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Abstract

Objective: To evaluate the efficacy of nonablative capacitive-
resistive monopolar radiofrequency on sexual function and
vaginal health in postmenopausal women with genitourinary
syndrome of menopause.

Methods: This was a single-blind, randomized, controlled clin-
ical trial. The participants were randomly assigned to receive six
weekly sessions of capacitive-resistive monopolar radio-
frequency (n=32) or sham treatment (n =30). Sexual function
was assessed using the Female Sexual Function Index (FSFI)
and vaginal health was assessed using the Vaginal Health Index
(VHI). The estrogenic status was determined by vaginal cytol-
ogy, which involves calculating the proportions of basal, inter-
mediate, and superficial cells. Assessments were conducted at
baseline, post-treatment, and 12-week follow-up.

Results: Compared with the control group, the intervention group
showed significantly greater improvements in the Female Sexual
Function Index and Vaginal Health Index at post-treatment and
at the 12-week follow-up. FSFI mean changes were 5.86 versus
1.33 at posttreatment (P<0.001) and 4.41 versus —0.41 at
12-week follow-up (P=0.011). VHI mean changes were 4.75
versus —0.03 at post-treatment (P <0.001) and 6.90 versus —0.66
at follow-up (P <0.001). The effect sizes were moderate to large
for the FSFI (Cohen's d >0.77, 95% CI, 0.25-1.29) and large for
the VHI (d >3.49, 95% CI, 2.68-4.28). No significant changes
were observed in estrogenic status, and no adverse events were
reported.

Conclusion: Capacitive-resistive monopolar radiofrequency sig-
nificantly improved sexual function and vaginal health in
women with genitourinary syndrome of menopause, thereby
supporting its use as a safe, nonhormone treatment option.

Key Words: Atrophic vaginitis, Diathermy, Dyspareunia, Fe-
male urogenital diseases, Sexual dysfunction.
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enopause, defined as amenorrhea for at least

12 months, marks the beginning of a hypoestro-
genic state.! The resulting hormonal decline leads to
Genitourinary Syndrome of Menopause (GSM), a cluster
of vulvovaginal and urinary symptoms affecting up to
54% of postmenopausal women and significantly im-
pairing quality of life.2 Common manifestations include
vaginal dryness, burning, irritation, and dyspareunia,3
which are often associated with reduced sexual desire,
arousal, orgasm, and sexual satisfaction.4

Conventional treatments for GSM include moistur-
izers and lubricants, which provide symptom relief but do
not reverse atrophy, and local estrogen therapy, the gold
standard for restoring vaginal tissue.5 However, owing to
contraindications or personal preferences, many women
avoid hormones,® increasing interest in regenerative
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therapies such as lasers’ and radiofrequency.8

Nonablative radiofrequency is a form of electro-
magnetic energy that uses a high-frequency current
between 0.3 MHz and 1 MHZz’ to generate controlled
heating within biological tissues.

This thermal effect is achieved through the oscil-
lation of intracellular ions and molecules, increasing the
tissue temperature.!0 The resulting heat activates physio-
logical responses such as vasodilation and activation of
the inflammatory cascade, subsequently stimulating
fibroblasts and promoting neocollagenesis, neoelasto-
genesis, and collagen remodeling.!! These processes
improve tissue elasticity, hydration, and structural
remodeling. Studies have shown that temperatures rang-
ing between 40 °C and 45 °C are sufficient to induce
cellular  biomodulation without causing thermal
damage.!?

There is increasing evidence that different types of
radiofrequency can improve vaginal laxity,!3 urinary
incontinence and sexual function,!4 vaginal dryness and
dyspareunia,!5 resulting in effects comparable to those of
estrogen therapy and superior to those of moisturizers,!6
and promoting neovascularization and neocollagenesis in
vulvovaginal tissues.!” However, evidence on intracavi-
tary radiofrequency applications in menopause is limited,
and none of these studies included a sham-controlled
group. This absence represents a significant method-
ological gap, as it limits the ability to attribute observed
effects specifically to the intervention. Our study ad-
dresses this gap by incorporating a sham-
controlled group.

Given the significant impact of GSM on the sexual
function and well-being of postmenopausal women and
the limitations of conventional nonhormone therapies,
exploring new therapeutic alternatives is relevant. There-
fore, the objective of this study was to assess the efficacy
of an intervention based on the use of nonablative
capacitive-resistive monopolar radiofrequency (CRMRF)
in improving sexual function and vaginal health in women
with GSM compared with a sham-controlled group.

METHODS

Study design and participants

This single-blind, randomized, placebo-controlled
clinical trial compared the efficacy of CRMRF (inter-
vention group, IG) versus a control group (CG) in
improving sexual function and vaginal health in post-
menopausal women. The study was conducted at the
Faculty of Physiotherapy and Nursing, University of
Castilla-La Mancha (Toledo, Spain). This study was
approved by the Ethics Committee of the Toledo Health
Area (reference: 1126/2023). The study protocol and the
statistical analysis plan are available at ClinicalTrials.gov
(ID#: NCT06925139). Written informed consent was
obtained from all participants before enrollment. The
intervention and follow-up were conducted between June
and December 2024. The participants were recruited via
flyers and social media. The sample size was calculated to

detect a between-group difference of 4.5 points in Female
Sexual Function Index (FSFI) scores (a=0.05, power =
80%, SD=6). A 10% attrition rate is assumed. A
minimum of 31 participants per group were required.
To date, no anchor-based minimal clinically important
difference (MCID) has been validated for the total FSFI
score in postmenopausal women. However, previous
studies using nonablative radiofrequency in this popula-
tion have reported mean improvements of ~4-5.5 points,
which are considered clinically meaningful.!1.15

The inclusion criteria were women aged 40-65 years
with 21 year of amenorrhea; at least one GSM-related
symptom (vaginal dryness, irritation, itching, or urinary
symptoms); and dyspareunia with sexual intercourse > 1/
month. The exclusion criteria included active vaginal
infections; neurological, neoplastic, or sexually trans-
mitted diseases; vulvodynia or vaginismus; pelvic organ
prolapse > grade 2; pelviperineal hypoesthesia; pace-
maker or other electronic implants; estrogen-based
therapy within 3 months; history of pelvic radiotherapy;
pelvic surgery within 6 months; anticoagulant therapy;
prior pelvic laser or ablative vaginal rejuvenation within
6 months; or cognitive impairment.

