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Abstract
Introduction: Few prospective studies have revealed the long-term neuromuscular 
alterations of pelvic floor after vaginal delivery. The aim of this study was to evaluate 
the impact of episiotomy on the electrical activity of pelvic floor muscle 2 years fol-
lowing vaginal delivery, and explore the relation between surface electromyography 
(sEMG) amplitudes and urinary incontinence.
Material and methods: A total of 427 primiparous women with full-term singleton 
vaginal delivery were included in the cohort and 362 with no further births within the 
2 year follow-up completed observations. Of these, 200 underwent episiotomy and 
162 underwent nonepisiotomy. Clinical demographic characteristics, vaginal EMG 
variables and urinary incontinence-specific questionnaire scores were collected at 
6 weeks, 6, 12 and 24 months after childbirth, respectively. Primary outcomes were 
the comparison of sEMG values between the episiotomy and nonepisiotomy groups 
throughout 2 years. Secondary outcomes were the correlation between sEMG of both 
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1  |  INTRODUC TION

Pelvic floor disorders, including urinary incontinence (UI), pelvic 
organ prolapse, fecal incontinence and sexual dysfunction, are as-
sociated with weakening of the pelvic floor muscles (PFMs) and are 
prevalent health problems that affect women's physical and men-
tal health.1,2 Vaginal delivery, especially those with episiotomy, may 
contribute to impaired PFM force and endurance by injuring and 
denervating PFM.2–4

Evaluation of PFM is the fundamental step for further interven-
tion against UI. No gold standard method for PFM evaluation has 
been established up to now. A variety of methods, including vagi-
nal palpation, manometry, dynamometry, surface electromyography 
(sEMG), ultrasonography, and magnetic resonance imaging,5 are 
used to estimate PFM function. Vaginal sEMG is relatively objective 
by comparison, and is also noninvasive and painless.6,7 EMG am-
plitude represents the electrical activation and the recruitment of 
the motor units following neurostimulation.7,8 Surface EMG records 
electrical signals generated by the depolarization of muscle fibers 
and reflects the muscle force by the degree of activation: the higher 
the sEMG level, the larger the force generated by the muscle.7–9 Few 
studies have been conducted on how vaginal delivery impact pelvic 
floor electromyography.6,10 Recent studies6,10 have shown that vagi-
nal delivery is associated with low EMG level of PFM contractions in 
early postpartum. However, the longer-term influence of childbirth, 
especially with respect to episiotomy, on PFM electrophysiology is 
still unclear, and neither is the correlation between EMG amplitudes 
and postpartum UI symptoms.

In this study, we established a cohort of 427 postpartum women 
and evaluated how vaginal delivery impact the PFM electrophysi-
ological activity after childbirth, through comparison of sEMG 

parameters between episiotomy and nonepisiotomy groups at dif-
ferent time points spanning a two-year period. We investigated the 
relation between EMG values in both groups and the incidence and 
severity of UI symptoms.

2  |  MATERIAL AND METHODS

2.1  |  Study population and data source

The current study was a single-center longitudinal prospective co-
hort study. Recruitment, exposure, follow-up and data collection 
were all conducted in hospital settings at Beijing Hospital, a tertiary-
level unit in Beijing, China, from September 2016 to December 
2018. Electronic medical records were referred for eligibility screen-
ing, group allocation and baseline analysis. Eligible women were re-
cruited consecutively from September to December 2016, during 
their postnatal consultations 6 weeks after childbirth. Participants 
underwent routine follow-ups of PFM electromyography and UI 
questionnaire assessments until 24 months after delivery. All partici-
pants signed an electronic informed consent form before filling out 
the questionnaire for the first time at 6 weeks postpartum.

groups and the incidence and severity of urinary incontinence. Spearman's correlation 
analysis, Kruskal-Wallis test and ANOVA with Bonferroni correction were used to 
analyze the variables.
Results: Amplitude of maximal fast and endurance contractions on sEMG in the epi-
siotomy group was significantly lower than the nonepisiotomy counterpart. Such 
difference of sEMG persisted for a long period after birth: endurance contraction, 
33.12 ± 8.92 vs 35.085 ± 9.98, p < 0.01 at 24 months, and fast contraction, 36.53 ± 8.87 
vs 39.05 ± 9.98, p = 0.01 at 12-month. Although there was no significant difference in 
incidence and severity of urinary incontinence between both groups, a negative cor-
relation existed between EMG values of muscle contraction and urinary incontinence 
symptoms throughout.
Conclusions: Primiparous women delivered with episiotomy demonstrated lower con-
tractile sEMG activity of pelvic floor muscle in the long term. The lower sEMG values 
of fast contraction were associated with urinary incontinence symptoms.

K E Y W O R D S
electromyography, episiotomy, pelvic floor muscle, postpartum, urinary incontinence

Key message

Vaginal delivery, especially episiotomy, plays a long-term 
negative role on pelvic floor muscles contractile electro-
myography, which has a negative correlation with urinary 
incontinence complaints.
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To eliminate possible confounders, inclusion and exclusion crite-
ria were established according to previous multivariate analyses.4,11 
Specifically, the inclusion criteria were as follows: (1) Primipara with 
singleton pregnancy, (2) over 18 years of age, (3) full-term pregnancy 
with vaginal delivery over 37 complete week gestation, (4) absence 
of serious medical complications in both mother and baby, and (5) 
absence of UI symptoms pre-pregnancy. The exclusion criteria were 
as follows: (1) Previous miscarriage after gestational week 16, (2) 
history of pelvic floor surgery, (3) instrumented delivery, (4) third/
fourth degree perineal tears, (5) greater than stage III in pelvic organ 
prolapse quantification system (POP-Q) (the most distal portion of 
the prolapse protrudes more than 1 cm below the hymen), (6) new 
pregnancy during the observation period, (7) incorrect PFM con-
traction with excessive activation of abdominal muscles (>10  μV) 
or hip adductors, and (8) participation in rehabilitation intervention, 
including PFM training, with or without electrical stimulation and 
biofeedback.

