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Abstract

Objective

To evaluate the reduction of perineal pain after vaginal deliveries by capacitive resistive

radiofrequency therapy (RF).

Methods

We conducted a double-blind randomized study in University Hospital Centre in France. We

included women presenting either perineal tears or an episiotomy after vaginal delivery

(instrumental assisted or not). The participants were randomly assigned to RF or not at day

1 and day 2 postpartum. The primary outcome was pain evaluated as visual analog scale

(VAS) score >4 at rest on day 2 after the treatment. Secondary outcomes included discom-

fort and pain while walking and seating two days after treatment, type of pain two days after

treatment and analgesics intake two days after treatment, sexual intercourse retake and

painful of intercourse were also assessed by phone call 30 days after delivery. We per-

formed univariate analysis and multivariable regressions adjusting on the value of the out-

come at baseline to improve precision of the estimated intervention effect.

Results

Between June 1, 2017 and October 8, 2017, the RF group included 29 women compared

with 31 women in the group without RF. There was no significant difference on VAS >4

between the two groups (13.8% vs. 9.7% p = 0.69; difference = 4.1%, 95%CI -12.2%-

20.4%); consumption of paracetamol was lower in the RF group (978.3 mg (sd = 804.5) vs

1703.7 mg (sd = 1381.6), p = 0.035; difference = -725.3 mg, 95%CI -1359.6 - -91.3). Multi-

variate analysis showed no association between RF and pain. Nevertheless, we found an

association between RF and discomfort while walking (adjusted OR 0.24, 95% CI 0.07–

0.90; p = 0.03).
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Conclusion

VAS>4 at day 2 was not different in the experimental and the control groups but RF was

associated with less perineal discomfort while walking and lower consumption of paraceta-

mol after delivery.

Clinical trial registrations

The study was registered in the Clinical Government trial (https://clinicaltrials.gov/ct2/show/

NCT03172286?term=bretelle&rank=2) under the number NCT03172286.

Introduction

The majority of women who have vaginal deliveries experience perineal pain 24h after birth

(95%) [1]. This reaches 100% in the event of perineal tears. This pain lessens over the days fol-

lowing the birth but at 7 days after birth 60% of women with an intact perineum and 91% of

those with perineal tears still suffered from incapacitating pain [1,2]. Progression towards

chronic pain concerned almost 13% of women who had an episiotomy [3]. Step one analgesics

(paracetamol in particular) are of variable efficacy [4,5]. Non-steroidal anti-inflammatory

(NSAI) drugs are frequently used as they seem to efficiently relieve this type of pain [6,7]. Non

pharmacologic therapies have to be developed because of breastfeeding in majority of women

and risks of potential adverse effects of pharmacologic treatments [8]. Alternative techniques

are currently under development such as perineal infiltration with local analgesics prior to per-

ineal suturing [9,10] or the injection of hyaluronidase during labor [11].

Radiofrequency (RF) or high frequency therapy is commonly used in sport [12–14], low

back pain but also in traumatology and urology [15–18]. It is used to provide rapid pain relief

for sport injuries and allows quicker recovery [12–14]. Tecar therapy (TECAR: Capacitive and

Resistive Energy Transfer) is an endogenous thermotherapy, which consists in the emission of

high frequency waves via an applicator. The transfer of electromagnetic energy stimulates tar-

geted tissues. RF can be used in two ways: capacitive or resistive. The capacitive mode (CET)

concentrates the energy to target soft tissues containing electrolytes: muscles, vascular or lym-

phatic tissues. The resistive mode (RET) targets denser tissues containing more fat and fiber

(such as bones, ligaments and tendons). High frequency waves penetrate deep into tissues and

increase both exchanges and temperature and a recent study has demonstrated the effects of

RF on the skin microcirculation and the intramuscular blood flow [19,20]. This has been

shown to increase vascularization and reduce inflammation and swelling and to accelerate the

healing process and provide pain relief [12]. To date, no study has evaluated the impact of RF

treatment on postpartum perineal pain.

