Submitted 16 September 2024
Accepted 18 November 2025
Published 9 January 2026

Corresponding authors

Peby Maulina Lestari,
pebymaulinalestari@fk.unsri.ac.id
Bella Stevanny,
bellastevanny@student.unsri.ac.id

Academic editor
Faiza Farhan

Additional Information and
Declarations can be found on
page 12

DOI 10.7717/peerj.20551

© Copyright
2026 Lestari et al.

Distributed under
Creative Commons CC-BY 4.0

OPEN ACCESS

Comparative analysis of transvaginal
and transabdominal sliding sign for
predicting intra-abdominal adhesions
prior to repeat cesarean section: a single
center study

Peby Maulina Lestari"’, Imas Kartika Dewi B, Abarham Martadiansyah',
Theodorus Theodorus?, Nuswil Bernolian', Putri Mirani',
Muhammad Al Farisi Sutrisno' and Bella Stevanny'

! Department of Obstetrics and Gynecology, Dr. Mohammad Hoesin General Hospital, Faculty of Medicine,
Sriwijaya University, Palembang, South Sumatra, Indonesia

? Department of Pharmacology, Sriwijaya University, Palembang, South Sumatra, Indonesia
" These authors contributed equally to this work.

ABSTRACT

Background. Caesarean section plays a crucial role in ensuring the health of both
mother and newborn, especially when complications arise or are anticipated. However,
the increasing global prevalence of caesarean section brings along significant postopera-
tive challenges, notably pelvic adhesions, which can impact subsequent pregnancies and
surgeries. Non-invasive preoperative assessment methods, such as ultrasonography,
offer promise in enhancing surgical planning and patient outcomes.

Objective. This study aims to evaluate the accuracy of transabdominal and transvaginal
sliding sign in detecting intraabdominal adhesions in third-trimester pregnant women
with a history of caesarean section.

Method. This diagnostic study recruited 35 third-trimester pregnant women with a
history of cesarean section undergoing scheduled repeat cesarean at a tertiary referral
hospital. All participants underwent both via transvaginal (TV) and transabdominal
(TA) ultrasound before surgery. The presence of a positive or negative sliding sign
was recorded for each modality. Intra-abdominal adhesions were confirmed intra-
operatively and used as the gold standard. Diagnostic accuracy was calculated for
each modality. Comparative analysis was conducted across patient characteristics and
outcomes.

Result. All 35 patients underwent both TA and TV ultrasound evaluations (within-
subject design). The majority of participants were aged between 31 and 40 years
(68.6%), were multigravida (65.7%), and had undergone two caesarean sections
(51.4%). The sliding sign was negative in 18 (51.4%) and 17 (48.6%) patients using
TA and TV approaches, respectively. Both modalities showed high sensitivity (93.75%)
and specificity (84.21%) in detecting adhesions. There was no statistically significant
difference between TA and TV sliding signs in relation to age or obstetric status.
Comparative analysis of both modalities showed equivalent diagnostic performance.
Conclusion. Both transabdominal and transvaginal sliding sign evaluations demon-
strate high accuracy in detecting intra-abdominal adhesions in women undergoing
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repeat cesarean section. The within-subject comparison suggests either modality may
be reliably used depending on clinical and logistic factors.

Subjects Gynecology and Obstetrics, Radiology and Medical Imaging, Women’s Health

Keywords Caesarean section, Intraabdominal adhesion, Sliding sign, Transabdominal
ultrasound, Transvaginal ultrasound

INTRODUCTION

Cesarean section (CS) is the most commonly performed major surgical procedure world-
wide and continues to increase in frequency across both low- and high-resource settings.
According to the World Health Organization, cesarean delivery rates have reached over
21% globally, with some countries reporting rates exceeding 40%. This trend has raised
important concerns regarding the long-term maternal consequences of repeated CS,
including the formation of intra-abdominal adhesions (Boerma et al., 2018; Biccard et al.,
2018). Intra-abdominal adhesions are fibrous bands that form between tissues and organs,
often as a result of surgical trauma. Predominantly, these adhesions manifest within the
vesicouterine pouch, situated between the uterus and the anterior abdominal wall (Moro
et al., 2015). Intra-abdominal adhesions occur in up to 74% of women undergoing repeat
cesarean delivery and are associated with increased operative time, accidental injury to
bowel or bladder, excessive bleeding, and challenges in future pelvic surgeries or fertility
procedure (Pokhrel et al., 2022). Despite their clinical importance, adhesions remain
difficult to detect non-invasively prior to surgery.