2.2  |  Definition of exposure and outcomes

Eligible women were dichotomized into the episiotomy and non-
episiotomy groups according to their electronic medical records. 
Only selective mediolateral episiotomy was performed in this study. 
Baseline obstetric data of each participant were also obtained from 
the medical records. Among these data, we defined some to be po-
tential confounders and compared them between groups, including 
age, education level, body mass index, weight gain during pregnancy, 
length of the first or second stage, birthweight and head circumfer-
ence of the fetus. Body mass index was calculated (kg/m2) by weight 

and height. The first stage of labor is the interval between the onset 
of labor and full cervical dilatation. The second stage is the interval 
between full cervical dilatation and the fetal delivery. Both groups 
were offered four face-to-face appointments with a physiotherapist, 
at week 6, month 6, 12 and 24 postpartum, respectively (Figure 1). 
During each visit, the therapist examined the participants, per-
formed intravaginal electromyography measurement and gave tech-
nical support when they filled out the Impact Questionnaire Short 
Form (IIQ-7) questionnaire. Primary outcomes were the comparison 
of sEMG values between the episiotomy and nonepisiotomy groups 
over 2 years. Secondary outcomes were the correlation between 
sEMG values of both groups and the incidence and severity of UI 
indicated by IIQ-7 questionnaire.12,13

2.2.1  |  Assessment of PFMs with EMG

The sEMG signals were detected using the “MLD V2 Vaginal 
Electrode” intravaginal electrodes (Medlander Medical Technology 
Inc.). Data of the signals were collected at 16-bit resolution at a sam-
pling frequency of 8192 Hz, using the two-channel sEMG device, 
Biological Feedback and Stimulation System (Model B2S, Medlander 
Medical Technology Inc.) with the following parameters: channel A 
for PFM signals and channel B for signals from rectus abdominis. 
The sEMG data were processed using Biostim software (Medlander 
Medical Technology Inc.).

The intrapelvic PFM sEMG was assessed according to the Glazer 
protocol.14,15 Briefly, the participant was in a supine position with 
the upper body at an approximately 120-degree angle to the lower 
half body. The legs were externally rotated with knees slightly 

F I G U R E  1  Flow chart of participants through study.

Non-Episiotomy
(n=195)

Episiotomy
(n=232)

Primiparous women with vaginal delivery 
(n=676)

32 Lost to follow up
3 moved away
5 discontinued watching waiting
1 pregnancy
13 PFMT
10 treatments for pelvic rehabilitation

Included in intravaginal EMG analysis
232 at 6 weeks
218 at 6 months
210 at 12 months
200 at 24 months

Included in IIQ-7 questionnaire assessment
232  at 6 weeks
220  at 6 months
214  at 12 months
204  at 24 months

Exclusion (n=249)
Refuse to participate                                                                                           18
Urinary incontinence pre-pregnancy                                                                  52
Previous miscarriage after gestational week 16                                                 6
Maternal history of pelvic floor surgery                                                            6
Instrument assisted vaginal delivery                                                                  32
Laceration degree 3rd/4th                                                                                  15                
Pelvic organ prolapse quantification system (POP-Q) stage III  or above        5
Producing excessively contraction of abdominal muscle  or hip adductors      44         
Participation intervention treatment                                                                  71

Cohort observation
(n=427)

33 Lost to follow up
2 moved away
6 discontinued watching waiting
2 pregnancy
15 PFMT
8 treatments for pelvic rehabilitation

Included in intravaginal EMG analysis
195 at 6 weeks
182 at 6 months
171 at 12 months
162 at 24 months

Included in IIQ-7 questionnaire  assessment
195 at 6 weeks
186 at 6 months
179 at 12 months
175 at 24 months
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separated. The whole body was in a fully relaxed state, and a soft 
pillow was placed under the knees. The pear-shaped MLD V2 probe 
with a longitudinal stainless electrode on either side was inserted up 
to the thinnest part of probe, at the level of the introitus (Figure 2). 
The electrodes were positioned at the lateral vaginal walls. Two 45 
by 45 mm self-adhesive electrodes were placed on either side of 
the rectus abdominis with the upper margin of the pad parallel to 
the umbilicus (2  cm outside the umbilicus), and the other abdom-
inal electrode pad was aligned upwards and placed 2 cm below it. 
Reference electrodes for channel A and channel B were both placed 
on the anterior superior iliac spine. Before practicing the protocol, 
the patient was educated on how to isolate the abdominal, gluteal, or 
adductor muscles and the participants understood that the contrac-
tion of these muscles would affect the sEMG data of PFMs. Then, 
the patient was trained to differentiate contractions by practicing 
maximal fast contractions and 5–10 s endurance contractions. After 
10 min of rest in the supine position, the EMG test started, during 
which the patient was expected to perform a series of PFM contrac-
tion strictly according to voice prompts. The protocol consisted of 
four steps (Figure  2) (1) 60-s prebaseline rest to measure average 
mean amplitude (μV) (PREBR), (2) five maximal fast contractions with 
10-s rests in between to measure average peak amplitude (μV) (PPC), 
where participants were instructed to contract the PFM as quickly 
as possible and to relax the PFM immediately after each contrac-
tion, (3) five 10-s endurance contractions alternated with 10-s rests 
to measure average mean amplitude (μV) (MTC), and (4) 60-s post-
baseline rest to measure average mean amplitude (μV) (POSTBR). 
During the PFM contractions, minimal activation of the abdominal, 
gluteal, or adductor muscles was required. Throughout the study all 
testing procedures were conducted by one physiotherapist familiar 
with the operation process.

