasmid. 
(C) Migration activity of keloid fibroblasts. (D) Migration activity of keloid fibroblasts treated with TGF-β1 inhibitor. (E) 
Average cell numbers in 3 separate experiments. Results are mean ± SD. Significant differences between keloid and normal 
skin fibroblasts (NF) are indicated (ΔP < .05). TGF-β1 plasmid increases migration activity of normal skin fibroblasts (*P < 
.05). Knockdown of TGF-β1 decreases migration activity in keloid fibroblasts (#P < .05).
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miR-21 resulted in the translational repression of FasL  
in the presence of TGF-β1 via interaction with the  
mRNA 3′-untranslated region of FasL.25 However, although 

fibroblasts in normal skin had a higher apoptosis rate 
compared with that of keloids in flow cytometry analysis, 
the amount of FasL protein did not significantly increase 

Figure 6. Flow cytometry analysis of cell apoptosis. (A) Normal skin fibroblasts without any treatment. (B) Keloid fibroblasts 
without any treatment. (C) Keloid fibroblasts transfected with transforming growth factor (TGF)–β1 negative control. (D) 
Keloid fibroblasts transfected with TGF-β1 inhibitor. (E) Normal skin fibroblasts transfected with TGF-β1 plasmid.
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in normal skin compared with keloids (P > .05). The 
decline of miR-21 led to significant enhancement of FasL, 
which yielded agnogenic incongruous results.

There are some limitations in this study. First, only 8 
patients participated. Increasing the sample number 
would have increased the robustness and credibility of 
the experiment, but we believe the number of replica-
tions (at least 3 times) compensates for the shortcoming 
of the sample size. In addition, the alteration of cell pro-
liferation and apoptosis in this study may be accurately 
ascribed to the result of increased FasL but not the 
decline of miR-21. More research is needed to draw a 
more definitive conclusion. Finally, it is worth consider-
ing that repressed TGF-β1 or miR-21 led to significant 
variation of FasL protein, but the protein expression of 
FasL in keloid and normal skin was not statistically sig-
nificant in our study, which offers a new perspective for 
further research.

Based on these limitations, it is not easy to extrapolate 
or understand how these biological molecules interact 
with each other, resulting in a complex process of pathol-
ogy and physiology in the organism. This issue merits 
more detailed exploration in the future.

conclusions

The disproportionate growth of keloid fibroblasts occurs 
through the process of apoptosis reduction. In this study, 
we confirmed that TGF-β1 was able to increase the promot-
ing actions of miR-21 on the proliferation and migration of 

keloid fibroblasts while attenuating the percentage of 
apoptosis fibroblasts. Meanwhile, we demonstrated that 
TGF-β1 can facilitate the downregulation of FasL by 
enhancing miR-21 expression. Overall, we presented novel 
evidence on a theoretical basis for keloid treatment.
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The inferior turbinates are a cause of airway obstruction 
both because of the mass of soft tissue that encompasses 
the trabeculae of bone and because the bone itself is often 
malpositioned and located near the middle of the vault.1-3 
A multitude of destructive and nondestructive surgical 
techniques have been used to reduce enlarged turbi-
nates.4-13 When conventional medical means to shrink the 
soft tissue component fail and there is an unequivocal 
obstruction from the bony turbinate itself, turbinectomy 
has traditionally been a successful means of improving 
that component of airflow obstruction.14-16 Among the 
many methods, resection techniques such as partial resec-
tion, submucous resection, and cauterization have been 
and continue to be successful.4

However, some of the complications associated with 
invasive procedures include epistaxis, crusting, and, less 
frequently, synechiae.17 Our personal experience in the 
past was that of moderate epistaxis, which tended to occur 
at the time of nasal packing removal. In addition, there 
tended to be crusting, exudate production, and odors, all 
of which added a small but not insignificant amount of 
morbidity to the overall rhinoplasty.

Consequently, we began outfracturing the turbinates,18,19 
as others have done.6,7,9 We recognized that a substantial 
increase in the diameter of the vault would result if the 
lower (inferior) vault was expanded with almost any blunt 

instrument.20 Similar results were achieved whether a 
large and long nasal speculum or simply a large clamp was 
used. A loud fracture was heard (often to the displeasure 

Septoturbinotomy

Neil Tanna, MD, MBA; Malcolm A. Lesavoy, MD;  
Hatem A. Abou-Sayed, MD; and Ronald P. Gruber, MD

Abstract
The inferior turbinates are a principal cause of nasal airway obstruction. To some extent, the bony septum (the perpendicular plate of the ethmoid) also, 
on occasion, contributes to that airflow obstruction. There are many excellent methods to resect or ablate the turbinates, including submucous resection 
and cauterization. However, some have been associated with bleeding, crusting, and the development of synechiae. In this Featured Operative Technique 
article, we propose 2 mechanical means to expand the nasal vault: (1) the insertion of a large and long speculum that outfractures the turbinates and also 
centralizes the bony septum when the handles are compressed and (2) the insertion of a large clamp, which is expanded (in reverse “nutcracker” fashion) 
to achieve a similar result. Mechanical dilation (expansion) of the nasal vault with the speculum or large clamp substantially improves vault diameter such 
that further work on the turbinates in the form of turbinectomy is seldom necessary. The nasal vault is not necessarily expanded to the maximal diameter 
that could be achieved with resection procedures but need not be to achieve satisfactory air flow. Septoturbinotomy is a quick and simple way to deal 
with inferior turbinate hypertrophy. It is a minimally invasive procedure that improves the airway in virtually all cases, such that turbinectomy is seldom 
employed. It can be used prophylactically on all rhinoplasty cases requiring lateral osteotomy, which potentially shrinks the nasal vault slightly.
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of the nurses in the operating room) as the turbinate out-
fractured. Coincidentally, it was also noted that the bony 
septum (perpendicular plate of the ethmoid) had central-
ized to a significant degree. Here, too, the bony septal 
movement was less than perfect. However, the outfractur-
ing of the turbinates, combined with centralization of  
the bony septum (assuming it was not midline and was 
therefore a contributing factor), resulted in a substantial 
increase in subjective airflow and decrease in complica-
tions. In many cases, the vault expansion was only partial 
and yet the subjective improvement to the patient was 
almost always significant, if not dramatic.

We have been performing this procedure for more than 
10 years. In cadaveric studies, this minimally invasive pro-
cedure has demonstrated an enlargement of the maximal 
internal diameter of the nasal vault.20 This Featured 
Operative Technique report provides further clinical evi-
dence of patency through results from acoustic rhinometry 
before and after septoturbinotomy.