The “sliding sign” is a dynamic ultrasonographic feature that assesses the gliding
movement between the uterus and the anterior abdominal wall during maternal res-
piration. It has emerged as a promising, simple, non-invasive tool for preoperative
prediction of adhesions. The noninvasive detection of pelvic adhesions following CS in
an outpatient setting presents several significant benefits. For symptomatic women not
intending pregnancy, it allows for adhesion identification and subsequent counseling
on management strategies. Additionally, informing the obstetrician about extensive
adhesions preoperatively enables better surgical planning and enhances operative safety
(Holland et al., 2010; Hudelist et al., 2009). The sliding sign ultrasonography technique
in assessing pre-operative adhesions can be performed both transabdominally and
transvaginally. A previous study by Ayachi et al. (2018) reported transvaginal sliding
sign had a sensitivity of 96.3%, specificity 92.6% to predict adhesions. However, the
transvaginal route may not always be acceptable or feasible in all obstetric settings,
particularly during the third trimester. Transabdominal ultrasound, which is more
routinely performed during pregnancy, could provide a more accessible alternative.
Nevertheless, data comparing the accuracy of transabdominal and transvaginal sliding
signs in predicting adhesions prior to repeat cesarean delivery remain limited, especially
in Southeast Asian populations. The ability to predict severe adhesions based on non-
invasive sliding sign examination will provide safer surgical planning and techniques for
patients with a history of surgery (Stocker, Glazebrook ¢ Cheong, 2014). This study aimed
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to evaluate and compare the diagnostic accuracy of transabdominal and transvaginal
sliding signs for predicting intra-abdominal adhesions in third-trimester pregnant women
with a history of cesarean section. Our outcome measures included sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and overall accuracy

for both ultrasound modalities. Furthermore, we explored potential clinical markers,
including incision type and keloid formation, which may correlate with the presence of
adhesions. This research seeks to bridge a gap in current knowledge by identifying reliable
preoperative tools that may reduce surgical complications and optimize obstetric care.

MATERIALS & METHODS

This is a diagnostic accuracy study with a within-subject design on third trimester preg-
nant women who have a previous history of caesarean section and are planned to undergo
caesarean delivery in the Obstetrics and Gynecology Department of Mohammad Hoesin
Hospital Palembang. Patients with placenta previa/accreta, multiple pregnancy, uterine
anomaly, and emergency CS were excluded from the study. The recruitment period of
this study started from September 1st 2020 to August 31st 2021. The minimum sample
size was calculated using Lemeshow formula using confidence level of 95%, power level of
90%, and intraabdominal adhesion following CS prevalence rate of 84.21% from Hudelist
et al. (2009) was 35 subjects. Written informed consent for participation in the study was
obtained from all subjects. All participants underwent both via transvaginal (TV) and
transabdominal (TA) ultrasound performed consecutively by experienced maternal-fetal
medicine specialists (>10 years of experience in obstetric ultrasonography), who was
blinded to the intraoperative findings. This uniformity ensured consistency and mini-
mized inter-operator variability. A GE Voluson™ P8 ultrasound machine (GE Healthcare,
Oberosterreich, Austria) equipped with both a convex abdominal probe (2-5 MHz) and
an endovaginal probe (5-9 MHz) was used to perform the transabdominal and transvagi-
nal sliding sign assessments, respectively. Each patient served as her own control, allowing
direct comparison of the two modalities within the same clinical conditions. Data
matching was carried out based on the variables age, obstetric status, and history of CS.
The sliding sign was evaluated according to standardized criteria. For transabdominal
ultrasound examination, the probe was placed directly above perpendicular to the CS
incision mark. During examination, the probe was slightly moved back and forth along
the scar and perpendicular to it. The patient was then asked to take a deep breath to see
the sliding or shift of the uterus caudally under the parietal peritoneum and transversalis
fascia. Uterine displacement against the abdominal wall indicated a positive sliding sign.
When there is no movement of the structures mentioned above, the sliding sign is consid-
ered negative. Transvaginal ultrasound examination was done by placing the transvaginal
probe on the anterior vaginal wall with slow pressing and releasing movements to see
movement between the vesicouterine fold and the anterior uterine side. A structure
experiencing “sliding” would swing easily and indicated signs of positive sliding. The
uterine fundus could also be mobilized with the hands to maximize swing. The probe was
then placed again in front of the cervix, applying pressure to the fundus and mobilizing
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Figure 1 Sliding sign assessment using dynamic transvaginal sonography. (A) Transvaginal probe
is inserted into the vaginal and then placed in the front wall of the vagina using gentle pressure and re-
lease motions in order to observe movement between the vesicouterine fold and the anterior uterine wall.
Transabdominal probe is placed directly above perpendicular to the caesarean section incision mark. Dur-
ing examination, the probe was slightly moved back and forth along the scar and perpendicular to it. (B)
The initial position before the patient was instructed to breathe; point 1 is located on the anterior uterine
wall and point 2 is on the muscle fascia tissue. (C) The presence of uterine displacement against the ab-
dominal wall was confirmed by a positive sliding sign. The position of point 1 on the anterior uterine wall
has shifted downwards whereas point 2 on the muscular fascia has remained in its original position during
the patient’s breathing. Modified with permission from Reid & Condous (2013) and Baron et al. (2018).
Full-size G DOI: 10.7717/peer;j.20551/fig-1

the fundus towards the intestine. If the intestine appears to swing towards the posterior
fundus, then the sliding sign was considered positive (Fig. 1) (Baron et al., 2018; Reid ¢
Condous, 2013). The presence of adhesion was confirmed intraoperatively. Intraoperative
findings were recorded as the reference standard for the presence or absence of adhesions.

Comparative analyses were conducted using Chi-square and Fisher’s exact test.
Diagnostic values were calculated using MedCalc Version 19 to determine the diagnostic
value of sliding signs in the diagnosis of adhesions. In addition to the primary diagnostic
accuracy outcomes, we also recorded incision type and the presence of keloid formation
as secondary exploratory variables. These analyses were not part of the primary study
objectives but were included post hoc to assess potential associations with intra-abdominal
adhesions. Ethical permission was obtained for the study from the Ethics Committee of
the Faculty of Medicine, University of Sriwijaya (616/kepkrsmhfkunsri/2019).
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Table 1 Subject characteristics.

