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Abstract

Objective: Obstetric anal sphincter injuries (OASIS) represent a serious complication of vaginal delivery that can result in chronic anal
incontinence and reduced quality of life. Accurate diagnosis is essential for optimal repair and prevention of long-term morbidity. This
review summarizes current evidence on the advantages of elastography as a diagnostic adjunct for the detection of OASIS. Mechanism:
Elastography is an advanced ultrasound (US)-based imaging technique that quantifies tissue stiffness, enabling functional assessment
of the anal sphincter complex beyond anatomical visualization. By distinguishing the mechanical properties of healthy muscle, acute
tears, and fibrotic tissue, elastography may improve the detection of subtle or occult sphincter defects that conventional endoanal US may
miss. Findings in Brief: Shear-wave elastography (SWE) has demonstrated moderate to good intraobserver and interobserver reliability,
with reported intraclass correlation coefficients (ICC) that vary by measurement conditions. Preliminary studies indicate that greater
sphincter stiffness may be protective against perineal tears, suggesting potential for risk stratification. Elastography is non-invasive,
free of ionizing radiation, and suitable for repeated evaluation during recovery. However, its diagnostic superiority over standard US
for high-grade OASIS remains unconfirmed, and correlations with functional outcomes, such as incontinence severity, are inconsistent.
Key limitations include operator dependency, a steep learning curve, and a lack of standardized acquisition protocols. Integration with
artificial intelligence (AI) could improve consistency and diagnostic accuracy. Conclusions: Elastography represents a promising adjunct
to traditional imaging for the evaluation and management of OASIS. By providing quantitative, biomechanical insights into sphincter
integrity, it holds potential to improve early diagnosis, guide rehabilitation, and support recovery monitoring. However, robust evidence
demonstrating superiority over established imaging modalities for the diagnosis of OASIS remains limited. Larger, longitudinal studies
are needed to validate the clinical utility of elastography and to standardize the use of this technique in obstetric practice.
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1. Introduction structural defects and functional tests to evaluate sphincter

performance. Endoanal ultrasound (US), including three-

Obstetric anal sphincter injuries (OASIS) are a sig-
nificant and often debilitating complication of vaginal de-
livery that impacts a woman’s short- and long-term health
and well-being [1]. These injuries encompass a spectrum
of damage that ranges from partial tears to complete dis-
ruption of the external anal sphincter (EAS) and internal
anal sphincter (IAS) anal sphincters, often leading to anal
incontinence, perineal pain, sexual dysfunction, and re-
duced quality of life [2]. Standard imaging techniques
for detecting these injuries, assessing repairs, and mon-
itoring occult tears remain a clinical challenge and con-
tribute to underdiagnosis and subsequent chronic morbidity
[3]. Assessment of OASIS includes patient history, clin-
ical examination (digital rectal examination and examina-
tion of the levator), and, when indicated, imaging to define

dimensional (3D) techniques, is widely used as the ref-
erence imaging modality for detecting sphincter defects,
whereas magnetic resonance imaging (MRI) may be used in
selected cases. Anal manometry provides a functional as-
sessment and may complement imaging but is not an imag-
ing reference standard [4]. These limitations have prompted
interest in complementary imaging approaches that can pro-
vide a more comprehensive and accurate assessment of the
anal sphincter complex. Elastography, a novel US-based
imaging technique that includes shear-wave elastography
(SWE) and strain elastography (real-time tissue elastogra-
phy), has emerged as a promising tool to evaluate tissue
stiffness and structural integrity. It offers enhanced capa-
bilities for detailed characterization of the anal sphincter
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Table 1. Comparison of recent systematic reviews on OASIS diagnosis and the present review.

Author (Year)  Study type Focus Imaging modalities Elastography OASIS-specific Diagnostic accuracy
included presence analysis metrics reported
Packet et al., Systematic review Predictive factors for Clinical and obstet- No Yes No imaging comparison
2023 [6] and meta-analysis OASIS ric variables
Sideris et al., Meta-analysis Risk of OASIS and Clinical risk factors No Yes No imaging comparison
2020 [7] anal incontinence
Pang et al., 2025 Meta-analysis Diagnostic  perfor- Endoanal, transper- No Yes Yes (US modalities only)
[8] mance for OASIS  ineal, endovaginal
uUs

Present Review Narrative critical Elastography in OA- Elastography (strain Yes (primary Yes

synthesis SIS and SWE)

(exclusive Explicit identification of

focus) focus) absence of high-grade di-

agnostic accuracy trials

OASIS, obstetric anal sphincter injuries; US, ultrasound; SWE, shear-wave elastography.

musculature [5]. This method uses the mechanical prop-
erties of tissue to assess its condition. The premise is that
injured or fibrotic sphincter muscles may exhibit stiffness
characteristics that differ from those of healthy tissue. The
use of elastography in this area is relatively recent.

This manuscript was conducted as a structured nar-
rative review. Relevant literature was identified through
searches of PubMed/MEDLINE and Embase up to Novem-
ber 2025. The search strategy combined keywords and
MeSH terms including “elastography”, “shear-wave elas-
tography”, “strain elastography”, “OASIS”, “anal sphinc-
ter injury”, “perineal body”, “perineal trauma”, and “anal
sphincter stiffness”. Reference lists of selected articles
were also screened to identify additional relevant studies.
Studies reporting negative or null findings were included to
ensure balanced representation of the current evidence.