After the screening visit, eligible women (N =62)
were randomly assigned in a 1:1 ratio to the intervention
group (IG; n=32) or sham-controlled group (CG;
n = 30) via Epidat v4.2 software (Xunta de Galicia, Spain)
(Fig. 1). A designated researcher (A.T.-C.) managed en-
rollment and group assignment via a secure random-
ization sequence that was inaccessible to enrollment
personnel to ensure allocation concealment. The outcome
assessor was blinded to group allocation. In contrast,
participants were not considered fully blinded to treat-
ment allocation, as thermal perception could not be ef-
fectively masked due to the nature of the intervention.

There was no patient or public involvement in any
phase of the study design.

Therapeutic procedure

The intervention was administered using the Indiba
Deep Care Elite radiofrequency device (INDIBA S.A.,
Barcelona, Spain), operating at 448 kHz, with a maximum
output of 450 VA (capacitive mode) and 200 W (resistive
mode). The participants were positioned in the lithotomy
position and treated with a 20-mm resistive electrode for
the external genital area to prepare the tissues and optimize
conductivity, and a single-use polyamide-coated longi-
tudinal capacitive electrode for the vaginal canal connected
to the PLUMA Indiba handpiece with integrated temper-
ature control. A passive electrode was placed over the
lumbosacral region, and Indiba Proionic Intimate Cream
was applied (Supplemental Fig. S1, Supplemental Digital
Content 1, http://links.lww.com/MENO/B482).

In the IG, participants received six weekly sessions.
Each session began and ended with five minutes of slow
circular movements using the resistive electrode. The
temperature was gradually increased to a comfortable
level, typically rated as 4-5/10 on a subjective analog scale
(0 =no thermal sensation, 10 = maximum tolerable heat).
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FIG. 1. CONSORT flow diagram of participant enrollment, allocation, follow-up, and analysis.

Vaginal treatment involved progressive heating with the
capacitive electrode, maintaining 41-43 °C for 10 minutes,
and rotating the contact point every minute clockwise.

Outcome assessments were performed at baseline
(TO), posttreatment (T1, 7 wk after the first session), and at
follow-up (T2, 12 wk after T1). All interventions were
delivered by a physiotherapist specializing in pelvic floor
dysfunctions, with more than 10 years of clinical experience
in women’s health. All procedures were conducted under
the supervision of a gynecologist. Evaluations were
conducted by a blinded assessor (A.F.-M.).

In the CG, the same protocol was followed, but
without active radiofrequency emission. The device
remained on without thermal emission, and the display
was concealed.

Outcome measures

Sexual function (primary outcome)

Sexual function was assessed via the FSFIL.I8 The
19-item FSFI evaluates six domains—desire, arousal, lu-
brication, orgasm, satisfaction, and pain—based on sex-
ual activity over the past four weeks. Domain scores
range from 0 to 6 (except for desire and satisfaction), with
a total score ranging between 2.0 (severe dysfunction) and
36.0 (no dysfunction). A score <26.55 indicates sexual
dysfunction.!® The validated Spanish version was used.

Vaginal health
The Vaginal Health Index (VHI) was used to assess
five parameters: elasticity, secretion (type/consistency),

pH, epithelial integrity, and moisture.20 Each parameter is
scored from 1 (poor) to 5 (optimal), with scores ranging
from 5 to 25 points. A total score of <15 indicates vaginal
atrophy.2!

Estrogenic status

The estrogenic status was estimated from the
maturation index (proportion of parabasal, intermediate,
and superficial cells per 100 cells obtained from a smear of
the upper two-thirds of the vaginal wall) via Meisels’
formula: (% intermediate cells X 0.5 + % superficial cells).
Values of 0-49 indicate no or low estrogenic effects, values
of 50-64 indicate moderate effects, and values of 65-100
indicate high estrogenic effects.22 Higher values reflect
greater epithelial maturation and a stronger estrogenic
effect.23

Adverse events

Adverse events were defined as any undesirable local
reactions, such as pain, burning, bleeding, or discomfort,
that occurred during or after the intervention. They were
assessed at each visit through direct questioning by
clinical staff, and participant-reported events were re-
corded.

Statistical analysis

Descriptive statistics are reported as the means and
standard deviations for continuous variables and as
frequencies for categorical variables. Normality was
analyzed via the Kolmogorov-Smirnov test and normal
probability plots. Baseline group differences were

© 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The Menopause Society. | 3
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assessed via independent samples r-tests and x° tests,
whereas within-group changes from baseline to T1 and T2
were assessed via paired z-tests.

To improve the robustness given non-normal
distributions and moderate sample sizes, nonparametric
bootstrap resampling (1,000 iterations) was applied to
continuous outcomes. This yielded bias-corrected and
accelerated (BCa) 95% confidence intervals and P-values
without distributional assumptions.

Pearson’s correlation between the main outcome
variables was examined to explore the associations
between changes in sexual function and vaginal health.

