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Purpose: To assess the early postpartum pelvic floor function in twin pregnancies of different conception modalities by measuring
surface electromyography of the pelvic floor muscles with the Glazer protocol.

Methods: This retrospective study analyzed 241 twin pregnancies delivered via cesarean section at the International Peace Maternity
and Child Health Hospital (IPMCHH), affiliated with Shanghai Jiao Tong University School of Medicine, between March 2019 and
December 2023. Participants underwent pelvic floor function assessments 42—60 days postpartum. Pelvic floor muscle activity was
evaluated using surface electromyography (sEMG) following the Glazer protocol. Univariate and multivariable logistic regression
analyses were performed to assess the impact of conception modes (natural vs ART) on early postpartum pelvic floor function in twin
pregnancies.

Results: The mean anterior resting phase amplitude was 4.80 £ 5.23 pV in the ART group versus 6.38 + 6.30 puV in the naturally
conceived group. Similarly, the posterior resting phase amplitude measured 5.15 £ 5.28 uV (ART) and 6.78 + 7.67 uV (natural
conception). The total Glazer score differed significantly between groups, with ART pregnancies scoring 74.80 + 14.82 and natural
conception pregnancies scoring 67.57 + 21.57 (P < 0.05). Univariate and multivariable logistic regression analyses confirmed that the
total Glazer score during the early postpartum period was independently associated with conception mode (P < 0.05).

Conclusion: Women with twin pregnancies conceived via ART may exhibit marginally improved pelvic floor function during the
early postpartum period (6—8 weeks) compared to naturally conceived counterparts, potentially attributable to elevated estrogen levels
associated with ART.

Keywords: twin pregnancies, assisted reproductive technology, ART, Glazer protocol, surface electromyography, SEMG

Introduction
Pelvic floor dysfunction (PFD), often termed a “hidden epidemic”, encompasses pelvic organ prolapse, urinary incon-
tinence, fecal incontinence, and sexual dysfunction, etc.'” Epidemiological data indicate that at least 50% of women
experience PFD-related symptoms. Risk factors for PFD include advanced age, obesity, parity, the mode of delivery (eg,
vaginal vs cesarean), prolonged second stage of labor, instrumental vaginal delivery, perineal trauma, and hormonal
fluctuations.® > Notably, PFD significantly impacts sexual health and psychological well-being.®

With rising global infertility rates, assisted reproductive technology (ART) has become increasingly prevalent. Twin
pregnancies are disproportionately common in ART populations. While ART addresses infertility, it raises concerns about
maternal risks, including complications from twin gestation (eg, preterm birth, gestational hypertension) and potential
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long-term effects of ovarian hyperstimulation. Twin pregnancies may exert additional pressure on the pelvic floor
structures due to greater overall fetal weight and more significant uterine enlargement, with greater changes in pelvic
structural support during pregnancy in twin pregnancies.” However, altered hormonal profiles in ART-conceived
pregnancies may influence pelvic floor biomechanics postpartum.

Yang X et al found that the Glazer assessment method was more reliable than the manual muscle strength test in
evaluating the pelvic floor function of postpartum women.® This study evaluated early postpartum pelvic floor function in
twin pregnancies by comparing ART-conceived and naturally conceived cohorts. Surface electromyography (SEMG) of
pelvic floor muscles was performed using the Glazer assessment protocol.® Univariate and multivariable analyses were
employed to assess correlations between conception mode (ART vs natural) and sSEMG-derived metrics, including resting
tone, phasic contraction amplitudes, and composite Glazer scores.

Materials and Methods
Study Population

This study enrolled 241 primigravid women with twin pregnancies delivered via cesarean section at Shanghai Jiao
Tong University Affiliated International Peace Maternity and Children’s Hospital between September 2019 and
December 2023. Inclusion criteria were: (1) age >20 years; (2) no pre-pregnancy symptoms of pelvic organ prolapse
(POP); (3) voluntary participation in standardized pelvic floor function assessments 42—60 days postpartum.
Participants were stratified into two cohorts: 153 women who conceived via assisted reproductive technology
(ART group) and 88 naturally conceived controls. Written and verbal informed consent was obtained from all
participants, with ethical approval granted by the Institutional Review Board of the International Peace Maternity
and Child Health Hospital, Shanghai Jiao Tong University School of Medicine (Approval No. GKLW-A- 2024-
023-01).