OperAtive technique

Preoperatively, we identify patients with nasal airflow 
obstruction and note the presence of inferior turbinate 
hypertrophy and/or septal deviation.

Surgical Technique
Nasal speculum method
Septoturbinotomy is typically performed before any other 
part of the rhinoplasty. Local anesthetic must be adminis-
tered and consists of the following: lidocaine 0.5% with epi-
nephrine (1:200 000) and bupivicaine 0.25% with epinephrine 
(also at 1:200 000) are injected with a 3-mL syringe and a 
1.5-inch-long, 27-gauge needle (Figure 1). Seven minutes or 

more are allowed to elapse before performing the procedure, 
so that the epinephrine may take effect. The basic procedure, 
as demonstrated in the schematic of Figure 2, involves insert-
ing a speculum and forcibly opening it to outfracture the 
turbinate and centralize the bony septum.

A nasal speculum that is 3 inches in length usually 
works well and is readily available in most surgery centers 
and hospital operating rooms (Figure 3A). The wider the 
blades, the better (Figure 3B). The speculum is inserted 
through the nares until the entire instrument is within the 
vault. Attempting to compress the handles when some 
part of the speculum is external to the nares will very 
likely result in a fracture of the nasal rim skin. If the tur-
binates are markedly hypertrophied or badly malposi-
tioned, the fit may be tight.

The handles are compressed and the sound of a fracture 
can almost always be heard. If a fracture noise is not 
heard, a small, thin speculum is inserted into the nostril to 
permit the surgeon to observe the position of the large 
speculum. When properly positioned, 1 blade of the 
speculum lays along the turbinate and the other along the 
vomerine ridge. This serves 3 purposes: (1) the vomerine 
ridge acts as a solid fixed point against which to work; (2) 
some centralization (not always achieved) of the vomerine 
ridge spurs may occur, which can help improve airflow; 
and (3) the surgeon is less likely to damage the septal 
cartilage (located just anterior to the vomerine ridge) 
should the blade inadvertently be located on the cartilagi-
nous septum.

Two or 3 such compressions of the handles are advised. 
The septoturbinotomy is done bilaterally. Expanding only 
1 side could cause a shift of the septum away from the 
midline, resulting in a blockage on the relatively normal 
side. To verify the adequacy of the procedure, the large, 
long speculum is removed, its blades are closed, and it is 
reinserted into the vestibule. A successful result is indi-
cated if the speculum drops smoothly and easily into the 
nasal vault in the direction of the pharynx.

If a fracture noise is not heard after 2 to 3 compres-
sions, or if the closed speculum does not easily drop into 
the nasal vault, another alternative maneuver exists and 
should be utilized. A wide (8-mm) Joseph periosteal eleva-
tor is placed aside the turbinate and cantilevered against 
the anterior nasal spine (Figure 4). The anterior nasal 
spine acts as a fulcrum from which the Joseph elevator 
can then directly infracture the turbinate. For anterior 
deviations of the anterior nasal spine region, additional 
maneuvers such as the use of a small osteotome may be 
required. After completion of the septoturbinotomy, Doyle 
splints are inserted and left in place for approximately 6 
days (the length of time that the external nasal splint is left 
in place).

Large clamp method (“reverse nutcracker”)
Occasionally (as suggested by one of the senior authors, 
M.A.L.), the wide bladed nasal speculum—which has an 
opening of 3 cm—may not have enough force to crush the 
inferior turbinate and centralize the bony septum. Therefore, 
an alternative is to use a large clamp such as a 6-inch Pean 

Figure 1. Local anesthetic (lidocaine and bupivacaine with 
epinephrine) is injected into the membranes of the turbinates 
and bony septum 7 minutes prior to septoturbinotomy.

 at ASAPS - Residents on February 11, 2014aes.sagepub.comDownloaded from 

http://aes.sagepub.com/
http://aes.sagepub.com/


Tanna et al 1201

(CooperSurgical, Trumbull, Connecticut; Figure 5). In these 
cases, a No. 28 French Rusch tube cut at 5-cm lengths 
(Figure 6A) is inserted and left in place for approximately 6 
to 10 days (Figure 6B).

A video of the authors’ techniques is available at  
www.aestheticsurgeryjournal.com. You may also scan the 
code on the first page of this article to be taken directly to 
the video on www.YouTube.com.

clinicAl AnAlysis

For this particular report, we prospectively selected 10 
septoturbinotomy candidates for inclusion and objective 
analysis of data. All patients were women, and all had 
acoustic rhinometry studies before and after septoturbinot-
omy. The mean cross-sectional area and volume of the 
nasal cavity were prospectively compared preoperatively 

Figure 2. Schematic of basic procedure. (A) The speculum is inserted into the vestibule. (B) Upon opening the speculum, the 
turbinate is compressed and the bony septum is centralized. (C) The result is an expanded airway.

Figure 3. (A) A long (3-inch-wide) speculum is used for most septoturbinotomies. (B) The large speculum is placed deep in 
the nasal vault beyond the nasal rim skin so as to avoid fracturing the nostril rim when the handles are compressed.
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and postoperatively (P < .01). Demographic information 
and concomitant procedures, such as rhinoplasty, were 
documented. Adverse events and complications were also 
noted. Follow-up was at least 1 year.

results

The average patient age was 37 years. Six (60%) of the 10 
patients had septoturbinotomy concomitant with cosmetic 
rhinoplasty. The mean cross-sectional area and nasal 
cavity volume were compared via acoustic rhinometry 
before and after septoturbintomy. There was a significant 
increase in the mean cross-sectional area and volume of 
the nasal cavity between preoperative and postoperative 
evaluation (P < .01). Postoperatively, none of the patients 
were noted to have mucosal crusting, desiccation, bleed-
ing, infection, malodorous nasal drainage, atrophic rhini-
tis, or persistent nasal obstruction. Revisionary surgery 
was not needed in any of the 10 patients.

DiscussiOn

There is little doubt that the noninvasive technique we 
describe here contributes so much considering so little 
effort. The learning curve is essentially quite small, the 
technique is very easy to teach, and time of surgery is 
approximately 1 minute. As long as the surgeon is not 
overly exuberant and does not expect to achieve a “per-
fect” result, a significant or dramatic change in the inferior 
vault size can be expected in most cases. If the surgeon is 
dissatisfied with the expansion effort, closed septo-
turbinotomy does not preclude any of the other maneu-
vers commonly performed by many plastic surgeons. 
These include, but are not limited to, resection, opening of 
the leading edge to crush the bone, and cauterization. It 
should be noted that septoturbinotomy is not indicated 
when septal cartilage harvest is required.