We hypothesized that capacitive and resistive radiofrequency therapy applied on perineal

tears would decrease pain and improve mother well-being during post-partum period. The

main objective was to assess the efficacy of radiofrequency therapy on perineal pain in postpar-

tum for women presenting perineal tears. The secondary objectives were to assess discomfort

and pain while walking and seating, type of pain and analgesics intake, and sexual intercourse

retake and painful of intercourse. We aim to propose an innovative alternative approach in

caring for women with post-partum tears and would achieve this aim by a double-blind ran-

domized study.
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Materials and methods

We performed a double-blind single-center randomized controlled trial carried out in the

University Hospital Centre North Marseilles, France.

The participation in the study was proposed to women after delivery in the postpartum hos-

pitalization room.

Inclusion criteria were: primiparous or multiparous women presenting perineal tears (peri-

neal tears of at least grade 2 or an episiotomy) after vaginal delivery, instrumentally assisted

(vacuum device, spatulas, forceps) or not.

After having signed an informed consent form, women were randomized into two groups

(with or without RF) via a randomization list. Randomization used a permuted block design

(1:1 ratio).

In both groups the treatment sessions lasted for 15 minutes and were carried out on days 1

and 2 postpartum in a supine position with legs bent by the midwife. The flat transducer was

applied on the perineum and specifically on the injury. Latex cover protected the flat transducer.

The judgment criterion endpoint was the percentage of woman with a VAS>4 on the

numeric analogic scale on the second day postpartum after the treatment. VAS is a 10-centi-

meter horizontal continuous scale anchored from no pain (score of 0) to the worst imaginable

pain (score of 10). The threshold of 4 was chosen because its clinical and therapeutic relevance

and as already published by our team [9]. Secondary outcomes were prespecified: discomfort

and pain while walking and seating (yes/no) on the second day after the treatment, type of

pain (burning, tightness, shooting, stabbing, pricking) two days after treatment and measured

as binary variables; and total paracetamol intake two days after treatment in milligrams.

Clinical and obstetric data were collected (age, parity, labor length, pushing time, spontane-

ous delivery, episiotomy), as well as data concerning pain: presence of hematoma (yes/no), pain

while seating and walking (yes/no), discomfort while walking (yes/no), edema (yes/no). Pain

was evaluated at rest when lying in bed using visual analog scale (VAS) before and after each

session (at day 1 and day 2). A qualitative evaluation of pain was realized with using a VAS for

each type of pain: burning, tightness, shooting, stabbing, pricking. Sexual intercourse retake

and painful of intercourse were assessed by phone call 30 days after delivery. No recommenda-

tion was typically made to women about resumption of intercourse. Analgesic intake was mea-

sured; treatment with analgesics may include up to 3g/day of paracetamol, up to 300mg/day of

ketoprofen or opioids if necessary. As, after delivery women may have benefited from perineal

infiltration with ropivacaine 10 ml before perineal suture, this information has been collected.

MG entered the database and the funder AP-HM validated the accuracy of the database.

The medical device used was a BACK1S. Data analysis was totally independent of Winback

and carried out by FB, BR and VP. The device is a high frequency therapy device, registered

and exclusively commercialized by Winback, France and produced by Daeyang, South Korea

in compliance with 93/42/EEC under the number 1984-MDD-14- 108 314.

The study received a favorable opinion from the ethics committee approval from the French

Obstetrics and Gynecological Research Ethics Committee (CPP) on October 12, 2016 and was

registered under number 1697 and ID RCB: 2016-A01499-42. It was registered in the Clinical

Government trial ClinicalTrials.gov Identifier: NCT03172286. The study was recorded in the

register of the Institutional Review Board, the French data protection commission CIL/

AP-HM under number 2018–40.

Group A: Radiofrequency therapy

Women received radiofrequency therapy using a BACK 1S device emitting radiofrequency

waves. The Back1S device used for the clinical study has 3 frequencies: 300KHz, 500KHz and
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1MHz. Each frequency is supposed to allows targeting the depth of action: the lower the fre-

quency, the deeper is the action. During this study two frequencies were used (300 and

500KHz). The capacitive (CET) mode is an application mode that has a superficial action (2 to

3 cm) on soft tissues (high water content). The resistive (RET) is an application mode that

allows crossing the overall depth of tissues and acts on all fibrous tissues (low water content).

