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Background: Postpartum pelvic floor disorders are estimated to impact 24% of
women in the United States. This study describes the use of a radiofrequency device (Votiva, InMode) for postpartum pelvic floor restoration using an electrostimulator to objectively measure treatment effect.
Methods: A retrospective evaluation was conducted between April 2017 and May
2018 of consecutive patients undergoing vaginal radiofrequency treatment. Inclusion criteria were patients at least 6 weeks postvaginal delivery with symptoms of
pelvic floor dysfunction. Resting pelvic floor muscle tone and maximal pelvic floor
contraction were measured.
Results: Fifty women were included in the study with an average age of 32 (29–40)
years old, average of 2.6 pregnancies, and 1.8 vaginal deliveries. Two patients were
lost to follow-up and excluded. Three complete radiofrequency treatments were
performed in 31/50 patients, whereas 19 patients received 1–2 treatments. There
were no adverse events from the radiofrequency treatment. No changes were
found in resting pelvic muscle tone after Votiva treatment [Wilks’ lambda = 0.98,
F (1, 45) = 0.86, P = 0.36]. The quantity of treatments seemed to impact mean
values of maximal pelvic floor contraction [F (1, 45) = 105.14, P < 0.001]. On the
patient questionnaire, patients felt subjective improvement correlated to number
of treatments.
Conclusions: Radiofrequency is safe for the treatment of pelvic floor dysfunction.
This study showed no changes in resting pelvic muscle tone but an improvement
in maximal pelvic floor contraction. A prospective randomized study is being
conducted to further evaluate the efficacy of this technology. (Plast Reconstr Surg
Glob Open 2019;7:e2203; doi: 10.1097/GOX.0000000000002203; Published online
25 April 2019.)

INTRODUCTION

The American Society of Plastic Surgeons estimated
a 39% increase in plastic surgeons performing vulvovaginal restoration procedures (surgical and nonsurgical) in
the United States from 2015 to 2016.1 Nonsurgical vulvovaginal therapy has been one of the fastest growing
areas in plastic surgery and urogynecology over the past
10 years.2 The first energy-based vulvovaginal rejuvenation device became available in Europe in 2008. By 2016,
there were an estimated >500,000 procedures performed
annually.3,4
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Pelvic floor diseases (PFDs) are estimated to impact
24% of women in the United States (15% urinary incontinence, 3% pelvic organ prolapse, and 9% fecal incontinence).5 The prevalence of these conditions increases
significantly with age,5,6 with a lifetime risk of undergoing
a single operation for prolapse or incontinence of 11%
and a reoperation rate of 30%.5–8 The aging population6
and rise of obesity9–11 have led to increased prevalence of
PFD and increased rates of surgical procedures.12 However, studies indicate that providers are unsure of therapeutic options and are inadequately trained to manage these
problems.13 Yet, PFD is a major source of morbidity and a
burden on the healthcare system, with an estimated cost
of US$83 billion by 2020.14 Current treatment options for
PFD are limited and include biofeedback, laser, electrical
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muscle stimulation, and in certain cases, operative intervention.5–7,15–19
The increasing interest in pelvic floor restoration
(PFR) is a reflection of decreased stigmatization of female
health issues2,6,7,19–21 and demonstrated safety and efficacy
of energy-based devices.2,15,18,22–26 Despite this, there are
barriers preventing sound scientific evaluation of these
devices including: lack of objective outcome measures,
use of unvalidated surveys, paucity of case/control studies, and inadequate follow-up.
A number of energy-based devices, including radiofrequency (RF) and laser (CO2, Er:YAG) have been used to
improve external genital appearance, vaginal laxity, and
stress incontinence.2,13,18,21–24 Patients and clinicians often
view these nonsurgical options as more attractive to invasive surgical treatment—with less downtime, discomfort,
and cost. RF treatment may provide particular benefit
in cases of disturbance to the genito-pelvic floor, where
stretching of the vaginal introitus13 can lead to decreased
sexual function, lubrication, genito-pelvic sensation, stress
urinary incontinence, bowel incontinence, chronic pelvic
pain, and pelvic organ prolapse.13,15,16,23,27
RF applied to the vaginal wall has been shown to
stimulate proliferation of glycogen-enriched epithelium,
neovascularization, and collagen formation21 by creating
heat via impedance, as an electric current is conducted
through the target tissues.25,28 Once these devices generate temperatures between 40°C and 45°C, an inflammatory cascade is initiated and heat shock proteins induce
fibroblasts, which leads to neocollagenesis and elastogenesis.2,21,22 By controlling temperature at this level, new cells
generate rather than forming scar tissue.
However, once dermal tissues reach temperatures
>50°C there is a risk of thermal injury.21
This study describes the use of the Votiva bipolar RF
device (InMode, Lake Forest, Calif.) for PFR in 50 patients experiencing PFD symptoms after vaginal childbirth. A transcutaneous electromagnetic muscle and
nerve stimulator (UROstym, Mississauga, Ont.) commonly used in urogynecology was used to measure resting
(UROstym min) and maximal (UROstym max) contraction of the pelvic floor pre- and post-RF treatments. The
UROstym functions as a separate muscle stimulator and
measuring device, uniquely providing objective data to
evaluate the impact of the RF treatment. Further, this
data provide insight to assess the potential effect of the
RF device on muscle biofeedback, which is currently a
standard treatment for PFR. Also, a patient symptom
improvement index (PSI) was obtained to evaluate the
patient’s perceived impact of the treatment.

