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ABSTRACT Vaginal delivery (VD) can induce neuromuscular changes in the pelvic floor muscles
(PFMs), contributing to urinary and fecal incontinence. This scoping review maps and synthesizes the
available evidence on the use of electromyography (EMG) to detect and characterize PFM alterations
across the peri-partum and postpartum periods, with attention to study designs, EMG acquisition protocols,
reported EMG markers associated with childbirth, and research gaps. We searched Scopus, Web of
Science, IEEE Xplore, PubMed, CINAHL, and Embase in early May 2026 using database-adapted strings.
English-language studies employing EMG in women assessed before, during, or after childbirth were
included. Results were synthesized narratively. From 1846 identified records, 51 studies were included.
Evidence was highly heterogeneous in populations, timing, electrode/probe configurations, and signal
processing/normalization, limiting comparability. Accordingly, the evidence is summarized descriptively.
Nonetheless, amplitude-based measures tended to indicate lower recorded amplitude after VD than after
cesarean section (CS) and, in some studies, in parous postpartum women compared with nulliparous controls,
with possible partial recovery over time in selected cohorts; however, findings were not fully consistent
and were influenced by assessment timing and methodology. Invasive EMG studies reported motor unit
action potential characteristics and fiber-density findings consistent with denervation/reinnervation and
neuromuscular remodeling. Emerging multichannel high-density intravaginal/intrarectal EMG has been
explored in research settings, offering improved spatial resolution, which may help to better capture localized
dysfunction. Standardized methodologies are needed to enhance clinical translation.

INDEX TERMS Childbirth, electromyography (EMG), pelvic floor muscles (PFMs), scoping review.

I. INTRODUCTION

The pelvic floor (PF) consists of ligaments, fascial tissues
and two main layers of muscles. The superficial one includes
the bulbospongiosus (BS), ischiocavernosus (IC), superficial
transverse perineal (ST) and the external anal sphincter
(EAS) muscles. In contrast, the deeper layer includes the
pubovaginal, the pubovisceral, puboperineal, iliococcygeal
and puborectal muscles [1]. The role of the mentioned groups
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is to support the pelvic organs, maintain urinary and fecal
continence, and contribute to sexual function [1].

The prevalence of PF disorders (PFDs) has been reported
to reach 32% among females [2] and 16% among males [3]
worldwide. Factors such as older age, menopause, obesity,
connective tissue disorders, or physical activity are signif-
icant contributors [4]. However, traumatic events such as
vaginal delivery (VD) are among the main causes of PFDs [5].
These conditions can negatively affect physical health,
leading to urinary [6], [7] and fecal incontinence [8], with
overt trauma and subtle neuromuscular impairments con-
tributing to dysfunction [9], [10], [11], [12], [13], [14], [15].

© 2026 The Authors. This work is licensed under a Creative Commons Attribution 4.0 License.
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Furthermore they can also negatively impact the social life
of an individual [16]. In the context of VD, lacerations
of the perineum may occur and are known as perineal
tears [17], [18]. Tears are classified into four grades (I° to
IV°®), with increasing grade depending on their severity [19].
Overall, they pose a serious clinical problem, occurring in up
to 90 % of VDs regardless of classification, and are strongly
associated with an increased risk of PFDs [20].

Perineal tears result from the stretching of tissues as
the fetus passes through the birth canal [21], [22] and
are more frequently observed in primiparous parturients
[19], [23]. It has also been reported that the likelihood of
spontaneous perineal tearing in a second delivery rose with
the severity of perineal trauma sustained during the first
birth [24].

Digital palpation is the most commonly used clini-
cal method for assessing PF muscle contraction capacity
[25], [26]. This requires active patient participation through
voluntary contraction of the PFMs during the examina-
tion [25]. As a quantification metric, the Modified Oxford
Scale is typically used [27], [28], [29], rating contractions on
a scale from O (no contraction) to 5 (strong contraction) [30].
The scale is easy to implement, nevertheless, it has a few
inherent limitations related to the subjective nature of the test,
which can affect the inter-rater test reliability [8], [31].

The above justifies the need for reliable and subject
independent approaches for accurate diagnosis and treatment
monitoring of the PFDs [6]. Among such strategies are
magnetic resonance imaging, transvaginal ultrasound, anal
endosonography, perineometry, manometry, and electromyo-
graphy (EMG) [6], [9], [31], [32]. There have been consid-
erable applications for EMG recordings in recent years [6],
[29], [32], [33]. Indeed, these are being used to analyze
neurophysiological changes in PFMs contractions [32] and
to directly assess the active tone of the PF [29]. In addition
to its diagnostic role, EMG is also used to complement
some treatments such as biofeedback [34], where muscle
electrical activity is recorded, and feedback is provided
through auditory or acoustic stimuli to promote motor
learning [7], [35].

Although several studies have used EMG to assess
PFMs function and potential injury, the evidence on
childbirth-related EMG alterations remains dispersed and
has not been comprehensively mapped. Therefore, this
scoping review aims to identify, chart, and synthesize the
available literature on EMG assessment of the PFM in
relation to childbirth, describing the study characteristics,
measurement protocols, and reported EMG markers of
damage, and highlighting key knowledge gaps to guide future
research.

In this review, we provide a concise overview of
PF anatomy (Section I-A), a brief introduction to EMG
(Section I-B), the research strategy employed in this review
and our findings (Section III), and finally our conclusions,
recommendations and future perspective in Section I'V.

VOLUME 14, 2026

A. OVERVIEW OF PELVIC FLOOR ANATOMY

The superficial PFMs (EAS, BS, IC and ST muscles) are
primarily involved in continence mechanisms and voluntary
closure of the pelvic outlets. The EAS is a striated muscle
encircling the anal canal and is innervated by branches
of the pudendal nerve, making it especially vulnerable to
stretch-related neuropathy during natural delivery [36], [37].

The deep layer mainly corresponds to the levator ani
muscle (LAM) complex, composed of the puborectalis,
pubococcygeus and iliococcygeus muscles. This muscular
sling provides structural support to pelvic organs and plays
a critical role in maintaining pelvic stability under increased
intra-abdominal pressure [38]. Due to their depth, complex
fiber orientation and partial overlap with surrounding struc-
tures, selective assessment of LAM activity using surface
EMG (sEMG) remains technically challenging.

To facilitate comprehension, we refer the reader to see
Fig. 1 where a multi-axis view of the PF anatomy is provided.
From a neurophysiological standpoint, PFMs exhibit het-
erogeneous fiber composition and anisotropic architecture,
with regional differences in innervation density and motor
unit (MU)(i.e., the motor neuron and the muscle fibers it
innervates) [39] distribution. These characteristics strongly
influence EMG signal amplitude, spatial distribution and
susceptibility to crosstalk. Understanding this anatomical and
functional organization is therefore essential for interpreting
EMG alterations associated with pregnancy, childbirth-
related trauma and postpartum neuromuscular remodeling.

B. FUNDAMENTALS OF ELECTROMYOGRAPHY

From a physiological point of view, a muscle is composed of
several MUs. EMG is an interference signal resulting from
the asynchronous summation of multiple action potentials
(MUAPs) [40], [41], each given by the summation of
the action potentials of the muscle fibers constituting the
MU [42].

To collect the EMG signal, electrodes that differ in
dimension, materials and classes are used. The first class
includes sensors (e.g., needle or wire electrodes) meant
to penetrate the skin and reach the target(s) muscles of
interest. The invasive electrodes are positioned adjacent to
the fiber membranes, thus enabling the capture of selective
information from the fibers located close to their tip [43]. The
second-class electrodes include sensors meant to be placed on
the individual’s skin or into a natural orifice. The use of these
electrodes allows the exploration of a large detection volume;
thus, the resulting signal records the activity of multiple
MUs [40], [41].

An additional distinction should be made regarding the
density of the system adopted for EMG recording. Using
high-density recording systems (i.e., exploiting multiple
equidistant electrodes for data recording, usually placed in
a linear array or a two-dimensional grid), makes it possible
to extract monopolar from bipolar signals [44], investigate
the EAS geometry [45], extract individual MUAPs [46],
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FIGURE 1. Pelvic floor anatomy illustrations. (a) Caudal view of the perineal muscles: perineal body, ischiocavernosus muscle, bulbospongiosus muscle,
superficial transverse perineal muscle, and external anal sphincter. (b) Frontal view of the external and internal anal sphincters. Layers of the external
sphincter (deep, superficial, subcutaneous), levator ani muscles (iliococcygeus, puborectalis), longitudinal smooth muscle, circular smooth muscle, with
the latter forming the internal anal sphincter (IAS) near the anal canal, are represented. (c) Sagittal pelvic view showing the course of the pudendal nerve
(yellow) from S2-54 and its relationships with pelvic organs, highlighting its role in perineal and sphincter innervation.