Recent systematic reviews and meta-analyses [6—8]
have evaluated US-based modalities for the diagnosis of
OASIS, including endoanal, transperineal, and endovaginal
US. However, elastography has not been incorporated as a
primary diagnostic modality in these analyses, and its per-
formance has not been directly compared with that of estab-
lished imaging techniques. The existing elastography lit-
erature consists primarily of prospective reliability studies
and small cohort investigations, which demonstrate promis-
ing feasibility and potential value for risk stratification but
have not been synthesized in an OASIS-focused review or
assessed alongside current reference imaging techniques.
As summarized in Table 1 (Ref. [6-8]), prior systematic
reviews have focused on conventional US modalities and
clinical risk factors, without including elastography as a di-
agnostic tool or evaluating its comparative performance.

This narrative review provides a focused and critical
evaluation of elastography in the diagnosis of OASIS. It
examines the potential contribution of biomechanical tis-
sue assessment alongside conventional imaging and clearly
distinguishes technical feasibility from validated diagnos-
tic and prognostic applications. The review highlights the
absence of prospective diagnostic accuracy studies in con-

firmed high-grade OASIS and outlines specific research
priorities that must be addressed before elastography can be
integrated into routine clinical practice. To our knowledge,
this is the first review dedicated exclusively to the assess-
ment of the role of elastography in OASIS diagnosis. The
central thesis of this review is that elastography may pro-
vide clinically relevant biomechanical information by quan-
tifying tissue stiffness, which reflects structural composi-
tion and remodeling of the anal sphincter complex. How-
ever, its diagnostic and prognostic value depends on the
establishment of reproducible associations among stiffness
patterns, confirmed structural injury, and functional out-
comes.

2. Background on OASIS

OASIS is recognized as a major cause of maternal
morbidity and often results in symptoms such as fecal
and flatus incontinence, as well as persistent perineal pain
[9]. Vaginal birth is a significant contributing factor to
pelvic floor dysfunction, affecting approximately 10% of
women who give birth every year. Most women under-
going surgery for related conditions, such as genital organ
prolapse and urinary or fecal incontinence, are also affected
by this issue [10]. The findings highlight a strong correla-
tion between perineal trauma and adverse postpartum out-
comes, including an increased risk of postpartum depres-
sion and anxiety, as well as a diminished quality of life
due to chronic pain [11]. It is crucial to understand the
anatomical and physiological changes in the anal sphinc-
ter complex that occur with age, particularly in the context
of childbirth, to ensure accurate diagnosis and management
of these disorders [12]. The integrity of the anal sphinc-
ter is fundamental to continence, and damage incurred dur-
ing childbirth can compromise its muscular and neurolog-
ical components, leading to long-term functional impair-
ment [ 13]. Physiological changes that affect sphincter mus-
cle and sensory functions, as well as potential damage to
the endopelvic fascia, contribute significantly to fecal in-
continence after delivery [12]. Furthermore, the complex
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relationship among anatomical damage, neurological dis-
ruption, and altered biomechanics necessitates the use of
highly sensitive diagnostic tools to accurately characterize
the extent and nature of these injuries.

3. Unmet Clinical Needs in OASIS Diagnosis

Accurate diagnosis of OASIS remains clinically chal-
lenging despite the availability of established imaging
modalities. Digital rectal examination, although routinely
performed in the immediate postpartum period, is operator-
dependent and may fail to detect occult or partial sphinc-
ter defects. Endoanal US, 3D US, and MRI are effective
in identifying structural discontinuity in the sphincter com-
plex; however, these techniques are primarily anatomical
and provide limited information on tissue composition and
mechanical integrity. They do not quantify biomechanical
properties such as tissue stiffness, which may reflect edema,
muscle disruption, fibrosis, or altered functional resilience.
Furthermore, conventional imaging does not assess biome-
chanical susceptibility to injury during pregnancy or quan-
tify changes in tissue properties during healing and rehabili-
tation. As a result, important aspects of sphincter integrity,
including subtle remodeling, early fibrotic changes, or al-
tered elastic behavior under stress, may not be fully char-
acterized by morphology alone. These limitations high-
light the need for complementary imaging approaches that
provide quantitative biomechanical information alongside
structural assessment.

4. Elastography: A Noninvasive Imaging
Modality

Elastography provides quantitative and qualitative in-
formation on tissue elasticity, which changes in injured
or fibrotic tissue. This technique measures the mechan-
ical properties of tissue by assessing its response to ap-
plied force, thereby distinguishing between healthy and
pathological tissue based on their relative stiffness [14].
Compared with conventional US, this noninvasive imag-
ing modality offers a significant advantage by providing in-
sight into the microstructural integrity of tissues, which is
crucial for identifying subtle changes indicative of OASIS.
Precise evaluation of the pelvic floor muscles is essential
for tailoring appropriate treatment. Consequently, integra-
tion of elastography into the diagnostic protocol for OASIS
could significantly improve the detection of subtle tissue al-
terations and provide objective, quantitative data to inform
clinical decision-making. This methodology is particularly
promising for distinguishing among muscle tears, scarring,
and edema, as these conditions often appear similar on con-
ventional imaging but have distinct elastic properties [14].
This capability is particularly beneficial for identifying oc-
cult injuries, in which subtle architectural distortion or fi-
brotic changes may contribute to symptoms such as fecal
incontinence or pelvic pain. Elastography can map tissue
stiffness in real time, which allows dynamic assessment of
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sphincter function and reveals areas of reduced contractility
or increased rigidity that are not apparent on static images.