Initially, we only had subjective symptoms to indicate the 
worthiness of septoturbinotomy. However, later, quantitative 
studies were done to actually measure the extent of vault size 
increase.19 Measurements were made and photographs taken 
before (Figure 7A) and after septoturbinotomy (Figure 7B). 
Later, liquid silicone polymer was used to fill the nasal cavity 
of fresh cadavers to obtain an approximation of the size and 
shape of the nasal vault (Figure 8).20 In addition, graduated, 
transparent, semifirm rubber tubing was inserted along the 
nasal floor until resistance was encountered. The largest such 
tube that was accommodated by the nasal vault without 
significant palpable resistance was defined as the maximal 
nasal vault diameter. The maneuver of septoturbinotomy 
was performed, after which repeat vault measurements were 
taken with the silicone polymer and with the graduated tub-
ing. Using 9 cadavers, the mean increase in vault diameter 
was 64%. Theoretically, this translates (by Poiseuille’s law) 
to a potential 7-fold increase in airflow. The ratios of enlarge-
ment showed a range from 1.25 to 2.33. In addition, the 
septoturbinotomy was performed on both the obstructed and 
the nonobstructed side, and therefore a mean increase of 
14% was enjoyed on the nonobstructed side, although the 
result on the nonobstructed side did not achieve statistical 
significance (P = .095). Visually, the expansion was obvious. 
The molds obtained in the study conformed well to the archi-
tecture of the nasal vault and were thought to be representa-

Figure 4. If a fracture is not heard, an alternative method 
employs an 8-mm Joseph periosteal elevator as a lever. It 
is placed against the anterior nasal spine, which acts as a 
fulcrum.

Figure 5. Septoturbinotomy also may be performed with 
a large clamp, which is inserted deep into the nose before 
spreading it open. The technique has been referred to as the 
“reverse nutcracker” method.
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tive of the anatomy. Most recently, we have begun to obtain 
rhinometry measurements for patients undergoing turbinot-
omy. Measurements are taken before and after surgery. 
When comparing preoperative and postoperative rhinometry 
data, turbinotomy was found to significantly improve the 
nasal airway (P < .05).

Nasal surgery treats anatomical causes of airway 
obstruction. We acknowledge that the mucosa has a 

dynamic relationship with the environment. Therefore, 
functional treatment with saline or pharmacotherapy 
should be considered in refractory cases.

One other interesting aspect to the history of turbino-
plasty is worth mentioning. Years ago, the turbinates were 
considered the prime culprit of airway obstruction, along 
with septal deviation. In recent years, however, it has 
become apparent, thanks to the work of surgeons like 

Figure 6. (A) Either Doyle splints or rubber tubing cut to the appropriate size can be used to maintain patency of the airway. 
(B) The tubing is kept in place for up to 6 days to prevent movement of the bones and recurrence of the obstruction.

Figure 7. (A) Cadaver septum with turbinate hypertrophy and bony septum malposition before closed septoturbinotomy. (B) 
Cadaver septum showing improvement after closed septoturbinotomy.
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Sheen21 and Constantian and Clardy,22 that the valves 
(both the internal and, to some extent, the external) are 
the cause of many, if not most, of the nasal airway 
obstruction cases seen by surgeons. Once the valvular 
contributions are corrected, the septum and certainly the 
turbinates become lesser factors. Previously, many cases 
of nasal airway obstruction likely were corrected by 
aggressive repeat septal and turbinate surgery when, in 
fact, correction of the valvular obstruction may have obvi-
ated the need to expand the vault by turbinectomy.23,24 At 
that time, the reason surgeons concentrated on the turbi-
nates was most likely the fact that unlike valvular surgery, 
turbinate surgery is relatively easy to perform. Correction 
of the turbinates may compensate partially for airflow 
obstruction due to valvular pathology. Today, we recog-
nize that valve correction sometimes obviates the need for 
turbinotomy or turbinectomy.25

cOnclusiOns

Septoturbinotomy is a quick and simple way to address 
nasal airflow obstruction during rhinoplasty. It is a mini-
mally invasive procedure that has previously yielded an 
anatomical increase in nasal vault diameter and now pro-
vides objective evidence of functional improvement on 
acoustic rhinometry.
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Here is the conundrum: if you are reading this editorial, 
then I am preaching to the choir. You already are someone 
who presumably finds value in picking up a journal—spe-
cifically this journal—to read at least some of its content. 
Intentionally, or perhaps inadvertently, you have wandered 
over to the Editorial page. Depending on how well I do with 
my first paragraph, you may continue reading, skip to 
another article, or give up completely. I fully recognize that 
if you and others like you don’t read this, then no one will! 
In that case, this editorial is nothing more than a waste of 
time and paper. So let me pose a couple of questions that 
might encourage you to spend a few more minutes with me. 
Have you thought about what you hope to gain from read-
ing this journal—or, for that matter, any journal? Are there 
opportunities you might be missing, depending on how you 
select the articles that you will skip versus those you will 
skim versus those you will actually read? During most of my 
plastic surgery career, I read our professional journals with-
out ever stopping to analyze the how and why. Had I 
thought about it, I might have chosen articles more selec-
tively, or made a greater effort to expand the scope of arti-
cles I read to include additional topics outside the mainstay 
procedures of my practice. I might have tried harder to 
review data with a careful and critical eye.

When I undertook my role as Founding Editor of this 
journal, in 1996, I naturally began to reorient my thinking 
about what a journal should offer readers. I tried, to some 
extent, to think “out of the box,” because I remembered 
that sometimes information that seems only peripherally 
relevant can actually come in very handy. For example, a 
number of years earlier, a woman had brought her young 
child to see me for a consultation. She wanted me to some-
how “fill in a scar” on the child’s forehead. It happens that 
I had recently stumbled across an article that I had casually 
read, for no particular reason other than curiosity. Based on 
that article, I felt certain that the child exhibited linear scle-
roderma with a “coup de sabre” deformity. I was able to 
suggest another physician who could properly confirm the 
diagnosis and follow up with appropriate care. The knowl-
edge I had gained by reading a journal, not in my own field 
but in a related one, helped me to deal with a problem 
outside my area of expertise. I was able to help a patient 
who had come to me, making a reasonable referral based 
on the information I had acquired.