The dynamic function used within this protocol allows the device to switch automatically from

frequency 300KHZ to 500KHz every 3 seconds. The device was used with power of 12 Watts.

The treatment time was 15 minutes two times. Among these 15 minutes, the first phase of the

protocol included a CET phase of 5 minutes. During this phase two static electrodes of 13,5

cm2 each were applied on the sacrum and on the pubis. After this first phase, a RET phase was

applied for 10 minutes using a 35 mm diameter flat applicator emitting high frequency waves.

This applicator was applied in direct contact with the perineum and specifically on the injury.

Group B: Without radiofrequency therapy

Upon inclusion in group B, women were treated by applying the same protocol with firstly the static

electrodes for 5 minutes (on the sacrum and the pubis) then the same flat transducer was applied in

direct contact with the perineum for 10 minutes without emitting any waves in order to respect the

blind aspect of the study. The overall treatment time was the same as for group A: 15 minutes.

In both groups, the machine didn’t emit sounds and the screen of the machine was hidden

in order not to aware women about randomization group.

The midwife who carried out the radiofrequency therapy had to follow a strict and uniform

protocol in each group. A different midwife, who had no knowledge of the randomization

group, evaluated each woman was by using the numeric analogic scale before and after each

session, at day 1 and day 2.

The sample size required to achieve a power of 1-β = 0.90 with a α level equal to 0.05 to

detect a difference of 40% of women with VAS>4 between groups (80% in the No RF group

[1] vs 40% in the RF group) at day 2, was 60 women in total (PROC POWER SAS1 for the

two sided chi-square test). The difference of 40% was chosen because more realistic than scarce

previous study (more than 70%) [18] and taking into account the current protocol of infiltra-

tion with ropivacaine in case of perineal tears. We provided to include 32 women in each

group in case of lost of follow up.

Groups were compared at baseline using Chi square statistical test (or Fisher’s exact test)

for qualitative data and Student’s t-test (or non parametric Kruskall Wallis test) for quantita-

tive data. Categorical variables were given as the number of observations and percentages;

quantitative variables were given as mean and standard deviation (mean+/-SD).

We compared the groups after treatment at day 2 on the following outcomes (VAS>4,

quantitative VAS, pain and discomfort while walking and seating, using logistic (for binary

outcomes) and linear (for quantitative ones) regressions. First, we performed univariate

regressions (logistic or linear depending of the nature of the outcome) and we secondly per-

formed multivariable regressions adjusting on the value of the outcome at baseline to take into

account imbalanced groups at baseline despite of the randomization. We analyzed and com-

pared paracetamol intake between groups on the second day before the 2nd session by per-

forming a univariate and a multivariable analysis of covariance of the quantities of

paracetamol, taking into account baseline consumption of paracetamol and the group.

Results

Between June 1, 2017 and October 8, 2017, 855 women gave birth and 212 of them by caesar-

ean section. The flow chart is shown in Fig 1.
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Sixty-one women were enrolled in the study and randomized into either the group A

(n = 30) receiving RF therapy or the group B without RF (n = 31) during the pre-defined inclu-

sion period. One woman after having given her informed consent and been randomized into

the RF group A did not wish to continue and was excluded from the study, thus the RF group

finally included 29 women. There was no woman lost to follow up on the second day (day of

main outcome measurement). At day 30, the number of lost to follow up was 10 in the group

A (33%) and 8 in the group B (25.8%).

Clinical characteristics of women are summarized in Table 1. The women of Group A with

RF presented significantly more edema than group B and higher but non-significant longer

length of labor as well as pushing time (Table 1). Baseline measures of discomfort and pain

Fig 1. CONSORT diagram for study participation.

https://doi.org/10.1371/journal.pone.0231869.g001
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demonstrated higher percentages of women presenting pain and discomfort while walking

and pain while seating in group A.