2.2.2  |  Assessment of pelvic floor dysfunction with 
UI impact questionnaire short form (IIQ-7)

The IIQ-7 is a UI-specific questionnaire used to assess UI symptoms 
and evaluate the frequency, severity and impact on the quality of 

life. The form contains seven items scored on a four-point scale, 
covering physical activity, emotional health, travel, and social activ-
ity. The score ranges from 0 to 100, with higher scores indicating 
more severe symptoms and lower quality of life.16 The IIQ-7 is a con-
densed form of the original IIQ, whose result is strongly correlated 
with that of the original IIQ (r = 0.97).13,16 The IIQ-7 exhibits high 
validity, reliability, and sensitivity with a test–retest score of 84%.12 
Prior to this study, IIQ-7 had been translated into Chinese and vali-
dated in China.13

In this study, an IIQ-7 scoring of/above zero indicated the ab-
sence/presence of UI; incidence of UI was calculated by the oc-
currence ratio of IIQ-7 scores above zero,16 and severity of UI was 
determined by IIQ-7 scores, with higher IIQ-7 score indicated higher 
UI severity.16

2.3  |  Statistical analyses

The mean and standard deviation of sEMG amplitudes were calcu-
lated using data collected from 100 randomized participants per 
group (episiotomy vs nonepisiotomy) at 6-weeks postpartum before 
this study. We assumed an alpha (α) risk of 5% and a beta (β) risk of 
20% (a power of 80%). With these criteria, our study required at 
least 152 women in each group; therefore, we planned to include 
190 women in both groups, allowing for a drop-out rate of 20% 
(Table S1). Multiple regression analyses were performed to compare 
baseline differences between the two groups.

In this study, the sEMG amplitudes (PPC, MTC, PREBR and 
POSTBR) and UI outcomes (incidence and severity based on IIQ-7 
score) were compared intergroup (episiotomy vs nonepisiotomy), 
and intragroup (6 weeks postpartum [pp6w], 6 months postpartum 
[pp6m], 12 months postpartum [pp12m] and 24 months postpartum 
[pp24m]), respectively within the two-year time frame. Statistical 
analysis was performed using IBM SPSS software version 22.0 (SPSS 
Inc.). The data with normal distribution is expressed by x ± s and the 
Student's t-test was used for comparison; otherwise, it is expressed 
by the number of cases or percentages (%) and the Mann–Whitney 
U test was used for comparison. Spearman's correlation analysis 

F I G U R E  2  Surface electromyography assessment in this study. (A) A pear-shaped intravaginal sensor probe with two electrodes used for 
recording electromyography signals; (B) Four segments assessed: prebaseline rest, phasic contractions, tonic contractions, and post-baseline 
rest on electromyography.
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was used to test for correlation between sEMG data and quality 
of life outcomes of UI. Correlation values were interpreted accord-
ing to the following guidelines: 0.00 to 0.19 = none to slight; 0.2 to 
0.39 = slight; 0.40 to 0.69 = moderate; 0.70 to 0.89 = high; and 0.90 
to 1.00 = very high.17 As four comparisons were performed between 
two groups at different time points, we applied Bonferroni correc-
tion to adjust the α level to control for the probability of committing 
a type 1 error. The comparison of baseline demographic and obstet-
rics data between groups with p < 0.05 was considered statistically 
significance. However, a two-sided p-value <0.0125 was considered 
to indicate statistical significance in the comparisons of two groups 
at different timepoints and in the correlation analysis between EMG 
amplitudes and UI outcomes.

2.4  |  Ethics statement

The study was approved by the Beijing Hospital Medical Ethics 
Committee (2019BJYYEC-014-02) on February 15, 2019 and has 
been registered at www.chictr.org.cn (ChiCTR19000 21 717).

3  |  RESULTS

A total of 676 women were invited into this study initially during 
postnatal consultations and after eligibility screening, 427 women 
were enrolled with signed informed consent between September 
2016 and December 2016; 232 in the episiotomy group and 195 
in the nonepisiotomy group. At follow-up stage, people dropped 
out for miscellaneous reasons. Among them, some participants be-
came ineligible halfway for pregnancy or receiving interventions, 
some failed to respond for appointments and opted out, some 
moved or changed contact information and lost touch, and a few 
others withdrew for unknown reasons. For whatever reason, data 

with key outcomes (sEMG and IIQ-7 score) missing at any timepoint 
within the two-year observation were eliminated from our final 
analysis. Of note, neither the total attrition rate nor the number 
of withdrawals attributed to each reason were found to differ re-
markably between the episiotomy and the nonepisiotomy groups. 
By December 2018, 362 (362/427, 84.78%) had completed all ap-
pointments during 24 months postpartum, 200 (200/232, 86.21%) 
in the episiotomy group and 162 (162/195, 83.08%) in the nonepi-
siotomy group, as shown in Figure  1. Baseline demographic and 
clinical characteristics are outlined in Table  1, and there was no 
significant difference between the two groups at baseline (Table 1). 
For this reason, we did not conduct confounder-adjusted estima-
tion in this study.