[47], [48] from which important properties are obtained on
MU anatomy [49], [50] and their control [51].

MUAPs can serve as markers of muscle structural and
functional alterations. Reinnervation, resulting from nerve
injury and perineal tears following childbirth [52], [53], can
substantially modify MUAP characteristics. Reinnervated
MUs typically exhibit increased amplitudes, more polyphasic
waveforms, and prolonged durations [54].

Il. METHODS

A. OBJECTIVES AND THEMATIC DOMAINS

This scoping review aimed to map the available evidence on
the use of EMG to assess PFMs in relation to pregnancy and
childbirth. Specifically, the review addressed the following
research questions: (i) Which PFMs and anatomical targets
have been investigated using EMG in women before, during,
or after childbirth? (ii) How have cohorts been characterized
in terms of pregnancy status, parity, delivery mode, obstetric
exposures, and timing of assessment? (iii) Which EMG
acquisition devices, electrode configurations, and recording
setups have been used? (iv) Which activation strategies and
testing protocols have been adopted to elicit PFMs activity?
(v) Which EMG-derived features have been proposed or
reported as indicators of PFMs damage related to VD?

The outcomes were pre-specified as follows: 1) muscles
or anatomical targets investigated; 2) cohort characterization
(participant features and assessment timepoint); 3) devices
for acquisition (instrumentation and recording setup);
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4) activation strategies (tasks/protocols used to activate PFMs
during EMG recording); 5) EMG-derived markers reported
in relation to pregnancy-, delivery-, or postpartum-related PF
neuromuscular function or impairment.

B. RESEARCH STRATEGY

The literature search was performed at the beginning of
May 2026 across six bibliographic databases: Scopus, Web
of Science, IEEE Xplore, PubMed, Embase, and CINAHL
via EBSCOhost. The search strategy was expanded to
capture studies using EMG to assess PFMs in relation to
pregnancy, childbirth, delivery mode, parity, perineal trauma,
episiotomy, instrumental delivery, cesarean section (CS), and
the postpartum period.

Search strings combined three main concepts: EMG-
related terms, PFMs terms, and obstetric exposure terms.
The full search strategy for each database is reported in the
Supplementary Material. Searches were applied to all records
indexed in each database from inception to the search date.
A total of 1846 records were identified.

C. ELIGIBILITY CRITERIA

Full-text original studies were considered eligible if they
were written in English and used EMG to assess PFMs in
female participants before, during, or after pregnancy and
childbirth. Although the primary focus of this review was
EMG evidence related to VD, studies including CS-only
cohorts, pregnancy-only assessments, or nulliparous/parous

VOLUME 14, 2026
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comparator groups were retained when they provided contex-
tual or comparative data useful for interpreting VD-related
EMG findings and distinguishing VD effects from broader
pregnancy-, childbirth-, or postpartum-related neuromuscular
changes.

Studies were excluded if they were not original full-text
articles, were conference abstracts only, were not written in
English, did not report extractable EMG outcomes, or did
not include a pregnancy-, childbirth-, parity-, or obstetric
exposure-related context. Reviews, editorials, letters, and
animal studies were excluded. Methodological studies with-
out a relevant obstetric population were also excluded.
Studies primarily focused on unrelated clinical conditions,
such as spinal cord injury, neurological disease, diabetes,
cancer, or non-obstetric PFDs, were excluded. Finally,
studies evaluating drug effects, botulinum toxin, electrical
stimulation, biofeedback treatment efficacy, sports, or virtual
reality interventions were also excluded.

D. STUDY SELECTION PROCEDURE

The flowchart for study selection is illustrated in Fig. 2.
The database search identified 1846 records, of which
1063 duplicates were removed using Rayyan [55]. The
remaining 783 records were screened by title and abstract,
and 78 studies were considered to potentially meet our pre-set
inclusion criteria and were selected for full-text review.
Of these, 77 studies were successfully retrieved and examined
against the review inclusion/exclusion criteria.

Of these, 26 full-text reports were excluded for the
following reasons: conference abstract only (n = 8), outcome
not relevant to childbirth-related PF EMG assessment (n = 6),
non-English language (n = 2), and non-extractable EMG
outcome or data (n = 10). Overall, 51 studies were included
in the final synthesis.

Title/abstract screening and full-text assessment were
performed independently by two reviewers (CA, MR), who
were blinded to each other’s decisions. Any disagreements
were resolved through discussion until a consensus was
reached.

E. DATA EXTRACTION
Data extraction was performed independently by two
reviewers (CA, MR), using an extraction form. Any
disagreements were resolved through discussion until a
consensus was reached. When consensus could not be
achieved, a third reviewer (LM) was consulted. Extracted
items included: (i) muscles/anatomical targets investigated
and the EMG approach used; (ii) cohort characterization
(participant features, sample size and evaluation timepoint
relative to delivery); (iii) devices and acquisition setup;
(iv) activation strategies and testing protocols; and (v) EMG-
derived markers interpreted by the authors as indicators of
childbirth-related PFM impairment/damage.

As a scoping review to capture the broad scope of
evidence in the studied field, a formal risk-of-bias assessment

VOLUME 14, 2026
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FIGURE 2. PRISMA flowchart for studies identification, screening and
selection.

of included studies was not performed [56]. A narrative
synthesis was performed, and results were organized accord-
ing to the pre-specified thematic domains.

IIl. RESULTS

A. INVESTIGATED MUSCLES

In the context of childbirth-related PF damage assessed
through EMG, the most studied muscle was the EAS
(35.3%) [10], [12], [13], [14], [15], [52], [57], [58], [59],
[60], [61], [62], [63], [64], [65], [66], [67], [68]. Beyond
the findings of the studies included in this review, the
clinical relevance of the EAS is supported by its established
role in continence and by its direct innervation by the
pudendal nerve [69], which, due to cumulative stretching and
compression during childbirth [53], can be injured. Obstetric
anal sphincter injuries (OASIs) are reported to be highly
prevalent during natural delivery [70], occurring in 2-19% of
cases [71], and are strongly associated with postpartum fecal
incontinence [72]. Investigations on the EAS are summarized
in Table 1.

In the majority of selected articles (51%) (shown in
Table 2 and Table 3), the activity of the PFMs was
reported without specifying which muscles were actually
recorded. In this review, we therefore refer to these studies
as assessing global PFMs. Given that most of these studies
used vaginal probes, the recorded signals are likely to
include activity from muscles adjacent to the vaginal wall,
particularly the pubococcygeus muscle [73], with possible
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contributions from the puborectalis muscle [74] and other
surrounding structures. Accordingly, these recordings should
be interpreted as global vaginal PFM EMG activity rather
than muscle-specific measurements, and later physiological
interpretations based on these studies should be considered
with caution.

Although less frequently examined, the LAMs (11.7%)
[11], [75], [76], [77], [78], [79] also play a crucial role
in postpartum PF function. The paucity of their repre-
sentation in EMG-based research is likely a reflection
of their anatomical complexity and depth, making direct
assessment more challenging. Nevertheless, from a clinical
perspective, LAMs integrity is considered relevant because
trauma to these muscles has been associated with reduced
PF strength and accompanying OASIs [70]. In this context,
OASIs has been proposed as a marker of an underly-
ing or occult LAM injury [80], thereby indicating that
postpartum PF dysfunction involves both the sphincteric
and supportive components of the musculature [81], [82].
Research specifically dedicated to the LAMs is presented in
Table 4.

B. COHORTS CHARACTERIZATION

The selected articles encompassed heterogeneous cohorts
of women assessed before, during, or after pregnancy and
childbirth. For clarity, a brief explanation of terms commonly
adopted in studies involving pregnancy and childbirth is
provided here. Nulligravid refers to women who have never
been pregnant, whereas primigravid refers to women during
their first pregnancy [107]. Nulliparous refers to women who
have never given birth [108], whereas parous refers to women
who have given birth to at least one child [108]. Parous
women are further classified as primiparous, indicating one
previous delivery [76], [109], or multiparous, indicating more
than one delivery [76].

Cohort designs varied substantially across the included
studies. A common approach was to compare women with no
previous pregnancy or delivery with women who had already
delivered, using nulligravid or nulliparous participants as
controls [11], [12], [14], [63], [75], [79], [89], [97], [100],
[103], [104].

