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Abstract
Background: We aimed to understand the curative effect of liposuction curettage (LC) in the treatment of bromhidrosis.

Methods:Relevant studies published before January 2017were searched from the PubMed, Embase, Cochrane Library,Wanfang,
VIP, and China National Knowledge Infrastructure databases. Parameters including recurrence, complications, complete response,
and overall response were assessed. Meta-analysis was performed using the R 3.12 statistical package. Odds ratio (OR) and 95%
confidence interval (95%CI) were used for dichotomous data. Heterogeneity was assessed using Cochran’s Q-statistic and I2 test. In
addition, Egger’s test was conducted to detect publication bias.

Results: Ten studies with a total of 1124 participants (545 cases and 579 controls) were included. There was no statistical
difference in recurrence (OR=1.19, 95% CI: 0.51–2.74), complete response (OR=0.66, 95% CI: 0.25–1.74), or overall response
(OR=0.63, 95% CI: 0.21–1.87) between the case and control groups. The incidence of complications in the case group was lower
than that in the control group (OR=0.24, 95% CI: 0.08–0.67) and open excision group (OR=0.11, 95% CI: 0.07–0.19). Publication
bias existed for the recurrence index in the open excision group (t=3.3979, P= .04), but no publication bias was found in other
subgroups, indicating stable results.

Conclusions: LC, which has fewer complications, can be considered the primary choice in the treatment of patients with
bromhidrosis compared with other surgical procedures.

Abbreviations: 95%CI = 95% confidence interval, CNKI = China National Knowledge Infrastructure, LC = liposuction curettage,
OR = odds ratio.
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1. Introduction

Bromhidrosis, also referred to as axillary osmidrosis, is
characterized by excessive malodor stemming from the apocrine
glands.[1] It does not affect physical health but has a strong
negative effect on one’s professional and social life, particularly
in Asians.[2,3] Thus, it is necessary to completely eradicate
bromhidrosis. Drug treatment of this disease is often only
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temporarily effective. At present, the elimination of the
apocrine glands by surgical procedures seems to be the most
effective and logical therapeutic method.[4]

Liposuction curettage (LC) is performed at the dermal–
subcutaneous interface using a liposuction device and a sharp,
rasping-type cannula.[5] Liposuction was first described in 1983
by Kesselring for axillary hyperhidrosis therapy.[6] At present,
minimally invasive surgical techniques including LC have been
widely used to treat bromhidrosis.[7] Tsai[8] indicated that
axillary liposuction has high efficacy and low complication rates
in the treatment of bromhidrosis. Li et al[9] showed that both LC
and micro-incision super-thin flap are effective in the treatment
of bromhidrosis. Chen et al[7] suggested that LC has better
improvement and longer recurrence duration in the treatment of
osmidrosis than a subcutaneous laser. However, 1 study showed
that compared with LC, axillary skin resection, and small-
incision minimally invasive aspiration, CO2 lasers have a higher
cure rate, lower recurrence rate, and lower complication rate.[10]

Other studies have indicated that the efficacy of small-incision
cut-off procedures is better than that of LC.[11,12] Therefore, it is
currently unclear whether LC is a better choice for treating
bromhidrosis than other surgical techniques.
In order to understand the efficacy of LC in the treatment of

bromhidrosis, we searched published studies in the PubMed,
Embase, Cochrane Library, Wanfang, VIP, and China National
Knowledge Infrastructure (CNKI) databases before January
2017 and performed this meta-analysis.
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Figure 1. Flow chart of study selection.
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2. Methods

2.1. Source of materials

We searched the PubMed, Embase, Cochrane Library, Wanfang,
VIP and CNKI databases for studies published before January
2017. The keywords “bromhidrosis” OR “underarm odor” OR
“osmidrosis” OR “bromidrosis” AND “liposuction curettage”
were used for searching. In addition to the database search, a
literature review was conducted to find related clinical research.
The publication language was not restricted in our search.
2.2. Inclusion and exclusion criteria

Studieswere included inourmeta-analysis if theymet the following
criteria: (1) published studies on the treatment of bromhidrosis
with LC (case group: LC; control group: nonliposuction curettage
including laser treatment and open excision) and (2) studies that
could provide data about the quantitative distributionof efficacy in
the 2 groups (parameters: recurrence, complications, complete
response, and overall response). Reviews, reports, comments, and
letters were excluded.
2.3. Data extraction

Two reviewers independently extracted data from the included
studies. For each study, data including the first author name,
publication year, study location, study year, intervention type,
numbers, male/female number, mean age, and follow-up time
were collected. Disagreements were resolved by discussion with a
third reviewer.
2.4. Statistical analyses