4.1 Principles of Elastography

Elastography is based on the principle that changes in
tissue composition and structure may be reflected by alter-
ations in mechanical stiffness [14]. This approach enables
the quantitative assessment of tissue elasticity and provides
more detailed characterization of the anal sphincter muscu-
lature than conventional imaging techniques. The funda-
mental premise is that diseased or injured tissues often ex-
hibit altered mechanical properties compared with healthy
tissue. For example, fibrosis can lead to increased stiffness,
whereas edema can lead to decreased stiffness [15]. Ap-
plication of elastography in this context represents a sig-
nificant advance, as it moves beyond anatomical visualiza-
tion to functional tissue characterization [14]. Furthermore,
both US elastography and magnetic resonance elastography
(MRE) have been widely used to characterize tissue elastic-
ity in various medical contexts, which supports their value
as an adjunct to conventional imaging techniques [16].

4.2 Proposed Biomechanical Model Linking Tissue
Stiffness to Injury Risk and Functional Outcome

The central thesis of this review is that tissue stiff-
ness represents a measurable biomechanical dimension of
sphincter integrity that may influence susceptibility to per-
ineal injury, reflect structural disruption, and evolve dur-
ing post-repair remodeling. However, its clinical utility de-
pends on demonstrating reproducible associations with con-
firmed structural injury and functional outcomes.

An emerging model suggests that stiffness of the per-
ineal body and EAS, as measured by SWE, may be asso-
ciated with mechanical resilience during vaginal delivery.
This model integrates biomechanical measurement, com-
putational modeling, and clinical observations, while rec-
ognizing that the current evidence remains preliminary.

4.2.1 Injury Susceptibility: Antenatal Stiffness and Tear
Risk

Pregnancy induces adaptive remodeling of pelvic
floor tissues. Animal studies show increases in pelvic floor
muscle stiffness and sarcomere number, which may en-
hance resistance to mechanical strain during delivery. In
human studies, women with higher EAS stiffness during
Valsalva in late pregnancy (27.0 kPa vs. 18.2 kPa) had
a lower incidence of perineal tears, which suggests that
greater stiffness may confer mechanical resilience under in-
trapartum stress [5,17].

These findings support the hypothesis that antena-
tal stiffness assessment could contribute to risk stratifica-
tion, although prospective validation in larger cohorts is re-
quired.
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4.2.2 Anatomical Vulnerability: The Perineal Body as a
Mechanical Hub

Computational modeling identifies the superior per-
ineal body and its junction with the urogenital hiatus and
anal sphincter complex as regions of maximal mechanical
stress during childbirth, with reported stretch ratios that ap-
proach 1.95 and stress concentration near the EAS.

Elastographic data further indicate that a larger per-
ineal body area at rest during labor is associated with in-
creased tear risk (1.0 vs. 0.3 cm?, p < 0.01). Together,
these findings suggest that both tissue stiffness and anatom-
ical geometry influence mechanical load distribution during
delivery [18,19].

4.2.3 Structural Disruption and Postnatal Remodeling

After delivery and surgical repair, healing involves
collagen deposition and scar formation, which may increase
tissue stiffness without restoring normal contractility. Post-
natal studies show that increased pelvic floor muscle stiff-
ness is associated with forceps delivery and pelvic floor
symptoms, suggesting that excessive stiffness may reflect
trauma or maladaptive remodeling rather than functional re-
covery [20,21].

Residual sphincter defects, reduced manometric pres-
sures, IAS defects, and levator avulsion remain indepen-
dent predictors of anal incontinence [22,23]. Importantly,
increased stiffness should not be interpreted as synonymous
with restored functional competence.

Ex vivo studies demonstrate distinct stiffness profiles
across perineal tissues, including skin, vaginal wall, EAS,
IAS, and anal mucosa. These differences likely reflect
specialized mechanical roles during childbirth and variable
susceptibility to injury [24,25].

4.3 Types of Elastography Techniques

The aforementioned techniques, which include strain
elastography, SWE, and MRE, each leverage distinct prin-
ciples to quantify tissue stiffness, and offer varying degrees
of penetration depth, spatial resolution, and applicability to
different anatomical regions.

Strain elastography measures tissue deformation in re-
sponse to an applied force, typically manual compression or
physiological motion. The technology provides qualitative
or semiquantitative maps of relative tissue stiffness and is
widely utilized for the characterization of breast, thyroid,
and prostate lesions. Its advantages include simplicity and
broad availability; however, it is operator-dependent and
less reproducible than SWE, with limited quantitative ca-
pability [1-4]. Strain elastography assesses tissue defor-
mation in response to external compression and provides a
qualitative or semiquantitative measure of stiffness based
on visual color mapping or strain ratios [14].

SWE generates and tracks the propagation speed of
shear waves induced by acoustic radiation force. The mea-
sured shear wave velocity is directly related to tissue stiff-

ness, allowing quantitative assessment. It is used for liver
fibrosis staging, musculoskeletal evaluation, and tumor
characterization. SWE provides quantitative stiffness mea-
surements with reported moderate-to-good reproducibility,
although reliability varies by anatomical site, acquisition
protocol, and operator experience [14,26—29]. This nonin-
vasive approach enables quantitative assessment of tissue
stiffness and may detect biomechanical alterations that are
not apparent on conventional imaging (Fig. 1). On the other
hand, 3D endoanal US enables detailed visualization of the
anal sphincter complex and accurate identification of OA-
SIS (Fig. 2).