At Day 2, the women of group A with RF didn’t present significantly more edema than

group B before the second session of treatment (13.8% in group A vs 12.9% in group B,

p = 0.99; difference = 0.90%, 95%CI -14.7%—;18.3%).

After univariate and multivariate analysis, no significant differences were observed between

the groups regarding main judgment criteria: pain at rest on the second day after treatment

evaluated by VAS (both VAS>4 criteria–Difference = 4.1%, 95%CI -12.2% - 20.4% (Table 2)

and mean VAS criteria: Mean difference = 0.42; 95%CI -0.57–1.40 [not presented]) Multivari-

able analysis (adjusted on value at baseline) showed a statistical association between discomfort

while walking (adjusted Odds Ratio [aOR] 0.24; 95%CI 0.07–0.90, p = 0.03) and a lower con-

sumption of paracetamol in group A with RF (Adjusted difference = -642.0, 95%CI -20.7–

1304.7, p = 0.05).

Qualitative evaluation of pain showed similar characteristics between groups after treat-

ment (Table 3).

On day 30 postpartum, 47.4% of women in the RF group and 36.8% in the group without RF

reported having resumed sexual activity (p = 0.41). Sexual intercourse was reported as painful

for 21.1% of women in the RF group and 13.0% in the group without RF (p = 0.68) (Table 3).

Discussion

This randomized trial showed no superiority of the RF regarding perineal pain evaluated using

a VAS on the second day after delivery. However, our study showed that women who were

administered RF felt significantly better with less perineal discomfort when walking and con-

sumed less paracetamol at day 2 after delivery.

Table 1. Baseline comparisons and pain evaluation between groups (univariate analysis) with or without Radio-

Frequency (RF).

Characteristics Group A Group B p
With RF Without RF

N = 29 N = 31

Age (y), mean (SD) 26.6 (4.5) 28.8 (6.3) 0.13

Parity, mean (SD) 1.5 (1.1) 1.9 (1.1) 0.13

Labor length (min), mean (SD) 362 (225) 261 (208) 0.05

Pushing time (min), mean (SD) 18.6 (13.3) 14.4 (14.0) 0.10

Spontaneous deliverya, n (%) 23 (79.3) 29 (93.5) 0.14

Hematomaa, n (%) 4 (13.8) 0 (0) 0.05

Edemaa, n (%) 16 (55.2) 8 (25.8) 0.02

Episiotomya, n (%) 5 (17.2) 3 (9.7) 0.46

Perineal Infiltration with Ropivacainea, n (%) 7 (24) 4 (12.9) 0.22

Pain while walkinga, Day 1, n (%) 24 (82.8) 19 (61.3) 0.03

Discomfort while walkinga, Day 1, n (%) 28 (96.6) 23 (74.2) 0.03

Pain while seatinga, Day 1, n (%) 29 (100) 25 (80.6) 0.02

Discomfort while seatinga, Day 1, n (%) 28 (96.6) 27 (87.1) 0.20

Consumption of Paracetamola, n (%) 25 (86.2) 27 (87.1) 0.61

RF, Radiofrequency; VAS: Visual Analog Scale
a Binary variables (yes vs no)

Data are mean (SD) or n (%)

https://doi.org/10.1371/journal.pone.0231869.t001
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To our knowledge this is the first study evaluating the impact of RF during the postpartum

period. Our study did not perform to show less VAS >4, main judgment criteria in the RF

group. There was no superiority of RF for pain improvement and possibly because of the small

sample size, the result was not in favor of RF concerning the main judgment criteria. This

could be linked with the absence of effectiveness of the technique, which is unlikely regarding

its use in other painful situations [14–18]. This could also be linked to the intervention’s dura-

tion, which could be insufficient to measure the impact on perineal pain. However, our fund-

ing and staff constraints did not allow us to pursue RF sessions after hospital discharge.

Nevertheless, scientific literature and recommendations regarding Tecar therapy efficiency are

scarce [21–22]. Recently a paper reported a faster recovery among runners with greater

increases in stride length, angle and height between two tests compared to a control group

[12]. Moreover a small randomized study on low back pain reported benefits of Tecar therapy

[15]. Nevertheless pain mechanisms may be different in the postpartum period compared with

trauma and could explain discrepancies.

