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Purpose: Many patients with axillary osmidrosis (AO) cannot tolerate the local irritation of strong antiperspirants and discontinue AO 
use within a short time. This study evaluates the effect of long-term antiperspirant use on postoperative complications after osmidrosis 
surgery.
Patients and Methods: A total of 116 females (66 antiperspirant and 50 non-antiperspirant cases) who underwent osmidrosis 
surgery were retrospectively reviewed. Postoperative complications were compared between the 2 groups.
Results: Patients with long-term antiperspirant use had a lower risk of full-thickness skin necrosis compared with those who did not 
use antiperspirants (odds ratio [OR] = 0.048, 95% confidence Interval [CI]: 0.006–0.392, p = 0.005). Patients with antiperspirants use 
also had a lower risk of moderate-to-severe erythema compared to those without antiperspirants use (moderate vs mild erythema: OR = 
0.351, 95% CI: 0.129–0.959, p = 0.041; severe vs mild erythema: OR = 0.161, 95% CI: 0.047–0.550, p = 0.004). Patients who used 
antiperspirants also had a lower risk of severe skin erosion compared to those who did not use antiperspirants (severe vs mild skin 
erosion: OR = 0.164, 95% CI: 0.037–0.725, p = 0.017). There was a trend of lower risk in moderate skin erosion in patients with 
antiperspirant use compared to those without antiperspirant use, but it was not statistically significant (moderate vs mild epidermal 
damage and peeling: OR = 0.406, 95% CI: 0.158–1.043, p = 0.061).
Conclusion: Postoperative complications in patients with AO who undergo osmidrosis surgery are lower in those with a long-term 
antiperspirant use compared to patients who did not use antiperspirants.
Keywords: axillary osmidrosis, antiperspirant, complications, surgery

Introduction
The prevalence of axillary osmidrosis (AO) in China is about 4% to 8%, and there is no report on the prevalence of AO 
in foreign countries.1 Although the odor does not affect the life of the survivors, the odor seriously affects the daily life 
and normal social interaction of the patients, and brings great psychological pressure to the patients.2 AO is a distressing 
condition that results in considerable psychological stress and low quality of life due to an offensive odor and yellowish 
staining of clothing.3 AO is characterized by axillary malodor secondary to ammonia and short-chain fatty acid 
production resulting from bacterial decomposition of apocrine gland secretions.4,5 Apocrine glands in the armpit extend 
from the lower part of the dermis to the subcutaneous fat, and it is more difficult to remove firmly attached apocrine 
glands from the lower layer of the dermis than those located under the skin.6 Incomplete removal of apocrine glands 
attached to the lower dermis can lead to a recurrent rash.5
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Current treatments for AO include antiperspirants, deodorants, botulinum toxin injections, subcutaneous laser treatments, 
percutaneous ethanol injections, and various types of surgery.7–12 To permanently resolve AO, apocrine glands must be 
eradicated through surgery.4,13,14 However, various surgical complications have been reported such as hematoma, seroma, 
skin necrosis, scarring, and a prolonged recovery period.6,15 Moreover, aggressive removal of apocrine glands may be 
associated with severe complications such as hematoma formation and skin necrosis.13 Thus, reducing the incidence of 
complications and successfully removing the apocrine glands is important for the treatment of AO.

Antiperspirants reduce sweat release from the eccrine sweat glands, thereby limiting the amount of secretion in the armpit 
area.16 Aluminum salts and other metal salts, such as zirconium, are known to reduce sweating by causing mechanical 
obstruction of glandular ducts.16 Therefore, by releasing less sweat, less bacterial production and hence alter the environment 
in which bacterial overgrowth takes place and odor reduces to occur.16 A previous study recommended antiperspirant use 
(based on a 90% success rate for the desired effects) as first-line treatment of AO.17 However, topical antiperspirants are only 
a transient solution for AO,18 while the surgery can permanently resolve AO.13 Nevertheless, additional evidences indicate 
that antiperspirants increase the vascular proliferation and ectasia, decrease the sweat and sebaceous glands, and decrease the 
infiltration of inflammatory cells.19–21 Surgical treatment reduces microcirculation of axillary skin, resulting in the occurrence 
of postoperative complication (eg, skin necrosis).22,23 Thus, we hypothesize that AO patients applied antiperspirants may 
reduce the postoperative complication due to the above effects. The purpose of this study is to investigate if the long-term use 
of antiperspirants has an effect on postoperative complications after osmidrosis surgery.