MRE uses low-frequency mechanical vibrations in
conjunction with MRI to visualize shear wave propagation,
thereby facilitating whole-organ stiffness mapping. MRE
is regarded as the most precise noninvasive technique for
liver fibrosis staging and is used with increasing frequency
for other organs. It interrogates large tissue volumes and is
less affected by obesity, but it is limited by cost, availabil-
ity, and susceptibility to iron overload or ascites [9—14].

While MRE methods such as atomic force microscopy
may provide insight into tissue biomechanics at the cellu-
lar level, they are currently research tools and not clinically
applicable for OASIS diagnosis. Therefore, this review fo-
cuses on US-based elastography techniques [14].

Each method contributes uniquely to the diagnostic
landscape, with atomic force microscopy-based elastogra-
phy also emerging as a high-resolution technique for as-
sessing biomechanical properties at the cellular level. This
approach is particularly useful for understanding the mi-
crostructural changes associated with disease progression
[30], although it currently faces technical and practical chal-
lenges that limit its clinical applicability [31].

5. Clinical Studies and Evidence

The utilization of elastography in the diagnosis of OA-
SIS is a relatively recent development. Numerous qualita-
tive studies have examined this field. In a study by All-
gayer et al. [15], visual elastogram color (i.e., qualitative
assessment) was compared with area-based quantification
of elastic properties of IAS vs. EAS in patients with fe-
cal incontinence from various causes (e.g., surgery, Crohn’s
disease), not limited to obstetric cases. The authors re-
ported differences in elastogram color distribution between
IAS and EAS. However, no significant correlation was ob-
served between elastography findings and clinical or func-
tional parameters, including incontinence severity. Elas-
tography reveals various stiffness patterns; however, its
clinical diagnostic value in these cases remains uncertain
[15]. The study by Gachon et al. [17] on pelvic floor mus-
cles and EAS stiffness during pregnancy is among the more
recent research in this field and suggests a potential predic-
tive value, with greater EAS stiffness associated with fewer
tears. In this study, nulliparous pregnant women were an-
alyzed according to the following schedule: three checkup
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Fig. 1. Elastographic comparison between two regions of interest (ROIs), labeled A and B, demonstrating different stiffness

characteristics. Color mapping illustrates relative differences in tissue elasticity/density, highlighting the ability of elastography to

distinguish tissues with varying biomechanical properties (photo by KDS).

visits during pregnancy at 14 to 18 weeks, 24 to 28 weeks,
and 34 to 38 weeks. The objective of the study was to mea-
sure the elastic properties (i.e., shear modulus, via SWE)
of the levator ani muscle and the EAS, both at rest and
during the Valsalva maneuver. The findings of the present
study indicate no significant changes in the elastic proper-
ties of the skin across pregnancy. However, in the latter
group, women with an intact perineum at the time of de-
livery exhibited higher EAS stiffness (shear modulus) dur-
ing the Valsalva maneuver in late pregnancy, in compar-
ison to those who sustained perineal tears. This suggests
that greater EAS stiffness under stress may be protective,
whereas lower stiffness may predispose to tearing [5]. In a
subsequent study conducted in 2023, an in vivo evaluation
of the elastic properties of the EAS was performed in nul-
liparous pregnant women (aged >37 weeks) using SWE.
The reliability of SWE measurements of the EAS was mea-
sured under various conditions, including rest, the Valsalva
maneuver, and maximal contraction. Additionally, reliabil-
ity was assessed across different observers and within the
same session. Regarding relevance to the diagnosis of OA-
SIS, excellent intraobserver reliability at rest was reported
(intraclass correlation coefficients [ICC] ~0.91), with good
reliability during Valsalva and contraction. Interobserver
reliability was good to moderate, depending on the condi-
tion. Elastography of the EAS appears to be a reliable di-
agnostic tool at term, provided that specific conditions are
met. While it does not directly diagnose OASIS, it provides
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evidence of feasibility and reliability [5]. A recent study by
Lallemant et al. [19] examined perineal body biometrics
and stiffness during labor using SWE. Perineal body area at
rest was significantly larger in women who sustained per-
ineal tears (1.0 cm? vs. 0.3 cm?, p < 0.01), whereas per-
ineal body stiffness was not significantly associated with
perineal tears (18.0 kPa vs. 37.4 kPa, p = 0.1). These find-
ings suggest that anatomical dimensions may be more pre-
dictive than tissue stiffness alone; however, the small sam-
ple size warrants cautious interpretation.

The study used elastography in a small sample of
women who delivered vaginally in order to analyze the size
(e.g., area, length) of the perineal body, the EAS, the IAS,
the anal mucosa, as well as the stiffness via SWE at rest and
during the Valsalva maneuver in labor. The results revealed
that the perineal body area at rest before expulsive efforts
was larger in women who sustained perineal tears. Further-
more, changes in perineal body dimensions were observed
between the onset of labor and the expulsive phase. How-
ever, all tears in this cohort were first-degree. This finding
suggests a potential correlation between stiffness and the
risk of tearing [19].