Table 2. Main and secondary judgment measures (Univariate and multivariable analysis).

Characteristics Univariate analysis Multivariable analysisa

With RF

n = 29

Without RF

n = 31

p aOR / Beta

coefficient

95% CI / Standard

error

p

VAS >4 at rest, Day 2 after treatment; n (%) 4 (13.8) 3 (9.7) 0.69 1.91 0.36–10.09 0.45

Pain while walking Day 2 after treatmentb n (%) 11 (37.9) 11 (35.5) 0.67 0.67 0.20–2.30 0.53

Discomfort while walking Day 2 after treatmentb n (%) 12 (41.4) 20 (64.5) 0.08 0.24 0.07–0.90 0.03

Pain while seating, Day 2 after treatmentb n (%) 18 (62.1) 15 (48.4) 0.14 1.90 0.60–6.05 0.27

Discomfort while seating Day 2 after treatmentb n (%) 14 (48.3) 21 (67.7) 0.14 0.39 0.12–1.28 0.12

Total paracetamol intake two days after treatment (mg), mean

(standard error-SE)

978.3 (167.8) 1703.7 (265.9) 0.035 -642.0 329.4 0.05

a Multivariate regressions adjusting the value of the outcomes at baseline and group of treatment
b Binary variables (yes vs no)

RF, Radiofrequency; aOR, adjusted Odds Ratio; 95% CI, 95% confidence interval; VAS, Visual Analog Scale

Data are n (%) or mean (SE)

https://doi.org/10.1371/journal.pone.0231869.t002

Table 3. Secondary judgment measures: qualitative evaluation of pain at day 2 and sexual activity retake at day 30

(Univariate analysis).

Characteristics With RF n = 29 Without RF n = 31 p
Qualitative evaluation of pain (VAS), Day 2 after treatment, mean

(SE)

Burning 2.00 (0.52) 1.20 (0.36) 0.29

Tightness 1.28 (0.43) 1.97 (0.48) 0.27

Shooting 2.14 (0.45) 1.90 (0.43) 0.74

Stabbing 0.97 (0.36) 0.87 (0.32) 0.89

Pricking 0.76 (0.36) 0.60 (0.27) 0.92

Sexual activity retake Day 30a, n (%), n = 42 9 (47.4) 8 (36.8) 0.41

Painful sexual intercoursea, n (%), n = 42 4 (21.1) 3 (13.0) 0.68

RF, Radiofrequency; VAS, Visual Analog Scale
a Binary variables (yes vs no)

Data are mean (SE) or n (%).

https://doi.org/10.1371/journal.pone.0231869.t003
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The absence of difference on the VAS scale at rest could be also linked with lack of power.

Indeed, we hypothesized that 80% of women presented perineal pain after delivery and that RF

would reduced this percentage to 40% while only 53.3% of women included presented VAS

>4 at baseline (48.3% in group A with RF and 58.1% in group B without RF). This lower rate

of women with perineal pain observed in our study may be linked to the use of perineal infil-

tration with ropivacaine prior to suturing which could strongly decrease the level of pain

reported by women. Next studies should include only painful women to avoid this limit. Fur-

thermore, it is necessary to evaluate on a larger scale to ensure even the safety of the technique

in view of the results of this pilot study.

Despite randomization, the groups were not strictly identical. This can occur when the

number of women involved in randomization is small. At baseline the RF group had more

severe perineal tears with more frequent edema and a longer (but not significant) length of

labor, which are well known as pain factors [23]. However, the women of group A with RF

didn’t present significantly more edema than group B at the second evaluation (Day 2) before

the second session of treatment. Because of randomization, it would have been unnecessary to

make any adjustment; nevertheless due to imbalanced data on pain and discomfort values at

baseline we have decided to adjust at least on these values so as to improve power in the analy-

sis [24]. We chose to evaluate pain and discomfort even if they are related but not entirely as

discomfort may be a sensation not associated with pain for example in case of edema [1,2].