Data Collection

Data were prospectively collected from mothers who returned to the Postpartum Pelvic Floor Rehabilitation Centre
for standardized pelvic floor assessments 42—-60 days after delivery. This included: (1) general demographic
information, (2) clinical identifiers, (3) Glazer protocol-derived SEMG metrics. Trained clinicians at the centre
performed sEMG measurements using the Glazer protocol, adhering to a standardized operating procedure. Maternal
covariates—age, gestational age, parity, conception mode (ART vs natural), education level, pre-pregnancy BMI,
delivery BMI, gestational age at delivery, neonatal birth weight, and pregnancy complications—were extracted from
the Obstetric Electronic Medical Record (OEMR) system. Data integration was achieved by linking sSEMG results
with OEMR entries via the VLOOKUP function (Microsoft Excel 2019), using maternal clinic numbers as unique
identifiers.

Outcome Assessment

The evaluation index was the sEMG value of the pelvic floor muscles, which was measured by a modified Glazer
protocol. The electromyographic signal acquisition device was a customised vaginal metal probe (CACB04, MLD V1,
Med lander Medical Instruments Ltd., Nanjing, China), the processing device was a neuromuscular stimulation instru-
ment (SA9800, MLD B4, Med lander Medical Instruments Ltd.), and the software analysis was performed using the
MYOTRAC Infiniti system (The final results were expressed in microvolts (LV)).

As per the Glazer Protocol, we divided the test into two phases: a fast-twitch muscle (Type II fiber) phase and a slow-
twitch muscle (Type I fiber) phase. During the fast-twitch muscle evaluation phase, after short-term pelvic floor muscle
contractions, the maximum (peak) values were recorded, and the fast-twitch muscle function was evaluated. During the
slow-twitch muscle evaluation phase, five slow and gentle PFM contractions and a sustained maximum contraction for
10 seconds were performed with the reported values being the average of five measurements.” A composite Glazer score
>80 was classified as normal pelvic floor function.
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Covariates

Based on the existing literature, the covariates in this study included the general condition of the mother (age, pre-
pregnancy BMI, educational qualification, weight change during pregnancy, number of pregnancies, mode of concep-
tion), obstetric clinical conditions (hypertensive disorders of pregnancy, diabetes mellitus of pregnancy, anaemia in
pregnancy, thyroid dysfunction in pregnancy, etc.), gestational week of delivery of newborn, and neonatal birth weight.

Statistical Analyses

Applying R 4.3.3 software, categorical variables were expressed as frequencies and percentages, normally distributed
variables in continuous variables were expressed as mean + standard deviation, and non-normally distributed variables
were expressed as median + interquartile spacing. Differences between groups of categorical variables were compared
using the X2 test or Fisher’s exact test, and differences between groups of continuous variables were compared using the
t test (for normally distributed variables) or the Mann—Whitney rank sum test (for non-normally distributed variables).
Glazer scores at different stages of pelvic floor function in the early postpartum period were compared between the two
groups using multifactorial logistic regression to correct for confounders, and the difference was considered statistically
significant at a two-sided P < 0.05.

Results
The basic characteristics of the study population are shown in Table 1. No statistically significant differences were

observed between the assisted reproductive technology (ART) and naturally conceived groups in pre-pregnancy BMI,

Table | Basic and Clinical Characteristics of Two Groups (NC Group vs ART Group)

Characteristic NC Group (n = 88) | ART Group (n = 153) | P Value | Z/t/X2 Value
Pre-pregnancy BMI (Kg/m2) 20.757+3.535 21.259+3.848 0.487 6369.000
Weight gain during pregnancy (Kg)
<20 58(65.91%) 124(81.05%) 0.013 6.129
220 30(34.09%) 29(18.95%)
BMI at the time of delivery (Kg/m2) 26.889+4.145 27.435+5.927 0.651 6496.000
Age (years)
<35 78(88.64%) 96(62.75%) <0.001 17.391
235 10(11.36%) 57(37.25%)
Academic qualifications
Below post-secondary 27(30.68%) 36(23.53%) 0.115 1.232
Undergraduate 42(47.73%) 94(61.44%)
Postgraduate 19(21.59%) 23(15.03%)
Gravida 1.000+0.000 1.000+0.000 0.285 6368.000
Total weight of newborns (g) 4654.810+773.617 5100.000+935.000 0.001 5008.500
Gestation week (weeks) 36.200+1.900 36.600+1.000 0.008 5352.500
Hypertensive disorders of pregnancy
No 64(72.73%) 109(71.24%) 0.922 0.010
Yes 24(27.27%) 44(28.76%)
Anaemia during pregnancy
No 63(71.59%) 106(69.28%) 0.817 0.053
Yes 25(28.41%) 47(30.72%)
Gestational diabetes
No 73(82.95%) 116(75.82%) 0.257 1.287
Yes 15(17.05%) 37(24.18%)
Thyroid disease during pregnancy
No 77(87.50%) 109(71.24%) 0.006 7.487
Yes 11(12.50%) 44(28.76%)
(Continued)
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Table | (Continued).