The usefulness of elastography was also assessed in
patients with rectal cancer receiving chemoradiotherapy.
Real-time strain elastography (RTE) was performed via en-
doanal US, with the objective of evaluating the stiffness
(“elasticity”) of the IAS and relating it to the resting pres-
sure measured by manometry. The findings revealed a trend
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of inverse correlation, albeit not statistically significant,
whereby a stiffer sphincter (i.e., lower strain) was associ-
ated with lower resting pressure. The application of RTE
to endoanal ultrasonography enabled the establishment of a
method to evaluate IAS elasticity [8].

Based on the current literature, SWE of the EAS ap-
pears feasible in terms of pregnant women, with reported
intraobserver ICC values approaching 0.90 under resting
conditions and moderate-to-good interobserver agreement,
depending on the measurement settings [5]. Preliminary ev-
idence suggests that women who exhibit a higher degree
of EAS stiffness under specific conditions (e.g., Valsalva)
during pregnancy may demonstrate a reduced risk of per-
ineal tears. This finding suggests the potential for its use
in predicting future outcomes [5]. There is limited defini-
tive evidence linking elastography measurements to higher-
degree OASIS (i.e., third- and fourth-degree tears), or to
the diagnosis of existing sphincter defects. Most studies
are small in scale, and the tears assessed are either first-
degree or defined as general perineal tear rather than con-
firmed OASIS. Comparison with US imaging (e.g., 2D/3D
transperineal US [TPUS], endovaginal US [EVUS]) and en-
doanal US remains the standard for the detection of anatom-
ical defects. Numerous studies have compared the sen-
sitivity, specificity, and other performance metrics of di-
verse US modalities. However, recent reviews have not
demonstrated compelling evidence that elastography signif-
icantly improves or contributes meaningfully to the OASIS
diagnosis. It may serve as a complementary tool [32]. In
cases where anatomical defects are detected by US, corre-
lations with anal incontinence symptoms and manometry
findings, including lower resting and squeeze pressures, are
frequently observed.

Elastography quantifies tissue stiffness, which may re-
flect underlying tissue composition and structural changes
(e.g., edema, tearing, fibrosis). However, current evidence
that links stiffness measurements to injury severity cate-
gories and long-term functional outcomes remains limited
and inconsistent. Therefore, elastography findings should
be interpreted as complementary biomechanical informa-
tion rather than a validated surrogate for clinical severity or
prognosis. For example, the study by Allgayeretal. [15] on
fecal incontinence showed differences in stiffness patterns
but no strong correlation with incontinence severity. Fu-
ture studies should distinguish feasibility and reproducibil-
ity outcomes from diagnostic accuracy and from prognostic
or functional correlations, as these represent distinct levels
of evidence.

While elastography offers significant advantages in
the assessment of OASIS, there are limitations to its use.
These relate primarily to operator dependency, technical
constraints, and the need for standardized protocols. In ad-
dition to the favorable findings reported in existing studies,
it is imperative to emphasize the key caveats and gaps in
the current evidence. Many elastography studies are pilot

in nature, with limited sample sizes and few higher-degree
OASIS cases. A significant proportion of studies that ex-
amine the perineal body using elastography often report
a predominance of first-degree tears. Data on third- and
fourth-degree tears, and on the performance of elastogra-
phy in these cases, remain limited. Longitudinal data re-
mains scarce, with limited information regarding alterations
in stiffness after repair and whether early postpartum elas-
tography can predict long-term outcomes, including conti-
nence and quality of life.

To date, a variety of methods have been employed.
Several factors must be considered, including the type of
device, the probe, the measurement conditions (rest, Val-
salva, or contraction), operator dependency, definitions of
“stiff” vs. “soft”, and the region-of-interest (ROI). The cor-
relation between function and symptoms remains unclear.
Although identification of anatomical or stiffness differ-
ences is important, the key clinical value lies in the ca-
pacity to detect injury or altered elasticity for diagnostic
and management purposes. Indeed, this ability to iden-
tify such changes may enable interventions that improve
outcomes. However, it remains unclear whether elastog-
raphy provides sufficient diagnostic value compared with
established imaging techniques (i.e., endoanal ultrasound
[EAUS], 3D TPUS, MRI) to justify its incorporation into
routine postpartum screening for OASIS [5,19,33].

Based on the current evidence, it is imperative to em-
phasize the potential roles for elastography in this field.
The utilization of this technique during pregnancy or labor
may be a viable option for the purpose of risk stratifica-
tion. If larger-scale studies demonstrate that specific stiff-
ness metrics (e.g., EAS stiffness, perineal body dimensions
and stiffness) can reliably predict the risk of perineal tears
or sphincter injury, elastography could assist in the iden-
tification of women at higher risk who may benefit from
preventive strategies such as perineal support, episiotomy,
or modified pushing techniques. Elastography has the po-
tential to complement US imaging, particularly in centers
where EAUS or high-quality US is available, by incorpo-
rating a functional component (stiffness) into anatomical
assessment. Following OASIS repair, elastography may
facilitate monitoring of the healing process and may cor-
relate with functional outcomes, such as reduced elastic-
ity associated with fibrosis or scar formation. Finally, this
method may support research and improve understanding
of pathophysiology by clarifying the alterations that occur
in the sphincter and pelvic floor muscles during pregnancy,
labor, and the postpartum period, as well as the progression
of stiffness, its correlation with tearing, and the processes
involved in recovery.