Characteristic n(%) Adhesions Keloid
Negative Positive P value Negative Positive P value
(n=16) (n=19) (n=15) (n=20)

Age, mean =+ SD (years) 32.9 +£4.89 0.258 0.633
31-30 years old 9 (25.7%) 2(12.5) 7 (36.8) 5(33.3) 4(20.0)

31-40 years old 24 (68.6%) 13 (81.3) 11 (57.9) 9 (60.0) 15 (75.0)
>40 years old 2 (5.7%) 1(6.3) 1(5.3) 1(6.7) 1(5.0)

Obstetric status 0.090" 0.034"
Multigravida (2—4) 23 (65.7%) 8 (50.0) 15 (78.9) 13 (86.7) 10 (50.0)
Grandemultigravida (>5) 12 (34.3%) 8 (50.0) 4(21.1) 2(13.3) 10 (50.0)

Previous history of CS 0.030° 0.020°
1 5 (14.3%) 0(0) 5(26.3) 4(26.7) 1(5.0)

2 18 (51.4%) 7 (43.8) 11 (57.9) 10 (66.7) 8 (40.0)
3 11 (31.4%) 8 (50.0) 3(15.8) 1(6.7) 10 (50.0)
4 1 (2.9%) 1(6.3) 0(0) 0(0) 1(5.0)
Notes.
*Pearson Chi square. p=0.05.
""Fisher exact test. p=0.05.
RESULTS

A total of 35 pregnant women in the third trimester with a history of CS who were

planned to undergo CS delivery were included in the study. The general characteristics

of the subjects were presented in Table 1. The mean age of the research subjects was

32.9 + 4.89 years and the majority had an age range of 3140 years (68.6%). Based on
obstetric status, the majority of subjects were multigravida (68.6%) and 34.3% of subjects
were grandemultigravida. The majority of the patients had two previous history of CS

(53.4%). The proportion of negative sliding signs was 51.4% (transabdominal) and

48.6% (transvaginal). There were no significant differences in age or obstetric status

across sliding sign results in both groups. However, the number of previous cesarean
sections was significantly associated with adhesion status (p = 0.030), with adhesions
more frequently observed in patients with two prior cesarean deliveries.

Table 2 shows the comparison between transabdominal and transvaginal sliding sign

results. The transabdominal ultrasound identified 16 cases with negative sliding signs

and one case with a positive sliding sign among the 17 participants confirmed to have

adhesions. Conversely, transvaginal ultrasound depicted a similar pattern with 16 negative

and one positive sliding signs in the same group. For participants without adhesions,

both techniques showed one negative and 17 positive sliding signs, respectively. There

is excellent agreement between transabdominal and transvaginal sliding sign findings.
Out of 35 cases, 33 (94.29%) showed concordant results between both modalities. The
Cohen’s kappa coefficient was 0.89 indicating almost perfect agreement between the two

ultrasound techniques, suggesting that both modalities are highly consistent with each

other in detecting intra-abdominal adhesions.
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Table2 Comparison between transabdominal and transvaginal sliding sign results.

Examination Transvaginal sliding sign Total Overall Cohen’s Kappa
agreement (standard error)
Negative Positive
Transabdominal Negative 16 1 17
sliding sign Positive 1 17 18 94.29% 0.886 (0.079)
Total 17 18 35

Table 3 Association between pre-operative sliding sign findings and intraabdominal adhesions on in-
traoperative evaluation.

Variables Adhesion p-value OR
Yes No
(n=16) (n=19)
Transvaginal sliding sign 80.00 (7.47-856.01)
Negative 15 3 <0,001*
Positive 1 16
Transabdominal sliding sign 80.00 (7.47-856.01)
Negative 15 3 <0.001"
Positive 1 16
Notes.

OR, odds ratio.
?Pearson Chi-square test.
YFisher’s exact test.

For both transvaginal and transabdominal sliding signs, a positive sliding sign was
significantly associated with absence of adhesions, while a negative sliding sign was
strongly associated with presence of adhesions (Table 3). Out of 16 patients with adhe-
sions, 15 (93.75%) had a negative sliding sign, and only one (6.25%) had a positive sliding
sign. Conversely, among the 19 patients without adhesions, 16 (84.21%) had a positive
sliding sign, and three (15.79%) had a false negative result (negative sliding sign without
adhesions). The statistical analysis yielded a highly significant association (p < 0.001)
for both modalities. The odds ratio (OR) was 80.00, with a 95% confidence interval (CI)
of 7.47 to 856.01, indicating that a patient with a negative sliding sign is 80 times more
likely to have adhesions compared to a patient with a positive sliding sign. Despite the
wide confidence interval—likely due to the modest sample size—the statistical strength
(p < 0.001) remains robust.

