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Highlights

Public health relevance—How does this work relate to a public health issue?

e  Cesarean scar affects recovery and quality of life.
o  Early characterization of the cesarean scar reveals patterns of tissue stiffness and pain.

Public health significance—Why is this work of significance to public health?

e  Shows structural and biomechanical changes in the cesarean scar.
e  Supports systematic evaluation of complications related to the cesarean scar.

Public health implications—What are the key implications or messages for practitioners,
policy makers and/or researchers in public health?

e Reinforces the need for early cesarean scar assessment in postpartum care.
o  Guides rehabilitation strategies and integration of cesarean scar evaluation into clini-
cal protocols.

Abstract

Cesarean section is a surgical procedure that involves the extraction of the fetus, the pla-
centa, and the fetal membranes through an abdominal and uterine incision. As one of
the most common childbirth methods worldwide, its increasing prevalence has raised
concerns regarding potential postoperative sequelae that may affect tissue mobility, pain
perception, and functional recovery. However, detailed characterization of early cesarean
scars remains limited. This study aimed to characterize the morphological, sensory, and
biomechanical properties of cesarean section scars during the early postoperative phase. A
cross-sectional observational study was conducted including 20 women evaluated between
15 and 30 days after cesarean delivery. Clinical and sensory assessments were performed
using the Patient and Observer Scar Assessment Scale (POSAS 3.0) and pain evaluation.
Tissue mobility was assessed using a modified adheremeter, while biomechanical prop-
erties were measured with the MyotonPRO device. Ultrasound imaging was used to
evaluate structural tissue characteristics. The scars predominantly exhibited increased
tissue stiffness and heterogeneous texture patterns. Participants reported moderate pain
intensity (mean 4.15 + 2.18), with slightly higher scores in the patient-reported POSAS
compared with the observer scale. Ultrasound findings revealed dermal and hypodermal
edema in most participants and signs of fibrosis, with regional heterogeneity in tissue
adhesions. Biomechanical analysis confirmed reduced tissue deformability in scar tissue
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compared with adjacent healthy tissue. These findings indicate that early cesarean scars
present relevant structural and functional alterations, highlighting the importance of early
assessment to support individualized rehabilitation strategies.

Keywords: cesarean section; surgical scar; scar biomechanics; tissue adhesions; physiotherapy

1. Introduction

Cesarean section is a surgical procedure that involves the extraction of the fetus
through an abdominal and uterine incision and represents one of the most common child-
birth methods worldwide. Although the procedure is sometimes essential to preserve
maternal and fetal health, its increasing prevalence has raised concerns regarding potential
long-term consequences for women’s health [1,2].

The scars resulting from cesarean section may alter the architecture of the fascia and
restrict sliding between tissue layers, contributing to pain, movement limitations, and
muscular dysfunction (Figure 1) [3,4]. Scar formation following cesarean delivery is also
frequently associated with the development of adhesions, defined as fibrous bands of scar
tissue that form between intra-abdominal structures and organs. These adhesions may
restrict organ mobility, cause chronic abdominal or pelvic pain, infertility, and increased
risk of complications in subsequent abdominal surgeries [5,6].
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Figure 1. Schematic representation of cesarean section scar formation and its potential effects

Abdominal Organs—[

on the abdominal wall. The illustration highlights the anatomical layers of the abdominal wall
and the development of scar tissue and fascial adhesions that may contribute to reduced tissue
mobility. Source: Image generated by ChatGPT—version GPT-40, OpenAl and modified /labeled by
the authors.
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The early postoperative period, typically between 15 and 30 days after cesarean section,
is characterized by intense proliferative activity and the initiation of tissue remodeling
processes [7,8]. During this phase, granulation tissue formation occurs, with fibroblast
proliferation, collagen deposition, and neovascularization, which are essential processes
for structural tissue repair [8,9]. The interaction between fibroblasts and myofibroblasts
plays a key role in extracellular matrix formation and directly influences the final quality of
the scar [9].

Clinical assessment during this phase may positively influence healing outcomes by
identifying alterations in collagen deposition, preventing pathological scars or excessive
adhesions, and addressing early changes in fascial integrity and tissue biomechanics [10,11].
Furthermore, given the potential adverse clinical consequences associated with surgical
delivery, these findings reinforce that cesarean sections should be carefully considered and
performed only under clear medical indications [12]. Considering the relevance of the early
postoperative period for structural and functional tissue organization, this study aimed to
characterize the morphological, sensory, and biomechanical properties of cesarean scars
evaluated between 15 and 30 days post-surgery.

2. Materials and Methods
2.1. Ethical Considerations

This study was approved by the Health Ethics Committee of Hospital Particular do
Algarve (No. 2/2025, approved on 18 February 2025). All participants provided written
informed consent prior to participation, and the study was conducted in accordance with
the principles of the Declaration of Helsinki.