Notwithstanding the aforementioned limitations, on-
going advances in elastography technology, including im-
proved transducer designs and sophisticated image process-
ing algorithms, continue to expand its diagnostic capabili-
ties and reduce technical artefacts.

&% IMR Press


https://www.imrpress.com

6. Advantages of Elastography in OASIS
Diagnostic

The application of elastography for diagnosing OA-
SIS presents several significant advantages over traditional
imaging modalities, primarily by providing quantitative
measures of tissue mechanical properties that may reflect
injury severity and healing-related tissue changes.

A A
At bl

Fig. 2. 3D endoanal US image of the anal sphincter com-
plex. The circled hypoechoic region indicates a disruption in-
volving more than 50% of the thickness of the EAS, consis-
tent with a Grade 3B OASIS. The IAS appears preserved. This
noninvasive approach offers superior sensitivity for the detection
of subtle tissue abnormalities, such as fibrosis, hematoma, and
edema. The area of interest is encircled (photo by KDS). 3D,
three-dimensional; EAS, external anal sphincter; IAS, internal
anal sphincter.

Specifically, elastography has the capacity to differen-
tiate between muscle tears and fibrotic scar tissue, a distinc-
tion that is critical for prognosis and for guiding subsequent
therapeutic interventions (Fig. 1). Furthermore, the quanti-
tative nature of elastographic measurements allows for pre-
cise monitoring of healing progression and the assessment
of the effectiveness of rehabilitation strategies, which of-
fers a stronger basis for clinical decision-making [14]. This
technological advancement enables clinicians to move be-
yond subjective assessments and provides objective data
that can inform personalized treatment plans and improve
long-term outcomes for patients with OASIS. Beyond di-
agnosis, the potential of elastography to provide real-time
feedback during pelvic floor muscle training is significant,
which could optimize rehabilitation protocols by enabling
targeted exercises that address specific areas of sphincter
weakness or fibrosis. This approach may enhance func-
tional recovery.
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7. Potential Diagnostic Applications

Elastography is a promising adjunct technique in the
assessment of OASIS, as it provides quantitative measures
of tissue stiffness that may reflect underlying muscle dam-
age and fibrotic changes. However, current evidence does
not yet demonstrate clear superiority over established imag-
ing modalities. Evidence from other clinical fields (e.g.,
breast imaging) demonstrates that elastography can im-
prove tissue characterization when combined with conven-
tional US. However, these findings cannot be directly ex-
trapolated to OASIS, where the diagnostic task focuses on
the identification of sphincter discontinuity and structural
defects. Therefore, cross-domain evidence is presented
herein only to illustrate the general capabilities of elastogra-
phy rather than to support diagnostic performance in OASIS
[34,35].

It is important to acknowledge that prospective di-
agnostic accuracy studies evaluating elastography in con-
firmed high-grade (third- or fourth-degree) OASIS are no-
tably absent from the current literature. No published study
has systematically reported sensitivity, specificity, or pre-
dictive values for elastography in detecting anal sphincter
injuries using established reference standards such as en-
doanal US or MRI. The available evidence is limited to
feasibility and reliability data from small cohort studies,
which demonstrate technical feasibility but do not allow
conclusions regarding true diagnostic performance. No-
tably, recent meta-analyses that evaluate the diagnostic per-
formance of US modalities for OASIS have not included
elastography as a diagnostic modality [8]. The lack of di-
agnostic accuracy studies in high-grade OASIS represents
a critical evidence gap and is identified as a key research
priority.

7.1 Early Detection of Sphincter Defects

Elastography may facilitate the detection of subtle or
occult sphincter abnormalities that are difficult to identify
with conventional imaging, potentially enabling earlier in-
tervention and preventing the risk of long-term complica-
tions such as fecal incontinence [36,37]. However, this po-
tential remains unvalidated in prospective studies, and the
clinical significance of elastography-detected abnormalities
has yet to be established.

7.2 Noninvasive Nature and Patient Comfort

As a non-ionizing imaging modality, elastography
avoids the risks associated with radiation exposure and is
a safe option for repeated assessments, particularly impor-
tant in patient populations that require frequent monitoring.
Furthermore, the relatively short acquisition time and real-
time imaging capabilities of US-based elastography en-
hance patient comfort, facilitating broader acceptance and
applicability in clinical settings [38].


https://www.imrpress.com

7.3 Quantitative Assessment of Sphincter Integrity

The ability to quantify tissue stiffness numerically of-
fers the potential for an objective and reproducible met-
ric for assessing the structural integrity and functional sta-
tus of the anal sphincter complex, potentially distinguish-
ing among healthy tissue, acute tears, and chronic fibrotic
changes. In principle, these objective data may allow for a
more precise classification of injury severity and assist in
the development of tailored treatment strategies. However,
validated stiffness thresholds that distinguish injury grades
have not been established, and studies with adequate power
have not demonstrated correlations between elastographic
parameters and clinical outcomes. This quantitative assess-
ment may also enable longitudinal monitoring of healing
post-repair and may provide insight into the efficacy of sur-
gical interventions and guide rehabilitation protocols, yet
this application remains investigational [38,39].