The meta-analysis was performed using the R 3.12 statistical
package (R Foundation for Statistical Computing, Beijing, China,
2

meta package [version 4.4–1]). Odds ratio (OR) and 95%
confidence interval (95% CI) were used for dichotomous data.
Heterogeneity was assessed using Cochran’sQ-statistic[13] and I2

test. When P< .05 or I2 > 50%, indicating significant
heterogeneity, a random-effects model was used to estimate
the pooled effect of outcomes. Otherwise, a fixed-effects model
was used. Egger’s test was conducted to detect publication
bias.
3. Results

3.1. Characteristics of eligible studies

Figure 1 shows the flow chart of study selection. A total of 181
studies were identified after the initial database search. First, 46
duplicates were excluded. Then, after screening titles and
abstracts, 103 obviously irrelevant studies were excluded.
Subsequently, 22 studies (3 letters, 2 case series/reports, 6
literature reviews, 5 with no relevant data, 4 with no control
group, and 2 reduplicative studies) were excluded by reviewing
the full text of studies. Finally, 10 studies[4,7,9–12,14–17] were
included in this meta-analysis.
In total, 1124 participants (545 cases and 579 controls) were

included. The characteristics of the included studies are shown in
Table 1. The included studies were published between 2002 and
2015, and study years ranged from 1995 to 2015. China was the
most common study location. More females were included in the
studies than males, and most participants were middle-aged. In
addition, the follow-up time was approximately 6 months.
3.2. Meta-analysis

Indices, including recurrence, complication, complete response,
and overall response, were analyzed. Significant heterogeneity
was found, and a random-effects model was, therefore, used to



Table 1

The characteristics of the included studies.

Author Publication year Study location Study year Group N M/F Mean age, years Mean follow –up, months

Chen YT 2015 Taiwan 2007–2013 LC 19 4/15 37.5±0.9 56.8±2.3
LT 66 17/49 29.8±2.8 22.1±0.4

Park YJ 2001 Korea 1995.3–2000.3 LC 32 NA NA NA
China LT 18 NA NA NA

Wang C 2015 China 2009.2–2014.2 LC 65 23/42 22.78 (15–38) 7.69 (3–40)
China OE 65 42/42 22.91 (16–39) 6.81 (3–20)

Huang X 2009 China 2008 LC 70 100/180 24.5 (18–44) NA
LT 70 NA
OE 70 NA

Meng FJ 2002 China 2001.3–200.6 LC 68 NA NA 3–9
China OE 36 NA NA 3–9

Li L 2015 China 2011.9–2015.4 LC 45 NA NA NA
China OE 45 NA NA NA

Zhang JZ 2014 China 2009.6–2013.6 LC 40 18/22 22.70±0.02 NA
China OE 40 17/23 22.51±0.01 NA

Li BW 2009 China 1998.4–2007.7 LC 159 NA NA >6
China OE 96 NA NA >6

Su XG 2013 China 2010–2011 LC 25 32/43 23.3 (16–45) NA
OE 50 NA

Chen DJ 2012 China NA LC 22 11/11 16–45 6
OE 23 10/13 16–45 6

LC= liposuction curettage, LT= laser treatment group, M/F=male/female, mo=month, N= the total number of including, OE= open excision, y= year.
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estimate the pooled effect of outcomes. There was no statistical
difference in recurrence (OR=1.19, 95% CI: 0.51–2.74;
Fig. 2A), complete response (OR=0.66, 95% CI: 0.25–1.74;
Fig. 2B), or overall response (OR=0.63, 95% CI: 0.21–1.87;
Fig. 2C) between the case and control groups. The incidence of
complications in the case groupwas lower than that in the control
group (OR=0.24, 95% CI: 0.08–0.67; Fig. 3). Further analysis
of the control group (laser treatment and open excision) revealed
that the incidence of complications in the case group was lower
than that in the open excision group (OR=0.11, 95% CI: 0.07–
0.19; Fig. 3). The curative effect of LC was equivalent to that of
the other 2 methods (laser treatment and open excision), but the
incidence of complications in LC was less than that in laser
treatment and open excision. Thus, LC can be considered the
primary choice in the treatment of patients with bromhidrosis.
Egger’s test showed that there was publication bias for the

recurrence index in the open excision group (t=3.3979, P= .04).
No publication bias was found in other subgroups, indicating
stable results (Table 2).
4. Discussion