Adhesions were intraoperatively confirmed in 16/35 cases (45.7%). The diagnostic per-
formance of transabdominal and transvaginal sliding sign techniques for detecting intra-
abdominal adhesions was evaluated and compared (Table 4). Both transabdominal and
transvaginal sliding signs demonstrated identical and excellent diagnostic performance in
predicting intra-abdominal adhesions. The area under the curve (AUC) was 0.890 (95%
CI [0.770-1.000]) for both modalities, indicating high overall accuracy. The sensitivity
was 84.21% (95% CI [62.43-94.48]), and the specificity reached 93.75% (95% CI [71.67—
98.89]), reflecting the sliding sign’s robust ability to detect true positive and true negative

Lestari et al. (2026), PeerJ, DOI 10.7717/peerj.20551 6/15


https://peerj.com
http://dx.doi.org/10.7717/peerj.20551

Peer

Table 4 Comparative diagnostic performances of transabdominal and transvaginal sliding signs in
predicting intra-abdominal adhesions.

Diagnostic value Transabdominal sliding sign Transvaginal sliding sign
(95% CI)
AUC 0.890 (0.770-1.000)) 0.890 (0.770-1.000))
Sensitivitas (%) 84.21 (62.43-94.48) 84.21 (62.43-94.48)
Spesifisitas (%) 93.75 (71.67-98.89) 93.75 (71.67-98.89)
PPV (%) 83.33 (60.78-94.16) 83.33 (60.78-94.16)
NPV (%) 94.12 (73.02-98.95) 94.12 (73.02-98.95)
PLR 5.96 (2.09-16.90) 5.96 (2.09-16.90)
NLR 0.07 (0.03-0.21) 0.07 (0.03-0.21)
Accuracy (%) 88.57 (74.05-95.46) 88.57 (74.05-95.46)
Notes.

95% CI, 95% confidence interval; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive
value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.

Table5 Association between incision type and intraabdominal adhesions.

Examination Adhesion Total P value OR
Positive Negative
Incision Mediana 3 1 4
type Pfannenstiel 13 18 31 0.312 4.154 (0.387-44.566)
Total 16 29 35

Notes.
Pearson chi square, p=10.05.

cases. The positive predictive value (PPV) was 83.33% (95% CI [60.78-94.16]), while the
negative predictive value (NPV) was 94.12% (95% CI [73.02-98.95]), suggesting strong
reliability in excluding adhesions when the sign is positive. Furthermore, the positive
likelihood ratio (PLR) was 5.96 (95% CI [2.09-16.90]), and the negative likelihood

ratio (NLR) was 0.07 (95% CI [0.03—0.21]), indicating excellent diagnostic utility. The
overall diagnostic accuracy of both approaches was 88.57% (95% CI [74.05-95.46]).
These findings highlight that both TA and TV sliding sign are robust predictors of intra-
abdominal adhesions, and their diagnostic accuracy appears equivalent in this study
population. This equivalence suggests that the selection between these two diagnostic
modalities can be tailored based on patient-specific factors, procedural preferences, or
resource availability, without compromising diagnostic integrity.

In the analysis of incision type, 13 out of 16 patients (81.3%) with adhesions had
previously undergone Pfannenstiel incisions, while only three patients (18.8%) had
adhesions after mediana incisions. Despite this distribution, the association between
incision type and intra-abdominal adhesions was not statistically significant (p = 0.312)
with an odds ratio (OR) of 4.154 (95% CI [0.387—44.566]), indicating wide variability and
a potential lack of power to detect significance due to small subgroup sizes (Table 5).

Conversely, keloid formation showed a strong and statistically significant association
with intra-abdominal adhesions. Among patients with keloids, 14 of 20 (70%) had
adhesions, compared to only two of 15 (13.3%) in the non-keloid group. This difference
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Table 6 Association between keloid formation and intraabdominal adhesions.

Examination Adhesion Total P value OR
Positive Negative
. Positive 14 6 20
Keloid
Negative 2 13 15 <0.001 15.167 (2.585-86.990)
Total 16 19 35

Notes.
Pearson Chi square p =0.05.

was highly significant (p < 0.001) with an odds ratio of 15.167 (95% CI [2.585-86.990]),
suggesting that patients with keloid-prone skin are over 15 times more likely to also have
intra-abdominal adhesions (Table 6). In this study, there were 15 subjects with negative
keloids and 20 patient subjects with positive keloids. With statistical analysis, it was found
that there was no difference in age (p = 0.633) between patients with positive and negative
keloids. However, there were differences in obstetric status (p = 0.034) and history of CS
(p =0.020) between patients with positive and negative keloids (Table 1).

DISCUSSION

This study aimed to assess the diagnostic accuracy of the sliding sign via transvaginal and
transabdominal ultrasound in predicting intra-abdominal adhesions in third-trimester
pregnant women with a history of CS. Adhesions were defined intraoperatively as fibrous
bands of scar tissue that abnormally tethered the uterus to adjacent organs or the anterior
abdominal wall, limiting tissue mobility and altering expected anatomic planes. This
definition was based on prior studies by Drukker et al. (2018) and Ayachi et al. (2018)

in which intraoperative visual confirmation of dense connective tissue replacing the
normal peritoneal sliding plane was considered diagnostic. From a surgical perspective,
intraoperative identification of adhesions was based on gross visualization of fibrous
bands, tissue bridging, or immobility between the uterus and anterior abdominal wall,
bladder, or bowel—consistent with definitions used in previous study by Drukker et al.
(2018). Although we did not use a formal adhesion scoring system, e.g., the peritoneal
adhesion index or Ziihlke classification, the binary classification of adhesion presence
remains a clinically relevant endpoint, particularly when considering operative difficulty,
blood loss, bladder dissection time, and uterine exteriorization.