Between-group differences in the FSFI, VHI, and
estrogenic status were evaluated via ANCOVA, adjusting
for age, time since menopause, and baseline values.
Changes in the proportions of individuals with sexual
dysfunction (FSFI <26.55) and vaginal atrophy (VHI
<15) within groups were analyzed via McNemar’s test,
whereas between-group differences in these proportions
were assessed via the Pearson x” test.

As a complementary analysis, linear mixed-effects
regression models were applied to the FSFI and VHI
scores at TO, T1, and T2, including subject-specific
random intercepts to account for within-subject varia-
bility. Fixed effects included group, time, and their
interaction to assess treatment effects over time. Esti-
mated marginal means were used to illustrate outcome
trajectories, and significance was tested via the Welch—
Satterthwaite approximation. Effect sizes (Cohen’s d)
were calculated from pooled standard deviations, with
values of 0.2, 0.5, and 0.8 representing small, medium,
and large effects, respectively.

Statistical analyses were performed following the
intention-to-treat principle and included all randomized
participants who completed at least 80% of the scheduled
sessions in accordance with their assigned allocation.
Missing data were handled via multiple imputation.

Analyses were conducted using SPSS v29.0 (IBM
Corp., Armonk, NY) and R v4.4.2 (R Foundation for
Statistical Computing, Vienna, Austria), with a two-tailed
significance level of a=10.05.

RESULTS

Participants

Sixty-two women were randomized (32 in the IG
and 30 in the CG), and 58 completed the study (31 in the
IG and 27 in the CG; Fig. 1).

Table 1 shows the baseline characteristics of the
participants. The baseline characteristics were com-
parable between the groups (P> 0.05).

Correlations

Supplementary Figure S2 (Supplemental Digital
Content 1, http://links.lww.com/MENQO/B482) shows the
correlations between FSFI changes and both VHI and
estrogenic status at T1 and T2. A positive correlation was
found between improvements in FSFI and VHI. The
change in the VHI from TO to T1 correlated significantly

TABLE 1. Baseline sociodemographic and clinical
characteristics of participants by group

Treatment  Sham group

Variables group (n=32) (n=30) P

Age (y), M (SD) 55.40£4.08 56.30£4.68 0.432¢

Marital status, n (%)

Single 2 (6.25) 4(13.33)  0.298°
In a couple 26 (81.25) 25 (83.33)
Divorced 4 (12.50) 1(3.33)

Education level, n (%)

Primary 2 (6.25) 1(3.33)  0.072°
Secondary 12 (37.50) 20 (66.66)
University 18 (56.25) 9 (30.0)

BMI, kg/m2, M (SD) 24.55+4.15 2398+3.14 0.549¢
<25, n (%) 19 (59.37) 21 (70.0)  0.382°
225, n (%) 13 (40.63) 9 (30.0)

Smoking status, n (%)

Smoker/ex-smoker 3(9.37) 3 (10.0) 0.934°
Nonsmoker 29 (90.63) 27 (90.0)

Parity status, n (%)

Nulliparous 7 (21.88) 3(10.0)  0.438°
Primiparous 5(15.63) 6 (20.0)
Multiparous 20 (62.50) 21 (70.0)

Comorbidity presence, n (%) 17 (53.13) 14 (46.7)  0.611°

Use of vaginal lubricants, n (%)

Yes 18 (56.25) 17 (56.67)  0.974°
No 14 (43.75) 13 (43.33)

Time since menopause 5.75+3.34 6.37+£3.62 0.479¢
(y), M (SD)

FSFI score, M (SD) 20.40 = 5.66 21.71£6.20 0.380¢

FSFI <26.55¢ n (%) 24 (75.0) 19 (63.30)  0.530"

VHI score, M (SD) 10.13+2.64 10.60£3.02 0.326

VHI <159 n (%) 30 (93.80) 29 (96.70)  0.593%

Vaginal maturation index, n (%)
Parabasal cells
Intermediate cells
Superficial cells

Estrogen status, M (SD)

63.91 (38.43)
18.75 (21.93)
17.34 (28.45)
26.94 +32.49

64.67 (43.19) 0.942°
21.83 (28.75) 0.637¢
13.50 (25.02) 0.573¢
26.76+33.18 0.952°

Baseline sociodemographic and clinical characteristics are presented as mean
+ standard deviation (M * SD) for continuous variables or as frequency (per-
centage) for categorical variables. Estrogen status value calculation: (% inter-
mediate cells X 0.5 + % superficial cells). Comorbidities considered in this study
include chronic conditions such as hypertension, diabetes mellitus, thyroid dis-
orders, and other endocrine or metabolic diseases.

BMI, body mass index; FSFI, Female Sexual Function Index; M, mean; n,
frequency, N, total number of participants in group; SD, standard deviation; VHI,
Vaginal Health Index; y, years.

“P-value calculated using Student 7 test for comparison of means.

bp-value calculated using % for comparison of frequencies.

“FSFI <26.55: indicates sexual dysfunction.

4VHI <15: indicates vaginal atrophy.

with the FSFI score (r = 0.40; 95% CI, 0.17-0.59), and this
association remained at T2, although it was weaker
(r=0.33; 95% CI, 0.09-0.53). In contrast, changes in the
FSFI score and estrogenic status were negatively corre-
lated (r=-0.13; 95% CI, —0.37 to 0.13 at T1 and
r=-0.33; 95% CI, —0.54 to —0.092 at T2).