Previous studies showed mixed results, suggesting a discrepancy
as to whether LC is a better choice for treating bromhidrosis than
other surgical techniques. In the present study, we searched for
relevant studies to clarify the curative effect of LC in the treatment
of bromhidrosis via a meta-analysis. The present meta-analysis
showed that the curative effect of LC was equivalent to the other
2 methods but that the complication rate in LC was less than
those in laser treatment and open excision.
Methods with modest success rates and few complications are

favorable in the treatment of diseases such as bromhidrosis that
affect patients more mentally than physically.[18] The present
study found no statistical difference in recurrence, complete
response, or overall response between the LC group and the laser
3

treatment or open excision group. However, the incidence of
complications in the LC group was lower than that in the laser
treatment and open excision groups, suggesting that LC is the
primary choice in the treatment of patients with bromhidrosis. A
previous study reported that tumescent superficial LC is a safe
and effective therapy for bromhidrosis and that this method is a
good choice for treating bromhidrosis.[19] Lee et al[20] also
mentioned that tumescent liposuction with dermal curettage is a
safe and effective procedure for treating bromhidrosis. Another
study demonstrated that suction curettage combined with 2
different cannulae had a high success rate (low complications)
and high satisfaction (minimal scarring and rapid recovery).[21]

Perng et al[18] indicated that the treatment of bromhidrosis with
liposuction had fewer complications than open excision and that
80% of patients who received liposuction treatment were
satisfied with the results. Suction curettage with minimal
invasiveness and minimal scarring has greater advantages than
excisional surgery.[22] Therefore, we believe that LC is the
primary choice in the treatment of patients with bromhidrosis
compared with other surgical procedures such as laser treatment
and open excision.
The present study discussed the curative effect of LC in

the treatment of bromhidrosis using a meta-analysis, which
improved the reliability of conclusions. Despite the strengths of
the study, some limitations should be discussed. First, heteroge-
neity is a common limitation of meta-analyses.[23] Sources of
heterogeneity may include different surgical methods, differences
in location and/or ethnic groups, and the effects of demographic
factors such as gender and age. Some unknown source of
heterogeneity might also affect the results of the meta-analysis.
Second, because of incomplete demographic characteristics in the
included literature, further subgroup analysis and meta-regres-
sion analysis for age and race were not performed. Third,
publication bias existed for some results, and greater numbers of
samples are therefore needed to perform related analyses. In
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Figure 2. Meta-analysis results for (A) recurrence, (B) complete response, and (C) overall response.
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addition, the relatively small number of included studies may
have affected the combined results of our subgroup analysis.
Thus, it is necessary to identify a greater number of related studies
to make more accurate conclusions.
4

In conclusion, the results of this meta-analysis suggest that LC,
which has fewer complications, can be considered as the primary
choice in the treatment of patients with bromhidrosis compared
with other surgical procedures. For more detailed evaluations,



[8] Tsai R-Y. Treatment of excessive axillary sweat syndromes (hyperhi-

Table 2

The results for meta-analysis.

Sample size Test of association Test of heterogeneity
∗,† Egger’s test‡

Indexes Group Cases Control OR (95%CI) Z P Model Q P I2 (%) T P

Recurrence LT 121 154 1.0662 (0.2363; 4.8098) 0.08 .9336 Random 4.89 .0866 59.1 0.0574 .9635
OE 406 313 1.2099 (0.3955; 3.7015) 0.33 .7384 Random 10.31 .0355 61.2 3.3979 .0425

Complication rate LT 121 154 1.3934 (0.1902; 10.2078) 0.33 .7441 Random 7.22 .0270 72.3 1.0266 .4916
OE 382 402 0.1141 (0.0675; 0.1928) 8.11 <.0001 Fixed 5.88 .4370 0 0.3917 .7114

Complete response LT 89 136 1.7202 (0.1960; 15.0952) 0.49 .6245 Random 8.44 .0037 88.2 – –

OE 292 343 0.4797 (0.1390; 1.6555) 1.16 .2451 Random 43.34 <.0001 88.5 0.6770 .5355
Overall response LT 89 136 1.8782 (0.6951; 5.0748) 1.24 .2139 Fixed 1.38 .2405 27.4 – –

OE 292 343 0.4846 (0.1290; 1.8204) 1.07 .2834 Random 16.46 .0025 75.7 0.1423 .8958

CI= confidence interval, OR=odds ratio.
∗
Random-effects model was used when the P for the heterogeneity test <.05; otherwise, the fixed-effect model was used.

† P < .05 is considered statistically significant for Q statistics.
‡ Egger’s test to evaluate publication bias, P< .05 is considered statistically significant.

Figure 3. Results of the meta-analysis for complications.
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further studies with larger sample sizes and fewer limitations are
needed in the future.
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