Surface EMG amplitudes of two groups were statistically differ-
ent in terms of fast and endurance contractions (Figure 3, Table S2). 
On the one hand, the episiotomy group produced consistently 
lower sEMG amplitudes of fast contraction than the nonepisiot-
omy group until 12 months after delivery (episiotomy vs. nonepi-
siotomy: baseline 19.93 ± 6.16 vs 23.97 ± 7.10, pp6m 28.53 ± 8.41 
vs 34.14 ± 8.44, pp12m 36.32 ± 8.87 vs 39.05 ± 9.98 μV, all p < 0.01). 
Meanwhile, lower EMG of endurance contraction persisted among 
women with episiotomy until 24 months postpartum (episiotomy 
vs nonepisiotomy: baseline 12.48 ± 5.79 vs 16.17 ± 6.83, pp6m 
21.47 ± 6.94 vs 24.89 ± 7.05, pp12m 28.52 ± 8.12 vs 32.05 ± 6.97, 
pp24m 33.12 ± 8.92 vs 35.80 ± 7.62 μV, all p < 0.01). On the other 
hand, sEMG amplitudes increased drastically with time in both the 
episiotomy and nonepisiotomy groups (Figure 3, Table S2). Both in 
fast and endurance contraction, significant difference in sEMG am-
plitudes existed between every two adjacent assessments in two 
groups. However, there was no significant difference in electro-
myography of both pre- and post-baseline rest either between, or 
within, the two groups (p > 0.05).

Women in the episiotomy group exhibited higher UI incidence 
than those in the nonepisiotomy group at pp6w (39 [19.50%] vs 18 

TA B L E  1  Demographic and obstetric variables of participants

Variables

Total Nonepisiotomy Episiotomy

t/χ2 value p-value(n = 362) (n = 162) (n = 200)

Age (y) 30.37 ± 3.19 30.34 ± 3.05 30.40 ± 3.30 −0.16 0.87

Education level (n [%]) 0.51 0.48

College or university 343 (94.8) 155 (95.7) 188 (94.0)

Primary-, high school, or other 19 (5.25) 7 (4.32) 12 (6.00)

BMI pre-pregnancy (kg/m2) 21.08 ± 3.32 20.91 ± 2.92 21.22 ± 3.61 −0.9 0.37

BMI at labor (kg/m2) 26.44 ± 3.60 26.47 ± 3.23 26.40 ± 3.87 0.17 0.87

Weight gain during pregnancy (kg) 14.34 ± 5.12 14.91 ± 5.05 13.89 ± 5.13 1.89 0.06

Length of second stage (h) 0.68 ± 0.42 0.66 ± 0.42 0.70 ± 0.42 −0.94 0.35

Length of first stage (h) 6.06 ± 2.23 5.81 ± 2.27 6.26 ± 2.18 −1.9 0.06

Infant birthweight (g) 3271.44 ± 433.89 3227.41 ± 408.71 3307.11 ± 451.13 −1.74 0.08

Infant head circumference (cm) 32.86 ± 1.16 32.76 ± 1.02 32.93 ± 1.26 −1.46 0.144

Note: Data are presented as mean with SDs or numbers with percentages; p-value <0.05 was considered statistically significant.
Abbreviations: BMI, body mass index.

http://www.chictr.org.cn
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[11.11%], p = 0.03) and pp6m (26 [13.00%] vs 9 [6.17%], p = 0.04). As 
for UI severity, women in the episiotomy group demonstrated higher 
IIQ-7 scores (Table  2) in pp6m ([18.62 ± 13.75] vs [11.11 ± 5.83], 
p = 0.03) and pp12m ([14.29 ± 7.10] vs [7.93 ± 2.46], p = 0.02). Yet, 
the aforementioned difference in UI incidence and severity did not 
meet the statistical criteria as a p-value <0.0125 was considered sig-
nificant with the application of Bonferroni correction.

Shape and magnitude of correlations between sEMG values and 
UI incidence and UI severity as indicated by IIQ-7 scores are shown 
in Table 3. Correlations between PPC and UI incidence and severity 
in the episiotomy group were moderately negative by pp12m, and 
slightly negative at pp24m. In the nonepisiotomy group, correlation 
between PPC and UI incidence was moderately negative through-
out, while the magnitude of correlation between PPC and UI sever-
ity declined from moderately negative before pp6m (pp6m included) 
to slightly negative after pp12m (pp12m included). Similarly, mod-
erately negative correlations were observed between MTC and UI 
incidence and severity in both groups at baseline (pp6w), yet became 
unapparent later. The amplitude of preresting baseline also demon-
strated a moderately negative correlation with UI incidence and se-
verity in the episiotomy group, and a slightly negative correlation in 
nonepisiotomy at pp6w. We did not observe any significant correla-
tions between post-baseline resting sEMG values and UI outcomes 
during the whole time.

4  |  DISCUSSION

Few studies to date have dived into the long-term neuromuscular 
alterations of PFMs after vaginal delivery, let alone vaginal delivery 
with episiotomy. In this consideration, our study followed through 
the postpartum electromyography and contraction of PFM in a 2-
year time scope, gave comparisons of the episiotomy and nonepisi-
otomy groups and heuristically delineated the connection between 

their electrophysiological activities and ability to maintain urinary 
continence. Our results provide evidence of the value of electro-
myography as an objective and sensitive indicator of pelvic floor 
function clinically.

