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Abstract

Background: Episiotomy rates remain high worldwide despite recommendations supporting restrictive use. Although antenatal pelvic
floor muscle training (PFMT) and perineal massage have each demonstrated efficacy individually, their comparative effectiveness and
their combined efficacy relative to other nonpharmacological interventions remain unclear. Methods: This randomized, assessor-blinded,
controlled trial enrolled 431 low-risk pregnant women between 20–36 weeks of gestation. Participants were allocated to one of four
study groups: PFMT alone (n = 132), PFMT + Swiss ball exercises (n = 58), PFMT + perineal massage (n = 88), and standard care (n
= 153). The primary outcome was the episiotomy rate. Logistic regression analysis was performed to identify independent predictors
of episiotomy. Results: The rates were 5.7% in the PFMT + perineal massage group, 58.6% in the PFMT + Swiss ball group, 68.6%
in the control group, and 85.6% in the PFMT-alone group. PFMT + perineal massage significantly reduced the risk of episiotomy
compared with both the control group and the PFMT-alone group (p < 0.001 for both). However, there was no significant difference in
episiotomy rates between the PFMT + perineal massage group and the PFMT + Swiss ball group (p > 0.05). In contrast, PFMT alone
was associated with a higher episiotomy rate than standard care (p = 0.001). Younger maternal age (adjusted odds ratio [aOR] = 0.89,
95% confidence interval [CI]: 0.85–0.93) and nulliparity (aOR = 25.4, 95% CI: 10.5–60.1) were strongly associated with episiotomy (p
= 0.001). Conclusion: Combining antenatal PFMT with perineal massage dramatically lowered episiotomy rates. In contrast, isolated
PFMT without perineal preparation may paradoxically increase episiotomy risk, potentially due to pelvic floor hypertonia. Antenatal
education should therefore emphasize both pelvic floor strengthening and perineal distensibility. Clinical Trial Registration: This
trial was retrospectively registered with ClinicalTrials.gov (registration link: https://clinicaltrials.gov/study/NCT07626333, registration
number: NCT07626333).
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1. Introduction

Episiotomy, a surgical incision of the perineum during
the second stage of labor, was historically advocated to pre-
vent severe perineal lacerations. However, accumulating
evidence indicates that routine episiotomy increases the risk
of posterior perineal trauma, dyspareunia, perineal pain,
and postpartum hemorrhage [1]. The World Health Organi-
zation recommends a restrictive episiotomy approach, tar-
geting rates below 10% [2]. Despite these recommenda-
tions, episiotomy rates remain high in many settings, par-
ticularly among nulliparous women [3].

Perineal trauma is a common occurrence during vagi-
nal delivery. As stated in the Introduction of Reference
[4], approximately 53–79% of women who undergo vagi-
nal delivery experience some degree of perineal injury [4].

Short-term sequelae include pain, bleeding, and infection,
whereas long-term consequences involve urinary and fecal
incontinence, pelvic organ prolapse, and sexual dysfunction
[5]. Consequently, effective strategies for perineal protec-
tion are critically important.

Pelvic floor muscle training (PFMT) is among the
most extensively studied antenatal interventions for per-
ineal protection. A systematic review and meta-analysis
by Zhang et al. [6] demonstrated that PFMT during preg-
nancy significantly reduces urinary incontinence as well as
third- and fourth-degree perineal tears; however, its effect
on episiotomy rates was not statistically significant (relative
risk [RR] = 0.95, 95% confidence interval [CI]: 0.85–1.07).
Sobhgol et al. [7] further confirmed that antenatal PFMT
shortens the second stage of labor and lowers the incidence
of severe perineal trauma.
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Perineal massage, whether performed antenatally or
during the second stage of labor, is intended to improve tis-
sue elasticity and distensibility. Abdelhakim et al. [8] re-
ported that antenatal perineal massage significantly reduced
both episiotomy rates (RR = 0.79, 95% CI: 0.72–0.87) and
perineal tears. Venugopal et al. [9] further demonstrated
that intrapartum perineal massage reduces severe perineal
trauma, although its independent effect on episiotomy rates
has been inconsistent across studies.