METHODS

A retrospective evaluation was conducted between
April 2017 and May 2018 of consecutive patients undergoing vaginal RF treatment with Votiva. Inclusion criteria
were patients at least 6 weeks postvaginal delivery with
aforementioned symptoms of pelvic floor dysfunction.
Clinical examination included either visually noting an
open introitus, digital examination measuring the strength
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Video Graphic 1. See video, Supplemental Digital Content 1, which
demonstrates the Votiva PFR with the use of UROstym electrostimulation unit. This video is available in the “Related Videos” section of
the Full-Text article on PRSGlobalOpen.com or available at http://
links.lww.com/PRSGO/B39.

of patient’s maximal contraction, or visually noting the
length of the genital hiatus (from urethra to fourchette;
>5 cm was considered attenuated). Patients with active
infections, unhealed lacerations, smokers, and those lost
to follow-up were excluded from the study. Transcutaneous muscle and nerve stimulator (UROstym) was used
pre- and post-RF treatments to measure resting tone and
maximal contraction strength (mV). This biofeedback
system includes rectal and vaginal probes that stimulate
muscles and nerves in the pelvic floor. UROstym was used
as a muscle contraction measuring device in addition to
biofeedback treatment device (see video, Supplemental
Digital Content 1, which demonstrates the Votiva PFR with
the use of UROstym electrostimulation unit. This video is
available in the “Related Videos” section of the Full-Text
article on PRSGlobalOpen.com or available at http://links.
lww.com/PRSGO/B39).
Treatments began 6 weeks postpartum as all lacerations/episiotomy sites had healed and patients returned
to baseline hormone levels and sexual activity. Measurements were done before the first and second RF treatments
and 2 weeks thereafter. PSI data were obtained, which included verbal symptom–based questions and sexual function assessment. The score also included the clinician’s
ability to visualize a change in laxity. All patients received
3 UROstym measurements regardless of the number of RF
treatments.
Data points collected included patient demographics
(age, body mass index, race, medical history), number
of pregnancies/vaginal deliveries, history of rectal tears,
episiotomies, and vaginal laxity on examination by gynecologist (H.R.) (scale 0–4). The number of vaginal RF
treatments and associated pre- and post-UROstym measurements were recorded in addition to detailed parameters of the RF treatment (intervals, duration, average
internal/external time, and energy used). Any minor or
major adverse events were recorded. Primary aims of the
study were to identify safety, tolerability, and clinical efficacy of RF for PFR.
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RESULTS

A total of 50 women were included in the study
with an average age of 32 (29–40) years old, average of
2.6 pregnancies (STD = 1.2), and 1.8 vaginal deliveries
(STD = 1.2). Two patients were excluded after the first
treatment as they had been lost to follow-up. Postpartum
genitorectal trauma in this cohort included 5/50 (10%)
with episiotomies, 4/50 (8%) with vaginal tears, and no
reported rectal tears. Three complete RF PFR treatments
were performed in 31/50 patients, whereas 19 patients received 1–2 treatments. Average time between treatments
was 1.6 weeks (STD = 0.8) and average time of internal
treatment was 9.4 minutes (STD = 1.0). There were no
reported adverse events from the RF treatment. Patients
were followed for 1 year from initial treatment.
To assess the RF treatment effects on resting muscle
potential (UROstym min) and maximal muscle contraction (UROstym max), analysis of variance (ANOVA) test
was employed. All patients were measured 3 times using
the UROstym, regardless of the number of RF treatments
completed. This allowed for us to evaluate if those who did
not engage in all 3 treatments would have different values across time compared with those who engaged in the
complete program. For statistical evaluation, we divided
the cohort in 2 groups: a first group who completed all 3
treatments (31/50) and a second group who completed
1–2 treatments (19/50).
We hypothesized that certain factors may influence
the UROstym min and UROstym max recordings, such as
patient age and number of pregnancies. Number of pregnancies was not normally distributed; thus, this factor was
dichotomized, with 1–2 pregnancies (N = 29) and ≥3 pregnancies (N = 21). Initial UROstym min and max served as
control variables in the analyses.
Impact of RF PFR on Resting Pelvic Muscle Tone
(UROstym Min)