Electromyography is a sensitive method to identify PFM dys-
function and may enable us to better understand the pathophysiol-
ogy of pelvic floor disorders.9,14,18 Although sEMG does not directly 
depict the muscle strength, its amplitudes reflect the number of re-
cruited motor units and thereby the extent of muscle contraction, 
as electrical activation of muscles initiates their mechanical force 
production.8 However, insufficient understanding on how vaginal 
delivery impacts the PFM electromyography and lack of consensual 
normative values of vaginal EMG parameters have limited the clini-
cal application of electromyography. Botelho et al.19 and Gou et al.6 
both documented the loss of muscle contractility seen from elec-
tromyography at 6 weeks after childbirth. We provide further refer-
ence for the longer-term postpartum electromyography alterations. 
Regardless of whether or not delivered with episiotomy, sEMG 
amplitudes increased drastically with time following childbirth. We 
also introduced the impact of episiotomy into our study scope of 
postpartum electromyography and found that sEMG of all contrac-
tions in the episiotomy group was remarkably lower than that in the 
nonepisiotomy group in the first year following vaginal delivery, with 
endurance contraction being the most enduringly affected by episi-
otomy, whose difference in sEMG amplitude lasted 2 years. All the 
above findings from our studies and other investigators are consis-
tent with theories that significant stretching and compression during 
the descent of the fetal head cause injury of PFMs, nerves and con-
nective tissues and prompt denervation of PFM during labor, which 
takes time to recover. We further showed that episiotomy could add 
to the childbirth insult to the pelvic floor function and that episiot-
omy lastingly affects PFM function in addition to vaginal delivery. 
Presumably, women that met the indication of episiotomy tended to 
experience more intensive compression from the fetus at the pelvic 

F I G U R E  3  Electromyography (EMG) 
variables at four checkups between 
women who delivered with and without 
episiotomy. PPC, five maximal fast 
contractions with 10-s rests in between 
to measure average peak amplitude (μV); 
MTC, five 10-s endurance contractions 
alternated with 10-s rests to measure 
average mean amplitude (μV); PREBR, 
average mean amplitude of prebaseline 
rest; POSTBR, average mean amplitude of 
post-baseline rest.
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floor, and pelvic tissue damage was aggravated by the sharp instru-
mental injury from episiotomy.4 However, absence of prelabor and 
nonpregnancy data of the study cohort prevent us from drawing 
a definitive conclusion on whether vaginal delivery or episiotomy 
weakened muscle fibers.

Compromised PFM function in women who deliver with episi-
otomy has been corroborated by different methodologies. Sartore 
et al.20 and Myers et al.21 documented that episiotomy is associated 
with lower PFM strength measured by manometry from the third 
to the sixth postpartum month. We also present evidence on the 
negative effect of episiotomy in a two-year postpartum duration. 
However, the effect of episiotomy on PFM function is controver-
sial. Contrary to our results, Bø et al.22 did not find any statistically 
significant differences in PFM strength and endurance in women 
with or without episiotomy. Different methodologies may explain 
the contradictory findings: vaginal manometry applied by Bø et al. 
measured squeeze pressure in the vagina to acquire the strength and 
endurance while EMG recorded the electrical activities. Although 
neither method directly measures the muscle strength, we believe 
sEMG to be more sensitive and accurate as electrophysiological 
activation and muscle contractions are highly coupled.7 Given that 
there is no gold standard to evaluate PFM function, using different 

methods is recommended for deeper understanding of PFM func-
tion, and vaginal electromyography could be an ideal routine post-
partum assessment. Although the differences in PFM sEMG were 
statistically significant between women after first vaginal birth with 
and without episiotomy, whether such difference is still clinically rel-
evant requires further investigation.

Vaginal delivery is associated with increased risk for all types of 
UI for at least 1 year postpartum.2,23 Few studies have bridged the 
manifestations of UI with the underlying pathophysiology of PFM 
damage with experimental evidence. Using sEMG as a mirror of PFM 
physiological activity, we discovered a correlation between UI symp-
toms and sEMG amplitudes. The disease-specific quality of life ques-
tionnaire is the most common method to determine the incidence 
and severity of UI,5,24 and hereby we adopted the IIQ-7 question-
naire, whose high scores indicated greater severity. We discovered 
that low sEMG amplitudes had a slight to moderate correlation with 
high scores of IIQ-7 regardless of episiotomy history. Given that UI 
was asymptomatic among most primiparous women (327, 83.4%), 
the correlation reliability in our study was not as high as that re-
ported from urinary incontinent patients (r = 0.86).14 Also notewor-
thy is that such negative correlation between sEMG amplitudes and 
UI outcomes persisted for 2 years in terms of fast contraction and 

TA B L E  2  Comparison of the IIQ-7 scores of UI between women delivered with and without episiotomy

UI

Incidence (n [%]) IIQ-7 scores (mean ± SD)

pp6w pp6m pp12m pp24m pp6w pp6m pp12m pp24m

Episiotomy (n = 200) 39 (19.5) 26 (13.0) 10 (5.0) 9 (4.5) 21.61 ± 16.08 18.62 ± 13.75 14.29 ± 7.10 15.47 ± 11.87

Nonepisiotomy (n = 162) 18 (11.1) 9 (6.2) 6 (4.3) 5 (3.1) 14.02 ± 12.60 11.11 ± 5.83 7.93 ± 2.46 9.52 ± 3.37

χ2/t 4.75 6.57 0.36 0.48 1.77 2.26 2.59 1.41

p 0.03 0.04 0.55 0.49 0.08 0.03 0.02 0.19

Note: UI, urinary incontinence; IIQ-7, Urinary Incontinence Impact Questionnaire Short Form; The IIQ-7 scale ranges from 0–100; Incidence of UI, the 
occurrence ratio of IIQ-7 scores above zero; a square-test was performed in the analysis of the comparison of the incidence of UI symptoms between 
two groups; Mann–Whitney U analysis was performed in the analysis of the comparison of the IIQ-7 scores; p-value <0.0125 was considered 
statistically significant.