Clearly, reading a variety of articles increases your gen-
eral professional knowledge base. Even if your only inter-
est is aesthetic surgery, reading selected articles in other 

journals can help you identify techniques and procedures 
that you might consider incorporating into your practice. 
In the infancy of liposuction, the tools were based on OB/
GYN instruments. Many of the eyelid and rhinoplasty 
techniques with which plastic surgeons are familiar today 
evolved from procedures initially described in the ophthal-
mic and otolaryngology literature. I trust that our peers in 
other specialties read our literature with as much interest 
as we should read theirs.

One of the potential pitfalls of success in plastic surgery 
is complacency when it comes to trying something differ-
ent. I admit to sometimes having felt that if I was happy 
with my current surgical technique, and my patients were 
happy as well, why should I look further? But the truth is, 
even 1 or 2 minor points made in the course of a scientific 
or technical article often can be enlightening, even if you 
have no intention of changing the “basics” of your current 
method. A throw-away tip or “pearl” just might improve 
your technique or help you to reduce operating time. 
Newer technologies that are not currently part of your prac-
tice, or that came on the scene after you trained, might end 
up supplanting your current methodologies, so it’s wise to 
have an open mind. Case in point: Are you doing as many 
chemical peels now that lasers are available?

As for the advertisements in professional journals, they, 
too, can be useful. During my residency, I never gave jour-
nal ads any thought at all. I didn’t even bother looking at 
them. However, one day a conversation with one of the 
other residents changed my thinking. He said he always 
read the ads since, in many instances, they provided an 
early indication as to what might be coming down the 
pike. As Dr Foad Nahai, Dr Jeff Kenkel, and others have 
ably addressed in previous articles and editorials,1-4 one 
must look critically at the science, particularly as it 
involves new technologies that too frequently are rushed 
to market without adequate evaluation. Surely, no one is 
going to purchase something based on an ad without thor-
oughly researching the product before committing. But an 
ad can and does give the reader a “heads up” that might, 
in some cases, be worthy of follow-up.

Why Read Journals, Anyway?

Robert W. Bernard, MD, FACS
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Many articles are written in a context that can help to 
keep us current on the “latest” in preoperative evaluation, 
monitoring, and anesthesia techniques. This type of  
patient safety information can be invaluable. Early in my 
practice—and I’m talking more than 30 years ago—my 
partner and I developed the first accredited outpatient sur-
gical facility in our county. At one point, we came across 
an article that included mention of a new monitoring 
device, the pulse oximeter. It seemed to both of us to be an 
incredibly beneficial device, especially if the surgical patient 
was receiving sedation anesthesia (this was in the days of  
ketamine/valium), and so we obtained two of them for our 
operating rooms (ORs). A short time later, a new patient 
came to the office to see me for a blepharoplasty consulta-
tion, accompanied by her husband. The consultation went 
well, and the husband then asked to see our surgical facil-
ity. The ORs were not in use, so I took them on a tour. He 
seemed surprised to see that we had pulse oximeters in 
each of the ORs. I inquired how he even knew about the 
device. He smiled and then told me that he was part of the 
engineering team that had developed it. Needless to say, 
that patient was signed, sealed, and delivered.

Aesthetic Surgery Journal has long had a program to 
provide plastic surgery residents with free access to this 
publication. (For information on this program, residents 
and program directors should contact the Editorial Office, 
journal@surgery.org.) Residents read journals, and partici-
pate in journal clubs, not only to expand their general 
knowledge in the field but also to better prepare for pass-
ing the Board examinations. They undoubtedly assume 
that those administering the examinations read the major 
professional journals and could possibly ask them ques-
tions about articles that have appeared recently. Along 
these lines, I vividly remember an incident that occurred 
during my general surgery training in the late 1960s to 
early 1970s. There was a world-class gastrointestinal sur-
geon to whom other surgeons flocked to observe his surgi-
cal expertise. We often speak in a half-joking manner of 
someone having “golden hands”—but this fellow really 
did. At the same time, he wrote little and read even less; 
yet, amazingly, he was a Board examiner. He tolerated few 
questions from the residents assisting him and became 
rabid if a resident engaged in small talk. Unfortunately, 
one of my co-residents simply could not help himself. The 
professor threw him out of the room on more than one 
occasion and made him stand in the corner from time to 
time because of his indiscretions. While assisting one day, 
the resident let drop that the patient on whom the profes-
sor was operating clearly had the newly reported Herzberg-
Localis syndrome. He went on to share what he had read 
about this recently identified disorder, describing in detail 
the symptoms with which the patient on the operating 
table had presented and the surgical findings, presumably 
all consistent with the syndrome. A few months later, the 
professor was administering the oral boards and asked 
each examinee, in turn, to describe the signs, symptoms, 
and surgical findings of Herzberg-Localis syndrome. Not a 
single examinee was able to describe the syndrome. It 
turns out that the surgical resident assisting the professor 
several months earlier had simply made the whole thing 
up. Sweet revenge! The point of my story is that the  

professor, had he bothered to read his professional journal, 
would have known there was no such syndrome described. 
By the way, I know this story to be true because it was 
relayed to me by the professor himself. As for the resi-
dent—he was banished to a hospital on the outskirts of a 
major city.

Today, with the variety of journals available in the core 
specialties, not to mention all the information on the 
Internet, one can have a difficult time deciding what to 
read. Obviously, each of us needs to establish general cri-
teria for selecting pertinent articles in our primary field of 
interest so that we can efficiently focus our energy where 
it will do the most good. However, I encourage you to 
make it a habit to, at least occasionally, venture out of 
your comfort zone. Read an article, in this journal or 
another, that you might ordinarily pass by—perhaps 
because it’s more basic science than clinical, or because 
the author is someone you’ve never heard of before, or 
because you think you already know what you need to 
know about a particular topic. After all, the next patient 
who walks through your door may be suffering from 
Internetitis, the symptoms of which are easy to observe. 
He or she will be clutching a wad of papers, frayed on the 
edges from frequent thumbing. When you ask, “What can 
I do for you today?” an article printed off the Internet will 
be abruptly shoved under your nose. “This is what I 
want,” your patient will say. “The doctor in this article 
says he can erase 20 years from a person’s face in less than 
an hour, and you can go back to work the same day. It’s a 
new technique—cutting edge. Surely you know about it.”

Okay, there’s not much you can do to combat the kind 
of misinformation that is rampant on the Internet, and you 
can’t read every single thing out there. But being well read 
on new techniques that have been published in a profes-
sional journal, following a rigorous peer-review process, 
allows you to speak authoritatively about available options 
and perhaps counter false claims more effectively. Our 
journals fulfill an important function in our professional 
life, keeping us in the loop of new developments and invit-
ing us to exercise our best critical thinking as we evaluate 
the science and clinical results presented by our peers. 
Why bother reading journals? It all boils down to this: 
when you read broadly and think critically, you become a 
better surgeon.
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The author declared no potential conflicts of interest with respect 
to the research, authorship, and publication of this article.