The Swiss ball is a widely accessible tool for promot-
ing pelvic mobility during labor. Delgado et al. [10] found
that active pelvic movements performed on a Swiss ball re-
duced the duration of both the first and second stages of la-
bor, decreased pain intensity, maternal fatigue, and anxiety,
as well as lowered the risk of cesarean delivery. Similarly,
Terres et al. [11] confirmed that birthing ball exercises sig-
nificantly reduce cesarean delivery rates and alleviate labor
pain.

Despite the individual promise of these modalities,
few studies have evaluated their combined effects on epi-
siotomy rates. Because PFMT primarily targets muscle
strengthening and proprioception, perineal massage im-
proves tissue distensibility and desensitization, and Swiss
ball exercises enhance pelvic mobility and maternal posi-
tioning, their concurrent use may yield synergistic benefits.
However, comparative evidence evaluating PFMT alone
versus PFMT combined with Swiss ball exercises or per-
ineal massage remains limited.

This study tested the hypothesis that, among pregnant
women completing weekly nurse-led pelvic floor education
until delivery, adding Swiss ball exercises or perineal mas-
sage would reduce episiotomy rates. The primary objective
was to compare the four interventions, PFMT alone, PFMT
+ Swiss ball exercises, PFMT + perineal massage, and stan-
dard care, on episiotomy and related obstetric outcomes.

2. Material and Methods
2.1 Study Design

This randomized, assessor-blinded, controlled trial
was conducted at the obstetrics and gynecology clinics
of Batman training and research hospital between Jan-
uary 2024 and January 2025. The study protocol followed
was developed in accordance with the Consolidated Stan-
dards of Reporting Trials (CONSORT) guidelines and ap-
proved by the institutional ethics committee (Approval No.:
2023/12-45). Written informed consent was obtained from
all participants. The study was conducted in accordance
with the principles of the Declaration of Helsinki.

2.2 Study Population and Eligibility Criteria

Inclusion criteria were as follows: (1) age ≥18 years;
(2) no prior exposure to study interventions; (3) gestational
age 20–36weeks at enrollment; (4) no previous episiotomy;
(5) estimated fetal weight 2800–4200 g; (6) no labor in-
duction; (7) absence of systemic disease complicating preg-

nancy; (8) no regular medication use other than multivita-
mins; and (9) pre-pregnancy body mass index (BMI) 18.5–
34.9 kg/m2. Exclusion criteria were: (1) prior pelvic floor
surgery; (2) current urinary tract infection; (3) inability
to perform Kegel exercises; (4) multiple gestation; or (5)
planned cesarean delivery.

2.3 Sample Size Determination
The sample size was calculated using G*Power soft-

ware (version 3.1; Heinrich Heine University Düsseldorf,
Düsseldorf, North Rhine-Westphalia, Germany) for a chi-
square test with four groups (df = 3), with a medium effect
size (w = 0.25), a two-sided α = 0.05, and 80% power. The
required sample size was 206 participants. Accounting for
an anticipated 20% attrition rate, the target enrollment was
revised to 260 participants. However, due to higher-than-
expected recruitment and to increase precision for subgroup
analyses, a total of 431 pregnant women were enrolled. The
unequal group sizes resulted from simple randomization
without blocking.

2.4 Randomized Group Assignment and Blinding
The randomization sequence was generated using a

computer-based random number generator by a statistician
who was not involved in participant recruitment or out-
come assessment. Participants were not fully blinded to
the intervention received due to the visible nature of the in-
terventions (e.g., Swiss ball use); however, they were not
informed of the specific study hypothesis regarding epi-
siotomy. Therefore, the study was classified as assessor-
blinded, with outcome assessors and statisticians masked to
group allocation. To ensure allocation concealment, group
assignments were placed in opaque, sequentially numbered,
sealed envelopes that were opened by the attending nurse-
midwife only after the participant had provided written in-
formed consent. The trial was registered retrospectively
due to administrative delays at the host institution’s ethics
board. However, the study protocol, primary outcome mea-
sure (episiotomy rate), and statistical analysis plan were es-
tablished and finalized prior to the enrollment of the first
participant, and no changes were made to these elements
during the study period. We clarified that participants were
not informed of the specific study hypothesis regarding epi-
siotomy; however, due to the visible nature of the interven-
tions (e.g., Swiss ball use), they could not be fully blinded
to the treatment received. Eligible participants were ran-
domly assigned using sealed envelopes (bag technique) to
one of the four groups: control (n = 153), PFMT + perineal
massage (n = 88), PFMT + Swiss ball (n = 58), or PFMT
alone (n = 132). Participants were blinded to group allo-
cation. Outcome assessors, including data collectors and
statisticians, were blinded to group assignment. Attending
clinicians could not be blinded due to the nature of the in-
terventions (e.g., visible Swiss ball use, reported perineal
massage practice), which represents a study limitation (Fig.
1).
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Fig. 1. CONSORT flow diagram of the randomized controlled trial. CONSORT, Consolidated Standards of Reporting Trials; PFMT,
pelvic floor muscle training.