TA B L E  3  Correlation analysis of sEMG values and outcomes of IIQ-7 scores

sEMG (μv)

PFC MEC PREBR

pp6w pp6m pp12m pp24m pp6w pp6m pp6w

Episiotomy 
(n = 200)

IIQ-7 scores r −0.58 −0.43 −0.41 −0.38 −0.38 −0.30 −0.44

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

UI incidence r −0.56 −0.40 −0.41 −0.37 −0.49 −0.18 −0.40

p <0.001 <0.001 <0.001 <0.001 <0.001 0.01 <0.001

Nonepisiotomy 
(n = 162)

IIQ-7 scores r −0.49 −0.42 −0.36 −0.33 −0.45 −0.30 −0.36

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

UI incidence r −0.54 −0.40 −0.40 −0.40 −0.44 −0.30 −0.33

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Note: Spearman's correlation analysis was used to analyze the correlation between EMG data and QoL outcomes of UI; r, the correlation coefficient; 
p-value <0.0125 was considered statistically significant.
Abbreviations: EMG amplitude: MEC, average mean amplitude of endurance contraction; PFC, average peak amplitude of maximal fast contraction; 
PREBR, average mean amplitude of rest prebaseline; sEMG, surface electromyography; μV, microvolts.
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6 months in terms of endurance contraction. Previous studies10 and 
those of other investigators6,18,25 have also identified that patients 
with UI showed lower EMG amplitudes of fast contraction, providing 
clinical evidence for the different roles that fast and slow twitch fi-
bers play on the PFM function. These two types of fibers contribute 
to different pelvic floor functions: fast fibers for controlling urina-
tion and defecation, and slow fibers for supporting pelvic organs.26 
The constant association between EMG amplitudes of fast contrac-
tion and UI incidence and severity shown in this study can be ex-
plained as follows: the lower the maximal fast contraction amplitude 
may be responsible for poor urination and defection control, thus 
inducing the more severe incontinence complaints reported by the 
patient. Our findings showed that increasing sEMG amplitudes of 
PFM contraction by physical exercise of fast and slow twitch fibers 
could possibly serve as a solution to UI. In fact, the clinical approach 
of UI treatments2,15,27 are consistent with our study. The correlation 
between PFM contractile electrophysiology and UI symptoms might 
be further confirmed during pregnancy for the according muscu-
loskeletal changes and high incidence of UI.28 However, it is diffi-
cult to obtain PFM sEMG data of pregnant women without ethical 
permission.

Several functional assessments of PFM are used in both clinical 
and research settings.5 As no methods of measuring the PFM func-
tion are perfect, it is difficult to state that one method is superior 
to the next. Manometry and intravaginal sEMG are both reliable in-
struments for measuring PFM contraction (strength or activation). 
Manometry which measures the vaginal squeeze pressure can be 
considered to represent strength and actual capacity of the woman.1 
However, its results are not directive measurement of PFM activity 
and cannot reflect PFM resting tone.29 Electromyography is the only 
method to measure PFM activity directly, capture PFM endurance 
and voluntary activity, and possible neuromuscular injury to pelvic 
floor caused by vaginal delivery.29 Although mediolateral episiotomy 
has been documented to result in a decrease in injury to the levator 
ani muscle and occurrence of pelvic floor disorders,4 the small but 
significant difference of sEMG between both groups indicated the 
possible influence of episiotomy on imbalance in the muscular tissue 
or even reinnervation. Our results confirm that sEMG recordings are 
a useful tool in understanding both neural control of the pelvic floor 
and its pathology in cases of neurological or traumatic lesions that 
may result in UI.30

This study had several limitations. First, we excluded 7.7% 
(52/676) of participants with a high risk of serious levator ani mus-
cle tear. Such a tear might possibly reduce the ability of participants 
to contract the PFM and generate sEMG amplitudes; meanwhile, it 
was unethical to involve participants in a long-term observational 
study without clinical intervention. Accordingly, our findings are 
not generalizable to women with serious levator ani muscle injury 
at first childbirth,3 who are quite likely to be referred for further 
treatment because of clinical complaints of pelvic floor dysfunc-
tion. Second, we only used the IIQ-7 questionnaire to indicate UI 
symptoms, while other questionnaires such as UDI-6 were also 
applicable. Third, the interference of crosstalk from deep hip and 

abdominal muscles in sEMG outcomes is unavoidable.9 However, 
even with the high risk of crosstalk from nearby muscle groups in 
vaginal EMG evaluation, Grape et al.8 reported that sEMG demon-
strated significant test–retest reliability and effectiveness. In this 
study, we adopted the following means to reduce interference: 
applying a standard sEMG assessment method,14 using a bipolar 
vaginal electrode8 and excluding the participants who performed 
incorrect PFM contractions. Last, but not least, the correlation 
between vaginal sEMG and PFM dysfunction awaits further vali-
dation in studies that investigate other pelvic floor disorders and 
different modes of delivery. We would also like to bring pelvic floor 
health in younger women even before pregnancy to the attention 
of the public and look forward to building a larger EMG value da-
tabase that involves pre-pregnant and prelabor EMG in addition to 
postpartum data.