Sexual function outcomes: FSFIl score and
domains

Between-group analyses demonstrated that, com-
pared with the CG, the IG achieved significantly greater
improvements in overall sexual function. Adjusted
ANCOVA revealed significant differences in the FSFI

4 | © 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The Menopause Society.
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FIG. 2. Longitudinal changes in Female Sexual Function Index, Vaginal Health Index, and Estrogenic Status Value in the treatment
and sham groups. Each outcome is plotted at three time points: TO, T1, and T2. Individual participant trajectories (lines) illustrate
within-subject changes over time, and box-and-whisker plots at each time point depict the group distribution of scores (treat-
ment vs. sham plotted separately). The treatment group shows an overall upward trend in FSFl and VHI scores over time, whereas
the sham group remains relatively unchanged. Asterisk (*) indicates statistically significant within-group differences (P<0.05), and
cross (1) indicates statistically significant between-group differences (P<0.05) at the corresponding time point. An accompanying
table (inset) summarizes the mean changes from baseline to T1 and to T2 for each measure in both groups, with SD. P-values®
from paired t-tests are provided to assess the significance of within-group changes, and P-values® from analysis of covariance
(ANCOVA) adjusted for age, time since menopause and baseline values are given for between-group comparisons. P-holm is a
P-value adjusted for multiple comparisons using the Holm-Bonferroni method. Notably, the treatment group demonstrates
marked improvements in FSFI and VHI after treatment and at follow-up, in contrast to minimal change in sham group, while
changes in the estrogenic index are modest in both groups with no significant between-group difference. Between-group effect
sizes (Cohen’s d) and 95% Cl for changes in FSFI, VHI, and estrogenic status at T1 and T2, relative to TO. Cohen’s d values reflect
the magnitude of the difference in change from baseline between the treatment and sham group for each outcome. Positive
values indicate greater improvement in the treatment group. Effect sizes of 0.2, 0.5, and > 0.8 are interpreted as small, moderate,
and large, respectively. Bias-corrected and accelerated (BCa) 95% Cl are presented to indicate the precision and clinical relevance
of each effect. Cl, confidence intervals; FSFI, Female Sexual Function Index; SD, standard deviations; TO, baseline; T1, post-
treatment, T2, 12-week follow-up; VHI, Vaginal Health Index.

total score at both T1 and T2 (P<0.001 and P=0.011, P=0.131; —0.41 points at T2; 95% CI, —2.89 to 1.83;
respectively). The IG exhibited mean increases of 5.86 ~ P=0.770). The effect sizes indicated a large magnitude of
points at T1 (95% CI, 4.18-7.53; P<0.001) and 4.41 improvement in the intervention group (Cohen’s d=1.02
points at T2 (95% CI, 2.60-6.28; P <0.001), whereas the = at T1; 4=0.77 at T2) (Fig. 2 and Supplemental Fig. S3,
control group showed minimal and non-significant  Supplemental Digital Content 1, http://links.lww.com/
changes (1.33 points at T1l; 95% CI, —0.32 to 2.57;, MENO/B482).

© 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The Menopause Society. | 5


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Quezada-Bascuridn et al

Menopause * Volume 33, Number 7, July 2026

Consistently, between-group comparisons across
the domains revealed that participants in the IG
experienced significantly greater improvements than those
in the CG. At T1, significant differences were observed in
lubrication, orgasm, and pain, with effect sizes ranging
from moderate to large (d=0.58-1.18). At T2, the IG
maintained significant improvements in desire, arousal,
lubrication and orgasm, with effect sizes also ranging
from moderate to large (d=0.52-0.68). Nevertheless, after
applying Holm-Bonferroni correction for multiple com-
parisons across the six FSFI domains, the between-group
differences at posttreatment (T1) remained statistically
significant for the pain and orgasm domains (adjusted
P <0.05), whereas the improvement in lubrication showed
a trend toward significance (adjusted P =0.052). At
follow-up (T2), no individual domain retained signifi-
cance after adjustment (all adjusted P>0.16). (Fig. 3A
and Supplemental Table S1, Supplemental Digital Con-
tent 1, http://links.lww.com/MENO/B482).

In the IG, the proportion of women with sexual
dysfunction (FSFI <26.55) decreased from 75% at
baseline to 53.1% at both T1 and T2 (P=0.039). No
significant changes occurred in the CG (Fig. 4A).

Vaginal health outcomes: VHI score and
domains

Between-group analyses revealed that participants
in the IG experienced markedly greater improvements in
vaginal health compared with those in the CG. The total
VHI score increased significantly in the IG at both T1
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(mean change 4.75; 95% CI, 4.12-5.43; P<0.001) and T2
(6.90; 95% CI, 6.09-7.93; P<0.001), whereas the CG
showed no change at T1 (—0.33; 95% CI, —0.25 to 0.21;
P=0.766); and a significant deterioration at T2 (—0.66;
95% CI, —1.08 to —0.32; P 0.013). Between-group
comparisons confirmed highly significant differences at
both time points (P <0.001), with large effect sizes
(d=13.48; 95% CI, 2.68-4.28 at T1; and d=3.80, 95% ClI,
2.95-4.64 at T2) (Fig. 2 and Supplemental Fig. S4, Sup-
plemental Digital Content 1, http:/links.lww.com/
MENO/B482).

Consistently, the IG achieved significantly greater
improvements across all domains at both T1 and T2, all
of which favored the intervention (P <0.005), whereas the
CG showed deterioration over time in pH domain (—0.37
points at T2; 95% CI, —0.58 to —0.15; P=0.007) and
moisture (—0.33 points at T2; 95% CI, —0.58 to —0.11;
P <0.001). The effect sizes were uniformly large (d>1.13;
95% CI, 0.59-1.66), indicating substantial and sustained
improvements in vaginal health. After applying the
Holm-Bonferroni correction for multiple comparisons
across the five VHI domains, between-group differences
at T1 and T2 remained statistically significant for all
domains except elasticity at T1 (Fig. 3B and Supplemental
Table S2, Supplemental Digital Content 1, http:/links.
lww.com/MENO/B482).