Both transabdominal and transvaginal ultrasound demonstrated high diagnostic
performance in predicting adhesions, with identical values for sensitivity (93.75%),
specificity (84.21%), PPV (83.3%), NPV (94.1%), and overall accuracy (88.6%). These
findings are comparable to previous studies. Previous studies have supported the sliding
sign as an effective predictor of pelvic or intra-abdominal adhesions. Mayibenye et al.
(2024) performed a large prospective observational study in Nigeria involving 419 women
with a history of cesarean section. They evaluated both paraumbilical and suprapubic
transabdominal sliding signs, reporting excellent diagnostic performance in predicting
dense intra-abdominal adhesions, with sensitivities of 94.6% and 95.2% and specificities
of 93.3% and 91.7%, respectively. Their results affirm the applicability of the sliding
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sign in high-parity, low-resource settings and align closely with our findings. Similarly,
Taha et al. (2025) confirms the predictive validity of the transabdominal sliding sign for
intra-abdominal adhesions before repeat cesarean section. Their work underscores the
growing consensus that dynamic ultrasonography offers a practical, accurate, and cost-
effective tool for preoperative adhesion risk stratification, especially in women with a
prior history of surgical intervention. Baron et al. (2018) introduced the third-trimester
transabdominal sliding sign and reported a specificity of 95% for predicting adhesions
prior to cesarean section, although the sensitivity was lower at 56%. Similarly, Ayachi

et al. (2018) demonstrated that the transvaginal sliding sign has a sensitivity of 96.3%
and specificity of 92.6% in detecting adhesions in patients with prior abdominopelvic
surgery. Menakaya et al. (2013 ) highlighted the sliding sign’s utility when combined with
sonovaginography, particularly in patients with deep infiltrating endometriosis. A recent
systematic review and meta-analysis by Shafti et al. (2023) pooling 25 studies (= 1,840
patients with adhesions, 2,501 controls) evaluated predictors of intraperitoneal adhesions
after repeat cesarean sections. It found that a negative sliding sign yielded sensitivity of
0.71 (95% CI [0.65-0.77]) and specificity of 0.87 (95% CI [0.85-0.89]) (Shafti et al.,
2023). Our study further supports these findings, showing that both TA and TV ultra-
sound modalities perform similarly well in third-trimester obstetric populations. These
findings collectively support the value of the sliding sign as a non-invasive, reproducible
bedside tool to anticipate operative challenges and enhance surgical preparedness in
repeat cesarean cases.

The sliding sign technique is based on the physiological principle that normal intra-
abdominal organs glide freely across each other due to a smooth, frictionless peritoneal
surface. When adhesions are present, this movement is restricted. In TA ultrasound, the
uterus is expected to shift caudally during deep inspiration, separating from the anterior
abdominal wall; while in TV ultrasound, gentle pressure applied via the vaginal probe
allows assessment of the mobility of the uterus against the bladder or adjacent bowel.
The absence of this mobility—i.e., a negative sliding sign—is indicative of peritoneal
scarring or fibrous bridging that tethers the uterus to adjacent structures (Ayachi et
al., 2018; Baron et al., 2018). However, in evaluating the detection of sliding signs for
intra-abdominal adhesions, transabdominal ultrasound presents several advantages
over transvaginal ultrasound, particularly in terms of patient comfort and broader
applicability. A transabdominal ultrasound (TA US) is less invasive and generally more
acceptable to patients, especially those who may have cultural or personal reservations
about internal examinations. This non-invasive approach not only enhances patient
compliance but also reduces the risk of infection associated with internal probes.
Moreover, TA US offers a broader field of view, allowing for comprehensive assessment
of abdominal and pelvic adhesions, which is crucial in cases where adhesions are extensive
or the anatomical spread is uncertain. This method is particularly beneficial in diverse
clinical settings, including those where transvaginal access might be contraindicated
or technically challenging, such as in patients with severe vaginal atrophy or in early
stages of pregnancy. The wider applicability and ease of use of TA US, coupled with its
comparable diagnostic accuracy, make it a valuable tool in the preoperative assessment
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of patients with a history of cesarean sections. These advantages underscore the utility
of transabdominal ultrasound in enhancing surgical planning and improving patient
outcomes in obstetric and gynecologic practices.

In our study, intraoperative adhesions were confirmed in 16 of 35 patients (45.7%),
aligning with previous reports that place adhesion incidence after repeat CS between
30—-60% depending on parity and surgical history. Interestingly, although there were no
significant differences in age or obstetric status between adhesion-positive and -negative
groups, a significant association was found with the number of prior CS (p = 0.030).
This supports existing evidence that prior uterine surgeries are a key driver of adhesion
formation due to repeated peritoneal disruption, inflammation, and collagen deposition.
In analyzing the diagnostic utility of the sliding sign, we also found that neither age nor
gravidity significantly affected the likelihood of positive or negative sliding signs in both
TA and TV groups. However, in the transvaginal group, there was a statistically significant
association between the number of prior CS and the sliding sign result (p = 0.014),
supporting the hypothesis that adhesions detectable via this technique may localize in the
lower anterior pelvis, particularly in patients with repeated uterine access.