Characteristic NC Group (n = 88) | ART Group (n = 153) | P Value | Z/t/X2 Value
Chorionic
DC 48(54.55%) 137(89.54%) <0.001 36.000
MC 40(45.45%) 16(10.46%)

Notes: P < 0.05 are highlighted in bold text.
Abbreviations: NC, Natural conception; ART, Assisted reproductive technology; BMI, Body mass index; DC, Double chorionic villus;MC,
Monochorionic villus.

delivery BMI, educational attainment, or prevalence of gestational hypertension and gestational diabetes mellitus (P >
0.05). However, the ART group exhibited significantly higher proportions of advanced maternal age (>35 years: 37.25%
[57/153] vs 11.36% [10/88]), gestational weight gain <20 kg (81.05% [124/153] vs 65.91% [58/88]), and dichorionic
diamniotic (DCDA) twins (89.54% [137/153] vs 54.55% [48/88]) compared to the naturally conceived group.
Additionally, the ART group had higher mean neonatal birth weight (5100 &+ 935 g vs 4655 + 774 g), later gestational
age at delivery (36.6 = 1.0 vs 36.2 + 1.9 weeks), and a greater prevalence of gestational thyroid dysfunction (28.76% [44/
153] vs 12.50% [11/88]). All these differences were statistically significant (P < 0.05).

Glazer scores were used to assess pelvic floor function in the early postpartum period in both groups. Mean values of
the anterior resting phase were 4.800 = 5.230 uV in the ART group and 6.380 + 6.300 puV in the naturally conceived
group; mean values of the posterior resting phase were 5.150 = 5.280 uV in the ART group and 6.780 = 7.670 uV in the
naturally conceived group; maximal values of the fast muscle (class II fibres) phase in the ART group were 44.070 £
20.990 pV in the ART group and 42.320 £ 26.960 pV in the naturally conceived group; the maximum value of the slow
muscle (class I fibre) phase was 31.350 £ 16.160 pV in the ART group and 28.670 £+ 18.450 pV in the naturally
conceived group. The total score was 74.800 £ 14.820 in the ART group and 67.570 + 21.570 in the naturally conceived
group. There was a statistically significant difference (p < 0.05) in the total Glazer score between the two groups as
shown in Table 2.

Table 2 Comparison of Pelvic Floor Electromyography Data (Median + standard Deviation) Between Two
Groups (NC Group vs ART Group)

Phase/Parameter Name NC Group (n = 88) | ART Group (n = 153) | P Value | Z/t/X2 Value
Pre-resting stage

Average value (uv) 6.380+6.300 4.800+5.230 0.124 7534.500

Variability 0.145+0.050 0.140+0.080 0.689 6524.000
Fast muscle (class Il fibre) stage

Maximum value (uv) 42.320+26.960 44.070£20.990 0.054 5728.500

Rise time (s) 0.320+0.160 0.360+0.160 0.096 5865.500

Recovery time (s) 0.460+0.310 0.420+0.290 0.495 7088.000
Slow muscle (class | fibres) stage

Average value (uv) 28.670+18.450 31.350+16.160 0.072 5792.500

Variability 0.210+0.110 0.220+0.100 0.764 6888.500

Rise time (s) 0.365+0.300 0.380+0.290 0.500 6380.000

Recovery time (s) 0.930+0.650 0.830+0.510 0.134 7513.500
Post-resting stage

Average value (uv) 6.780+7.670 5.150+5.280 0.159 7466.000

Variability 0.140+0.090 0.140£0.060 0.255 7323.500
Total score 67.570+21.570 74.800+14.820 0.001 5015.500

Notes: P < 0.05 are highlighted in bold text.
Abbreviations: NC, Natural conception; ART, Assisted reproductive technology.
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Table 3 One-Way Regression Analysis of Total Glazer Assessment

Score 280
Characteristics OR 95% ClI P Value
Pre-pregnancy BMI 1.012 | 0.919-1.113 0.8I15
BMI at the time of delivery 0.960 | 0.878-1.050 0.371
Total weight of newborns 1.000 | 1.000-1.000 0.949
Anaemia during pregnancy 1.190 | 0.634-2.234 0.588
Hypertensive disorders of pregnancy | 1.067 | 0.566—2.009 0.842
Gestational diabetes 1.333 | 0.650-2.734 0.432
Thyroid disease during pregnancy 0.641 | 0.336—1.223 0.177
Gravida 0.868 | 0.558-1.349 0.529
Gestation week 0.985 | 0.785-1.237 0.897
DC 1.328 | 0.661-2.668 0.425
ART 0.508 | 0.271-0.953 0.035
Weight gain during pregnancy 0.816 | 0.428-1.555 0.536
Age 0.935 | 0.499-1.752 0.834

Notes: P < 0.05 are highlighted in bold text.
Abbreviations: BMI Body mass index; DC, Double chorionic villus; ART, Assisted
reproductive technology.