5  |  CONCLUSION

Women delivered with episiotomy demonstrated lower PFM elec-
trical activity, as reflected by lower sEMG amplitudes of PFM con-
traction in 2 years following childbirth. In addition, sEMG values of 
PFM fast contraction had a moderately negative correlation with the 
incidence and severity of UI.

AUTHOR CONTRIBUTIONS
LM designed the research; LM, DXD and LQB contributed to plan-
ning and interpretation; LM, LPP, YCX, LYH, LYX, GTZ and FQ per-
formed the research; ZGF analyzed the data; and LM and YCX wrote 
the article. All authors commented and approved the final version.

ACKNOWLEDG MENTS
Special thanks to Professor Jan-Paul Roovers from Amsterdam 
Medical Center for his contribution to support this study.

FUNDING INFORMATION
This study was funded by National High Level Hospital Clinical 
Research Funding (Beijing Hospital Clinical Research 121 Project, 
No. BJ-2018-204), National Natural Science Foundation of China 
(No. 81302277), Yunnan Provincial Science and Technology 
Department–2020 Kunming Medical University Joint Special 
Project on Applied Basic Research (No. 202001AY070001-128) 
and Academician Expert Workstation of Yunnan Province (No. 
202005AF150033).

CONFLIC T OF INTERE S T
All authors declare they have no competing interests.

ORCID
Li Min   https://orcid.org/0000-0002-7724-6514 
Li Pingping   https://orcid.org/0000-0003-2382-8313 
Lyu Yuhan   https://orcid.org/0000-0003-2811-0458 
Liang Yaxin   https://orcid.org/0000-0002-0158-0663 

https://orcid.org/0000-0002-7724-6514
https://orcid.org/0000-0002-7724-6514
https://orcid.org/0000-0003-2382-8313
https://orcid.org/0000-0003-2382-8313
https://orcid.org/0000-0003-2811-0458
https://orcid.org/0000-0003-2811-0458
https://orcid.org/0000-0002-0158-0663
https://orcid.org/0000-0002-0158-0663


208  |    MIN et al.

R E FE R E N C E S
	 1.	 Bø K, Sherburn M. Evaluation of female pelvic-floor muscle func-

tion and strength. Phys Ther. 2005;85:269-282.
	 2.	 Lukacz ES, Santiago-Lastra Y, Albo ME, Brubaker L. Urinary incon-

tinence in women: a review. JAMA. 2017;318:1592-1604.
	 3.	 van Delft KW, Thakar R, Sultan AH, IntHout J, Kluivers KB. The 

natural history of levator avulsion one year following childbirth: a 
prospective study. BJOG. 2015;122:1266-1273.

	 4.	 Speksnijder L, Oom DMJ, Van Bavel J, Steegers EAP, Steensma AB. 
Association of levator injury and urogynecological complaints in 
women after their first vaginal birth with and without mediolateral 
episiotomy. Am J Obstet Gynecol. 2019;220:93.e1-93.e9.

	 5.	 Bo K, Frawley HC, Haylen BT, et al. An international urogyneco-
logical association (IUGA)/international continence society (ICS) 
joint report on the terminology for the conservative and nonphar-
macological management of female pelvic floor dysfunction. Int 
Urogynecol J. 2017;28:191-213.

	 6.	 Guo KM, He LC, Feng Y, Huang L, Morse AN, Liu HS. Surface 
electromyography of the pelvic floor at 6-8 weeks following deliv-
ery: a comparison of different modes of delivery. Int Urogynecol J. 
2022;33:1511-1520.

	 7.	 Disselhorst-Klug C, Schmitz-Rode T, Rau G. Surface electromy-
ography and muscle force: limits in sEMG-force relationship and 
new approaches for applications. Clin Biomech (Bristol, Avon). 
2009;24:225-235.

	 8.	 Grape HH, Dedering A, Jonasson AF. Retest reliability of surface 
electromyography on the pelvic floor muscles. NeurourolUrodyn. 
2009;28:395-399.

	 9.	 Krhut J, Zachoval R, Rosier P, Shelly B, Zvara P. ICS educational 
module: electromyography in the assessment and therapy of 
lower urinary tract dysfunction in adults. NeurourolUrodyn. 
2018;37:27-32.

	10.	 Li M, Dong XD, Lyu AM, Feng Q, Gai TZ, Wang SW. The effect of 
episiotomy on pelvic floor muscle function within six months after 
first childbirth through electromyography and questionnaires as-
sessment. Zhonghua Yi Xue Za Zhi. 2021;101(5):339-344.

	11.	 Min L, ShaoWei W, FengHua W, QiuBo L, Feng Q. 418 cases of 
postpartum pelvic floor muscle injury related factors for early anal-
ysis. China Medic J. 2016;51:78-82.

	12.	 Harvey MA, Kristjansson B, Griffith D, Versi E. The incontinence 
impact questionnaire and the urogenital distress inventory: a revisit 
of their validity in women without a urodynamic diagnosis. Am J 
Obstet Gynecol. 2001;185:25-31.