Regarding incision type, we observed a higher proportion of adhesions in patients
with Pfannenstiel incisions (81.3%) compared to those with midline (mediana) incisions
(18.8%). However, this difference was not statistically significant (p = 0.312), and the
wide confidence interval (OR = 4.154; 95% CI [0.387—44.566]) suggests that this result
may be due to underpowering, especially given the small number of midline cases. Our
findings align with previous literature indicating that the type of incision may not be the
primary determinant of adhesion formation, particularly in obstetric surgeries. In a review
by Awonuga et al. (2011), it was noted that the presence of adhesions following cesarean
section or gynecologic laparotomy was more strongly influenced by the surgical indication
and tissue trauma rather than the incision type itself. Supporting this, Brill et al. (1995)
found that patients who underwent gynecologic surgery—regardless of whether a
midline or Pfannenstiel incision was used—had higher rates of adhesions than those who
underwent obstetric surgeries, suggesting that surgical complexity and procedure type
play a larger role than incision orientation per se. Furthermore, other studies emphasize
that adhesiogenesis is multifactorial, involving peritoneal trauma, ischemia, foreign
body reaction (e.g., to sutures or talc), and surgical technique. One critical technical
factor is peritoneal closure. Evidence from a Cochrane review by Bamigboye ¢ Hofmeyr
(2014) concluded that non-closure of the parietal peritoneum during cesarean section
was associated with a higher incidence of adhesions at subsequent surgeries, suggesting
that surgical strategy and technique may be more modifiable contributors to adhesion
development than incision type alone.

One of the most striking findings in this study was the strong association between
keloid formation and intra-abdominal adhesions. Among patients with visible keloids,
70% had adhesions, compared to only 13.3% in the non-keloid group (p < 0.001,

OR = 15.167). This supports the hypothesis that keloid-prone individuals may have
a systemic predisposition to exaggerated fibrotic responses, likely driven by increased
fibroblast proliferation, dysregulated transforming growth factor-beta (TGF-f) signaling,
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and prolonged wound healing. This connection between external scar phenotype (e.g.,
hypertrophic or keloid scar) and intra-abdominal adhesiogenesis has been previously
proposed in both dermatologic and gynecologic literature. A prospective study by Tulandi
et al. (2011) directly supports this association, reporting that women with keloids were
significantly more likely to have dense adhesions—particularly between the uterus and the
bladder (p =0.028) and between the uterus and the anterior abdominal wall (p < 0.0001).
These findings provide biological plausibility and external validation for our observation
that visible cutaneous keloids may reflect an underlying pro-fibrotic phenotype affecting
both cutaneous and peritoneal tissues. Thus, our study adds to a growing body of
evidence suggesting that visible keloids may serve as an additional practical clinical
marker for predicting intraoperative adhesion risk, potentially informing preoperative
counseling, surgical planning, and operative preparedness in women undergoing repeat
cesarean deliveries.

Intraabdominal adhesions have far-reaching consequences that extend beyond
the technical challenges they pose during repeat cesarean delivery. Adhesions are a
major contributor to chronic pelvic pain, bowel obstruction, infertility, and ectopic
pregnancy, and they are associated with increased risks in future pregnancies, including
abnormal placentation (e.g., placenta accreta spectrum), uterine rupture, and peripartum
hemorrhage. These complications can adversely affect patient quality of life, increase
healthcare costs, and require more complex surgical interventions. Given the significant
maternal morbidity linked to adhesions, preoperative identification using non-invasive
and accessible methods such as the sliding sign becomes crucial. Our findings suggest
that both transvaginal and transabdominal sliding sign evaluations may not only inform
operative planning but also serve as predictive tools for long-term reproductive outcomes,
facilitating early counseling and risk stratification. This underscores the broader clinical
utility of incorporating sliding sign assessments into routine third-trimester ultrasound
evaluations for women with prior cesarean deliveries.

This study has several strengths. The within-subject design, in which all participants
underwent both transabdominal and transvaginal sliding sign assessments, allowed for
a robust direct comparison between modalities while minimizing confounding factors.
Additionally, the blinded ultrasound assessment and the use of intraoperative findings
as the reference standard ensured a high level of diagnostic reliability. A unique strength
of this study is the novel exploration of the relationship between keloid formation
and intra-abdominal adhesions, offering early evidence that visible external scarring
may serve as a clinical marker of adhesion risk. However, several limitations should be
acknowledged. The sample size was relatively small, potentially limiting the statistical
power, particularly in subgroup analyses such as incision type. The absence of body
mass index (BMI) data may confound both sonographic interpretation and adhesion
formation. Adhesions were classified as present or absent without the use of a standard-
ized scoring system, which precluded analysis of severity. Furthermore, the study was
conducted at a single tertiary referral center, which may affect generalizability. Finally,
the absence of operative outcome data—such as dissection time, estimated blood loss,
or intraoperative complications—limits the ability to fully contextualize the clinical
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impact of the ultrasound findings. Future multicenter studies with larger cohorts and
standardized adhesion scoring are recommended to validate and expand upon these
findings.