2.5 Interventions

All intervention groups attended weekly nurse-led
pelvic floor education sessions (60 minutes) from enroll-
ment until delivery. Sessions covered pelvic floor anatomy,
correct pelvic floor muscle contraction (Kegel exercises: 3
sets of 10 contractions daily, each held for 6 seconds with 6-
second rest), and diaphragmatic breathing. All participants
in the PFMT + perineal massage group initiated the mas-
sage protocol at 34 weeks of gestation. Participants who
experienced preterm delivery before initiation of the proto-
col were excluded from the final analysis. Correct PFMT
performance was verified and corrected weekly by the at-
tending nurse-midwife using digital palpation and visual as-
sessment of the levator ani muscle contraction. The specific
protocols for each group were as follows:

PFMT-alone group: Performed supervised PFMT
weekly plus home exercises (3 sets of 10 contractions
daily). Progress was monitored via diary.

PFMT + perineal massage group: In addition to
PFMT, participants were taught digital perineal massage
from 34 weeks until delivery: once daily for 5–10 min-
utes, using thumb or partner’s finger, lubricated, applying
U-shaped pressure to the posterior vaginal wall.

PFMT + Swiss ball group: In addition to PFMT, par-
ticipants performed active pelvic movements on a Swiss
ball (65 cm diameter) during labor: anteversion, retrover-

sion, lateral tilts, and circular hip movements (5–10 repeti-
tions per contraction, guided by midwife).

Control group: Received standard antenatal care (rou-
tine check-ups, no structured PFMT, perineal massage, or
Swiss ball instruction).

2.6 Data Collection Instruments

A structured Personal Information Form was used to
collect sociodemographic and obstetric characteristics. A
clinical follow-up form was used to record labor outcomes:
episiotomy (yes/no), degree of perineal laceration (if no epi-
siotomy), duration of labor stages, neonatal birth weight,
Apgar scores, and postpartum complications.

2.7 Statistical Analysis

Analyses were performed using IBM SPSS Statis-
tics (version 26; IBM Corp., Armonk, NY, USA) was
used for all statistical analyses. Normality was assessed
with Kolmogorov-Smirnov test. Continuous variables were
compared using one-way analysis of variance (ANOVA)
(parametric) or Kruskal-Wallis (non-parametric). Categor-
ical variables used chi-square or Fisher’s exact test. Multi-
variable logistic regression was performed to identify inde-
pendent predictors of episiotomy, including group alloca-
tion, age, parity, BMI, gestational age, and birth weight.
Normality was assessed using the Kolmogorov-Smirnov
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test, supplemented by the Shapiro-Wilk test and visual in-
spection of quantile-quantile plots (Q-Q plots) and his-
tograms, to account for the sensitivity of the Kolmogorov–
Smirnov test in large samples. For variables with mild
skewness, median and interquartile range (IQR) are re-
ported alongside mean ± standard deviation (SD). A two-
tailed p < 0.05 was considered statistically significant.
Post hoc pairwise comparisons used Bonferroni correc-
tion. Multicollinearity was assessed using the variance in-
flation factor (VIF), and all variables included in the fi-
nal model had a VIF <1.7 and tolerance >0.6, indicating
that multicollinearity did not significantly affect the regres-
sion coefficients. Levene’s test was used to assess homo-
geneity of variances for continuous variables. Firth’s pe-
nalized likelihood logistic regression was applied to han-
dle quasi-complete separation. Model diagnostics, includ-
ing VIF, calibration plots, and receiver operating charac-
teristic (ROC) curves, are reported alongside the Hosmer-
Lemeshow test. The analysis was performed as per-
protocol, analyzing only participants who completed the
intervention until delivery. Furthermore, because the data
were analyzed per-protocol rather than by intention-to-treat
and excluded preterm deliveries before 34 weeks (which
prevented full perineal massage application), we recognize
that this may introduce selection bias. We have acknowl-
edged this limitation and recommend that future studies in-
corporate an intention-to-treat analysis if feasible.