7.4 Elastography Techniques for OASIS Assessment

Various elastography techniques, including transper-
ineal and endoanal approaches, have been adapted to the
specific anatomical characteristics of the anal sphincter.
Each approach offers distinct theoretical advantages in ac-
cessibility, resolution, and ability to characterize the com-
plex multilayered structure of the sphincter [8,37].

7.4.1 Transperineal Elastography

Transperineal elastography, performed via an exter-
nal approach, offers a noninvasive and comprehensive
overview of the entire anal sphincter complex and may be
useful for initial screening and follow-up examinations in a
less intrusive manner [40,41].

7.4.2 Endoanal Elastography

Endoanal elastography has the potential to provide
higher-resolution images and more localized strain mea-
surements by placing the transducer directly within the anal
canal. Theoretically, this approach allows detailed assess-
ment of individual sphincter layers and more precise iden-
tification of specific defects or areas of fibrosis. This di-
rect contact may also minimize artefacts and signal attenu-
ation, potentially providing clearer elastographic maps for
detailed diagnostic analysis. This technique is proposed as
being particularly advantageous for the evaluation of com-
plex or recurrent injuries, with the potential to offer a re-
fined understanding of the sphincter’s biomechanical state
and to aid in the precise surgical planning. However, com-
parative diagnostic accuracy data are lacking [8].

8. Operator Dependency

The accuracy and reliability of elastographic measure-
ments are contingent on the skill and experience of the
sonographer. Sonographers should recognize that consis-
tent probe application and image acquisition are crucial to
obtaining valid data. This inherent subjectivity necessi-

tates extensive training and adherence to standardized pro-
tocols to mitigate interoperator variability and ensure repro-
ducibility of results, particularly in complex cases such as
OASIS assessment. Furthermore, the learning curve associ-
ated with mastering advanced elastography techniques may
impede its widespread adoption in general clinical prac-
tice. The standardization of imaging protocols, coupled
with the emergence of artificial intelligence (AI)-driven
analysis tools, has the potential to mitigate this dependency,
thereby enhancing the reliability and accessibility of the
technique [42]. The diagnostic efficacy of elastography can
also be hampered by technical constraints, such as the in-
herent limitations of US signal penetration in obese patients
or the presence of gas within the bowel, which can obscure
the anal sphincter and compromise image quality. Further-
more, anatomical variations or prior surgical interventions
may alter normal tissue architecture, thus challenging the
accurate interpretation of stiffness measurements and po-
tentially leading to misdiagnosis [43]. These challenges un-
derscore the ongoing need for advanced technological solu-
tions and rigorous training methodologies to fully harness
the potential of elastography in clinical settings. Ongoing
research aims to overcome these technical hurdles through
innovations in transducer design, software algorithms, and
the integration of machine learning (ML) for automated im-
age analysis. These advances will improve the robustness
and applicability of elastography across diverse patient pop-
ulations.

The complexity of elastography requires a substantial
learning curve for operators to achieve proficiency, which
impacts widespread clinical adoption of this advanced di-
agnostic modality. This includes not only the acquisition
of high-quality elastograms but also their accurate interpre-
tation, often requiring specialized training beyond conven-
tional US education.

8.1 Cost Considerations

The initial investment in elastography equipment and
the ongoing costs associated with specialized training for
personnel can present a significant barrier to implemen-
tation, particularly in healthcare settings with limited re-
sources. Furthermore, maintenance and upgrading of these
sophisticated systems add to the long-term financial bur-
den, making careful cost-benefit analyses essential before
widespread integration.

8.2 Advancements in Elastography Technology

These innovations include the development of higher-
frequency probes that offer improved spatial resolution, as
well as novel elastography techniques such as SWE and
strain elastography, which provide quantitative measure-
ments of tissue stiffness [44]. The further integration of
Al and ML algorithms may automate image analysis and
enhance diagnostic accuracy, thereby reducing operator de-
pendency and improving the efficiency of elastography in
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clinical practice [45]. The application of AI/ML models
has the potential to facilitate a more nuanced understanding
of tissue characteristics by identifying subtle patterns not
discernible to the human eye. This, in turn, may improve
diagnostic precision and potentially reduce the necessity for
invasive procedures [45].

The integration of Al and ML algorithms is poised
to revolutionize the interpretation of elastographic data by
enabling automated segmentation, classification, and quan-
tification of tissue stiffness, thereby enhancing diagnostic
accuracy and reproducibility. This integration is pivotal
in addressing current limitations, including operator depen-
dency and the demanding learning curve, by offering objec-
tive and consistent analyses of elastography images.

These advanced computational methods are capable
of analyzing large elastography datasets, identifying sub-
tle patterns indicative of injury and disease progression that
may be overlooked by human interpretation, thereby en-
hancing diagnostic precision. Specifically, image-based
deep learning algorithms have demonstrated considerable
potential in medical imaging, offering automated interpre-
tation and improved diagnostic accuracy across a range of
modalities, including echocardiography and general wound
assessment. These Al-driven approaches can recognize
complex patterns and features within medical images that
are not readily discernible to the human eye. This provides a
new perspective on which image features are most valuable
for decision support [46]. The application of deep learning
in elastography has the potential to significantly alleviate
the workload on healthcare providers while simultaneously
improving the sensitivity of early detection for anal sphinc-
ter injuries.