RefeRences

 1. Nahai F. Evidence-based medicine in aesthetic surgery. 
Aesthetic Surg J. 2011;31:135-136.

 2. Kenkel JM. Revisiting the scientific method. Aesthetic 
Surg J. 2009;29:167-168.

 3. Kulick MI. Back to basics: understanding the terminol-
ogy associated with light- and energy-based technology. 
Aesthetic Surg J. 2011;31:964-986.

 4. Teitelbaum S. Enthusiasm versus data: how does an aes-
thetic procedure become “hot”? Aesthetic Surg J. 2006; 
26:51-53.

 at ASAPS - Residents on February 11, 2014aes.sagepub.comDownloaded from 

http://aes.sagepub.com/
http://aes.sagepub.com/


 Letter to the Editor

Aesthetic Surgery Journal
33(8) 1208 –1209
© 2013 The American Society for 
Aesthetic Plastic Surgery, Inc.
Reprints and permission: 
http://www .sagepub.com/
journalsPermissions.nav
DOI: 10.1177/1090820X13511453
www.aestheticsurgeryjournal.com

Two recent articles in Aesthetic Surgery Journal—by Alter1 
and Bloom et al2—have addressed techniques for mons-
plasty, combined with either labia majora reduction or 
abdominoplasty, for massive weight loss patients. The 
techniques by Alter and Bloom et al also have a common 
theme: defatting and vertical pull.1,2

The problem with these techniques is that the defect is 
not vertical excess. If anything, the mons that needs mon-
splasty is short and fat and has a width greater than its 
height. When a vertical lift technique is used, the hair-
bearing skin is pulled up, elongating the mons and giving 
the appearance that the tissue has been pulled too high.

Using the subunit principle, there are defining land-
marks to the mons—it is a triangle with boundaries. These 
boundaries are the lateral junction with the thigh, the 
superior boundary with the abdomen at the end of the 
hair-bearing line, and the inferior margin where the mons 
transitions into the labia majora, creating the vaginal cleft 
(Figure 1).

Realistically, the only place that hides a dog-ear in skin 
removal is the vaginal cleft. When removing bulk, why not 
place a vertical incision, extending the dog-ears upward 
and downward? With this technique, the upper extension 
can be hidden in the preexisting abdominal contouring 
incisions and the lower extension in a body crease. The 
mons is decreased in size in the lateral dimension. 
Liposuction decreases the bulk and deflates the mass, 
allowing skin to be removed in the center (Figure 2).

To achieve this aesthetic result, the patient is first 
evaluated in a standing position. The width of the mons, 
amount of ptosis, and tissue laxity are noted. The midline 
of the mons is marked on the lower abdomen. When the 
patient is supine, the amount of fat and skin that can be 
excised without lateral tension is tested. The V-wedge for 
excision is marked from the pubis/mons junction to the 
vaginal cleft; it can be an ellipse, or if there is a preexisting 
scar from a cesarean delivery or abdominoplasty, there can 
be lateral extensions at the abdomen. A video of this tech-
nique is available at www.aestheticsurgeryjournal.com. 
You may also scan the code on the first page of this article 
with any smartphone to be taken directly to the video on 
www.YouTube.com.

The tissue is excised through the skin, and ample sub-
cutaneous fat depth is limited to deep investing fascia. The 
suspensory ligament is not visualized; the neuromuscular 
bundles from the pudendal nerve approach laterally to the 

Going in the Wrong Direction With Monsplasty

Steven P. Davison, DDS, MD; and Gabrielle LaBove, BS

Dr Davison is an attending physician at Georgetown University 
School of Medicine, Washington, DC. Ms LaBove is a medical 
assistant at a private plastic surgery practice in Washington, DC.

Figure 1. Mons as triangle. This mons is wider than it is tall.

Figure 2. Wedge method incision.

Scan this code with your smartphone to see  
the operative video. Need help? Visit  
www.aestheticsurgeryjournal.com.
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clitoris and are protected by their depth and inferior and 
lateral position. The closure is multilayer with imbrication 
of the deep investing fascia with 2-0 PDS and deep dermal 
and subcuticular 4-0 Monocryl (Ethicon, Inc, Somerville, 
New Jersey). We habitually use skin glue for an occlusive 
dressing.

Delayed wound healing at the T-junction is a risk with an 
abdominal contouring procedure (eg, fleur-de-lis). This tech-
nique has similar risks; however, in this case, delayed scar 
contracture raises the ptotic mons further, which is advanta-
geous. The vertical component in the mons does not have 
hypertrophic or painful scar formation. Thickened scars at 
the mons-abdomen junction are handled in the same man-
ner, with serial revision, as with scars resulting from a cesar-
ean delivery, abdominoplasty, or panniculectomy.

We have treated several patients with this vertical  
monsplasty technique, with no revisions or corrections to 
date. The wound healing at the T-junction of the patient 
shown in Figure 3 has proceeded uneventfully.

Disclosures

The authors declared no potential conflicts of interest with 
respect to the research, authorship, or publication of this 
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Figure 3. (A) This 46-year-old woman presented for abdominoplasty and liposuction of the mons. Note the wider, fatter 
appearance of her mons. (B) One month and (C) 5 months after abdominoplasty with mons liposuction. At 1 month, the mons 
is still too wide, despite some component of lift. At 5 months, the mons is debulked and elongated after touch-up liposuction 
of the abdomen with monsplasty. The mons shape is enhanced with a vertical excision. The T-junction is well healed. The 
vertical mons scar is flat and soft.
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It is true that massive weight loss patients may have hori-
zontal as well as vertical skin excess. Tailoring the trans-
verse closure can eliminate most cases of horizontal 
excess. The authors’ technique1 of using a vertical ellipse 
from the anterior labial commissure (vaginal cleft) to the 
transverse abdominal contouring incision will certainly 
decrease horizontal skin excess, but it has certain disad-
vantages, both functionally and cosmetically.

Their technique does not address the necessity for 
mons pubis stabilization, which requires tacking sutures 
from the subdermal fatty tissue to the rectus fascia.2 If 
these sutures are not placed, a significant number of 
women will report recurrent mons ptosis or elevation of 
the mons. In addition, the mons tacking sutures further 
decrease mons bulging, which often cannot be adequately 
eliminated with liposuction or fat excision. If the mons is 
protuberant, many patients are self-conscious in tight 
clothes.