Focusing first on RF PFR on resting pelvic muscle
tone (UROstym min), there seemed to be no statistically significant interaction effect of time to treatment

(Wilks’ lambda = 0.98, F (1, 45) = 0.86, P = 0.36) or control
variables (age, number of pregnancies) (F (1, 45) = 0.63,
P = 0.430). The interaction effect between time and number of treatments was also not significant (Wilks’ lambda = 1.00, F (1, 45) = 0.40, P = 0.53). However, the time
1 control variable did exhibit a statistically significant
main effect (F, (1, 45) = 35.75, P < 0.001), indicating that
the time 1 value positively predicts subsequent values of
UROstym min, which, intuitively, is not very meaningful.
When analyzing the pairwise comparison between time 2
and time 3, there was no difference in mean values, indicating there was no effect of the treatment across time.
The between-subjects interaction effect between time 1
and number of treatments was also not significant.
In other words, patients with lower resting pelvic muscle tone (UROstym min) at time 1 also had lower resting
pelvic muscle tone (UROstym min) at time 2 and time 3.
Thus, neither the passage of time nor the quantity of treatments seemed to impact the mean values of resting pelvic
muscle tone (UROstym min) (Fig. 1).
Impact of RF PFR on Maximal Pelvic Muscle Contraction
(UROstym Max)

Similarly, when analyzing maximal pelvic floor contraction (UROstym max), there was no significant effect of time of measurement (Wilks’ lambda = 1.00, F
(1, 45) = 0.12, P = 0.74), between-subjects effect (F (1,
45) = 3.12, P = 0.08) (though nearing significance), or
control variables (age, pregnancies). Also, the interaction
effect between time and number of treatments was not significant (Wilks’ lambda = 1.00, F (1, 45) = 0.01, P = 0.95).
However, the time 1 control variable did exhibit a
statistically significant main effect (F (1, 45) = 105.14, P
< 0.001), indicating that the time 1 value positively predicted subsequent values of maximal pelvic muscle contraction (UROstym max). The subsequent comparison
between time 2 and time 3 was also statistically significant,
which is indicative of a main effect for the passage of time
by itself. The between-subjects interaction effect between
time 1 and number of treatments was not significant. In

Fig. 1. UROstym min across time and by group.
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Fig. 2. UROstym max across time and by group.

Fig. 3. Pairwise comparisons of UROstym max at different times.

other words, patients with higher UROstym max at time 1
will also have higher max at time 2 and time 3.
In sum, the quantity of treatments seemed to impact
the mean values of UROstym max (Fig. 2). However, given
a between-subjects main effect of time 1 on subsequent
times, that the time 2 and 3 by time 1 interaction was nearing statistical significance, and that the sample size was
relatively modest, more testing is warranted for this set of
variables.
Based on the test results for UROstym max, it may be
that too many independent /control variables are obscuring the relationship. Therefore, a simple repeated
measures ANOVA with time 1, time 2, and time 3 values
of UROstym max was computed. First, to ensure the assumption against sphericity was not violated, Mauchly’s
test of sphericity was computed (X2 (2) = 4.01, P = 0.14).
The ANOVA was found to be statistically significant
(Wilks’ lambda = 0.48, F (2, 49) = 24.89, P < 0.001, etasquared = 0.34). According to the pairwise comparisons,
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all mean values differed from each other (µ Time 1 = 44.63,
SD Time 1 = 3.92; µ Time 2 = 52.39, SD Time 2 = 4.66; µ
Time 3 = 63.48, SD Time 3 = 5.03) (Fig. 3).
In summary, when excluding the between-subjects
independent variable and the control variables, there is
a clear and significant relationship between treatments
and measurement of maximal pelvic floor contraction
(UROstym max) across time. That is, after each treatment,
UROstym max increased a statistically significant amount
(Fig. 4).
The final element of this study was evaluation of the
patient perception of improvement using a PSI with
5-level measure (0–4). The outcome of this test was more
conclusive. A one-way ANOVA, with the dichotomous
number of treatments variable serving as the independent
factor and questionnaire score as the dependent variable,
was conducted. Moreover, age and number of pregnancies served as control factors. The main effect of quantity of treatments was found to be statistically significant
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Fig. 4. UROstym max strength across time.

Fig. 5. PSI treatment group. LLCI indicates lower limit CI; ULCI, upper limit CI.

(F (1, 46) = 9.22, P = 0.004, eta-squared = 0.17). This indicated that those engaged in all 3 treatments exhibited
values that were consistent with higher levels of progress
including improved sexual function, lubrication, and decreased incontinence (µ = 1.45, SD = 0.68), whereas those
who experienced fewer treatments exhibited values that
were consistent with lower levels of progress (µ = 2.16,
SD = 0.90). The effect size was large (Cohen’s d = 0.89)
(Fig. 5).