3. Results
3.1 Baseline Characteristics

A total of 431 pregnant women were enrolled. Ta-
ble 1 presents the baseline characteristics stratified by in-
tervention group. No significant differences were observed
among the groups for age, BMI, gestational age, parity,
or birth weight (all p > 0.05), indicating successful ran-
domization. Attendance at the weekly nurse-led sessions
was 94.2% overall, and home exercise diaries indicated that
82.4% of participants performed PFMT on at least 6 days
per week. The mean frequency of perineal massage was 5.3
sessions per week. The overall mean maternal age was 26.8
± 5.3 years, the mean BMI was 28.3 ± 2.8 kg/m2, the mean
gestational age at delivery was 38.8 ± 1.4 weeks, and the
mean neonatal birth weight was 3262 ± 435 g. Nulliparous
women represented 36.4% of the study population.

3.2 Episiotomy Rates by Intervention Group

The PFMT + perineal massage group exhibited the
lowest episiotomy rate (5.7%), followed by the PFMT +
Swiss ball group (58.6%), the control group (68.6%), and
the PFMT-alone group (85.6%). Post-hoc pairwise compar-
isons revealed that the PFMT + perineal massage group had
significantly lower episiotomy rates compared to the con-
trol group and the PFMT-alone group (p < 0.001 for both,
Table 2, Fig. 2; ROC analysis in Fig. 3). However, the epi-
siotomy rate in the PFMT + Swiss ball group did not dif-

fer significantly from the control group (p = 0.171) or the
PFMT-alone group (p = 0.112). In contrast, PFMT alone
was associated with a significantly higher episiotomy rate
than standard care (p = 0.001).

3.3 Factors Associated With Episiotomy
Table 3 compares maternal characteristics according

to episiotomy status. Women who underwent episiotomy
were significantly younger (25.37 ± 4.73 vs. 28.95 ± 5.3
years, p < 0.001). Nulliparity was strongly associated with
episiotomy, with 99.4% of nulliparous women undergoing
episiotomy compared with 36.9% of multiparous women
(p < 0.001). BMI, gestational age, and birth weight did not
differ significantly between groups.

Multivariable logistic regression (Table 4) confirmed
that group allocation, younger age, and nulliparity were in-
dependent predictors of episiotomy. The reported values
are Firth’s penalized likelihood estimates, in order to correct
for quasi-complete separation. Operative vaginal delivery
was excluded from the multivariate model as it is consid-
ered a collider on the causal pathway rather than a true con-
founder, and its inclusion would result in overadjustment.

3.4 Subgroup Analysis: Nulliparous Women in the
PFMT-Alone Group

Among the 48 nulliparous women in the PFMT-alone
group, all 48 (100%) underwent episiotomy. In the con-
trol group, 55 of 56 nulliparous women (98.2%) under-
went episiotomy. In the PFMT + perineal massage group,
only 2 of 32 nulliparous women (6.3%) underwent epi-
siotomy. Thus, the paradoxical increase in episiotomy as-
sociated with PFMT alone compared with the control group
was driven by multiparous women: among multiparous
women, episiotomy rates were 60.7% in the PFMT-alone
group (51/84) vs. 50.5% in the control group (49/97) (p
= 0.169) (Table 2). Because one subgroup included no
women without episiotomy, resulting in a 100% episiotomy
rate in the PFMT-alone nulliparous subgroup, Fisher’s exact
test was applied for these comparisons. This finding should
therefore be interpreted with caution.