The height of the mons from the anterior labial com-
missure should measure about 7 cm. When excising verti-
cal excess and tacking the subdermal tissue, it is important 
not to overly elevate the anterior labia commissure; this 
can be prevented with the tacking sutures. The commis-
sure should not be elevated higher than the pubic sym-
physis. To give a natural appearance, the first tacking 
suture in the midline should not be closer than several 
centimeters from the commissure. Pubic tacking sutures 
prevent excessive elevation of the mons from the upward 

pulling of the abdominoplasty flap and also prevent mons 
ptosis.

Instead of a midline vertical mons excision, the massive 
horizontal excess can be addressed by excising a lateral 
wedge at the border of the mons on each side, as sug-
gested by Hendrickx and Ritz.3 These lateral wedges pre-
vent excision of normal mons hair and eliminate possible 
intersection of the 4 incision lines if a vertical abdominal 
incision is also made. The normal contour of the mons is 
thus preserved, and tacking sutures can be placed. Lateral 
wedges prevent a possible unsightly midline mons scar 
and keep the normal escutcheon cosmetic unit.

Disclosures
The author declared no potential conflicts of interest with 
respect to the research, authorship, and publication of this 
article.
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Response to “Going in the Wrong Direction 
With Monsplasty”

Gary J. Alter, MD
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In their Letter to the Editor, Drs Davison and LaBove pose 
an interesting question regarding the optimal scar place-
ment for monsplasty and advocate that vertical pull on the 
mons elongates the pubic area by raising the hairline. 
While in many massive weight loss patients, the mons 
region can have both vertical and horizontal excess, the 
vertical component is easy to manage, as long as the scar 
is based 6 cm above the anterior vulvar commissure. We 
agree that if this scar is placed too high, the surgeon risks 
raising the hairline and giving the mons an elongated look. 
The horizontal excess is managed by “cheating” it out 
along the length of the abdominal scar. While this can 
sometimes lead to some initial pleating, we have found 
that this settles over time. An alternative technique is to 
place lateral mons incisions, which frame the mons region 
and assist in removing some of the horizontal excess. 
However, in our experience, this technique can lead to 
increased edema of the entire mons region.

The authors of “Going in the Wrong Direction With 
Monsplasty” advocate a vertical scar, extending from the 
standard abdominal scar down to the clitoral hood. Most 
surgeons, ourselves included, would not advocate making 
an incision close to the clitoris. Although these authors 
claim subjectively to have found no problems with sensa-
tion related to such an incision, it has the potential  
to cause permanent or even transient neuropraxia to the 
clitoris.

The authors provide a clinical example of a patient who 
was treated with mons liposuction and a high incision. 
Liposuction of this fibrous tissue is often difficult and can 
provide unpredictable results. Placing the scar 6 cm above 
the anterior vulvar commissure and directly excising the 

fat in the mons with resuspension allows for a predictable 
flattening of the region.

Their letter does go in the “wrong direction” by advo-
cating a technique that increases scarring and the chance 
of a nerve problem with the clitoris, a dog-ear at the clito-
ral hood that could lead to difficult revisions, or a T-point 
wound. In addition, a fleur-de-lis abdominoplasty subjects 
the patient to a cruciate scar with a tenuous 4-corner inci-
sion. The authors state that they have treated several 
patients with this technique with successful results, but 
we look forward to a full evidence-based article that 
includes objective patient satisfaction data and photos of 
other patients who have undergone procedures using this 
technique.
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Liposuction to correct unaesthetic deposits of fatty tissue 
is the most commonly performed cosmetic surgical proce-
dure worldwide.1 Highly satisfactory silhouette contouring 
may be achieved when appropriately trained operators 
perform the procedure with properly selected technologies 
on well-selected patients and anatomical areas. The funda-
mental principles of the technique have evolved into the 
method of choice in the treatment of various entities; 
applications of liposuction have expanded beyond its 
original aesthetic indication to include the treatment of 
many pathological conditions. A frequently asked ques-
tion, particularly when the procedure is performed for 
functional complaints, is whether liposuction should 
always be considered an aesthetic procedure or whether it 
should, in some situations, be deemed a therapeutic 
reconstructive procedure covered by national health plans 
and third-party payers.

Liposuction can be defined as both a technique and a 
surgical tool, similar to the electric scalpel or the optical 
scalpel (CO2 laser) or, more recently, the innovative tools 
used in endoscopic or robotic surgery. It can be advanta-
geously applied for diverse pathologies and conditions, 
ushering in a new era of liposuction. The technique can be 
performed as a minimally invasive procedure and can be a 
better alternative to direct surgical lipectomy and debulk-
ing, resulting in fewer complications such as hematoma 
formation, skin necrosis, wound infection, and dehiscence 
with delayed healing and prolonged hospital stay. In other 
words, liposuction is to surgical lipectomy what endoscopic 
cholecystectomy is to open surgical cholecystectomy.

The term liposuction merits demystification and redefi-
nition. The indication for which liposuction is being 
applied—not the biased general understanding that it is 
always a cosmetic procedure—should determine whether 
to classify liposuction as a cosmetic or functional proce-
dure. In many situations, the line between aesthetic and 
reconstructive procedures is blurry, but when liposuction is 
used for debulking massive lymphedema or treating condi-
tions such as Dercum disease, Madelung or Launois-Bensaude 
disease, or adiposis dolorosa, functional indications prevail. 

Liposuction ceases to be a cosmetic procedure in these 
instances, since the final aesthetic outcome is far from 
optimal for most of these conditions. Unfortunately, the 
boundary between aesthetic and functional indications is 
less clear when dealing with various lipodystrophy syn-
dromes or debulking flaps because liposuction may result 
in obvious aesthetic improvements.

Table 1 summarizes the conditions and pathologies for 
which liposuction may be indicated as a primary therapeu-
tic procedure or as an ancillary procedure to facilitate the 
applied surgical technique or improve outcomes.