CONCLUSIONS

Transabdominal and transvaginal sliding sign have good accuracy in detecting intra-
abdominal adhesions in third-trimester pregnant women with a history of caesarean
section.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

The authors received no funding for this work.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Peby Maulina Lestari conceived and designed the experiments, performed the experi-
ments, analyzed the data, authored or reviewed drafts of the article, project manager,
and approved the final draft.

e Imas Kartika Dewi E conceived and designed the experiments, performed the experi-
ments, analyzed the data, prepared figures and/or tables, authored or reviewed drafts of
the article, and approved the final draft.

e Abarham Martadiansyah conceived and designed the experiments, performed the
experiments, authored or reviewed drafts of the article, and approved the final draft.

e Theodorus Theodorus conceived and designed the experiments, performed the
experiments, authored or reviewed drafts of the article, and approved the final draft.

e Nuswil Bernolian analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.

e Putri Mirani analyzed the data, authored or reviewed drafts of the article, and approved
the final draft.

e Muhammad Al Farisi Sutrisno analyzed the data, authored or reviewed drafts of the
article, and approved the final draft.

e Bella Stevanny analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

This research was approved by the Ethics Committee of the Faculty of Medicine
University of Sriwijaya (616/kepkrsmhfkunsri/2019).

Lestari et al. (2026), PeerJ, DOI 10.7717/peerj.20551 12/15


https://peerj.com
http://dx.doi.org/10.7717/peerj.20551

Peer

Data Availability
The following information was supplied regarding data availability:
The raw data are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj.20551#supplemental-information.

REFERENCES

Awonuga AO, Fletcher NM, Saed GM, Diamond MP. 2011. Postoperative adhesion
development following cesarean and open intra-abdominal gynecological operations:
a review. Reproductive Sciences 18(12):1166—1185 DOI 10.1177/1933719111414206.

Ayachi A, Bouchahda R, Derouich S, Mkaouer L, Kehila M, Abouda H, Channoufi B,
Bouyahia M, Braham M, Zhioua F, Bouchahda H, Mourali M. 2018. Accuracy of
preoperative real-time dynamic transvaginal ultrasound sliding sign in prediction of
pelvic adhesions in women with previous abdominopelvic surgery: prospective, mul-
ticenter, double-blind study. Ultrasound in Obstetrics & Gynecology 51(2):253-258
DOI10.1002/u0g.17465.

Bamigboye AA, Hofmeyr GJ. 2014. Closure versus non-closure of the peritoneum
at caesarean section: short- and long-term outcomes. The Cochrane Database of
Systematic Reviews 2014(8):CD000163 DOI 10.1002/14651858.CD000163.pub?2.

Baron J, Tirosh D, Mastrolia SA, Ben-Haroush Y, Schwartz S, Kerner Y, Hershkovitz
R. 2018. Sliding sign in third-trimester sonographic evaluation of intra-abdominal
adhesions in women undergoing repeat Cesarean section: a novel technique.
Ultrasound in Obstetrics ¢& Gynecology 52(5):662—665 DOI 10.1002/u0g.19057.

Biccard BM, Madiba TE, Kluyts HL, Munlemvo DM, Madzimbamuto FD, Basenero
A, Gordon CS, Youssouf C, Rakotoarison SR, Gobin V, Samateh AL, Sani CM,
Omigbodun AQ, Amanor-Boadu SD, Tumukunde JT, Esterhuizen TM, Manach
YL, Forget P, Elkhogia AM, Mehyaoui RM, Zoumeno E, Ndayisaba G, Ndasi H,
Ndonga AKN, Ngumi ZWW, Patel UP, Ashebir DZ, Antwi-Kusi AAK, Mbwele B,
Sama HD, Elfiky M, Fawzy MA, Pearse RM. 2018. Perioperative patient outcomes
in the African Surgical Outcomes Study: a 7-day prospective observational cohort
study. The Lancet 391:1589-1598 DOT 10.1016/S0140-6736(18)30001-1.

Boerma T, Ronsmans C, Melesse DY, Barros AJD, Barros FC, Juan L, Moller AB,
Say L, Hosseinpoor AR, Yi M, de Lyra Rabello Neto D, Temmerman M. 2018.
Global epidemiology of use of and disparities in caesarean sections. The Lancet
392:1341-1348 DOI 10.1016/50140-6736(18)31928-7.

Brill AI, Nezhat F, Nezhat CH, Nezhat C. 1995. The incidence of adhesions after prior
laparotomy: a laparoscopic appraisal. Obstetrics & Gynecology 85(2):269-272
DOI10.1016/0029-7844(94)00352-E.

Lestari et al. (2026), PeerJ, DOI 10.7717/peerj.20551 13/15


https://peerj.com
http://dx.doi.org/10.7717/peerj.20551#supplemental-information
http://dx.doi.org/10.7717/peerj.20551#supplemental-information
http://dx.doi.org/10.7717/peerj.20551#supplemental-information
http://dx.doi.org/10.1177/1933719111414206
http://dx.doi.org/10.1002/uog.17465
http://dx.doi.org/10.1002/14651858.CD000163.pub2
http://dx.doi.org/10.1002/uog.19057
http://dx.doi.org/10.1016/S0140-6736(18)30001-1
http://dx.doi.org/10.1016/S0140-6736(18)31928-7
http://dx.doi.org/10.1016/0029-7844(94)00352-E
http://dx.doi.org/10.7717/peerj.20551

Peer

Drukker L, Sela HY, Reichman O, Rabinowitz R, Samueloff A, Shen O. 2018. Sliding
sign for intra-abdominal adhesion prediction before repeat caesarean delivery.
Obstetrics and Gynecology 131:529-533 DOI 10.1097/A0G.0000000000002480.