Table 4 Multifactorial Regression Analysis of Total Glazer
Assessment Scores 280

Characteristics OR 95% CI P

Thyroid disease in pregnancy | 0.710 | 0.360—1.400 | 0.323
ART 0.520 | 0.270-1.000 | 0.049

Notes: P < 0.05 are highlighted in bold text.
Abbreviation: ART, Assisted reproductive technology.

The total Galzer score >80 was considered essentially normal, and they were divided into two groups, and univariate
logistic regression analysis revealed that the two groups were only associated with the mode of conception (OR = 0.508,
95% CI: 0.271-0.953, P < 0.05), and there were no statistical differences (P > 0.05) with maternal age, pre-pregnancy
BMI, BMI at delivery, total newborn body weight, prevalence of anaemia in pregnancy, prevalence of hypertensive
disorders in pregnancy, prevalence of diabetes in pregnancy, prevalence of thyroid disorders in pregnancy, frequency of
pregnancy, week of delivery, chorionicity, and change in body weight during pregnancy. Prevalence of hypertensive
disorders, prevalence of gestational diabetes mellitus, prevalence of thyroid disorders in pregnancy, number of pregnan-
cies, gestational week of delivery, chorionicity, and change in body weight during pregnancy were not statistically
different (P > 0.05) see Table 3. Factors with P < 0.20 for univariate analyses were included in the multivariate analysis,
and multivariate logistic regression analyses showed that the two groups were still associated with the mode of
conception (OR = 0.520, 95% CI: 0.270-1.000,P < 0.05) and not associated with the presence of thyroid disease during
pregnancy (P > 0.05) see Table 4.

Discussion

Pelvic floor dysfunction disorders (PFDD), encompassing pelvic organ prolapse, stress urinary incontinence, and sexual
dysfunction, represent a spectrum of conditions affecting women across various life stages. The pathophysiology of
PFDD is multifactorial, involving obstetric factors (eg, parity, delivery mode, neonatal birth weight), anthropometric
indices (pre-pregnancy body mass index [BMI], gestational weight gain), biochemical influences (vitamin D deficiency,
hypoestrogenism), and genetic predisposition.''* Currently recognised risk factors include age, number of births,
gestation, delivery, mode of delivery, and body mass index. With the development of assisted reproductive technology,
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the incidence of twin pregnancies is also on the rise. The rate of multiple pregnancies in ART pregnancies reaches 30% to
50%, while the rate of multiple pregnancies in natural pregnancies is only 3.0%. Both twin pregnancies and assisted
reproductive conception are high risk factors for adverse pregnancy outcomes.'> The Glazer protocol was studied to
measure surface electromyography of the pelvic floor muscles to assess pelvic floor function in the early postpartum
period in twin pregnancies with different modes of conception. The Glazer assessment was carried out using SEMG,
which is a non-invasive technique that captures the muscle motor potentials by means of electrodes on the surface of the
skin, whereby numerous sequences of action potentials generated within the motor unit during neuromuscular excitation
are superimposed on the surface of the skin to form an electrical signal. The electrical signal is generated by the
superimposition of numerous action potential sequences within the motor unit on the surface skin during neuromuscular
excitation. Previous studies have shown that the Glazer method is more reliable than manual muscle testing in assessing
the function of the pelvic floor muscles in parturient women.”®

In the present study, the mean values of the anterior resting phase and posterior resting phase of the ART group were
slightly lower than those of the naturally conceived group, and the maximal values of the fast muscle (class II fibre)
phase and the maximal values of the slow muscle (class I fibre) phase of the ART group were slightly higher than those
of the naturally conceived group. Although there was no statistically significant difference between the above, it still
indicates that the naturally conceived group is prone to hypertonicity in the early postpartum period of twin pregnancies
and is prone to spasm of the pelvic floor muscles, painful sexual intercourse, constipation, and other symptoms. In
addition to this, the total score of 74.800 + 14.820 in ART group in this study was significantly higher than that of 67.570
+ 21.570 in natural conception group. Previous studies suggested that the total score of Glazer’s score of 80 or more was
basically normal, 2-3 sessions of physiotherapy were recommended for less than 60 points, 1-2 sessions of physiother-
apy were recommended for 60-80 points, and 80—85 points of subjective willingness of the patient or the use of pelvic
floor rehabilitator. In this study, the Glazer score of 80 points was used as the cut-off point, and the patients were divided
into the group with basically normal pelvic floor function in the early postpartum period and the group with non-normal
pelvic floor function. Unifactorial and multifactorial logistic regression analyses of their influencing factors suggested
that they were related to the mode of conception and had no significant correlation with other factors. The multifactorial
logistic regression analysis OR = 0.520, 95% CI: 0.270-1.000, P < 0.05, showed that ART was to some extent
a protective factor for pelvic floor function in the early postpartum period of twin pregnancies.