It is becoming urgent that national health insurance 
medical officers consider and regard liposuction as a 
minimally invasive debulking lipectomy technique. In 
view of these indications, the chapter on liposuction in the 
common classification of medical procedures (CCAM) 
should be revised and a new policy for reimbursement 
adopted.
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Table 1. Various Conditions and Pathologies for Which Liposuction May Be Indicated as a Primary Therapeutic Procedure or as an Ancillary Procedure 
to Improve Outcome

Primary Functional Indication Ancillary Procedure Aesthetic Outcome

Lipectomy Obesity lower limb arthritis + +

Obesity metabolic syndrome + +

Lipedema + +

Lipodystrophy syndromes + +

Madelung disease + +

Melkersson-Rosenthal syndrome + +

Dercum disease + +

Lipoma + +

Debulking Lymphedema + + +

Lymphangioma and cystic lymphangioma +

Limb gigantism and macrodactily + + +

Insulin-induced lipohypertrophy + +

HIV-associated cervicodorsal lipodystrophy + +

Contour refinement of flaps + +

Reconstructive Scar revision + +

Flap mobilization for single-stage closure +

Therapeutic Extraction of permanent fillers + +

Extravasation injuries +

Tracheostomy, colostomy, and urostomy +

Superficialization of arteriovenous accesses +

Genital area and sexual dysfunction + + +

Axillary lymphadenectomy +

Axillary hyperhidrosis and osmidrosis + +

Gynecomastia, macromastia, and gigantomastia + + +

For some indications, liposuction may result as well in aesthetic improvement. HIV, human immunodeficiency virus.
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Packiriswamy V, Kumar P, Bashour M. Photogrammetric analysis of eyebrow and upper eyelid dimensions in South 
Indians and Malaysian South Indians. Aesthetic Surg J. 2013;33(7):975-982.
(Original DOI: 10.1177/1090820X13503472)

On page 979 there was an error printed in the following sentence: “The eyebrow thickness (in both ethnic groups, P < 
.001), IB distance (IS, P < .001; MSI, P = .0216), and eyebrow apex inclination (in both ethnic groups, P < .001) were 
significantly greater in men than in women.” 

The corrected sentence appears below:

The eyebrow thickness (in both ethnic groups, P < .001) and IB distance (IS, P < .001; MSI, P = .0216) were significantly 
greater in men than in women. But the eyebrow apex inclination (in both ethnic groups, P < .001) was significantly 
greater in women than in men.

Corrigendum
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Ho Quoc C, Meruta A, La Marca S, Fabiano L, Toussoun G, Delay E. Breast Amputation Correction of a Horse Bite Using 
the Lipomodeling Technique. Aesthetic Surg J. 2013;33(1):93-96. (Original DOI: 10.1177/1090820X12469808)

In this article, the segmentation of the first author’s name has been corrected in the full-text version from Quoc, 
Christophe Ho to Ho Quoc, Christophe.

Erratum
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Yves-Gérard Illouz and Aris Sterodimas, eds. Adipose Stem 
Cells and Regenerative Medicine. Berlin, Germany: Springer, 
2011.
ISBN-10: 3642200117

Reviewed by: Kacey G. Marra, PhD; J. Peter Rubin, MD 
DOI: 10.1177/1090820X13511266

IntroductIon
Adipose Stem Cells and Regenerative Medicine is a compi-
lation of writings on the latest advances in adipose stem 
cell research, consisting of 24 chapters by international 
experts in the field. The editors, Drs Yves-Gerard Illouz 
and Aris Sterodimas, are surgeons with extensive expertise 
in liposuction. Dr Illouz is a pioneer in liposuction and 
developer of the well-known Illouz method. Dr Sterodimas 
is a respected plastic surgeon who has been actively 
involved in stem cell research for plastic surgery and 
regenerative medicine.

StrengthS

Several chapters are of great relevance to researchers in 
the field of adipose stem cells. Some provide a comprehen-
sive overview to new researchers in the field. Others pro-
vide extensive details of the protocols related to adipose 
stem cell research. Both MDs and PhDs will find content 
that interests them.

The book contains many elegant and descriptive images 
and figures. The tables are generally easy to understand. 
The quality of writing and editing throughout the book is 
very good. The first 6 chapters concentrate on plastic sur-
gery; the next 6 are more geared toward scientists. The 
remaining 12 focus on specific areas of regenerative medi-
cine, such as cardioregeneration (Chapter 14). Current 
clinical trials and neural applications are described 
(Chapter 15), as is the controversial nature of the transdif-
ferentiation of adipose stem cells into cells of the neuronal 
or glial lineage.

The chapter entitled “Adipose Stem Cells: From 
Liposuction to Adipose Tissue Engineering,” by Yoshimura 
et al, is among the strongest in the book. Dr Yoshimura is 
a pioneer in this field, and his writing on the subject is 
comprehensive, concise, and informative.

The book also features sections on basic principles of 
liposuction and fat grafting (Chapters 3 and 5), engineer-
ing of scaffolds for adipose tissue engineering (Chapter 9), 
and innovative future therapies, with a focus on gene 
therapy (Chapter 11).

The book’s emphasis on clinical translation is another 
of its strengths. Readers will find chapters focusing on cur-
rent clinical applications (Chapters 12, 16, and 23); spe-
cific areas for adipose stem cell applications, including 
obesity (Chapter 13); cardioregeneration (Chapter 14); 
neurology (Chapter 15); orthopedics (Chapter 17); urology 
(Chapter 18); otolaryngology (Chapter 19); and dentistry 
(Chapter 20).

WeakneSSeS

A few sections are redundant or too rudimentary. Some, 
such as Chapter 8 on the storage of adipose stem cells, do 
not fit in with the book’s overall flow. A handful (such as 
Chapters 9 and 12) focus on the authors’ own research, 
while others (Chapters 1, 2, and 11) focus on general back-
ground in the field. The book could be expanded to 
include more applications of adipose stem cells in plastic 
surgery.

Some chapters provide only a general overview of  
a topic. For example, Chapter 10, “Fundamentals  
and Principles of Biomolecules in Adipose Stem Cell 

Dr Marra is an Associate Professor, Departments of Plastic 
Surgery and Bioengineering, and Faculty, McGowan Institute 
for Regenerative Medicine, University of Pittsburgh, Pittsburgh, 
Pennsylvania. Dr Rubin is a Professor, Departments of Plastic 
Surgery and Bioengineering, and Faculty, McGowan Institute 
for Regenerative Medicine, University of Pittsburgh, Pittsburgh, 
Pennsylvania.
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Engineering,” could be expanded to include more informa-
tion on the use of adipose stem cells in regenerative 
medicine for their growth factor expression (instead of 
multipotentiality), which is of great interest in the research 
and medical communities.

Some key topics, such as the role of adipose stem cells 
in treating liver disease, are not covered despite several 
reports indicating the potential of adipose stem cells for 
differentiation into hepatocytes. Similarly, there is a lack of 
information on adipose stem cells in wound healing, 
which will likely be one of the most common clinical uses 
for adipose stem cells. There is a brief section devoted to 
this topic (Section 21.3: “ASCs for the Production of 
Human Skin Substitutes and Their Transplantation”), but 
the topic could be covered in multiple chapters.