At TO, most participants in both groups had VHI
<15, indicating vaginal atrophy, with no significant differ-
ence between the groups (93.8% vs. 96.7%; P=0.593). At
T1, this proportion decreased significantly in the IG

Mean difference in VHI domains by group
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FIG. 3. Mean differences (95% confidence intervals) in (A) Female Sexual Function Index and (B) Vaginal Health Index domain
scores, comparing treatment and sham groups at posttreatment and follow-up. The left panel shows FSFI domains (pain, desire,
arousal, lubrication, orgasm, and satisfaction), while the right panel presents VHI domains (elasticity, fluid volume, pH, moisture,
and epithelial integrity). Mean differences represent changes from baseline, with positive values indicating improvement. The
95% Cl are shown to the right of each panel; Cls that do not overlap with the vertical dashed line indicate a statistically significant
difference between groups. Cl, confidence intervals; FSFI, Female Sexual Function Index; TO, baseline; T1, posttreatment; T2, 12-
week follow-up; VHI, Vaginal Health Index.
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FIG. 4. Changes in the proportion of women with (A) sexual dysfunction and (B) vaginal atrophy over time in the treatment and
sham groups. (A) Proportion of women with sexual dysfunction at each assessment time point, based on the FSFI clinical cut-off
score of <26.55. Following the intervention, the treatment group (solid line) showed a notable reduction in the proportion of
women with dysfunction at T1 and T2. In contrast, the sham group (dashed line) exhibited a slight increase at T1 and remained
elevated at T2. These findings suggest a positive and sustained effect of the intervention on female sexual function, while no
improvement was observed in the sham group. (B) Proportion of women with vaginal atrophy at each assessment time point,
based on the VHI clinical cut-off score of <15. A progressive reduction in the number of women with vaginal atrophy was
observed in the treatment group (solid line). In contrast, the sham group (dashed line) showed minimal change, with proportions
remaining stable over time. These findings indicate a sustained and clinically meaningful effect of the CRMRF in reducing vaginal
atrophy. Asterisk (*) indicates significant difference within the treatment group compared with baseline and cross () indicates
significant difference between groups at the corresponding time point. CRMRF, capacitive-resistive monopolar radiofrequency;

FSFI, Female Sexual Function Index; TO, baseline; T1, posttreatment; T2, 12-week follow-up; VHI, Vaginal Health Index.

(68.8%; P=0.008) and further declined at T2 (29.3%;
P <0.001). The CG remained largely unchanged at both T1
and T2 (96.7% and 70.7%, respectively, P =1.00). Between-
group differences were significant at both post-treatment
and follow-up points (P <0.01; Fig. 4B).

Mixed-effects regression models using FSFI and
VHI scores at TO, T1, and T2 revealed significant group-
by-time interactions that confirmed greater improvements
in the CRMRF group than in the sham group at both T1
(FSFI: p=-4.74; P<0.001; VHI: p=-4.78; P<0.001)
and T2 (FSFI: p=-4.90; P<0.001; VHI: p=-7.64;
P<0.001), indicating that changes in sexual function
and vaginal health differed between groups (Supplemen-
tal Table S3, Supplemental Digital Content 1, http:/links.
lww.com/MENO/B482). Large effect sizes were observed
for FSFI and VHI changes posttreatment. For the FSFI,
the effects were moderate to large in the IG (d 20.77; 95%
CI, 0.25-1.29), whereas for the VHI, the effects were very
large (d 23.49; 95% CI, 2.68-4.28) (Fig. 2).

Estrogenic status

Slight posttreatment increases in estrogenic status
were observed in both groups; however, values remained
below 49 at all time points, indicating a low estrogenic
effect according to established thresholds.22 Adjusted

analyses revealed no significant between-group differences
at either T1 (F s7=0.646; P=0.425) or T2 (F; 53=1.803;
P=0.185) (Fig. 2 and Supplemental Fig. S5, Supple-
mental Digital Content 1, http:/links.lIww.com/MENO/
B482).

For the primary variables, a sensitivity analysis
using nonimputed data was conducted, and the statistical
significance of the P-values remained consistent with the
primary analysis (Supplemental Table S4, Supplemental
Digital Content 1, http://links.lww.com/MENO/B482).

Adverse events
No adverse events were reported.

DISCUSSION
Main findings

This was a single-blind, randomized, sham-con-
trolled clinical trial evaluated the efficacy of six sessions of
nonablative CRMRF therapy in improving sexual func-
tion and vaginal health in postmenopausal women.
Participants who received CRMRF showed significant
and clinically relevant improvements in both objective
(VHI) and subjective (FSFI) outcomes, supporting its use
as a nonhormone option for GSM management. These

© 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The Menopause Society. | 7


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Quezada-Bascuridn et al

Menopause * Volume 33, Number 7, July 2026

effects were sustained up to 12 weeks posttreatment and
found to be independent of estrogenic status.

The positive correlation between the FSFI and VHI
supports the physiological and clinical link between
improved vaginal health and sexual function. Vaginal
health improved significantly in the IG, with gains across
all VHI domains being sustained at follow-up. These
changes were both statistically and clinically meaningful,
reflecting enhanced vaginal trophic status. A VHI score
below 15 is commonly used instead of a minimal clinically
important difference (MCID) to identify atrophic
conditions.?4 In this study, the proportion of women with
VHI <15 decreased notably, suggesting a shift toward
nonatrophic conditions. No meaningful change was
observed in the CG. These findings confirm VHI as a
sensitive marker of treatment response and are consistent
with evidence linking radiofrequency to increased perfu-
sion, fibroblast activation, and collagen remodeling.-25

Sexual function also improved markedly, particularly
in the lubrication and pain domains. The proportion of
women with sexual dysfunction (FSFI <26.5) decreased in
the IG. This cut-off is widely recognized as indicative of
clinically significant sexual dysfunction.26 The mean FSFI
score increased by 5.86 points posttreatment, which is the
~4-5-point threshold considered clinically meaningful in
previous studies of nonablative radiofrequency in women
with GSM,!L1I5 with sustained improvement observed at
follow-up. The mean changes in FSFI domain scores in the
IG also exceeded the established MCID thresholds for
desire, lubrication, orgasm and pain at T1, which aligns
with previously reported values (eg, desire >0.7; lubrica-
tion >1.0).27.28 These improvements were associated with
large effect sizes, reinforcing their clinical relevance and
supporting the potential of CRMRF as an effective
intervention for GSM.