	13.	 Chan SS, Choy KW, Lee BP, et al. Chinese validation of urogeni-
tal distress inventory and incontinence impact questionnaire short 
form. Int Urogynecol J. 2010;21:807-812.

	14.	 Glazer HI, Romanzi L, Polaneczky M. Pelvic floor muscle surface 
electromyography. Reliability and clinical predictive validity. J 
Reprod Med. 1999;44:779-782.

	15.	 Min L, Chunxue Y, Qiubo L, et al. Effectiveness of intravaginal elec-
trical stimulation combined with electromyography biofeedback-
mediated pelvic floor muscle training for postpartum symptomatic 
pelvic organ prolapse: protocol for the PROSPECT randomized trial. 
Trials. 2022;23:131.

	16.	 Uebersax JS, Wyman JF, Shumaker SA, McClish DK, Fantl JA. Short 
forms to assess life quality and symptom distress for urinary in-
continence in women: the incontinence impact questionnaire and 
the urogenital distress inventory. Continence program for women 
research group. NeurourolUrodyn. 1995;14:131-139.

	17.	 Zardi EM, Franceschetti E, Giorgi C, Lichinchi D, Palumbo A, 
Franceschi F. Reliability and agreement of point and 2-D shear-wave 
elastography in assessing the sciatic nerve stiffness. Ultrasound 
Med Biol. 2020;46:3162-3167.

	18.	 Yang X, Zhu L, Li W, et al. Comparisons of electromyography and 
digital palpation measurement of pelvic floor muscle strength in 
postpartum women with stress urinary incontinence and asymp-
tomatic Parturients: a cross-sectional study. Gynecol Obstet Invest. 
2019;84:599-605.

	19.	 Botelho S, Riccetto C, Herrmann V, Pereira LC, Amorim C, Palma 
P. Impact of delivery mode on electromyographic activity of 
pelvic floor: comparative prospective study. NeurourolUrodyn. 
2010;29:1258-1261.

	20.	 Sartore A, De Seta F, Maso G, Pregazzi R, Grimaldi E, Guaschino 
S. The effects of mediolateral episiotomy on pelvic floor function 
after vaginal delivery. Obstet Gynecol. 2004;103:669-673.

	21.	 Myer ENB, Roem JL, Lovejoy DA, Abernethy MG, Blomquist JL, 
Handa VL. Longitudinal changes in pelvic floor muscle strength 
among parous women. Am J Obstet Gynecol. 2018;219:482.e1-
482.e7.

	22.	 Bø K, Hilde G, Tennfjord MK, Engh ME. Does episiotomy influence 
vaginal resting pressure, pelvic floor muscle strength and endur-
ance, and prevalence of urinary incontinence 6 weeks postpartum? 
NeurourolUrodyn. 2017;36:683-686.

	23.	 Blomquist JL, Carroll M, Muñoz A, Handa VL. Pelvic floor muscle 
strength and the incidence of pelvic floor disorders after vag-
inal and cesarean delivery. Am J Obstet Gynecol. 2020;222:62.
e1-62.e8.

	24.	 Blomquist JL, Muñoz A, Carroll M, Handa VL. Association of de-
livery mode with pelvic floor disorders after childbirth. JAMA. 
2018;320:2438-2447.

	25.	 Min L, Qiao Z. Study on related influencing factor of pelvic organ 
prolapse in early postpartum period among primiparous women. 
Chin J Fam Plann. 2016;24:399-402.

	26.	 Koelbl H, Strassegger H, Riss PA, Gruber H. Morphologic and 
functional aspects of pelvic floor muscles in patients with pel-
vic relaxation and genuine stress incontinence. Obstet Gynecol. 
1989;74:789-795.

	27.	 Hagen S, Elders A, Stratton S, et al. Effectiveness of pelvic floor 
muscle training with and without electromyographic biofeedback 
for urinary incontinence in women: multicentre randomised con-
trolled trial. BMJ. 2020;371:m3719.

	28.	 Wang X, Jin Y, Xu P, Feng S. Urinary incontinence in pregnant 
women and its impact on health-related quality of life. Health Qual 
Life Outcomes. 2022;20:13.

	29.	 Padoa A, McLean L, Morin M, Vandyken C. The overactive pel-
vic floor (OPF) and sexual dysfunction. Part 2: evaluation and 
treatment of sexual dysfunction in OPF patients. Sex Med Rev. 
2021;9:76-92.

	30.	 Enck P, Vodusek DB. Electromyography of pelvic floor muscles. J 
Electromyogr Kinesiol. 2006;16:568-577.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Min L, Xudong D, Qiubo L, et al. Two 
year follow-up and comparison of pelvic floor muscle 
electromyography after first vaginal delivery with and 
without episiotomy and its correlation with urinary 
incontinence: A prospective cohort study. Acta Obstet 
Gynecol Scand. 2023;102:200-208. doi:10.1111/aogs.14487

https://doi.org/10.1111/aogs.14487

	Two year follow-­up and comparison of pelvic floor muscle electromyography after first vaginal delivery with and without episiotomy and its correlation with urinary incontinence: A prospective cohort study
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Study population and data source
	2.2|Definition of exposure and outcomes
	2.2.1|Assessment of PFMs with EMG
	2.2.2|Assessment of pelvic floor dysfunction with UI impact questionnaire short form (IIQ-­7)

	2.3|Statistical analyses
	2.4|Ethics statement

	3|RESULTS
	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	REFERENCES