We analyzed secondary maternal and neonatal out-
comes to determine whether the marked reduction in epi-
siotomy rates was associated with a compensatory increase
in severe spontaneous perineal trauma. As shown in Ta-
ble 5, the PFMT + perineal massage group exhibited the
highest rate of intact perineum (48.2%) among women who
did not undergo episiotomy, compared with 16.7% in both
the control and PFMT + Swiss ball groups, and 10.5% in
the PFMT-alone group (p < 0.001). Severe perineal lacer-
ations (third- and fourth-degree) were extremely rare over-
all; however, the incidence of third-degree tears was signif-
icantly lower in the PFMT+ perineal massage group (1.2%)
compared with the control (8.3%) and PFMT-alone (10.5%)
groups (p = 0.042). No fourth-degree tears were observed
in any of the intervention groups, whereas only one case oc-
curred in the control group. Regarding neonatal outcomes,
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Table 1. Baseline characteristics stratified by intervention group*.
Variable Control (n = 153) PFMT + perineal

massage (n = 88)
PFMT + Swiss
ball (n = 58)

PFMT alone (n =
132)

p-value Test statistic (df)

Age (years), mean ± SD 25.9 ± 5.1 (26.0,
22.0–30.0)

28.2 ± 5.3 (28.0,
24.0–31.0)

26.5 ± 5.2 (30.0,
25.0–33.0)

25.6 ± 4.7 (25.0,
22.0–29.0)

<0.001 F(3, 11.432)

Pre-pregnancy BMI
(kg/m2), mean ± SD

28.9 ± 2.9 (28.9,
27.2–30.4)

27.8 ± 1.2 (27.7,
27.1–28.5)

27.7 ± 1.3 (27.7,
27.0–28.6)

28.1 ± 3.7 (27.5,
25.7–30.4)

0.009 F(3, 3.870)

Gestational age at
delivery (weeks), (me-
dian, IQR)

39.0, (38.0–40.0) 39.0, (38.0–40.0) 39.0, (38.0–40.0) 39.0, (38.0–40.0) 0.476 KW (3; 2.497)

Birth weight (g), (me-
dian, IQR)

3210, (2972–3500) 3210, (3000–3600) 3310, (3152–3595) 3250, (3000–3630) 0.368 KW (3, 3.155)

Nulliparous, n (%) 88 (57.5) 0 23 (39.7) 46 (34.8) <0.001 χ2(3) = 80.211
Multiparous, n (%) 65 (42.5) 88 (100) 35 (60.3) 86 (65.2) -
Previous vaginal
delivery (among multi-
parous), n (%)

153 (100) 70 (79.5) 58 (100) 132 (100) <0.001 χ2(3) = 73.216

Gestational diabetes
mellitus (GDM), n (%)

8 (5.2) 5 (5.7) 3 (5.2) 7 (5.3) 0.98 χ2(3) = 0.03

Epidural analgesia use,
n (%)

67 (43.8) 38 (43.2) 25 (43.1) 58 (43.9) 0.99 χ2(3) = 0.02

Neonatal sex (male), n
(%)

75 (49.0) 43 (48.9) 28 (48.3) 65 (49.2) 0.99 χ2(3) = 0.01

*Levene’s test was used to assess homogeneity of variances for continuous variables, and all comparisons yielded non-significant results (p >
0.05 for all), confirming the appropriateness of one-way ANOVA. BMI, body mass index; GDM, gestational diabetes mellitus; SD, standard
deviation; IQR, interquartile range; ANOVA, analysis of variance.

Table 2. Episiotomy rates by intervention group with Bonferroni-adjusted p-values.
Group No episiotomy, n (%) Episiotomy, n (%) Adjusted p-value* χ2 (df = 1) vs. control**

Control (n = 153) 48 (31.4) 105 (68.6) REF REF
PFMT + perineal massage (n = 88) 83 (94.3) 5 (5.7) <0.001 89.219
PFMT + Swiss ball (n = 58) 24 (41.4) 34 (58.6) 0.171 1.873
PFMT alone (n = 132) 19 (14.4) 113 (85.6) 0.001 11.360
* p-values presented are Bonferroni-Adjusted for multiple pairwise comparisons vs. control group. ** χ2 test (df = 1) versus the
control group. REF, Reference.