Patients and Methods
Patients and Study Design
The records of females who underwent osmidrosis surgery for severe AO (defined as Level 3 [moderate odor] to Level 5 [severe 
odor] by a previously described gauze test3 by the single surgeon from January 2019 to December 2021 were retrospectively 
reviewed. Before osmidrosis surgery, AO patients tracked for the status of antiperspirant use in the clinic for over 6 months. The 
patients were grouped into antiperspirant and non-antiperspirant groups. For antiperspirant group, patients continuously applied 
antiperspirant (1–2 times daily) for a minimum of 6 months prior to surgery. For non-antiperspirant group, patients never used 
antiperspirants during 6 months prior to surgery. Patients with antiperspirant-related rare side effects, including history of smoking 
or drinking, keloids, abnormal blood coagulation, contact eczema, ulceration or infection in axilla, previous laser hair removal or 
microwave thermolysis treatment, a history of a preoperative hematoma, and hormones, psycho-pharmaceuticals or any other 
drugs use, were excluded. Of the 116 patients, there were 66 in the antiperspirant group and 50 in the non-antiperspirant group. 
The Chang Gung Medical Foundation Institutional Review Board approved this study (approval no. 202200098B0), which 
adhered to the tenets of the 1975 Declaration of Helsinki and was obtained informed consent from each patient.

Surgical Procedure
After the sterilization of the axilla, local anesthesia with tumescent water were administered. Tumescent water (a mixture of 
500 mL normal saline, 20 mL sodium bicarbonate and 1 mL epinephrine) evenly injected between skin flap and hypodermis with 
150 mL on one side of axilla. One 5 mm incision was made in the axilla using a 15# surgical blade, and an dissecting scissors are 
used to separate subcutaneous tissue from the skin. An shaver (E9000 System, ConMed Linvatec Corporation, Largo, Fla.) was 
used for removal of the apocrine glands under the separated skin flap, which did not influence the thickness of skin flap. After 
complete removal of the apocrine glands, the axillary wound was covered with a bulky ball-shaped gaze, about the size of a fist, 
and was fixed in place with sutures such that the skin flap and subcutaneous skin were firmly pressed together (te-over dressing). 
The procedure was performed on an outpatient basis, and patients returned after 3 days for tie-over dressing and suture removal.

Data Collection and Evaluation
Patients were asked to report the effect of the operation 14 days after surgery, and pictures of the skin flaps were also 
taken 14 days after the operation. Postoperative complications, including erythema (percentage of the total area), skin 
erosion (percentage of the total area), and full-thickness skin necrosis, were evaluated for all patients. With respect to 
erythema, the severity of mild, moderate, and severe were respectively defined as “<50%”, ‘50–75%’, and ‘>75%’. For 
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skin erosion, the severity of mild, moderate, and severe were respectively defined as “<50%”, “50–75%”, and “>75%”. 
For full-thickness skin necrosis, it was defined as any full-thickness skin necrosis. To increase the reliability of the 
measures, the same camera was used to record images under the same settings for all patients. To rule out the possibility 
of potential bias, the images were mixed and were then given to the same dermatologist who was unaware of the patient 
to assess the condition of the skin flaps.

At 8 weeks of post-surgery, postoperative malodor elimination was assessed by surgeons and patients. The degree of 
axillary malodor elimination was evaluated as excellent (no odor occurs after intense exercise), good (mild odor occurs 
after intense exercise), fair (mild odor occurs after daily activity or moderate odor occurs after intense exercise), and poor 
(moderate-to-severe odor occurs after daily activity).

Statistical Analysis
Continuous variables were represented as median with the corresponding range, and comparisons between groups was 
performed with the Mann–Whitney U-test. Categorical variables were expressed as number (percentage) and assessed by 
Fisher’s exact test following Bonferroni correction for comparisons between groups. Multivariate logistic regression 
analysis was performed to examine associations between patient characteristics and postoperative complications. SPSS 
version 25.0 software (IBM Corp., New York, USA) was used for all statistical analysis. A value of p < 0.05 was 
considered to indicate a statistically significant difference.