Our findings were consistent with those of previous
studies. For example, Pinheiro et all> reported that the
FSFI increased by >3 points in 54.5% of participants
treated with a nonablative intracavitary radiofrequency
device (temperature controlled at 41 °C) after three
months of follow-up. In our study, this proportion was
greater (65.6%), which may be attributed to a larger
sample size or to differences in device parameters, such as
frequency (1 MHz vs. 448 kHz), potentially affecting both
penetration depth and thermal effects.1?

The CG showed no meaningful changes in the FSFI
or VHI, except for a transient post-treatment improve-
ment in desire and lubrication, which was not sustained at
follow-up. This is likely attributable to a placebo
response, as commonly reported in sexual health trials.2?

Overall, these results support the hypothesis that
restoring vaginal health contributes to the recovery of
sexual function. Consistently, FSFI improvements corre-
lated more strongly with VHI than with cytologic
changes. Although slight increases in estrogenic cytologic
markers were observed in both groups, no significant
between-group differences emerged, nor were these
changes associated with functional outcomes. These
findings suggested that treatment efficacy was independ-

ent of estrogenic status. These findings imply that
symptom improvement, particularly in the IG, may be
mediated by nonhormone mechanisms such as enhanced
hydration, vascularization, and collagen remodeling.
Vaginal biopsies may help clarify tissue-level changes in
future studies.

The intervention was well tolerated, with no serious
adverse events reported. Localized warmth was the most
commonly reported perception during treatment, which is
consistent with findings from similar studies.30

Strengths and limitations

One of the main strengths of this study is its
rigorous methodological design, which included a sham
procedure that mimicked the active treatment and a
single-blind protocol, substantially reducing the risk of
placebo effects and measurement bias. In addition, the
concurrent use of both objective (VHI) and subjective
(FSFT) validated instruments provided a comprehensive
assessment of treatment efficacy, thereby enhancing the
internal validity and clinical interpretability of the
findings. Furthermore, the inclusion of participants
regardless of their estrogenic status increases the clinical
applicability of the results to a more diverse population of
postmenopausal women.

Nevertheless, several limitations should be ac-
knowledged. The FSFI is a self-reported measure of
sexual function, and it may be influenced by individual,
emotional, and contextual factors. Although the 12-
week follow-up allowed for the assessment of sustained
effects, longer-term studies are needed to assess dura-
bility and the potential need for maintenance sessions.
While the sample size was sufficient for statistical power,
it may limit generalizability. The absence of psychoso-
cial or relational assessments also restricts the interpre-
tation of the decline in sexual satisfaction despite
physiological improvements.

This was a single-center study involving a relatively
young age range, with recruitment carried out through
flyers and social media. These factors may limit the
representativeness of the sample and, consequently, its
external validity. Therefore, the findings should be
generalized to other populations—such as older women,
those with surgical menopause, or those with different
sociodemographic profiles—should be made with caution.

Despite these limitations, the present trial provides
novel and robust evidence on the potential of nonablative
radiofrequency as an effective intervention for improving
sexual function and vaginal health in postmenopausal
women. Future studies should address these aspects with
larger and more diverse samples, extended follow-up, and
multidimensional outcome measures to better elucidate
the long-term therapeutic potential of radiofrequency in
GSM management.

Interpretation and clinical implications

Our findings contribute to the growing body of
evidence supporting the efficacy of nonablative radio-
frequency for the management of GSM. The improve-
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ments observed in terms of vaginal health and sexual
function are clinically meaningful and are consistent with
the proposed mechanisms of action, including enhanced
perfusion, mucosal hydration, and collagen remodeling.
The absence of significant effects in the control group,
together with the magnitude of change observed in the
intervention group, strengthens the evidence for a genuine
physiological effect beyond placebo.

Although hormonal status did not appear to
influence treatment response, these findings support the
notion that CRMRF may benefit a broader population of
postmenopausal women, including those who are unable
or unwilling to use estrogen therapy. The discrepancy
between improved physiological parameters and un-
changed sexual satisfaction underscores the multifaceted
nature of female sexual health and highlights the
importance of integrative approaches that address psy-
chosocial and relational dimensions.

Taken together, these results suggest that CRMRF
represents a promising, well-tolerated, and nonhormone
therapeutic option that warrants further investigation
through long-term studies with multidimensional out-
come assessments. From a clinical perspective, the results
also support its incorporation as a complementary
therapy within the comprehensive management of GSM,
particularly for women with persistent symptoms despite
local treatments. Further research integrating clinical and
histologic endpoints may help clarify the biological
mechanisms underlying its effects.

Potential clinical value

The findings from this trial indicate that capacitive-
resistive monopolar radiofrequency (CRMRF) may
provide a safe and effective nonhormone approach for
managing genitourinary syndrome of menopause. Im-
provements in sexual function and vaginal health
observed after treatment were maintained at follow-up,
suggesting potential clinical applicability. Further studies
are warranted to confirm these results and to establish
long-term outcomes.