We couldn’t perform a larger study because the promotion was defined for 124 RF treat-

ment sessions maximum during a pre-defined period and with corresponding funded over-

time hours for midwives. The limited funding also explained the high percentage of lost to

follow up in each group (31% and 25.8% of women), 30 days after delivery, with follow up by

phone call and not by scheduled consultation.

One of the limits of the study was the inclusion criterion that should be more precise for an

objective assessment taking into account for example postpartum hemorrhage, breastfeeding

and other elements that could be painful in postpartum period.

The decrease in medication use is a strong and objective indicator of efficacy compared

with the VAS pain evaluation. Our results showed a reduction in the paracetamol cumulative

dose in the RF group while the number of VAS >4 patients was higher in the RF group (but

not significant). This paradoxical side could be explain by the characteristics of the pain, with

more (but not significant) burning pain in the RF group. In case of burning pain, women may

use less paracetamol but more local treatment like ice pads for example (data not available). A

recent study showed that the extent of perineal pain postpartum led 28% of physicians to pre-

scribe opioids [25]. However, in our practice, opioids are very rarely given except in cases of

major vulvar hematoma. RF enabled paracetamol intake to be reduce which could decrease the

prescription and probably the use of other analgesics. This consideration is essential because

66% of women in France and 81% of women in the United States initiate breastfeeding after

delivery [8,26].

Moreover, after multivariate analysis the results of the present study showed that women

had significantly less discomfort when walking. Even if this result could be due to a type I

error, this is an interesting result for the woman and their relationship with their newborn

baby. The assessment of pain during sexual encounters could be discussed and further studies

should use more standardized sexuality questionnaires such as PISQ-12 [27].

The generalization of RF use in post-partum is not recommended in the light of our sole

study, especially because of its size. However, the clinical relevance of these results suggests

investigating the interest of RF in perineal symptoms after vaginal deliveries and with a more

global evaluation of pain several days after delivery. A larger randomized study with more
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power is justified to investigate the efficacy of RF in immediate perineal pain after delivery and

long-term pain.

Conclusions

RF therapy had no significant impact on perineal pain at rest evaluated by a visual scale in this

pilot study. RF treatment showed a significant reduction in perineal discomfort while walking

and could halve the use of analgesics, which could improve well-being during this sensitive

period.
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caine 1%, ropivacaine 0.75%, or placebo for episiotomy repair in parturients who received epidural

labor analgesia: a double-blind randomised study. Int J Obstet Anesth. 2010; 19:293–7. https://doi.org/

10.1016/j.ijoa.2009.11.005 PMID: 20627696

11. Zhou F1, Wang XD, Li J, Huang GQ, Gao BX. Hyaluronidase for reducing perineal trauma. Cochrane

Database Syst Rev. 2014; 5:CD010441.

12. Duñabeitia I, Arrieta H, Torres-Unda J, Gil J, Santos-Concejero J, Gil SM et al. Effects of a capacitive-

resistive electric transfer therapy on physiological and biomechanical parameters in recreational run-

ners: A randomised controlled crossover trial. Phys Ther Sport. 2018; 32:227–234. https://doi.org/10.

1016/j.ptsp.2018.05.020 PMID: 29870922

13. Costantino C, Pogliacomi F, Vaienti E. Acta Biomed. Cryoultrasound therapy and tendonitis in athletes:

a comparative evaluation versus laser CO2 and t.e.ca.r. therapy. 2005; 76:37–41.

14. Weber T, Kabelka B. Noninvasive monopolar capacitive-coupled radiofrequency for the treatment of

pain associated with lateral elbow tendinopathies: 1-year follow-up. PM R. 2012; 4:176–81. https://doi.

org/10.1016/j.pmrj.2011.11.003 PMID: 22342819

15. Notarnicola A, Maccagnano G, Gallone MF, Covelli I, Tafuri S, Moretti B. Short term efficacy of capaci-

tive-resistive diathermy therapy in women with low back pain: a prospective randomised controlled trial.