Additionally, some studies recorded EMG activity exclu-
sively in pregnant women during the third trimester, without
including any postpartum assessment [57], [99], [102], [104].
In contrast, pregnancy was used to provide baseline data for
postpartum follow-up for longitudinal studies [13], [61], [62],
[63], [66], [68], [76], [77], [ 78], [84], [89], [95], [98].

Overall, regardless of whether postpartum follow-up was
included, the reviewed literature suggests that prepartum
assessments are most commonly performed during the
third trimester. Clinically, this timing appears meaningful,
as PFM myoelectric activity has been reported to be
reduced during the final stage of gestation [110], likely
due to pregnancy-related physiological adaptations and
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fetal load-induced mechanical strain [111]. Moreover, the
incidence of stress urinary incontinence (SUI) has been
reported to increase during this period [112].

Several studies assessed women exclusively during the
postpartum period, conducting postpartum follow-up eval-
uations without including prepartum measures within the
same cohort, as reported in the Cohort/timing sections of
Table 1, Table 2, Table 3, and Table 4. However, regard-
less of whether postpartum assessments were conducted
as postpartum-only follow-ups or as part of longitudinal
studies including pregnancy assessments, assessment timing
varied considerably across studies. Evaluation points ranged
from very early postpartum assessments at approximately
48-72 hours after delivery, to later evaluations at 4-6 weeks,
3 months, 6 months, and up to 12 months postpartum.
This variability should be considered when interpreting
the findings, particularly because some studies did not
clearly specify the timing of postpartum assessment or
included evaluation points that differed substantially across
participants [12], [59], [67], [88], [92], [94].

In our interpretation, this heterogeneity is clinically rele-
vant because postpartum recovery trajectories may depend
on the location and severity of childbirth-related nerve or
muscle injury [52], [53], [113]. This rationale is supported
by peripheral nerve-regeneration processes described in the
literature [114]. The pudendal nerve is reported to be
vulnerable to stretching or compression during VD [52], [53],
[113] and plays a major role in postpartum dysfunction [19].
Since the pudendal nerve arises from the sacral plexus
(S2-S4) [115] and peripheral nerve regeneration has been
estimated at approximately 1 mm/day [114], proximal
injuries (e.g. at the ischial spine) may require three to six
months for recovery [13], [116], [117], whereas recovery
from more distal injuries affecting superficial branches,
such as the inferior rectal or perineal nerves [115], could,
in our interpretation, follow different trajectories depending
on the distance to the target muscle and the extent of tissue
damage.

Within the postpartum literature, studies specifically
investigated obstetric exposures or childbirth-related trauma.
These included delivery mode comparisons, such as VD
versus CS [10], [62], [83], [86], [91], [93], cesarean
timing [84], parity [11], [79], [88], [99], [102], episiotomy
or perineal trauma [61], [66], [68], [94], [95], [98], birth
weight [106], prolonged second stage of labor [79], and
OASIS or childbirth-related anal sphincter rupture [58], [60],
[63], [64]. Additionally, several studies enrolled postpartum
symptomatic clinical cohorts, including women with SUI [9],
[75], [92] or fecal/anal incontinence [15], [59], [65], [67].

Finally, one study assessed PFM activity during labor
as part of simultaneous intrapartum recordings [90]. This
approach may offer insights into PF activity during childbirth;
however, its feasibility and scope of investigation are
necessarily limited by the clinical complexity and sensitivity
of the intrapartum setting.

VOLUME 14, 2026
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TABLE 1. Summary of studies assessing the EAS using EMG. Studies are grouped by EMG modality as EAS recordings included needle/single-fiber EMG,
low-density anal surface EMG, and high-density intra-anal SEMG.

Cohort / timing Sensor EMG features Activation Ref.
Concentric needle EMG and single-fiber EMG

Nulliparous controls (n=28) vs primiparas after first Concentric needle MUAP amplitude, duration, area, Relaxed EAS; light VC [14]
VD (n=23); 12 weeks postpartum area/amplitude ratio, turns, phases and if needed; MVC/cough

polyphasia for recruitment
Primiparas after first VD, with/without anal Concentric needle MUAP parameters; interference-pattern turns/s, Progressive voluntary [65]
incontinence (n=42); 24.7 + 2.0 weeks after amplitude/turn, activity and envelope contraction to MVC
delivery
‘Women with 3rd/4th-degree ASR 3-41 months SFEMG EAS fiber density NR [58]
postpartum (n=27); controls with no ASR (n=15)
‘Women with FI after VD (37) SFEMG / sphincter Fiber density; MUAP duration/amplitude and Rest; MVC [67]

mapping number
Parous women grouped by age and delivery mode Concentric needle MUAP amplitude, duration, area, turns, phases Mild contraction [10]
(n=49) and multiphase ratio
Nulliparous (n=18) vs parous women (n=26); 1-55 Concentric needle Multi-MUAP parameters; interference-pattern Relaxation; [12]
years postpartum turn/amplitude analysis voluntary/reflex
activation; MVC/cough
FI after childbirth-related EAS division (n=20) Needle / SFEMG Sphincter mapping; fiber density NR [15]
‘Women assessed 48-72 h and 2 months postpartum SFEMG Fiber density Rectal balloon traction [52]
(n=122); antenatal subgroup (n=51)*
Low-density anal surface EMG and EAS-related neurophysiology

Nulliparous (n=16), parous controls 3-5 days and 3 Anal sponge electrode Maximum sEMG amplitude** Rest; VCs [63]
months postpartum (n=24); ASR cohort 3-5 days,3,6
and 12 months postpartum (n=38)*
Women with FI (n=151); obstetric history recorded Anal probe (3 electrodes) sEMG amplitude**; anal-to-abdominal SEMG Cough; VCs; push [59]

amplitude ratio**; normal/abnormal

classification
ASR after childbirth (n=94); early and 3 months Anal electrode Maximum sEMG amplitude** Rest; VCs [64]
postpartum
Primiparous (n=40), uncomplicated VD within 6 Anal plug electrode RMS peak sEMG amplitude; left-right MVC [60]
months postpartum (n=15), and OASIS 6-12 months amplitude symmetry index
postpartum (n=50)

Multichannel intra-anal surface EMG

Nulliparous pregnant women (n=478) Rectal probe (16 electrodes) Amplitude envelopes and distributions; MUs Rest; MVC [57]

and IZs distribution, MUs peak amplitude, CV,

and width
Primiparas; pregnant (n=511), 28-34 weeks (n=511),  Rectal probe (16 electrodes) =~ Amplitude envelopes and distributions; MUs Rest; MVC [66]
and subgroup 6-8 weeks postpartum (n=331)* and IZs distribution, IZs number
CS reference (n=1) and VD with episiotomy (n=4), Rectal probe (16 electrodes) ARV amplitude envelopes and distributions; Rest; MVC [68]
24 h before and 48h postpartum* MUs and IZs distribution
Nulliparous pregnant women (n=245); subgroup 6-8 Rectal probe (16 electrodes) Mean ARV amplitude; asymmetry index Rest; ramp-up; MVC; [61]
weeks postpartum (n=167)* ramp-down
VD vs CS; pregnant (n=102), subgroup 6 weeks Rectal probe (16 electrodes) ~ Mean ARV amplitude MVC [62]

(n=80), and 1 year postpartum (n=62)*

Abbreviations and notes: ARV: average rectified value; ASR: anal sphincter rupture; CS: cesarean section; CV: conduction velocity; EAS: external anal
sphincter; EMG: electromyography; FI: fecal incontinence; IZ: innervation zone; MU: motor unit; MUAP: motor unit action potential; MVC: maximal
voluntary contraction; NR: not reported; OASIS: obstetric anal sphincter injuries; RMS: root mean square; SEMG: surface electromyography; SFEMG:
single-fiber electromyography; VD: vaginal delivery. Numbers in parentheses in the Cohort/timing column indicate the number of participants in each
cohort, when reported. *: Follow-up study. **: Estimation method not reported.

C. DEVICES FOR EMG ACQUISITION

The included articles reported different EMG acquisition
approaches, including probes for natural orifices and invasive
needle, single-fiber, or fine-wire electrodes.

Fig. 3 provides a graphical overview of the data collection
systems employed in the selected studies. Because the
acquisition strategy was closely related to the anatomical
target investigated, in this representation, devices were
represented according to the target muscle group.

VOLUME 14, 2026

1) INVASIVE ELECTRODES

Invasive needle, single-fiber, and fine-wire electrodes were
mainly adopted in studies targeting the LAMs, where elec-
trodes were inserted percutaneously to record from structures
such as the pubococcygeus, puborectalis, or iliococcygeus
muscles [11], [75], [76], [77], [78], [79]. They were also
used in EAS-related studies to assess MU morphology,
interference-pattern parameters, fiber density, or denervation/
reinnervation features [10], [12], [13], [14], [15], [52], [58],
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TABLE 2. Summary of studies assessing global PFM activity using vaginal or perineal EMG, part 1.