CONCLUSION

In conclusion, this study provides compelling
evidence that nonablative CRMRF is a safe, well-
tolerated, and effective nonhormone intervention for
improving vaginal health and sexual function in post-
menopausal women with GSM, with particularly notable
benefits in the reduction of dyspareunia. The therapeutic
effects appear to be mediated through nonestrogenic
mechanisms, including enhanced mucosal hydration,
increased vascularization, and collagen remodeling, offer-
ing a viable alternative for women who are contra-
indicated for, or reluctant to wuse, hormone-based
therapies. Given the favorable safety profile and clinically
meaningful improvements observed, CRMRF represents
a promising addition to the therapeutic armamentarium
for GSM. Future research should explore long-term
efficacy, optimal maintenance regimens, and integration
with holistic management approaches that address the

psychosocial dimensions of sexual health in this popula-
tion.

REFERENCES

1. Palacios S, Henderson VW, Siseles N, Tan D, Villaseca P. Age of
menopause and impact of climacteric symptoms by geographical
region. Climacteric 2010;13:419-428. do0i:10.3109/13697137.2010.
507886

2. Angelou K, Grigoriadis T, Diakosavvas M, Zacharakis D,
Athanasiou S. The genitourinary syndrome of menopause: an
overview of the recent data. Cureus 2020;12:€7586. doi:10.7759/
cureus.7586

3. Sarmento ACA, Costa APF, Vieira-Baptista P, Giraldo PC,
Eleutério J, Gongalves AK. Genitourinary syndrome of menopause:
epidemiology, physiopathology, clinical manifestation and diag-
nostic. Front Reprod Health 2021;3:779398. doi:10.3389/frph.2021.
779398

4. Palacios S, Gonzalez SP, Fernandez-Abellan M, Manubens M,
Garcia-Alfaro P, ESS Investigators. Impact of vulvovaginal atrophy
of menopause in spanish women: prevalence and symptoms
according to the EVES study. Sex Med 2019;7:207-216. doi:10.1016/
j.esxm.2019.01.005

5. Shifren JL, Crandall CJ, Manson JE. Menopausal hormone
therapy. JAMA 2019;321:2458-2459. doi:10.1001/jama.2019.5346

6. Sarmento ACA, de Aratjo Santos Camargo JD, de Freitas CL,
Medeiros KS, Costa APF, Gongalves AK. Physical energies for the
management of genitourinary syndrome of menopause: an overview
of a systematic review and network meta-analysis. Int J Gynaecol
Obstet 2024;166:163-172. doi:10.1002/ijgo.15304

7. Gunawan YW, Erlina Y. Efficacy and safety of carbon dioxide laser
therapy compared with sham for genitourinary syndrome of
menopause management: a meta-analysis of randomized clinical
trials. Menopause 2023;30:980-987. doi:10.1097/gme.
0000000000002220

8. Joris A, Di Pietrantonio V, Praet J, et al. Randomized trial:
treatment of genitourinary syndrome of menopause using radio-
frequency. Climacteric 2024;27:210-214. doi:10.1080/13697137.2024.
2302425

9. Kumaran B, Watson T. Skin thermophysiological effects of 448 kHz
capacitive resistive monopolar radiofrequency in healthy adults: a
randomised crossover study and comparison with pulsed shortwave
therapy. Electromagn Biol Med 2018;37:1-12. doi:10.1080/15368378.
2017.1422260

10. Baker-Jarvis J, Kim S. The interaction of radio-frequency fields with
dielectric materials at macroscopic to mesoscopic scales. J Res Natl
Inst Stand Technol 2012;117:1-60. doi:10.6028/jres.117.001

11. Kolczewski P, Parafiniuk M, Zawodny P, et al. Hyaluronic acid and
radiofrequency in patients with urogenital atrophy and vaginal
laxity. Pharmaceuticals 2022;15:1571. doi:10.3390/ph15121571.

12. Wattanakrai P, Limpjaroenviriyakul N, Thongtan D, Watta-
nayingcharoenchai R, Manonai J. The efficacy and safety of a
combined multipolar radiofrequency with pulsed electromagnetic
field technology for the treatment of vaginal laxity: a double-
blinded, randomized, sham-controlled trial. Lasers Med Sci 2022;37:
1829-1842. doi:10.1007/s10103-021-03438-3

13. Millheiser LS, Pauls RN, Herbst SJ, Chen BH. Radiofrequency
treatment of vaginal laxity after vaginal delivery: nonsurgical
vaginal tightening correction. Journal of Sexual Medicine 2010;7:
3088. doi:10.1111/).1743-6109.2012.02902.x

14. Vicariotto F, Raichi M. Technological evolution in the radio-
frequency treatment of vaginal laxity and menopausal vulvo-vaginal
atrophy and other genitourinary symptoms: first experiences with a
novel dynamic quadripolar device. Minerva Ginecol 2016;68:
225-236.

15. Pinheiro C, Costa T, Amorim de Jesus R, et al. Intravaginal
nonablative radiofrequency in the treatment of genitourinary
syndrome of menopause symptoms: a single-arm pilot study. BMC
Womens Health 2021;21:379. doi:10.1186/s12905-021-01518-8

16. Gueldini de Moraes AV, Costa-Paiva L, da Costa Machado H,
Maciel TF, Mariano FV, Pedro AO. Comparison of the effect of
noninvasive radiofrequency with vaginal estrogen and vaginal

© 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The Menopause Society. | 9


10.3109/13697137.2010.507886
10.3109/13697137.2010.507886
10.7759/cureus.7586
10.7759/cureus.7586
10.3389/frph.2021.779398
10.3389/frph.2021.779398
10.1016/j.esxm.2019.01.005
10.1016/j.esxm.2019.01.005
10.1001/jama.2019.5346
10.1002/ijgo.15304
10.1097/gme.0000000000002220
10.1097/gme.0000000000002220
10.1080/13697137.2024.2302425
10.1080/13697137.2024.2302425
10.1080/15368378.2017.1422260
10.1080/15368378.2017.1422260
10.6028/jres.117.001
10.3390/ph15121571
10.1007/s10103-021-03438-3
10.1111/j.1743-6109.2012.02902.x
10.1186/s12905-021-01518-8

Quezada-Bascuridn et al

Menopause * Volume 33, Number 7, July 2026

20.
21.
22.
23.