DISCUSSION

Animal models have been useful to understand histologic changes in nonsurgical PFR, yet there are limited
clinical studies on RF treatments.2,13 One major barrier
to investigation is the lack of a standardized measuring
device for pelvic floor muscle strength and vaginal introital laxity.2 Several potential measuring devices have been
used, including caliper measurement, balloon devices
(such as barostat for measuring esophageal strictures),
and comparative photographs—but all have been deemed
inadequate or unreliable.2,13 Of the clinical trials that exist, most focus on vulvovaginal rejuvenation with favorable
outcomes, demonstrating improvements in vaginal laxity,
lubrication, arousal, without significant adverse events (ul-

ceration, necrosis, scarring) or pain.2,13,18,20–24,26 Majority of
patients report good tolerability of in-office procedures
with a commonly reported feeling of warmth. There were
no complications or adverse reactions. To our knowledge,
no study has successfully used an objective measuring device to quantify pelvic floor function pre-and post-RF PFR
treatment.
Our study findings significantly showed that RF improved maximal pelvic muscle contraction (UROstym
max) measurements after the first treatment. Even when
removing all control variables and only analyzing all 3
time points, the UROstym max increased at each time
point. This indicates that UROstym max was positivity
impacted by the RF treatment. Furthermore, this was the
case for patients who only had 1–2 treatments. One possible explanation is that the first treatment was effective
in starting a “tightening cascade” that made subsequent
treatments less impactful. This may be explained by motor
unit recruitment, which is a known phenomenon used to
explain activation of additional motor units for increased
contractile strength in a muscle.29 Also, it is possible that
the known tightening effect of RF energy restores the
muscle length/tension relationship allowing for increased
contractile efficacy as described in the Frank–Starling relationship. A similar phenomenon was shown subjectively
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by Alinsod25,28 who reported improvements in stress incontinence, atrophic vaginitis, and orgasmic dysfunction
most profoundly after the first RF treatment, with some
additional improvement noted after the second and third
treatments. Millheiser et al.23 similarly demonstrated greatest improvement within 1 month after RF treatment. This
is also consistent with animal models that demonstrate
stromal remodeling with fibroblast activation between 1
week and 1 month after treatment and variably increased
muscularis collagen over 6-month posttreatment period.
Future studies will clarify the impact of additional RF
treatments beyond the initial one.
For pelvic floor resting potential (UROstym min),
there seemed to be no change from time 2 to time 3 when
controlling for time 1. Also, the number of RF treatments
did not seem to impact resting potentials. However, this
may be due to a relatively small sample size that was not
sufficient to detect a change in this field. Subjectively,
patients did report a decrease in resting muscle spasms
which may indicate an improvement in resting muscle
tone. Indeed, if the effect of UROstym min across time
and groups is small, the sample size of the current study
would be insufficient to detect the relationship. A post hoc
power analysis was conducted, showing that a total sample size of 96 would be needed to detect a small effect—
roughly double of what was used in the present study.
Finally, the PSI results indicated that patients who experienced all 3 RF treatments had significantly better assessments compared with those who only had 1 or 2 treatments.
Patients stated that improvement was noticeable in areas of
sexual function, lubrication, and urinary continence.
We identify a number of limitations inherent in the retrospective nature of this study, including the potential for
data inaccuracies and confines in study design. It would
have been beneficial to have a control or sham arm to account for the potential placebo effect and case randomization (ie, complete treatment versus 1 versus 2 treatments).
This would have made a stronger case for causality, as
comparing groups post hoc introduces experimental bias.
Another weakness of this study was that only 31/50 patients completed all 3 RF treatments. Although this was
not the intended nature of the study, it did allow for us to
assess the impact of 1 or 2 treatments versus 3 treatments.
Despite the retrospective nature of this analysis, we
were able to discern a number of significant findings as
previously shown. Moreover, this study is the first to our
knowledge that uses an objective measure to evaluate effectiveness of RF for PFR.

CONCLUSIONS

This study demonstrates the safety of using RF energy
for PFR after vaginal delivery. Our data found no adverse
events in 50 consecutive patients. A significant correlation
was found between treatment and maximal contraction of
pelvic floor muscles using the UROstym device. Furthermore, we suggest a “tightening cascade” phenomenon,
where the impact of 1 treatment was all that needed to initiate patient improvement. Also, the PSI used correlated
to subjective improvement with each treatment.
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RF PFR may potentially fill a treatment gap of pelvic
floor disorders. A powered prospective randomized double-blinded study is needed to further clarify the role of
this technology.
Erez Dayan, MD
Massachusetts General Hospital
Harvard Medical School
Boston, MA
E-mail: erezdayanmd@gmail.com
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