Cohort / timing Sensor EMG features Activation Ref.
Primiparous pregnant and 45 days Vaginal SEMG probe RMS mean sEMG amplitude of 3 MVCs MVCs (5s) [83]
postpartum (n=75); grouped by delivery
mode*
Postpartum CS (n=707) antepartum CS ~ Vaginal sSEMG probe sEMG amplitude** as the median of the representative Glazer-type protocol [84]
vs intrapartum CS; 42-60 days cohort
postpartum*
Primiparas after VD (n=3362); 42-60 Vaginal SEMG probe Glazer-derived phase-specific SEMG parameters™*** Glazer protocol [85]
days postpartum
Primigravids after VD with episiotomy Vaginal SEMG probe and RMS mean sEMG amplitude of the middle 5 s of the Glazer-type protocol [86]
vs CS (n=260); 6 months postpartum ECG electrodes on the recorded wave at each stage

perineum
Postpartum; 40 days-6 months Vaginal SEMG probe Glazer-derived phase-specific SEMG parameters™** Glazer protocol [87]
postpartum (n=21 302)
Postpartum grouped by parity (n=971) Vaginal SEMG probe Glazer-derived phase-specific SEMG parameters*** Glazer protocol [88]
Nulligravid (n=24); antepartum and Vaginal SEMG probe SEMG peak** and 10-s endurance perineal muscle scores ~ Rest, MVCs [89]
postpartum with CS (n=13), with VD
(n=89) grouped by perineal trauma; 6
weeks and 6 months postpartum*
Intrapartum assessment (n=28) Surface ECG electrodes on SEMG total power, peak PDS, mean RMS, and burst Labor-related contractions / [90]

the perineum duration

intrapartum monitoring/
post-espulsion

Primiparas grouped by delivery mode Vaginal SEMG probe SEMG amplitude at rest**, mean SEMG amplitude** of 5 Glazer-type protocol [91]
(n=1259); 6-8 weeks postpartum MVCs for fast contractions, mean SEMG amplitude** of

10 MVC:s for fast contractions
Primiparas with postpartum Vaginal SEMG probe Glazer-derived phase-specific SEMG parameters™*** Glazer protocol [92]
symptomatic SUI (n=70 pairs); matched
by delivery mode
Primiparas (n=543) VD and CS; 6-8 Vaginal sSEMG probe Glazer-derived phase-specific SEMG parameters™** Glazer protocol [93]
weeks postpartum
Antepartum (n=695) e postpartum Vaginal SEMG probe Mean sEMG amplitude** VCs [94]
(n=596) in a randomized episiotomy
trial
Antepartum and postpartum VD Vaginal sSEMG probe Mean sEMG amplitude** VCs [95]

(n=595) and CS (n=106); 3 months
postpartum*

Abbreviations and notes: CS: cesarean section; ECG: electrocardiogram; EMG: electromyography; MVC: maximal voluntary contraction; PFM: pelvic
floor muscle; PSD: power spectral density; RMS: root mean square; SEMG: surface electromyography; SUI: stress urinary incontinence; VC: voluntary
contraction; VD: vaginal delivery. Numbers in parentheses in the Cohort/timing column indicate the number of participants in each cohort, when reported.
*: Follow-up study. **: Estimation method not reported. ***For Glazer-derived phase-specific SEMG parameters, see [93].

[65], [67]. One additional study used concentric needle EMG
to assess the striated urethral sphincter [118]. However,
despite their selectivity, these solutions appear mainly in
studies before 2010 [11], [12], [13], [14], [52], [58], [75],
[76], [79], which we interpret as a shift toward less invasive
devices.

2) SUPERFICIAL ELECTRODES

In this review, probes or surface systems were classi-
fied as low-density (LD) when they included fewer than
16 electrodes. LD systems were widely used and appeared
in all studies investigating global PFMs (Tables 2 and 3).
However, they were less frequent in EAS studies, where they
included anal sponge electrodes or LD rectal probes [59],
[60], [63], [64]. The most common LD configuration
consisted of probes with two recording electrodes. Represen-
tative images of this type of probe are available in [102].
LD probes are usually preferred in vaginal examinations
because their proximity to the vaginal walls allows a less
invasive evaluation than needle or wire electrodes [33].
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However, the pelvic region is characterized by high muscle
density and multidirectional fiber orientation [119], [120],
features that may reduce recording selectivity and increase
the risk of crosstalk [121], [122], [123]. Hence, external
surface electrodes are reported as critical [33], and although
intravaginal and intra-rectal probes have been recommended
for more stable and clinically feasible recordings than
external surface electrodes alone [6], [124], their limited
spatial resolution suggests that EMG amplitudes should
be interpreted as global PEM activity rather than muscle-
specific activity. These anatomical and methodological
considerations suggest that non-invasive SEMG recordings in
this region should be interpreted with caution. Consistently,
the literature highlights that this issue is particularly relevant
when using low-density probes with few and relatively large
electrodes [29]. Such acquisition-related limitations may
also have implications for the repeatability and reliability
of sSEMG recordings. The reliability of vaginal LD probes
has been reported in nulliparous women [125], [126], [127];
however, reliability data in pregnant women remain limited,
and postpartum evidence is limited to reports of moderate
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TABLE 3. Summary of studies assessing global PFM activity using vaginal or perineal EMG, part 2.

Cohort / timing Sensor EMG features Activation Ref.
Postpartum grouped by age and Vaginal sSEMG probe Glazer-derived phase-specific SEMG parameters™** Glazer protocol [96]
parity (n=245); 42-60 days

postpartum

Nulliparous (n=10) vs primiparas Vaginal SEMG probe Anterior and posterior ARV SEMG amplitude** during MVCs  Rest; MVCs [97]
9-10 months after first VD (n=10) normalised by the ARV sEMG at rest **

Primiparas after first VD with Vaginal SEMG probe Glazer-derived phase-specific SEMG parameters™** Glazer protocol [98]
(n=200)/without (n=162)

episiotomy; 6 weeks, 6, 12, and 24

months postpartum*

Primigravids (n=19) vs Vaginal SEMG probe RMS mean sEMG amplitude MVCs (6s) [99]
secundigravidae (n=21) in the third

trimester

Nulliparous (n=12) and primiparas ~ Vaginal sSEMG probe Resting SEMG amplitude**, MVC peak sEMG amplitude** Rest; MVCs (4s) [100]
with grade II tears (n=9); 8-9

weeks postpartum

Patients across female life-cycle Vaginal SEMG probe Mean RMS sEMG amplitude of 3 MVCs MVCs (5s) [101]
groups (n=384), including

pregnancy and postpartum groups

Pregnant in the third trimester; Vaginal SEMG probe Mean, minimum, and maximum RMS sEMG amplitude MVCs [102]
nulliparous (n=30) vs multiparous

(n=30)

Nulliparous (n=20) and Vaginal SEMG probe Maximum RMS sEMG amplitude normalised by the average of MVCs (5s) [103]
primiparous after VD (n=20) or CS the RMS value of abdominal contraction SEMG amplitude

(n=20); 1-3 years postpartum

Pregnant (n=15) and nonpregnant Vaginal sSEMG probe Maximum RMS sEMG amplitude Rest; MVCs (5) [104]
nulliparous (n=15)

Primiparas after delivery (n=52); Vaginal SEMG probe and SEMG amplitude** Contract/relax tasks [105]
32-56 days postpartum anal SEMG probe

Postpartum with SUI (n=241) and Vaginal sSEMG probe Resting, phasic, tonic and endurance sSEMG amplitude** Glazer-type protocol [9]
asymptomatic (n=1 139); 6-8

weeks postpartum

Postpartum with SUI (n=509) and Vaginal SEMG probe Glazer-derived phase-specific SEMG parameters™** Glazer protocol [35]
asymptomatic (n=2 520); 42 days

postpartum

Primiparas grouped by neonatal Vaginal SEMG probe Average or maximum device-derived SEMG amplitudes** Glazer-type protocol [106]

birth weight (n=200); 6-8 weeks
and 1 year postpartum

depending on protocol phase

Abbreviations and notes: ARV: average rectified value; CS: cesarean section; EMG: electromyography; MVC: maximal voluntary contraction; PFM:
pelvic floor muscle; SEMG: surface electromyography; SUI: stress urinary incontinence; VD: vaginal delivery. This table summarizes studies assessing
global vaginal/perineal PFM activity rather than anatomically isolated external anal sphincter, levator ani, or urethral sphincter recordings. Numbers in
parentheses in the Cohort/timing column indicate the number of participants in each cohort, when reported. *: Follow-up study. **: Estimation method not

reported. ***For Glazer-derived phase-specific SEMG parameters, see [93].

intra-rater reliability in primiparous women with grade II
perineal tears [100].