For patients undergoing assisted reproduction, especially those with ovulation disorders such as PCOS, who have
poor oocyte quality due to disorders in their hormonal regulation, more E2 is needed than in the non-PCOS population to
promote follicular development and improve oocyte quality, thus increasing the success rate of assisted reproduction
treatment in the PCOS population. Superovulation has been a routine strategy for ART, and serum oestradiol levels are
higher in women undergoing ART due to ovarian stimulation.'® Higher follicular oestradiol levels improve the success
rate of fertilisation after assisted reproductive therapy to some extent.'” It has been noted that maintaining a higher rate of
estradiol increase during the follicular stimulation phase improves the clinical pregnancy rate.'® Decreased oestradiol
levels during controlled ovarian stimulation reduce ART clinical pregnancy rates to some extent.'” During early
pregnancy, steroidal sex hormone concentrations were significantly higher in the ART group compared to natural
conception after controlled ovarian stimulation-embryo transfer.’ Previously there was controversy regarding the role
of estrogen and selective estrogen receptor modulators on the development of POP.>'*** The present study also supports
to some extent that oestrogen levels in women may affect female pelvic floor function. Estrogen receptors are widely
distributed in the female uterus, bladder, vagina, urethra, pelvic floor muscles and ligamentous tissues, and the
reproductive system and pelvic floor supportive tissues are target organs for estrogen. Previous studies have suggested
that exogenous oestrogens can activate the immune system, limit extracellular matrix degradation and induce tissue
regeneration in the genitourinary tract.>> Low estrogen levels in the body lead to loss of collagen and elastin, among
others, which causes the pelvic floor muscles to become flaccid and ligaments to lose elasticity, further weakening the
ligaments that support the pelvis and pelvic floor muscles, thus leading to PPFD.'***2* For postmenopausal women who
tend to be in a hypoestrogenic state, postmenopausal treatment with hormone therapy results in thicker anorectal muscle
thickness and greater pelvic floor functional strength with 3D ultrasound compared to no hormone therapy.”® To some
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extent, this study explores the efficacy of topical estrogen in enhancing wound healing for perineal lacerations following
vaginal delivery.

In addition, Lukasz et al examined 96 non-pregnant women aged 22—27 years, height: 168.6 = 5.1 cm, weight: 57.1 £+
11.8 kg, and the results showed that the fast muscle contraction phase: 49.76 + 26.44 pV, and slow muscle contraction
phase: 37.05 + 25.99 pV.?’ In the present study, the maximal values of the fast muscle (class II fibres) phase and the
maximal values of the slow muscle (class I fibres) phase in both groups were significantly lower than those in the above
study, which also suggests to some extent that twin pregnancy affects pelvic floor function in the early postpartum period
in women.

Conclusion

Twin pregnancies treated with ART have higher oestrogen levels than naturally conceived pregnancies due to follicular
stimulation and hormone supplementation during implantation. The present study showed that high estrogen levels in the
twin pregnancy group receiving ART may have protected maternal pelvic floor function to some extent. However, the
effects of high oestrogen status on maternal and neonatal outcomes are still controversial, and the variability of hormone
levels in pregnant women with different follicular stimulation regimens, how different hormone levels affect pelvic floor
function, and how to administer hormone supplementation, and what is a safe hormone supplementation dosage and
route, need to be further explored. In subsequent clinical investigations, it is warranted to examine whether longitudinal
monitoring of estrogen levels throughout gestation can elucidate their association with postpartum pelvic floor dysfunc-
tion. Such research may ultimately inform evidence-based strategies for improving postpartum recovery and pelvic health
management.

Abbreviations
ART, Assisted reproductive technology; BMI, Body mass index; DC, Double chorionic villus; MC, Monochorionic
villus; NC, Natural conception; PFDD, Pelvic floor dysfunction disorders; sSEMG, Surface electromyography.
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