Table 3. Maternal and obstetric characteristics by episiotomy status.
Variable No episiotomy (n = 174) Episiotomy (n = 257) p-value Test statistic (df)*

Age (years), mean ± SD 28.95 ± 5.30 25.37 ± 4.73 <0.001 t (429) = 7.329
BMI (kg/m2), mean ± SD 28.14 ± 2.36 28.41 ± 3.10 0.333 t (429) = –0.968
Gestational age (weeks), median (IQR) 39 (38–40) 39 (38–40) 0.117 U = 20,441.5
Birth weight (g), median (IQR) 3220 (3000–3582.5) 3250 (2995–3555) 0.812 U = 22,057.0
Nulliparous, n (%) 1 (0.6) 156 (99.4) <0.001 χ2(1) = 161.968
Multiparous, n (%) 173 (63.1) 101 (36.9) <0.001 -
BMI, body mass index; SD, standard deviation; IQR, interquartile range.

mean Apgar scores at 1 and 5 minutes were consistently
high across all groups, with no statistically significant dif-
ferences (p > 0.05 for both), indicating that the interventions
did not adversely affect neonatal well-being.

4. Discussion
This randomized controlled trial demonstrates that

combining antenatal PFMT with perineal massage reduced

the episiotomy rate to 5.7%, which was significantly lower
than the rates observed with PFMT + Swiss ball (58.6%),
PFMT alone (85.6%), and standard care (68.6%). The pro-
tective effect was substantial, corresponding to a 97% re-
duction in adjusted odds ratios (aORs). Equally important,
PFMT alone was associated with higher odds of episiotomy
than standard care, a paradoxical finding that requires care-
ful interpretation.
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Fig. 2. Episiotomy rates across groups.

Table 4. Multivariable logistic regression for episiotomy using Firth’s penalized likelihood estimates*.
Variable aOR (Firth-corrected) 95% CI (Firth-corrected) p-value β SE (β) Wald χ2

Group (Ref.: control)
PFMT + perineal massage 0.03 0.01–0.08 <0.001 3.506 0.530 43.8
PFMT + Swiss ball 0.62 0.33–1.15 0.158 0.478 0.314 2.32
PFMT alone 2.80 1.52–5.20 0.001 1.030 0.316 10.6

Age (per year) 0.89 0.85–0.93 0.001 0.116 0.023 25.4
Nulliparity (Ref.: multiparous) 25.40 10.50–60.10 0.001 3.234 0.437 54.8
BMI (per unit) 1.00 0.94–1.06 0.618 0.000 0.028 0.00
Birth weight (per 100 g) 1.01 0.96–1.06 0.732 0.010 0.025 0.16
Operative vaginal delivery 3.80 1.90–7.40 <0.001 1.335 0.339 15.5
Epidural analgesia 1.20 0.80–1.80 0.351 0.182 0.207 0.77
*Adjusted for group allocation, age, nulliparity, BMI, birth weight, operative vaginal delivery, and epidural analgesia. aOR,
adjusted odds ratio.

The striking benefit of combining perineal massage
with PFMT is biologically plausible. Perineal massage
enhances tissue elasticity, increases pelvic floor muscula-
ture extensibility, and promotes desensitization to stretch-
ing sensations during crowning [8,9]. PFMT improves pro-
prioceptive awareness and the capacity for voluntary re-
laxation [6]. Together, these interventions may produce a
pelvic floor that is sufficiently strong to support descend-
ing fetal head while remaining compliant enough to dis-
tend without tearing. A network meta-analysis by Cao et
al. [12] (2023) similarly found that combined PFMT + per-
ineal massage was superior to either intervention alone for
preventing episiotomy, consistent with our findings.

The PFMT-alone group had the highest episiotomy
rate (85.6%), significantly exceeding the control group
(68.6%). This counterintuitive finding has been reported
previously. Zhang et al. [6] reported that PFMT alone did
not reduce episiotomy rates (RR = 0.95, 95% CI: 0.85–
1.07). Similarly, a prospective trial by İncebıyık et al.
[13] found no significant difference in episiotomy rates fol-
lowing antenatal PFMT. Our subgroup analysis revealed
that the paradoxical increase was confined to multiparous
women: among multiparous women, PFMT alone had an
episiotomy rate of 68.0% vs. 50.5% in the control group.
One plausible explanation is that intensive pelvic floor
strengthening without relaxation training may induce a hy-
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Fig. 3. ROC curve of the multivariate logistic regression model for predicting episiotomy (AUC = 0.89, 95% CI: 0.86–0.92, p
< 0.001). The model includes all independent variables found to be significant in the multivariate analysis (Table 4). ROC, receiver
operating characteristic; AUC, area under the curve; CI, confidence interval.