Results
Patient Characteristics
The median age of the 116 female patients was 28 years (range: 20–42 years) (Table 1). Sixty-six (52.6%) patients had a 
history of antiperspirant use, and 50 (47.4%) had not used antiperspirants. At 14 days of post-surgery, 80 (69.0%) 
patients had mild erythema, 19 (16.4%) patients had moderate erythema and 17 (14.7%) patients had severe erythema, 
and 78 patients (67.2%) had mild skin erosion, 28 (24.1%) patients had moderate skin erosion and 10 (8.6%) had severe 
skin erosion. Fourteen (12.1%) patients had full-thickness skin necrosis.

Association of Antiperspirant Use and Postoperative Complications
Compared with the non-antiperspirant use group, patients with antiperspirant use significantly had a low proportion of 
postoperative full-thickness skin necrosis (antiperspirant vs non-antiperspirant group: 1.5% vs 26.0%, p < 0.001, Table 2 
and Figure 1). Antiperspirant use was negatively associated with the severity of postoperative erythema (p = 0.001, 

Table 1 Patient Demographics and Clinical Characteristics

Variables Total (N = 116)

Age (years), median (range) 28 (20–42)

Antiperspirant use, n (%)
No 50 (47.4)

Yes 66 (52.6)
Erythema, n (%)

Mild 80 (69.0)

Moderate 19 (16.4)
Severe 17 (14.7)

Skin erosion, n (%)

Mild 78 (67.2)
Moderate 28 (24.1)

Severe 10 (8.6)

Full-thickness skin necrosis, n (%)
No 102 (87.9)

Yes 14 (12.1)
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Table 2 and Figure 1). Antiperspirant use was negatively associated with the severity of postoperative skin erosion, 
although the association was not statistically significant (p = 0.056, Table 2 and Figure 1). In addition, age was not 
significantly different between the 2 groups (p = 0.076, Table 2).

Multivariate logistic regression analysis showed that patients who used antiperspirants had a lower risk of post
operative full-thickness skin necrosis compared with those who did not use antiperspirants (odds ratio [OR] = 0.048, 95% 
confidence Interval [CI]: 0.006–0.392, p = 0.005, Table 3). Patients who used antiperspirants also had a lower risk of 
moderate-to-severe erythema compared to those who did not use antiperspirants (moderate vs mild erythema: OR = 
0.351, 95% CI: 0.129–0.959, p = 0.041; severe vs mild erythema: OR = 0.161, 95% CI: 0.047–0.550, p = 0.004, Table 3). 
Patients who used antiperspirants also had a lower risk of severe skin erosion compared to those who did not use 
antiperspirants (severe vs mild skin erosion: OR = 0.164, 95% CI: 0.037–0.725, p = 0.017, Table 3). Moreover, there was 

Table 2 Comparison of Postoperative Complications Between the Non-Antiperspirant and Antiperspirant 
Groups

Variables Non-Antiperspirant (n = 50) Antiperspirant (n = 66) p-value

Age (years), median (range) 27.5 (20–41) 29 (21–42) 0.076

Malodor elimination, n (%) 1.000

Poor or fair 0 (0.0) 0 (0.0)
Good or excellent 50 (100.0) 66 (100.0)

Erythema, n (%) 0.001*

Mild 26 (52.0) 54 (81.8)
Moderate 11 (22.0) 8 (12.1)

Severe 13 (26.0) 4 (6.1)
Skin erosion, n (%) 0.056

Mild 28 (56.0) 50 (75.8)

Moderate 15 (30.0) 13 (19.7)
Severe 7 (14.0) 3 (4.5)

Full-thickness skin necrosis, n (%) <0.001*

No 37 (74.0) 65 (98.5)
Yes 13 (26.0) 1 (1.5)

Note: *p < 0.05.