Holland TK, Yazbek J, Cutner A, Saridogan E, Hoo WL, Jurkovic D. 2010. Value of
transvaginal ultrasound in assessing severity of pelvic endometriosis. Ultrasound in
Obstetrics and Gynecology 36(2):241-248 DOI 10.1002/u0g.7689.

Hudelist G, Oberwinkler KH, Singer CF, Tuttlies F, Rauter G, Ritter O, Keckstein
J. 2009. Combination of transvaginal sonography and clinical examination for
preoperative diagnosis of pelvic endometriosis. Human Reproduction 24:1018-1024
DOI 10.1093/humrep/dep013.

Mayibenye M, Buga GAB, Mdaka ML, Nanjoh MK. 2024. Transabdominal sonographic
sliding signs for preoperative prediction of dense intra-abdominal adhesions in
women undergoing repeat Cesarean delivery. Ultrasound in Obstetrics ¢ Gynecology
64(6):792-798 DOI 10.1002/u0g.29133.

Menakaya U, Reid S, Infante F, Condous G. 2013. The ‘sliding sign’ in conjunc-
tion with sonovaginography: is this the optimal approach for the diagnosis of
Pouch of Douglas obliteration and posterior compartment deep infiltrating
endometriosis? Australasian Journal of Ultrasound in Medicine 16(3):118-123
DOI 10.1002/j.2205-0140.2013.tb00099.x.

Moro F, Mavrelos D, Pateman K, Holland T, Hoo WL, Jurkovic D. 2015. Preva-
lence of pelvic adhesions on ultrasound examination in women with a history
of Caesarean section. Ultrasound in Obstetrics and Gynecology 45:223-228
DOI 10.1002/uog.14628.

Pokhrel M, Sherpa LD, Thapa M, Sharma J. 2022. Intra-abdominal adhesions among
patients undergoing repeat caesarean section in department of obstetrics and
gynaecology of a tertiary care centre: a descriptive cross-sectional study. JNMA
Journal of Nepal Medical Association 60(250):517—-520 DOI 10.31729/jnma.7547.

Reid S, Condous G. 2013. Transvaginal sonographic sliding sign: accurate prediction of
pouch of Douglas obliteration. Ultrasound in Obstetrics and Gynecology 41:605-607
DOI10.1002/u0g.12469.

Shafti V, Azarboo A, Ghaemi M, Gargari OK, Madineh E. 2023. Prediction of in-
traperitoneal adhesions in repeated cesarean sections: a systematic review and meta-
analysis. The European Journal of Obstetrics & Gynecology and Reproductive Biology
287:97-108 DOI 10.1016/j.ejogrb.2023.05.039.

Stocker LJ, Glazebrook JE, Cheong YC. 2014. Are skin scar characteristics associ-
ated with the degree of pelvic adhesions at laparoscopy? Fertility and Sterility
101(1):501-505 DOT 10.1016/j.fertnstert.2013.10.026.

Taha AM, Moawad WA, Saed SAA, Alhejazi TJ, Sabri YA, Abd-ElGawad M, Alcazar JL,
Riyami NAl, Khafagy A, Mohammed YA, Saad AH. 2025. Diagnostic accuracy of

abdominal ultrasonographic sliding sign in the evaluation of severe intra-abdominal

Lestari et al. (2026), PeerJ, DOI 10.7717/peerj.20551 14/15


https://peerj.com
http://dx.doi.org/10.1097/AOG.0000000000002480
http://dx.doi.org/10.1002/uog.7689
http://dx.doi.org/10.1093/humrep/dep013
http://dx.doi.org/10.1002/uog.29133
http://dx.doi.org/10.1002/j.2205-0140.2013.tb00099.x
http://dx.doi.org/10.1002/uog.14628
http://dx.doi.org/10.31729/jnma.7547
http://dx.doi.org/10.1002/uog.12469
http://dx.doi.org/10.1016/j.ejogrb.2023.05.039
http://dx.doi.org/10.1016/j.fertnstert.2013.10.026
http://dx.doi.org/10.7717/peerj.20551

Peer

adhesions involving the uterus in women undergoing repeat caesarean delivery:

systematic review and meta-analysis. Sultan Qaboos University Medical Journal
25(1):29-37 DOI 10.18295/squmj.10.2024.063.

Tulandi T, Al-Sannan B, Akbar G, Ziegler C, Miner L. 2011. Prospective study of
intraabdominal adhesions among women of different races with or without
keloids. American Journal of Obstetrics & Gynecology 204(2):132e1-132.e4
DOI10.1016/j.2j0g.2010.09.005.

Lestari et al. (2026), PeerJ, DOI 10.7717/peerj.20551

15/15


https://peerj.com
http://dx.doi.org/10.18295/squmj.10.2024.063
http://dx.doi.org/10.1016/j.ajog.2010.09.005
http://dx.doi.org/10.7717/peerj.20551