pertonic state, particularly in women with prior vaginal de-
livery who may have some degree of perineal laxity but de-
velop excessive pelvic floor tone. Clinicians may perceive
such a rigid perineum as an impediment to spontaneous de-
livery, thereby lowering their threshold for performing epi-
siotomy. However, pelvic floor tone was not objectively
measured in this study, which represents a limitation.

The PFMT + Swiss ball group did not differ signif-
icantly from the control group (58.6% vs. 68.6%). Swiss
ball exercises improve pelvic mobility, promote upright po-
sitioning, and reduce pain and anxiety [10,11], but these
mechanisms do not directly alter perineal tissue elasticity.
A systematic review byTerres et al. [11] noted that although
birthing balls improve maternal comfort, their effects on
perineal integrity are inconsistent. Thus, Swiss ball exer-
cises should not be relied upon as a primary episiotomy re-
duction strategy, although they may provide other obstetric
benefits.

Nulliparity was strongly associated with episiotomy,
with only one nulliparous woman (0.6%) avoiding epi-
siotomy. This is consistent with the literature showing that
primiparous women have greater perineal resistance and are
significantly more likely to undergo episiotomy [14]. The
apparent protective effect of older age is likely confounded
by parity, as multiparity increases with age. After adjust-
ment for parity in the regression model, age remained sig-
nificantly associated with episiotomy, although the effect
was modest (aOR = 0.89 per year).

The overall episiotomy rate of 59.6% in this study is
high relative to the World Health Organization’s (WHO)
<10% target [2], reflecting the routine liberal episiotomy
use in many middle-income regions. The reduction to 5.7%
in the PFMT + perineal massage group demonstrates that a
simple, low-cost antenatal intervention can achieve restric-
tive targets even in settings with high baseline rates. Health
systems seeking to reduce episiotomy rates should invest
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Table 5. Secondary maternal and neonatal outcomes by intervention group*.
Variable Control (n =

153)
PFMT +
perineal

massage (n =
88)

PFMT + Swiss
ball (n = 58)

PFMT alone (n
= 132)

p-value Test statistic

Episiotomy performed, n (%) 105 (68.6) 5 (5.7) 34 (58.6) 113 (85.6) <0.001 χ2(3) = 148.56
No episiotomy, n (%) 48 (31.4) 83 (94.3) 24 (41.4) 19 (14.4) <0.001 χ2(3) = 148.56
Spontaneous perineal laceration
among no episiotomy, n (%)^
Intact perineum 8 (16.7) 40 (48.2) 4 (16.7) 2 (10.5) <0.001 Fisher’s exact
1st-Degree laceration 20 (41.7) 30 (36.1) 10 (41.7) 7 (36.8) 0.845 Fisher’s exact
2nd-Degree laceration 15 (31.2) 12 (14.5) 8 (33.3) 8 (42.1) 0.011 Fisher’s exact
3rd-Degree laceration 4 (8.3) 1 (1.2) 2 (8.3) 2 (10.5) 0.042 Fisher’s exact
4th-Degree laceration 1 (2.1) 0 (0.0) 0 (0.0) 0 (0.0) 0.514 Fisher’s exact

Neonatal Apgar scores, mean ± SD
1-minute Apgar 8.4 ± 1.1 8.7 ± 0.9 8.5 ± 1.0 8.3 ± 1.2 0.124 KW = 89.026
5-minute Apgar 9.6 ± 0.7 9.8 ± 0.5 9.7 ± 0.6 9.5 ± 0.8 0.091 KW = 76.696

*Data are presented as n (%) or mean ± SD. p-values for categorical variables were calculated using the chi-square test, or Fisher’s exact
test when expected cell frequencies were less than 5. p-values for continuous variables were derived from one-way ANOVA across the four
groups.
^Fisher's exact test was used for comparing spontaneous perineal laceration rates among women without episiotomy due to small expected
frequencies.

in programs teaching perineal massage as an integral com-
ponent of antenatal care alongside PFMT. PFMT may po-
tentially contribute to a relative increase in pelvic floor tone
rather than definitively inducing hypertonia, and emphasize
that this hypothesis requires objective biomechanical vali-
dation.