Figure 1 Complications in antiperspirant and non-antiperspirant groups. (A) Upper panel, figure showed a 28-year-old woman without prior antiperspirant use who had 
mild erythema, moderate skin erosion, and full-thickness skin necrosis and lower panel, figure showed a 30-year-old woman without prior antiperspirant use who had mild 
erythema, severe skin erosion, and full-thickness skin necrosis. (B) Upper (24-year-old woman) and lower (30-year-old woman) panels, figures showed patients with prior 
antiperspirant use who had mild postoperative erythema and skin erosion.
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Table 3 Multivariate Logistic Regression Analysis of Antiperspirant Use and Postoperative Complications

Variables Erythema Skin Erosion Full-Thickness Skin Necrosis

Mild Moderate Severe Mild Moderate Severe

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age (years) Ref. 0.925 (0.842–1.016) 0.103 0.928 (0.832–1.037) 0.187 Ref. 0.964 (0.879–1.058) 0.441 1.040 (0.910–1.188) 0.565 0.957 (0.854–1.073) 0.454

Antiperspirant use

No Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Yes Ref. 0.351 (0.129–0.959) 0.041* 0.161 (0.047–0.550) 0.004* Ref. 0.406 (0.158–1.043) 0.061 0.164 (0.037–0.725) 0.017* 0.048 (0.006–0.392) 0.005*

Note: *p < 0.05. 
Abbreviations: CI, confidence interval; OR, odds ratio.
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a trend of lower risk of moderate skin erosion in patients who used antiperspirants compared to those who did not use 
antiperspirants; however, statistical significance was not reached (moderate vs mild skin erosion: OR = 0.406, 95% CI: 
0.158–1.043, p = 0.061, Table 3).

Discussion
Antiperspirants can effectively reduce local perspiration in the axilla. The principle behind antiperspirants is to use 
aluminum molecules to infiltrate the sweat ducts. The entrance of aluminum into sweat glands causes changes in the cells 
and the formation of a complex that temporarily blocks sweat ducts, thus, inhibiting perspiration. However, topical 
antiperspirants are only a transient solution for AO. The current analysis of prior antiperspirant use and risk of 
postoperative complications yielded the following new key findings. First, prior antiperspirant use was a independent 
predictive factor for full-thickness skin necrosis or severe erythema. Second, prior antiperspirant use was associated with 
a lower risk of moderate and severe skin erosion, although it was not significantly different.

Generally, apocrine gland secretions and the activity of bacteria create the characteristic stench of AO. Previous 
studies have been shown that the apocrine glands of AO patients are hypertrophic and hyperplastic.24 In order to 
permanently treat AO, it is necessary to remove or destroy the axillary apocrine glands.24 Surgical methods provide 
a definitive treatment for AO, and the ideal surgical treatment should be a simple, effective, and be able to be performed 
under local anesthesia in an outpatient setting.25 However, aggressive removal of apocrine glands can be associated with 
relatively severe complications such as hematoma formation and necrosis.13,24 A early complication, superficial epider
mal necrosis, was reported to occur in 37% of the AO patients after performing a subcutaneous gland excision 
technique.26 Although many methods have been used to reduce the frequency of postoperative complications, the 
incidence of complications with traditional surgical approaches is relatively high. If a hematoma occurs it should be 
removed immediately to avoid skin flap necrosis, and then a compression dressing should be applied. Debridement and 
daily dressing changes should be performed when skin flap necrosis occurs. However, larger skin defects may need to be 
repaired by skin grafts. Nevertheless, in contrast to traditional surgical approach, small incision surgery with shaver is 
now widely used because postoperative scarring is minimized and limb function is preserved.27 However, due to the 
small incision and the limitations of blind excision of secretory glands, the risk of subcutaneous hematoma formation and 
incomplete cleaning of apocrine glands is high, which directly affects the postoperative survival of the skin flap.25 

Particularly, although a smaller incision with a length of about 5 mm were used in the present study, expert surgeon could 
avoid the occurrence of this state and traditional approach-related postoperative scarring and impaired limb function. By 
this procedure, the excision of subcutaneous apocrine glands was performed through a single incision that allowed the 
apocrine glands to be completely removed, which did not influence the postoperative thickness of skin flap. Overall, only 
9.5%, 10.7%, and 7.1% of AO patients, respectively, developed full-thickness skin necrosis, severe erythema, and severe 
skin erosion during a follow-up period of 14 days. Moreover, at 8 weeks of post-surgery, all patients had an elimination 
of malodour. This is similar to our previous study, indicating that more than 90% patients have an improvement of 
malodour after surgery removed apocrine glands.28 The previous study demonstrates that removing a majority of the 
deeply located apocrine contributes to the elimination of malodour, while removing eccrine glands may be slightly less 
effective for treating hyperhidrosis than osmidrosis.14 Thus, the low complications and effective elimination of malodour 
suggest that the procedure described in this report is a good choice for the treatment of AO.