High-density (HD) probes were defined in this review as
embedded systems with 16 or more electrodes. HD probes
were used in studies targeting the EAS with multichannel
intra-rectal probes [57], [61], [62], [66], [68]. An early
example of this approach is the multichannel intra-rectal
probe originally developed by Merletti and colleagues [49],
which has since been refined through multiple design
upgrades and adopted in multi-center studies to evaluate
HD-EMG patterns before and after VD [128]. More reference
images and technical details of this type of probe are available
in Cescon et al. [57].

Compared with LD configurations, HD probes enable
simultaneous recordings from multiple circumferential
sites [129] and are reported to facilitate the detection of
localized amplitude reductions, altered signal propagation,
or recruitment imbalances, as the high electrode density
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and smaller electrode dimensions provide higher spatial
resolution of muscle activity [130]. Methodological evidence
suggests that HD intra-rectal probes may be particularly
informative for spatially resolved EAS assessment [130],
and among the included studies, these probes were used
in research contexts involving obstetric injuries extending
posteriorly to the anal sphincter complex, including medio-
lateral episiotomy and obstetric anal sphincter injury [61],
[62], [66], [68]. However, the available evidence does not
yet support interpreting these applications as established
clinical tools. Studies adopting HD probe technology were
among the more recently published articles included in this
review, suggesting that spatially resolved non-invasive EMG
assessment is a possible emerging methodological direction.

To facilitate interpretation of HD versus LD recordings,
we performed simulations of EAS EMG based on a cylindri-
cal volume-conductor model [131]. Full simulation methods
and results are reported in Supplementary Material S1,

92233



IEEE Access

C. Antonini et al.: Pelvic Floor Muscle Electromyography in Natural Delivery: A Scoping Review

TABLE 4. Summary of studies assessing the LAMs using EMG.

Cohort / timing Sensor EMG features Activation Ref.
Primigravids antenatal (n=82) and 2 months postpartum  Needle electrode in the MUAP amplitude, duration, and polyphasia VCs [13]
(n=75)* pubococcygeus
Nulliparous continent (n=10) vs parous with SUI (n=8) Bilateral wire electrodes in Tonic-phasic pattern; holding time; coordinated ~ Rest; VCs; cough; [75]

the pubococcygeus bilateral recruitment Valsalva; supine

and standing
positions

Primigravids (n=30) and multigravids (n=50) assessed Concentric needle EMG MUAP amplitude Rest; VCs; strain [76]
before pregnancy, during pregnancy, and during the first
5 postpartum months*
Nulliparous (n=20); primipara (n=30) and multiparous Concentric needle EMG MUAP amplitude Rest; strain [79]
(n=50) postpartum; stratified by normal vs prolonged
second stage of labor
Nulliparous (n=20) and VD multiparous (n=60) Concentric needle EMG MUAP amplitude Rest; strain [11]
postpartum, grouped by number of deliveries
Primigravid (n=58) assessed in third trimester, 6 weeks ~ Concentric needle EMG at Turns/amplitude analysis; MUAP amplitude; Rest; partial VCs; [77]
postpartum, and 6 months postpartum* four levator sites: bilateral turns/s; percentage of abnormal points outside MVCs

puborectalis and the antepartum normal cloud

iliococcygeus
Primigravid (n=58) assessed in third trimester, 6 weeks Concentric needle Interference-pattern analysis; denervation and Rest; moderate [78]
postpartum, and 6 months postpartum® * quantitative EMG targeting reinnervation classification VCs; MVCs

puboviceralis and
iliococcygeus

Abbreviations and notes: EMG: electromyography; LA: levator ani; LAM: levator ani muscle; MVC: maximal voluntary contraction; MUAP: motor
unit action potential; QEMG: quantitative electromyography; VC: voluntary contraction. *: Follow-up study. Numbers in parentheses in the Cohort/timing

column indicate the number of participants in each cohort, when reported.

“South et al. [78] was considered a secondary analysis/companion publication of the Weidner et al. [77] cohort and was therefore interpreted as

complementary rather than fully independent evidence.

showing that a 16-channel HD ring configuration preserves
1Z identifiability (evidenced by flattened bipolar traces at the
1Zs and inversion of both polarity and propagation direction
nearby), whereas LD configurations (4 channels or single
bipolar) do not.

These differences in acquisition setup limit the direct
comparability of EMG findings across studies. In particular,
values obtained with vaginal LD probes, needle EMG,
anal surface electrodes, and HD intra-rectal probes reflect
different signal sources and different levels of spatial
selectivity.

D. ACTIVATION STRATEGIES AND TESTING PROTOCOLS

1) VOLUNTARY ACTIVATION TASKS

Voluntary contractions (VCs) were the predominant acti-
vation strategy across the included studies. VCs include
maximal voluntary contractions (MVCs), defined as the
greatest consciously exerted effort [132], and submaximal
contractions. In studies assessing global PFM activity, VCs
were used in almost all cases, except one intrapartum study
in which PFM EMG was recorded during labor-related
contractions as part of simultaneous uterine, abdominal, and
PF monitoring [90]. VCs were also widely used in EAS
studies [10], [12], [14], [57], [59], [60], [61], [62], [63],
[64], [65], [66]. In LAM studies, VC included MVCs, and
straining-related contraction tasks [11], [13], [75], [76], [77],
[78], [79].
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From a methodological standpoint, verbal instructions,
practice trials, or visual feedback may help improve task
execution and reduce potential confounding factors, such
as accessory muscle activation and crosstalk during VCs.
When performing MVCs, as in other muscle groups, at least
two or three contractions have been recommended [13],
[751, [83], [97]. However, EMG amplitude does not increase
proportionally with force [133], [134], [135], [136], [137] as
the EMG-force relationship is non-linear and is affected by
recruitment, firing rate, muscle architecture, and contraction
intensity [137], [138], [139], [140], [141]. For this reason,
when contraction levels are expressed relative to MVC,
they should be interpreted as intended activation levels
rather than direct measurements of mechanical force output.
Additionally, for postpartum women, exerting reliable MVCs
is reported to be difficult [142], [143] and is commonly
associated with incorrect execution and co-activation of
accessory muscles [142]. Although visual feedback helps
reduce these errors [142], MVC reliability is still challenged
by both physiological and methodological factors, including
participant understanding, examiner instruction, and verbal
cueing [144].

2) REFLEXIVE AND NON-VOLUNTARY ACTIVATION TASKS

Some of the included articles also reported the use of reflexive
contractions as an activation strategy for PFMs, although
with lower incidence compared to VCs; they are typically
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FIGURE 3. Number of studies using invasive electrodes (needle/wire) in
dark blue and non-invasive solutions (vaginal or rectal probes) in light
blue for the analyzed muscle groups: EAS, LAMs, and global PFMs. The
numbers on the bars indicate the number of studies in each category.
Stand-alone article about urethral sphincter [118] excluded from the
illustration.

elicited through involuntary responses such as coughing and
were used both in studies on the LAMs [75] and on the
EAS [12], [14], [59], [145]. When reflexive contractions
are adopted, it may be challenging to replicate consistent
activation patterns. In the context of PFM assessment, this
concern is supported by evidence showing that reflexive PFM
activity can be highly variable and influenced by crosstalk
from other muscles [146]. Push tasks and straining were
also reported in a study assessing the EAS [59] and in a
study evaluating the relation between the expelling forces
during the pushing phase of the delivery and the sSEMG [90].
Additionally, the included articles also reported the use of the
Valsalva maneuver, defined as a forceful expiration against
a closed glottis [147], as an activation strategy [75]. One
EAS study also used rectal balloon traction to increase basal
muscle activity during single-fiber EMG recording [52].

3) PROTOCOL HETEROGENEITY AND STRUCTURED
ASSESSMENT
In line with these activation-related challenges, another key
issue concerns the acquisition protocol. The included articles
revealed substantial heterogeneity in EMG procedures,
as many studies did not follow or fully report a structured
protocol. Only a minority of studies adopted a clearly defined
multi-phase protocol, with the Glazer protocol being the
only reported structured option [35], [85], [88], [92], [93],
[96], [98]. This protocol is based on VCs and comprises five
sequential activities [148]:

o Pre-baseline rest (1 min).
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o Phasic (“Flick”) contractions (5 repetitions): rapid
contractions of the PF, each lasting 2 s with a 2-s rest
between repetitions.

o Tonic contractions (5 x 10 s): sustained contractions of
the PF, each held for 10 s, followed by 10 s of complete
relaxation.