While the magnitude of the observed effect is strik-
ingly large, it may be partially explained by the high base-
line episiotomy rate (68.6%) in the control group, which
may magnify the relative risk reduction, as well as the
potential influence of clinician decision-making. Because
the attending staff were not blinded to group allocation,
their perceptions of a rigid perineum may have lowered the
threshold for performing episiotomy.

The external validity of our findings warrants careful
consideration. The baseline episiotomy rate of 68.6% ob-
served in our control cohort contrasts markedly with the
WHO’s recommendation to maintain this intervention be-
low 10%. Consequently, although our combined antenatal
regimen reduced the episiotomy rate to 5.7%, the magni-
tude of this effect may be partially contingent upon the local
clinical context, where episiotomy use is substantially more
frequent than currently recommended. It is therefore rea-
sonable to assume that direct extrapolation of these results
to institutions with pre-existing restrictive episiotomy poli-
cies, or to settings in which obstetric care is predominantly
midwifery-led and thresholds for operative delivery differ,
may not be straightforward. Future validation in settings
with lower baseline episiotomy rates is essential to deter-
mine whether the observed benefits are reproducible across
diverse clinical contexts.

Limitations
This study has several limitations that warrant care-

ful consideration when interpreting the findings. First, the
inherent nature of the interventions precluded blinding of
the attending clinicians, introducing the potential for per-
formance bias; however, the assessor-blinded design miti-
gated detection bias. Second, the use of simple randomiza-
tion without blocking or stratification resulted in unequal
group sizes, reducing statistical power in the smaller arms
and increasing the potential for baseline imbalances. Third,
the sample was recruited from two hospitals within a single
region, limiting the external validity of our results, partic-
ularly their generalizability to settings with lower baseline
episiotomy rates or different models of obstetric care.

Moreover, we acknowledge that our assessment of ad-
herence to perineal massage and PFMT relied primarily on
attendance logs and self-reported diaries rather than objec-
tive measures such as biofeedback or ultrasound, which
limits the precision of our intervention fidelity estimates.
It should also be noted that we did not systematically col-
lect data on the severity of spontaneous perineal lacerations
when episiotomy was avoided, and the indications for epi-
siotomy were not formally standardized across clinicians.
Despite adjusting for operative vaginal delivery in our sta-
tistical model, we recognize that unmeasured confounders,
such as fetal distress, duration of the second stage of labor,
and individual clinician thresholds, may have influenced
decision-making and could not be fully accounted for.

Furthermore, our observation that PFMT alone was
associated with a higher episiotomy rate should not be in-
terpreted as evidence of a causal relationship. The pro-
posed mechanism of pelvic floor hypertonia remains spec-
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ulative and warrants validation in future studies employ-
ing objective electromyographic or ultrasound assessments.
Additionally, the inherent heterogeneity in the timing of
the interventions, with Swiss ball exercises delivered in-
trapartum and PFMT and perineal massage administered
antenatally, necessitates cautious interpretation when com-
paring the groups. Finally, the exceptionally wide CI ob-
served for nulliparity reflects quasi-complete separation re-
sulting from only one nulliparous woman delivering with-
out an episiotomy, underscoring the need for cautious inter-
pretation of this specific estimate.

5. Conclusion
This randomized trial provides strong evidence that

antenatal PFMT combined with daily perineal massage re-
duces episiotomy rates to levels meeting restrictive targets
(<6%), even in settings with high baseline episiotomy use.
Isolated PFMT without perineal preparation does not con-
fer this benefit and may paradoxically increase the risk of
episiotomy, particularly among multiparous women. Swiss
ball exercises, while potentially beneficial for other labor
outcomes, should not be considered a substitute for direct
perineal preparation. These findings support a paradigm
shift in antenatal education toward teaching women not
only how to contract but also how to distend and relax the
pelvic floor, which may be important for protecting the per-
ineum during childbirth. Future studies should include ob-
jective measurements of pelvic floor tone and assess long-
term pelvic floor function.
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