Antiperspirants are classified as drugs, and are therefore subject to rules and regulations set forth by the Food and 
Drug Administration. The active ingredient in antiperspirants is usually aluminum-based, which reduces sweat by 
causing obstruction of the apocrine glands.29 There are several possible explanations for the finding that long-term use 
of antiperspirants is associated with a lower rate of postoperative complications. It is speculated that there are 2 possible 
reasons for the finding: 1) antiperspirant use improves axillary microbiota and 2) microcirculation.

Human axillary odour is commonly attributed to the bacterial degradation of precursors in sweat secretions.30 The 
axillary microbiota consists mainly of gram-positive bacteria of the genera Staphylococcus, Micrococcus, 
Propionibacterium, and Corynebacterium, which is the primary cause of the foul odor.30 Recently, Troccaz et al reported 
that the underarms of non-antiperspirant users have significantly higher sweat odour intensities and harboured on average 
about 50 times more bacteria than those of antiperspirant users.31 These potentially pathogenic species can cause 
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postoperative complications when forced out of their natural habitat by surgical utensils or needles and possess the ability 
to develop chronic infections in opportunistic locations,32 suggesting that strategies for preparing and managing patients 
undergoing surgery should be adjusted to reduce the chances of postoperative complications. Taken together, this may be 
an explanation of why the skin flaps of patients who have used antiperspirants over a long period of time exhibit 
improved healing. Certainly, randomized control trials are needed to determine the association of antiperspirant use and 
all aspects of postoperative outcomes and complications.

In rabbit skin treated with antiperspirants, the dermis showed features of edema, increased vascularity, a decrease in sweat 
and sebaceous glands, and less infiltration of inflammatory cells.21 The remarkable vascular proliferation and ectasia may be 
caused by a contact reaction to an antiperspirant.19,20 Surgical treatment reduces microcirculation of axillary skin, resulting in 
the occurrence of postoperative complication (eg, skin necrosis).22,23 In addition, a previous study analyzed AO patients 2 
years after treatment with a mini-incision and subdermal vascular preservation, and found a low incidence of postoperative 
complications including hematomas, epidermal erosions, infections, necrosis, incision dehiscence, and skin ripples.33 Based 
on these findings, we can assume that the antiperspirants when applied for a long period of time will cause a subclinical 
contact reaction resulting in local microvascular proliferation, which then may improve the skin microcirculation. Although 
biopsies were not performed to support this claim, our clinical observations may confirm this hypothesis.

Antiperspirants help block the production of bothersome sweat, but nevertheless are associated with some side effects. 
They may cause mild and transient skin irritation,34 and 26% of the patients have reported that the irritation is treatment- 
limiting.35 One of the most common adverse reactions of antiperspirants is sensitive skin and itching, tingling, and rash.36,37 

In addition, axillary hyperpigmentation, a type of post-inflammatory hyperpigmentation, can occur due to the continuous 
irritation related to antiperspirant use.38,39 Consequently, the present study did not include AO patients with antiperspirant- 
related side effects. Further, we only included female patients with AO, and demonstrated that long-term antiperspirant use 
resulted in a lower rate of postoperative complications than that without antiperspirant use. However, the previous literature 
revealed that the proportion of postoperative complications are not significantly different between male and female patients 
with AO.40 Thus, we suggest that antiperspirants use may be recommended preoperatively to lower the risk of postoperative 
complications in all patients with AO, providing a benefit strategy for surgical treatment of AO.

Several limitations of this study must be acknowledged. First, since this is a retrospective study in a single-center with 
a relatively minor sample size, selection bias may not be completely excluded, which may be affected by confounding 
factors. Therefore, it still remains necessary to carry out large-scale, multicenter and prospective studies to confirm the results 
of the present study. Second, this retrospective study can only establish associations, not cause-and-effect associations. 
Therefore, prospective large-sample, multicenter studies are still needed to confirm the results of the present study.

Conclusions
AO patients with prior antiperspirant use have a low risk of postoperative complications after osmidrosis surgery, 
particularly in postoperative full-thickness skin necrosis and erythema. Nevertheless, all wounds in our patients were 
completely healed and all patients had a good or excellent elimination of malodour at 8 weeks of post-surgery.

Abbreviation
AO, axillary osmidrosis.
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