J Biol Regul Homeost Agents. 2017; 31:509–515. PMID: 28685560

16. Piazzolla A, Solarino G, Bizzoca D, Garofalo N, Dicuonzo F, Setti S et al. Trauma capacitive coupling

electrive fields in the treatment of vertebral compression fractures. J Biol Regul Homeost Agents. 2015;

29:637–46. PMID: 26403401

17. Pavone C, Castrianni D, Romeo S, Napoli E, Usala M, Gambino G et al. TECAR therapy for Peyronie’s

disease: a phase-one prospective study. Great evidence in women with erectile dysfunction. Urologia.

2013; 80:148–53. https://doi.org/10.5301/RU.2013.10756 PMID: 23423676

18. Pavone C, Romeo S, D’Amato F, Usala M, Letizia Mauro G, Caruana G. Does Transfer Capacitive

Resistive Energy Has a Therapeutic Effect on Peyronie’s Disease? Randomised, Single-Blind, Sham-

Controlled Study on 96 Women: Fast Pain Relief. Urol Int. 2017; 99:77–83. https://doi.org/10.1159/

000467396 PMID: 28482350

19. Kumaran B, Watson T. Thermal build-up, decay and retention responses to local therapeutic application

of 448 kHz capacitive resistive monopolar radiofrequency: A prospective randomised crossover study

in healthy adults. Int J Hyperthermia. 2015; 31:883–95. https://doi.org/10.3109/02656736.2015.

1092172 PMID: 26524223

20. Clijsen R, Leoni D, Schneebeli A, Cescon C, Soldini E, Li L et al. Does the Application of Tecar Therapy

Affect Temperature and Perfusion of Skin and Muscle Microcirculation? A Pilot Feasibility Study on

Healthy Subjects. J Altern Complement Med. 2019 Oct 3.

21. Kaiser MG1, Eck JC, Groff MW, Ghogawala Z, Watters WC 3rd, Dailey AT et al. Guideline update for

the performance of fusion procedures for degenerative disease of the lumbar spine. Part 17: bone

growth stimulators as an adjunct for lumbar fusion. J Neurosurg Spine. 2014; 21:133–9. https://doi.org/

10.3171/2014.4.SPINE14326 PMID: 24980594

PLOS ONE Radiofrequency for post-partum perineal pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0231869 April 27, 2020 10 / 11



22. Cronkey J, LaPorta G. Rating systems for evaluation of functional ankle instability: prospective evalua-

tion in a cohort of women treated with monopolar capacitive-coupled radiofrequency. Foot Ankle Spec.

2012; 5:293–9. https://doi.org/10.1177/1938640012457941 PMID: 23008239

23. Leeman L, Fullilove AM, Borders N, Manocchio R, Albers LL, Rogers RG. Postpartum perineal pain in a

low episiotomy setting: association with severity of genital trauma, labor care, and birth variables.Birth.

2009; 36:283–8. https://doi.org/10.1111/j.1523-536X.2009.00355.x PMID: 20002420

24. Kahan BC, Jairath V, Doré CJ, Morris TP. The risks and rewards of covariate adjustment in randomized

trials: an assessment of 12 outcomes from 8 studies. Trials. 2014; 15: 139. https://doi.org/10.1186/

1745-6215-15-139 PMID: 24755011

25. Prabhu M, Garry EM, Hernandez-Diaz S, MacDonald SC, Huybrechts KF, Bateman BT. Frequency of

Opioid Dispensing After Vaginal Delivery. Obstet Gynecol. 2018; 132:459–465. https://doi.org/10.1097/

AOG.0000000000002741 PMID: 29995732

26. ENP2016_rapport_complet.pdf.,http://www.xn—epop-inserm-ebb.fr/wp-content/uploads/2017/10/

ENP2016_rapport_complet.pdf.

27. Fatton B, Letouzey V, Lagrange E, Mares P, Jacquetin B, de Tayrac R. Validation of a Frecnh version of

the short form of the Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire (PISQ-12). J

Gynecol Obstet Biol Reprod. 2009 Dec; 38(8):662–7.

PLOS ONE Radiofrequency for post-partum perineal pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0231869 April 27, 2020 11 / 11