« Endurance contraction (60 s): contraction of the PF at a
level sufficient to hold it for 60 s.

o Post-baseline rest (1 min).

By including different contraction and relaxation phases,
this protocol provides comprehensive bioelectrical informa-
tion beyond maximal contractions and relaxations [149].
Recent findings [150] indicate that, in healthy nulliparous
women, multi-activity tasks and broader feature sets yield
moderate-to-excellent reliability for time-domain and recruit-
ment parameters, with frequency-domain fatigue measures
showing higher reliability than those from the Glazer
protocol. Nevertheless, the Glazer approach remains the most
established and widely recognized structured protocol in the
field.

Some studies adopted Glazer-type protocols rather than
the exact original Glazer protocol [84], [91], [106]. These
protocols generally retained the same overall structure,
but differed in specific parameters such as contraction
duration and rest interval between contractions. Therefore,
although these studies can be broadly considered Glazer-type
assessments, differences in task timing and phase definition
may affect the extracted SEMG values and limit direct
comparability across studies.

Because activation strategies differed in task type, con-
traction intensity, duration, number of repetitions, and rest
intervals, EMG reported markers were interpreted accord-
ing to the specific protocol adopted. Direct comparison
across studies is therefore limited when activation tasks are
not equivalent, even when the same anatomical target is
assessed.

E. EMG MARKERS OF DAMAGE
The EMG features reported across clinical studies on PFMs in
the included articles can be broadly classified into four main
categories.
o Global amplitude-related metrics: Indices reflecting
the overall signal magnitude.
« MUAP characteristics: Features
morphology of individual MUs.
« Spatial markers: Topographical features derived from
IZ mapping.
« Invasive indicators of neural remodeling: Wire or
needle-EMG metrics, such as fiber density.
The studies reporting the first two categories of EMG
features, namely amplitude-related metrics and MUAP
characteristics, are summarized in Table 5, Table 6, and
Table 7, organized by anatomical target and cohort charac-
teristics, to improve readability and facilitate comparison,
as these were the most extensively reported feature
categories.

describing the
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1) AMPLITUDE-RELATED METRICS

Amplitude-related markers were the most frequently reported
EMG-derived features across the included studies. They
were used in studies assessing global PFM sEMG (see
Table 2 and Table 3 in the EMG Features section) and
EAS sEMG [59], [60], [62], [63], [64]. However, amplitude
was extracted across the reviewed literature from different
anatomical targets, recording systems, activation tasks,
and signal-processing procedures; we therefore interpret
amplitude-related findings as context-dependent descriptors
of recorded myoelectric activity, rather than as a single,
standardized marker of childbirth-related PFM damage.
This context-dependent interpretation is further supported
by signal-processing variability, as several studies reported
absolute values, usually in ©V, without specifying the esti-
mator used, particularly in device-derived vaginal SEMG [9],
[84], [89], [91], [94], [95], [97], [100], [105], [151] and
low-density anal surface EMG studies [59], [63], [64].

The most recurrent pattern for studies focusing on global
PFMs concerned the delivery mode.

Several studies reported lower superficial PFM sEMG
amplitudes after VD than after CS, or higher rapid, tonic,
endurance, or contraction-related amplitudes after CS than
after VD [83], [86], [87], [91], [93]. Overall, these findings
showed a broadly consistent direction of effect, although
direct comparability is limited by differences in parity,
postpartum timing, delivery-mode classification, and EMG
protocols. Fang et al. provide large-cohort evidence support-
ing higher rapid, tonic, and endurance amplitudes after CS
than after VD; however, their mixed-parity cohort and broad
assessment window from 40 days to 6 months postpartum
make it less directly comparable with primiparous-only
early postpartum studies [87]. Botelho et al., Guo et al.,
and Jiang et al. assessed primiparous women in the early
postpartum period (approximately 45 days to 6—8 weeks post-
partum), and all support lower PFM activation or endurance
after VD than after CS [83], [91], [93]. Danesh Shahraki et al.
also reported better electrical activity and endurance after
uncomplicated CS at 6 months postpartum, although the VD
group consisted of women with episiotomy [86]. However,
this evidence was not fully consistent. In one smaller
study assessing women 1-3 years after first childbirth,
normalized PFM sEMG amplitude during MVC did not differ
significantly between nulliparous participants, participants
after VD, and participants after CS [103]. We interpret this
discrepancy as possibly reflecting differences in postpartum
assessment timing, since early postpartum evaluations may
capture transient delivery-related neuromuscular impairment,
whereas later assessments may be influenced by recovery
processes, tissue healing, and neuromuscular adaptation.
Therefore, delivery mode may be associated with differ-
ences in recorded PFM activation, particularly in the early
postpartum period, but amplitude alone should not be
interpreted as a direct marker of persistent childbirth-related
damage.
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A second partially consistent pattern concerned com-
parisons between the nulliparous cohort and the post-VD
cohort. One small study reported lower normalized vaginal
PFM amplitude 9-10 months after first VD [99], whereas a
larger life-cycle cohort similarly reported higher PEM sEMG
amplitude in nulliparous than in post-VD participants [104].
These findings point in the same direction, but they are
not directly comparable because they differ in sample size,
postpartum timing, and amplitude processing.

Symptom-related findings were also reported in more than
one cohort: postpartum cohorts with SUI or PF symptoms
showed altered resting, phasic, tonic, or endurance-related
SEMG values compared with asymptomatic cohorts [9],
[35], [92]. This suggests that amplitude-based measures
may be sensitive to postpartum clinical status, although the
affected protocol phase differed across studies.

Other amplitude-related findings, including those concern-
ing obstetric exposures, neonatal birth weight, episiotomy,
perineal trauma, and isolated parity effects, were more het-
erogeneous or less directly comparable and are summarized
in Table 5.

For EAS recordings, amplitude-related findings were more
anatomically specific than global vaginal PEM recordings,
but remained heterogeneous across clinical subgroups and
EMG approaches. The only relatively consistent finding
concerned childbirth-related EAS rupture. Two follow-up
studies reported lower sSEMG amplitude in the early post-
partum period, with some indication of recovery over
time [63], [64]. However, the two studies used different
low-density recording setups. One study used an anal sponge
electrode [63], whereas the other used a rectal probe [64],
and neither reported the amplitude estimator. This limits
direct comparison between their amplitude values. Other
EAS amplitude findings, including those related to anal/fecal
incontinence, EAS asymmetry, delivery mode, and longer-
term recovery, were less consistent and are summarized in
Table 6.

Taken together, these findings indicate that amplitude-
related results were not fully consistent across anatom-
ical targets and cohorts. Even when recurrent patterns
were observed, they should be interpreted in light of
methodological factors affecting amplitude estimation and
normalization. Moreover, interpreting SEMG amplitude as an
indicator of PF function depends partly on the normalization
strategy used [152]. Normalization is intended to facilitate
the comparison of signals from different electrode sites
and the evaluation of changes over time [153], [154],
as EMG amplitude is influenced by intrinsic factors such
as fiber length, depth, diameter, and the amount of tissue
between muscle and electrode [154], [155], and by extrinsic
factors including muscle location, fiber orientation, and
the geometry of the muscular region [154]. Body compo-
sition also contributes, since adipose layers attenuate the
high-frequency components of the signal and may bias
longitudinal analyses [153], [156], [157]. Acquisition-related
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TABLE 5. Amplitude-related EMG findings in studies assessing global PFM activity. Findings are reported according to cohort/exposure.

Cohort or exposure

Amplitude-related findings

Pregnancy and parity

* Pregnant women showed lower vaginal PFM EMG amplitude than non-pregnant nulliparous women during resting or contraction tasks
[104].

« Differences in PFM EMG amplitude during pregnancy were reported according to parity or gravidity, suggesting that pregnancy-related
PFM activity may differ between nulliparous/primigravid and multiparous/secundigravid women [99], [102].

*The amplitude of tonic contraction was significantly lower in primiparous women than in secundiparous [88].

*Primiparous women showed significantly higher post-resting in respect to the multiparous counterpart [96].

First VD was associated with lower vaginal PFM EMG contraction amplitude 9-10 months postpartum compared with nulliparous women
[97].

*Nulliparous women showed higher PFM sEMG amplitude than women with previous VD [101].