Other subjects that could have been covered in more 
detail include the future of adipose stem cell research 
(Section 23.6: “Future Animal and Clinical Studies in 
Adipose Stem Cell Engineering” describes current studies) 
and the regulatory hurdles that face adipose stem cell 
researchers. While some clinicians may use the instru-
ments described in Chapter 22 (see Table 22, p. 252), the 
oversight of the US Food and Drug Administration in these 
cases is not described.

Summary

In summary, this is an excellent reference book for clinicians 
and scientists with an interest in adipose stem cell research. 
It is mostly directed toward clinicians, namely plastic sur-
geons, but engineers and scientists will also find the clinical 
sections informative and beneficial. Many of the key topics in 
the field of adipose stem cells have been adequately covered.

ratIng: 4

To purchase, visit: http://link.springer.com/book/ 
10.1007/978-3-642-20012-0/page/1
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Roger K. Khouri and Thomas M. Biggs. Your Natural Breasts:  
A Better Way to Augment, Reconstruct, and Correct Using Your 
Own Fat. Tallahassee, FL: San Pedro Publishing; 2012.
ISBN-10: 0615695809

Reviewed by: Bruce L. Cunningham, MD; Robert G. 
Neumann, MD 
DOI: 10.1177/1090820X13511267

IntroductIon

Aesthetic Surgery Journal’s book review section generally 
focuses on scholarly works, but Your Natural Breasts: A 
Better Way to Augment, Reconstruct, and Correct Using 
Your Own Fat, while academic in scope and presentation, 
was written primarily for prospective patients of augmen-
tation and reconstruction procedures rather than for med-
ical professionals. Despite its intended readership, the 
book—an introduction to autologous fat grafting for breast 
enhancement or reconstruction—will be stimulating for 
clinicians interested in the topic of fat grafting.

The authors of this book are 2 of the most widely rec-
ognized names in lipotransfer-based breast surgery. Dr 
Roger Khouri is an accomplished microsurgeon and recon-
structive surgeon who educates physicians on the technol-
ogy used for autologous and large-volume fat transfer. Dr 
Thomas Biggs is a pioneer in implant-based breast recon-
struction, the former editor of several plastic surgery jour-
nals, and an advocate of international surgical education.

The book’s title tells prospective patients that they are 
the intended audience and prepares them to learn why 
Khouri and Biggs recommend this method of fat grafting 
over other contemporary techniques of breast augmenta-
tion and reconstruction. The authors explain the use of 
external vacuum tissue expansion and autologous fat 
transfer directly to potential patients.

The first 7 chapters provide conceptual and basic pro-
cedural overviews of negative-pressure tissue expansion 
with the BRAVA System (Biomecanica, Inc, Miami, Florida) 
and autologous fat transplantation. These techniques are 
compared with implant-based augmentation and recon-
struction, as well as with autologous flap-based recon-
struction. The illustrations are clear, original, and high 

quality. The text is concise, sophisticated, and does not 
condescend to readers, so it is also suitable for surgeons.

The subsequent 10 chapters are divided between aes-
thetic and reconstructive surgical indications. Each of 
these chapters briefly discusses a topic such as augmenta-
tion, outlines a simplified preoperative and procedural 
protocol, and presents a few representative clinical preop-
erative and postoperative photos. The photos are high 
quality and show patients at a reasonable follow-up 
period, ranging from 6 months to 5 years.

StrengthS

Patients often leave our offices and do their own research, 
perusing the Internet for additional details or for reinforce-
ment of what we have presented to them. Unfortunately, 
they frequently have difficulty finding accurate informa-
tion. It is commendable that Khouri and Biggs have col-
laborated to produce a credible source of information that 
is comprehensible for patients.

The language is clear and simple rather than technical. 
Patients will be comforted by colloquialisms such as “two-
fer” and analogies that compare fat grafting with placing 
“seed” in “fertile soil.” The editing remains consistent 
throughout. Chapters are divided by distinct topics, and 
their order is logical. Patients can review the first 7 chap-
ters for conceptual and basic procedural overviews and 
then proceed directly to the chapter that addresses their 
specific surgical interest. The photos complement the text 
and demonstrate manifest results. The illustrations sim-
plify the concept of autologous fat transfer for those who 
may be unfamiliar with skin and superficial soft-tissue 
anatomy. Each chapter on major indications concludes 
with testimonial letters from Khouri’s patients. These tes-
timonials comprise one-third of the book.
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WeakneSSeS

The following example demonstrates the difficulty of cre-
ating a tome for the lay public that includes elements of 
scholarly discipline: The authors provide a table that 
directly compares implants/expanders, flaps, and BRAVA 
plus autologous fat transfer (BRAVA + AFT) but do not 
cite sources for some of the more controversial data, such 
as patient satisfaction scores. In fact, there are no foot-
notes or references anywhere in the book. This lack of 
documentation calls into question claims such as, “One of 
the major side benefits of our BRAVA + AFT procedure is 
that, unlike implant or flap reconstructions, the nerves are 
restored.” The authors have a clear bias for their tech-
nique, specifically the use of the BRAVA system, and make 
little allowance for other variations that may also yield 
excellent results. A plastic surgeon can identify the inher-
ent bias, but a layperson may not, making it difficult to 
make a well-informed decision based on the book alone.

Operative descriptions lack specific technical detail, so 
surgeons seeking to refine their technique may be disap-
pointed. Finally, a few topics, such as the transcutaneous 
buried suture-mesh mastopexy, could have benefitted 
from additional explanation.

Summary

The authors should be congratulated for this fine text, 
which helps fill the void of surgeon-authored works for 
patient education. The book works well for the intended 

readership: patients. Your Natural Breasts has a logical 
structure and allows patients to easily find the chapter that 
is relevant to their surgical concerns. Patients will be far 
better informed about many of the issues related to lipofill-
ing after reading this book.

Our main criticisms are that the authors are biased 
toward a particular technique and that surgeons hoping to 
find operative or technical specifics may be dissatisfied 
with the level of detail.

In conclusion, this book is a good educational supple-
ment for patients who want to learn more about these 
techniques. This volume can be part of a well-rounded 
patient education program but should be balanced with 
materials or conversations about other implant-based and 
autologous options.

ratIng: 4

To purchase, visit: http://www.miamibreastcenter.com/
book-your-natural-breasts
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