24.

10|

moisturizer in the treatment of vulvovaginal atrophy in postmeno-
pausal women: a randomized clinical trial. Menopause 2024;31:
288-302. doi:10.1097/gme.0000000000002326

. Wilson MJV, Bolton J, Jones IT, Wu DC, Calame A, Goldman MP.

Histologic and clinical changes in vulvovaginal tissue after treatment
with a transcutaneous temperature-controlled radiofrequency device.
Dermatol Surg 2018;44:705-713. doi:10.1097/dss.0000000000001453

. Sanchez-Sanchez B, Navarro-Brazalez B, Arranz-Martin B, San-

chez-Mendez O, de la Rosa-Diaz I, Torres-Lacomba M. The Female
Sexual Function Index: transculturally adaptation and psychometric
validation in Spanish women. Int J Environ Res Public Health 2020;
17:994. doi: 10.3390/ijerph17030994

. Wiegel M, Meston C, Rosen R. The Female Sexual Function Index

(FSFI): cross-validation and development of clinical cutoft scores. J
Sex Marital Ther 2005;31:1-20. doi:10.1080/00926230590475206
Bachmann G. Urogenital ageing: an old problem newly recognized.
Maturitas 1995;22:S1-S5. doi:10.1016/0378-5122(95)00956-6

Di Pace R, Portuesi R. Vaginal health index score and urogenital
syndrome of menopause. Gazz Med Ital-Arch Sci Med 2018;177:
741-744. doi:10.23736/S0393-3660.18.03686-0

Meisels A. The maturation value. Acta Cytol 1967;11:249-249.
McEndree B. Clinical application of the vaginal maturation index.
Nurse Pract 1999;24:48; 51-2, 55-6.

Nguyen TTB, Hsu YY, Sari YP. The effect of pelvic floor muscle
training on health-related quality of life in postmenopausal women
with genitourinary syndrome: a systematic review and meta-
analysis. J Nurs Res 2024;32:¢316. doi:10.1097/jnr.
0000000000000597

25.

26.

27.

28.

29.

30.

Gueldini de Moraes AV, Costa-Paiva L, Machado HDC, Pedro
AO. Sexual function after treatment with non-invasive radio-
frequency device for improvement of the genitourinary syndrome of
menopause: a multi-arm randomized clinical trial. Eur J Obstet
Gynecol Reprod Biol 2025;306:117-124. doi:10.1016/j.ejogrb.2025.01.
015

Meston CM, Freihart BK, Handy AB, Kilimnik CD, Rosen RC.
Scoring and interpretation of the FSFI: what can be learned from
20 years of use? J Sex Med 2020;17:17-25. doi:10.1016/j.jsxm.2019.
10.007

Krychman M, Rowan CG, Allan BB, Durbin S, Yacoubian A,
Wilkerson D. Effect of single-session, cryogen-cooled monopolar
radiofrequency therapy on sexual function in women with vaginal
laxity: the VIVEVE 1 trial. J Womens Health 2018;27:297-304.
doi:10.1089/jwh.2017.6335

Krychman M, Hauser H, Bell S, Wilkerson D. Lubrication
Improvement in the Sub Analysis Report From the Viveve I
Trial: effect of single-session, cryogen-cooled monopolar
radiofrequency therapy on sexual function. Meeting Abstract
P-39. Menopause 2018;25:1504. doi:10.1097/GME.
0000000000001251

Linde K, Fissler M, Meissner K. Placebo interventions, placebo
effects and clinical practice. Philos Trans R Soc Lond B Biol Sci
2011;366:1905-1912. doi:10.1098/rstb.2010.0383

Lalji S, Lozanova P. Evaluation of the safety and efficacy of a
monopolar nonablative radiofrequency device for the improvement
of vulvo-vaginal laxity and urinary incontinence. J Cosmet Dermatol
2017;16:230-234. doi:10.1111/jocd.12348

© 2026 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The Menopause Society.


10.1097/gme.0000000000002326
10.1097/dss.0000000000001453
10.3390/ijerph17030994
10.1080/00926230590475206
10.1016/0378-5122(95)00956-6
10.23736/S0393-3660.18.03686-0
10.1097/jnr.0000000000000597
10.1097/jnr.0000000000000597
10.1016/j.ejogrb.2025.01.015
10.1016/j.ejogrb.2025.01.015
10.1016/j.jsxm.2019.10.007
10.1016/j.jsxm.2019.10.007
10.1089/jwh.2017.6335
10.1097/GME.0000000000001251%20
10.1097/GME.0000000000001251%20
10.1098/rstb.2010.0383
10.1111/jocd.12348

	Efficacy of nonablative radiofrequency on sexual function in postmenopausal women: a randomized clinical trial
	METHODS
	Study design and participants
	Therapeutic procedure
	Outcome measures
	Statistical analysis

	RESULTS
	Participants
	Correlations
	Sexual function outcomes: FSFI score and domains
	Vaginal health outcomes: VHI score and domains
	Estrogenic status
	Adverse events

	DISCUSSION
	Main findings
	Strengths and limitations
	Interpretation and clinical implications
	Potential clinical value

	CONCLUSION
	REFERENCES