Delivery mode and CS

* VD was associated with reduced postpartum PFM EMG activity compared with antepartum values, whereas CS showed no comparable
reduction [83].

» CS was generally associated with higher rapid, tonic, endurance, or contraction-related SEMG amplitudes than VD, episiotomy, or
forceps-assisted delivery [86], [87], [91], [93].

* No relevant differences in pre-resting, fast, sustained, or post-resting SEMG values were observed between antepartum and intrapartum
CS groups [84].

« In women assessed 6 weeks postpartum [105] and 1-3 years [103] after first childbirth, normalized PFM sEMG amplitude during MVC
did not differ significantly between VD, CS, and nulliparous groups.

Obstetric exposures

« Forceps-assisted delivery and prolonged second stage of labor were associated with increased risk of fast- and slow-twitch PFM strength
decline [85].

 Higher neonatal birth weight was associated with lower PFM contraction-related amplitudes or poorer recovery of PFM sEMG
parameters [87], [106].

Perineal trauma and episiotomy

« Episiotomy did not preserve perineal muscle function and was associated with poorer recovery or net loss of peak and endurance perineal
muscle scores compared with other perineal outcomes [89], [95].

« Lower fast, tonic, or endurance contraction amplitudes were reported after episiotomy during postpartum follow-up [98].

¢ Primiparous women with grade II perineal tears showed lower resting and MVC peak sEMG activation than nulliparous women [100].

Postpartum SUI or symptoms

« Postpartum women with SUI or PF symptoms showed altered resting, fast/slow, or endurance-related SEMG values compared with
asymptomatic women [9], [35], [92].

Abbreviations: EMG: electromyography; MVC: maximal voluntary contraction; PFM: pelvic floor muscle; RMS: root mean square; SEMG: surface
electromyography; SUI: stress urinary incontinence.

TABLE 6. Amplitude-related EMG findings in studies assessing the EAS. Findings are reported according to cohort/exposure.

Cohort or exposure

Amplitude-related findings

EAS rupture, OASIS, or fecal
incontinence

* In women with childbirth-related EAS rupture, resting anal SEMG was reduced in the first days after delivery compared with nulliparous
controls, while squeeze SEMG was reduced at 3 and 6 months in women with EAS rupture compared with primiparous controls; no
significant differences were observed at 12 months [63].

« In women with EAS rupture, anal SEMG amplitude increased from the first postpartum days to 3 months in both patients and controls
[64].

« In women with childbirth-related third- or fourth-degree tears, higher left-right EAS amplitude asymmetry was associated with more
severe incontinence symptoms, whereas this association was not evident in pregnant nulliparous women or after uncomplicated VD [60].
» In women with fecal incontinence, anal SEMG amplitude during cough/squeeze and the anal-to-abdominal amplitude ratio were used for
normal/abnormal classification [59].

« In primiparas with anal incontinence symptoms, MUAP amplitude did not clearly differ between symptomatic and asymptomatic women
[65].

« In women with fecal incontinence after VD, increased MUAP amplitude was interpreted as evidence of obstetric neurogenic injury [67].

VD, CS, and postpartum recovery

* Mean ARV amplitude during MVC showed a small decrease 6 weeks after VD, but returned to baseline by 1 year; no difference between
VD and CS was observed at 1 year [62].

« The transient decrease in EAS amplitude after VD was not associated with changes in incontinence scores [62].

« In asymptomatic primiparas after first VD, MUAP amplitude, was larger than in nulliparous controls, suggesting neurogenic remodeling
after uncomplicated VD [14].

« In women with remote uncomplicated obstetric history, quantitative EAS invasive EMG did not clearly support persistent EAS
denervation after VD [12].

Abbreviations: ARV: average rectified value; CS: cesarean section; EAS: external anal sphincter; EMG: electromyography; MU: motor unit; MUAP/MUP:
motor unit action potential/potential; MVC: maximal voluntary contraction; OASIS: obstetric anal sphincter injuries; SEMG: surface electromyography;

VD: vaginal delivery.

aspects such as electrode placement, electrode size and shape,
inter-electrode distance, spatial filtering, and crosstalk from
adjacent muscles add further variability [155]. MVC-based
normalization is particularly relevant in women with marked
childbirth-related impairment who cannot produce a reliable
MVC [142]. However, normalization was inconsistently
reported across the included studies and, when described,
was mainly based on peak MVC values [99], [158], [159],
on the difference between MVC and resting activity [97],
or on the difference between PFM MVC and MVC recorded
on the abdominal muscles [103].

VOLUME 14, 2026

2) SPATIAL MARKERS AND INNERVATION-ZONE MAPPING

In addition to global amplitude-based EMG markers, the
reviewed literature also reported spatially resolved EMG
features related to PF neuromuscular organization. In EAS
studies, spatial markers included amplitude distribution and
asymmetry [61], MU decomposition, IZs number and spatial
distribution [57], [66], [68]. All studies estimating or map-
ping IZs in the EAS relied on multichannel intra-anal surface
EMG probes, as these have the features to potentially provide
the reconstruction patterns of neuromuscular activation.
HD-EMG studies reported asymmetric EAS innervation
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TABLE 7. Amplitude-related EMG findings in studies assessing the LAMs. Findings are reported according to cohort/exposure.

Cohort or exposure

Amplitude-related findings

Pregnancy and postpartum

* LAMs EMG activity did not significantly differ from pre-pregnancy values during the first 8 weeks of pregnancy, then progressively
increased until delivery during rest and squeeze tasks; during straining, EMG activity progressively decreased until delivery [76].

* Postpartum LAMs EMG activity was lowest during the first postpartum month and progressively recovered, reaching pre-pregnancy
levels by approximately the fourth postpartum month [76].

* The reduction in LAMs EMG activity was more evident in multigravida than in primigravids women [76].

Parity and repeated deliveries

* LAMs EMG activity at rest and during contraction decreased progressively with increasing parity, following the pattern: nulliparous >
multiparous > grand multiparous > great grand multiparous [11].

¢ LAMs EMG activity in grand multiparous and great grand multiparous women was interpreted as evidence that repeated deliveries may
impair LAMs function [11].

Parous stress urinary incontinence

« Asymmetrical and uncoordinated pubococcygeus activation was observed in 4/8 parous stress-incontinent women [75].

Prolonged second stage of labor

« In multiparous women with normal delivery history, LAMs EMG activity at rest was similar to nulliparous controls, but activity during
contraction was lower [79].

« In women with a history of prolonged second stage of labor, LAMs EMG activity was reduced both at rest and during contraction
compared with nulliparous controls [79].

« with prolonged second stage also showed reduced LAMS activity at rest and during contraction, but the reduction was less pronounced
than in multiparous with prolonged second stage [79].

Postpartum
denervation/reinnervation

« Quantitative interference-pattern analysis showed EMG evidence of levator ani neuropathic injury in 24.1% of women at 6 weeks
postpartum and 29.3% at 6 months postpartum [77].

* Women undergoing elective CS showed little or no levator ani EMG injury, whereas spontaneous VD, and CS after labor showed similar
injury rates [77].

« In the secondary analysis, approximately 30% of women showed levator ani denervation/reinnervation patterns after first delivery; many
women with abnormalities at 6 weeks recovered by 6 months, although persistent or newly detected abnormalities were also observed [78].
* Most abnormal turns:amplitude patterns were below the normal range, consistent with denervation rather than purely myopathic change
[78].

Abbreviations: CS: cesarean section; EMG: electromyography; LAM: levator ani muscle; MVC: maximal voluntary contraction; PFM: pelvic floor muscle;

VD: vaginal delivery.

patterns in both nulliparous and parous women, suggesting
that innervation asymmetry may be partly physiological but
may also be modified by childbirth-related trauma [57], [61].
Episiotomy and obstetric injury were reported to be asso-
ciated with changes in IZ number or distribution, localized
amplitude reductions, and altered asymmetry patterns in a
large cohort study [66], with similar exploratory observations
reported in a smaller study comparing one CS reference case
with VD cases involving episiotomy [68]. These findings
suggest that HD-EMG-derived spatial markers may provide
complementary neuromuscular information to structural
imaging for episiotomy planning, although their clinical
interpretation remains limited by the small number of studies
and by the current restriction of HD-EMG approaches to
research settings.

3) INVASIVE EMG MARKERS: MUAP CHARACTERISTICS AND
FIBER DENSITY

Other indicators of PF neuromuscular impairment included
MUAP morphology and interference-pattern parameters,
extracted from invasive EMG studies (see Table 1 and Table 4
in the EMG features section).