9. Limitations

Although elastography shows investigational poten-
tial in the assessment of OASIS, the available evidence
derives predominantly from small pilot studies with lim-
ited sample sizes, and there is a notable scarcity of inves-
tigations that specifically evaluate higher-grade (third- and
fourth-degree) OASIS. Several studies have reported neu-
tral or negative findings that warrant cautious interpretation
of novel imaging approaches. Huber ef al. [4] reported that
3D-EAUS performed in a maternity ward setting did not
provide additional diagnostic value beyond clinical exam-
ination, with a sensitivity of 30.4% and a positive predic-
tive value of 9.9%. Similarly, Taithongchai ef al. (2019)
[33] reported low positive predictive values (0.37-0.63) for
introital and transperineal US in identifying sphincter de-
fects, concluding that these modalities may have limited re-
liability for definitive defect identification. The American
College of Obstetricians and Gynecologists (ACOG, 2018)
[47] reported a false-positive rate of approximately 24% for
endoanal ultrasonography and does not recommend routine
postpartum EAUS for occult OASIS screening. In the con-
text of perineal body assessment, Zhou et al. [48] found no
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statistically significant association between perineal body
measurements and levator hiatal area, suggesting that iso-
lated morphometric parameters may not adequately reflect
pelvic floor support. Taken together, these findings sug-
gest that both conventional US modalities and emerging
elastography techniques face important diagnostic limita-
tions. At present, no imaging modality has demonstrated
sufficiently robust and reproducible diagnostic accuracy to
independently redefine OASIS classification or replace es-
tablished multimodal clinical assessment.

Additional limitations specific to elastography in-
clude substantial heterogeneity across studies in equip-
ment, probes, acquisition protocols, measurement condi-
tions (rest, Valsalva maneuver, contraction), and stiffness
quantification methods. This variability limits the compa-
rability and generalizability of the findings. Vukasovi¢ et
al. [49] further highlighted significant heterogeneity in per-
ineal body imaging methodologies across published stud-
ies, emphasizing the urgent need for consensus acquisition
protocols and standardized reporting frameworks before
elastography can be integrated into routine clinical practice.
Elastographic assessment also remains operator-dependent
and involves a learning curve, which may influence repro-
ducibility in routine clinical settings.

Furthermore, longitudinal data that evaluate whether
elastographic parameters correlate with clinically meaning-
ful long-term outcomes, such as anal continence, quality of
life, or response to surgical repair and rehabilitation, remain
lacking.

Importantly, these methodological and evidentiary
limitations directly impair routine clinical implementation.
In the absence of validated normative reference ranges,
clinicians cannot reliably determine whether a measured
stiffness value reflects physiologic variation or pathologic
change. Heterogeneity in acquisition protocols and equip-
ment prevents reproducible application across centers, lim-
iting external validity and widespread adoption. Without
robust prospective diagnostic accuracy data relative to es-
tablished reference standards, elastography cannot be in-
tegrated into diagnostic algorithms or justify modification
of existing OASIS classification systems. Moreover, the
lack of demonstrated correlation with long-term functional
outcomes prevents stiffness measurements from informing
prognosis, surgical planning, or rehabilitation strategies.
As a result, elastography currently remains an investiga-
tional or adjunctive modality rather than a validated com-
ponent of standard OASIS assessment.

To translate elastography from an investigational
modality into a clinically integrated diagnostic adjunct, sev-
eral structured research objectives must be addressed. Nor-
mative reference values for EAS and perineal body stiff-
ness should be established through adequately powered,
multicenter studies, stratified by parity, gestational stage,
and measurement conditions. Prospective diagnostic ac-
curacy trials that directly compare elastography with es-


https://www.imrpress.com

tablished reference standards, such as endoanal US and/or
MRI, in women with clinically confirmed high-grade OA-
SIS are required, with systematic reporting of sensitivity,
specificity, predictive values, and likelihood ratios. Longi-
tudinal outcome studies are necessary to determine whether
elastographic parameters correlate with clinically meaning-
ful endpoints, including anal continence, symptom severity,
quality of life, and response to surgical repair or rehabilita-
tion. Finally, methodological standardization through con-
sensus guidelines that address probe selection, ROI place-
ment, acquisition protocols, measurement conditions, and
stiffness reporting units is essential to ensure reproducibil-
ity and cross-study comparability. Addressing these de-
fined research priorities will determine whether elastogra-
phy remains a research tool or evolves into a validated ad-
junct in OASIS diagnostics.

10. Conclusions

While elastography presents a promising noninvasive
diagnostic tool for OASIS, its widespread adoption hinges
on overcoming current technical challenges and improv-
ing accessibility. Continued research and technological ad-
vancements, particularly integration of Al for automated
analysis, are critical to realize its full potential in clini-
cal practice. Elastography is an emerging tool in obstet-
ric and pelvic floor imaging, particularly SWE and strain
elastography. Current evidence supports its feasibility and
reliability in measuring EAS stiffness during pregnancy,
with early data suggesting a potential role in risk stratifi-
cation, postpartum monitoring, and possibly early detec-
tion of occult sphincter injury. However, for established
OASIS, endoanal US, 3D US (translabial or transperineal),
and MRI remain the reference standards. On the contrary,
manometry serves as a complementary functional assess-
ment tool. Further multicenter studies with standardized
protocols, validated reference ranges, and integration of Al
are required to define the diagnostic and prognostic value
of elastography in this field.
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