In EAS studies, longer or more complex MUAPs were
reported in parous or postpartum women after VD [10], [14],
whereas increased MUAP duration and amplitude with
reduced recruitment were interpreted as signs of obstetric
neurogenic injury in women with fecal incontinence after
VD [67]. However, direct comparison across these studies is
limited by differences or incomplete reporting of assessment
timing as detailed in Table 1. EAS findings were also
not uniform, as quantitative EMG did not clearly support
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persistent denervation in women with remote uncomplicated
obstetric history [12]. However, the wide range of time
since childbirth in this cohort, from 1 to 55 years, may
have introduced substantial heterogeneity related to recovery,
ageing, and long-term neuromuscular adaptation.

For LAM recordings, the most recurrent finding concerned
postpartum denervation/reinnervation, reported in two related
quantitative EMG analyses after first delivery [77], [78].
These studies reported LAM EMG abnormalities in approx-
imately one quarter to one third of women during the early
postpartum period and indicated that these abnormalities
may change between 6 weeks and 6 months postpartum.
Other LAM findings, including those related to pregnancy,
increasing parity, prolonged second stage of labor, and parous
SUI, were reported in isolated studies and are summarized in
Table 7.

Evidence on the striated urethral sphincter was limited
to a single included study. This study reported that turns/s,
amplitude, and turns/amplitude ratio were already lower in
primigravid women than in nulligravid controls before deliv-
ery and persisted postpartum with minimal recovery [118].

In addition to the previously described markers of
neuromuscular injury, EAS fiber density detected with
single-fiber needle electrodes was reported as a marker of
neural remodeling [15], [52], [58], [67]. Increased EAS fiber
density was observed in women after VD [52] with complete
anal sphincter rupture after delivery [58] and with fecal
incontinence after childbirth-related EAS division [15]. Fiber
density may reflect collateral reinnervation after denervation,
but it can only be assessed using invasive single-fiber needle
EMG, limiting its applicability in routine clinical practice.
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IV. FINAL REMARKS AND FUTURE PERSPECTIVES

In recent years, EMG has emerged as an increasingly
potentially informative approach for investigating childbirth-
related PFM impairment, and the literature reviewed in
this study suggests that EMG may help capture meaningful
postpartum neuromuscular changes; however, the strength
of the current evidence is still limited by substantial
heterogeneity across various domains. Differences in the
anatomical targets investigated and the EMG approaches used
to assess them, together with inconsistent cohort character-
ization (including participant features and widely variable
evaluation timepoints), reduce comparability and hamper
data pooling. Accordingly, the observed patterns emerging
from the included studies should be interpreted as exploratory
rather than conclusive, and should be considered hypothesis-
generating until more standardized and longitudinal evidence
becomes available. In addition, the frequent exclusion of
women with severe perineal trauma leaves a clinically
relevant subgroup understudied and limits generalizability.
Moreover, variability in acquisition devices (sensor type,
geometry, and recording setup) and in activation strategies
used to elicit PEM activity further complicates interpretation,
particularly because EMG remains susceptible to confound-
ing factors such as crosstalk when large electrodes are
used [160], [161], [162], reinforcing the need for improved
recording solutions designs [33].

In this context, greater convergence on standardized activa-
tion procedures (e.g., structured protocols such as the Glazer
protocol) and transparent reporting of feature extraction,
estimation methods, artefact handling, and normalization
may improve reproducibility and interpretability. This is
especially important for amplitude-based markers, whose
interpretation depends strongly on the selected normalization
strategy and on the reliability of the reference contraction.
Within this framework, longitudinal designs may be espe-
cially useful, as they allow EMG changes to be interpreted in
relation to pre-delivery status, delivery-related exposures, and
postpartum recovery. When combined with complementary
imaging or diagnostic techniques, these designs may also
help localize the site and extent of injury and determine
when postpartum assessment is most informative in relation
to tissue healing and neuromuscular reinnervation.

From a technical acquisition perspective, the reviewed
literature highlights recurrent limitations that are particularly
relevant for the more clinically feasible and increasingly
adopted non-invasive SEMG approaches based on vaginal
or rectal probes. Although these probes represent the most
common solution in the studies included in this review,
the comparability of low-density studies was limited by
methodological issues, including amplitude estimation and
normalization. Moreover, inconsistent probe positioning,
variable electrode-tissue contact conditions, motion artefacts,
and the absence of a mechanical reference for interpreting
EMG amplitude further limit between-session comparability
and physiological interpretation.

VOLUME 14, 2026

In addition to these methodological limitations, the
reviewed literature also points to emerging technical devel-
opments in PF EMG, particularly recording HD approaches
able to capture spatial information rather than only global
signal amplitude. Mapping of IZs may provide topographical
information on motor innervation pathways that cannot be
derived from global amplitude alone [51], [129], [130]
as also illustrated by the simulation results reported in
Supplementary Material. This information is complementary
to imaging modalities such as ultrasound [163], MRI [163],
elastography [164], and thermography [165], which are
widely used to assess structural or mechanical properties of
the PF but cannot localize 1Zs. Accordingly, higher-density
electrode configurations with optimized electrode size, inter-
electrode distance, and circumferential/longitudinal coverage
could improve spatial sampling, reduce crosstalk, and support
the identification of localized activation patterns. Taken
together, the HD-EMG findings suggest that spatial EAS
features may capture both physiological asymmetry and
childbirth-related modifications in neuromuscular organiza-
tion. However, advanced information concerning single-MU
activity relies on algorithms able to isolate single MUAPs
from interference surface recordings [32], which may limit
their practicality in routine clinical settings. Moreover, to our
knowledge, clinically available probes do not generally
implement HD detection. Indeed, their clinical interpreta-
tion remains preliminary, particularly for episiotomy-related
applications, because validated thresholds and standardized
acquisition protocols are still lacking.

Nevertheless, careful attention to practical acquisition
issues is needed for both current LD probes and emerging HD
approaches. Greater attention should be given to repeatable
positioning across sessions, for example, through anatomical
orientation markers, depth-control mechanisms, or shape
features that help maintain a consistent position relative to
the vaginal or anal wall. Because changes in electrode-tissue
contact may alter signal amplitude independently of muscle
activation, future probes could also incorporate contact-
quality sensing, impedance monitoring, or inertial sensors
to detect probe displacement, rotation, poor contact, and
acquisition instability during recording. Finally, multimodal
probes integrating force or pressure sensors could provide
a mechanical reference for PFM contraction. This would
help distinguish changes in myoelectric activation from
changes in contractile output and could support more robust
normalization when MVC performance is unreliable in
postpartum women.

Addressing these gaps could support the advancement
of EMG from an experimental tool to a reliable clinical
instrument for the prevention, early detection, and man-
agement of childbirth-related PFDs, improving long-term
outcomes and quality of life for women in the postpartum
period. In the longer term, the systematic use of standardized
EMG markers, particularly amplitude-related features and
HD-EMG-derived innervation patterns, may contribute to

92239



IEEE Access

C. Antonini et al.: Pelvic Floor Muscle Electromyography in Natural Delivery: A Scoping Review

the development of evidence-based clinical guidelines. Such
frameworks could support a more objective assessment of
PFDs and help tailor rehabilitation strategies to achieve the
ultimate aims of improving postnatal quality of life.

V. LIMITATIONS

This review has some limitations related to study retrieval,
data extraction, synthesis, and interpretation of EMG mark-
ers. Although the search strategy covered six bibliographic
databases and used database-adapted strings to capture EMG,
PF, and childbirth-related terms, relevant studies may still
have been missed because only English-language full-text
original articles were included. In addition, one report could
not be retrieved for full-text assessment.

Furthermore, included studies were highly heterogeneous
in terms of populations, assessment timing, anatomical tar-
gets, electrode or probe configurations, activation protocols,
signal processing and normalization. This heterogeneity
prevented quantitative pooling and required a narrative
synthesis.

Moreover, EMG-derived markers were interpreted accord-
ing to the original studies and may be influenced by
confounding factors such as crosstalk, probe positioning,
electrode-tissue contact, normalization strategy, MVC reli-
ability, and task execution. The limited use of common
external reference standards, such as imaging, manometry,
clinical grading, or longitudinal follow-up, further limits the
direct link between EMG alterations and specific anatomical
or functional outcomes.

Finally, findings related to high-density EMG and inner-
vation zone mapping should be interpreted as exploratory.
Although they may help describe spatial activation patterns
and asymmetries with potential physiological relevance,
these methods remain largely confined to research settings.
Their clinical applicability is currently limited by the lack
of commercially available PF probes with validated high-
density detection, limited standardization of acquisition and
analysis procedures, and the absence of established clinical
thresholds.
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