2.2. Study Design

This cross-sectional study, employing within-subject paired comparisons between the
scar tissue and adjacent healthy reference skin, aimed to characterize the morphological,
sensory, and biomechanical properties of cesarean section scars during the early postopera-
tive period. The study followed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines (Table S1) [13]. Evaluations were performed during
the early postoperative phase following cesarean delivery. All procedures were performed
by four institutional surgeons using a standardized technique, and follow-up assessments
were conducted by a single examiner.

2.3. Participants

The study was conducted between March and June 2025. During the screening phase,
59 pregnant women underwent a standardized anamnesis. To avoid baseline confounding
factors, only non-smokers, alcohol abstainers, and patients without pregestational or gesta-
tional diabetes mellitus were eligible for consideration. Out of the initial group, 39 women
were excluded: 33 due to postoperative infection, hematoma, or persistent seroma, and 6
who declined participation. The final sample comprised 20 women who underwent elective
cesarean delivery and completed the early postoperative postpartum follow-up.

Inclusion criteria were: age between 18 and 45 years, good general health status,
body mass index between 18.5 and 30 kg/m?, and the ability to understand and sign the
informed consent form.

Exclusion criteria included the presence of wound infection, hematoma requiring
intervention, persistent seroma, partial or total wound dehiscence, necrosis in the incision
area, or dermatological conditions affecting the scar region.
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2.4. Clinical and Scar Assessment

Scar assessment was performed in a single session by a trained investigator, including
clinical, sensory, and biomechanical analyses. To evaluate spatial heterogeneity a priori,
three standardized points were defined: the central point C (linea alba/midline, subject to
distinct fascial tension) and lateral extremities D and E. Quality of life was assessed using
the 10-item Dermatology Life Quality Index (DLQI; score 0-30; categorized as 0-5 minimal,
6-10 moderate, and 11-30 severe impact) [14]. Pain intensity at rest and movement was
measured using an 11-point Numeric Rating Scale (NRS; 0 = no pain, 10 = worst pain),
accompanied by standardized verbal selection of qualitative pain descriptors (e.g., burning,
sharp pain) [15].

2.4.1. Scar Quality Assessment

Scar quality was evaluated using the POSAS 3.0, comprising patient (6 items) and
observer (6 items) scales scored from 1 (normal skin) to 10 (worst imaginable scar), yielding
subscale totals of 6-60, where higher scores indicate worse scar quality. The patient scale as-
sesses subjective symptoms (e.g., pain, itch, appearance), while the observer scale measures
objective characteristics (e.g., pigmentation, vascularization, thickness, pliability) [16].

2.4.2. Tissue Extensibility

Scar tissue extensibility and adhesion were evaluated using a modified adheremeter, a
non-invasive instrument designed to quantify skin mobility [17]. The device was adapted
from the model proposed by Ferriero et al. (2010) and consists of a flexible transparent plate
with concentric rings that allow visualization and measurement of skin displacement [18].
The modified adheremeter quantifies global cutaneous displacement over underlying
structures, without isolating the specific anatomical depth or fascial layer responsible for
tissue restriction.

The device features a flexible transparent circular plate with concentric rings to mea-
sure global skin displacement in four orthogonal directions (superior, inferior, left, right) at
points C, D, and E. To optimize contact over extended cesarean scars, a modified plate with a
4.6 cm radius (9.2 cm diameter) was used instead of the original 28 mm design, which alters
the contact area and lever arm relative to original validation standards. Skin mobility was
expressed via the Adheremeter Mobility Index (AMI), calculated as the mean displacement
of the scar divided by the mean displacement of control healthy skin (AMI = Displace-
mentscar/Displacementcontrol), yielding a normalized ratio from 0 (complete fixation) to 1
(normal mobility). All measurements were taken in triplicate by the same trained examiner
applying minimal contact pressure.

2.4.3. Digital Image Analysis

Morphological characteristics of the scars were assessed using digital imaging. Pho-
tographs were analyzed using Image]J software (version 1.54f, National Institutes of Health,
Bethesda, MD, USA) to evaluate parameters such as scar area and surface irregularity [19].
Texture analysis was performed using Gray-Level Co-occurrence Matrix (GLCM) algo-
rithms on 8-bit grayscale images (256 gray levels, range 0-255). The GLCM was computed
using a pixel displacement (d) of 1 pixel across four directional angles (0°, 45°, 90°, and
135°), with directional results averaged [20]. GLCM matrices were normalized to express
probability density. Textural features included angular second moment, entropy, contrast,
correlation, and inverse difference moment. Digital image analysis and GLCM texture as-
sessment exclusively evaluate the superficial epidermal/cutaneous surface (2D evaluation).
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2.4.4. Biomechanical Properties

Scar viscoelastic properties (tone, stiffness, elasticity, creep, relaxation time) were
evaluated using the validated MyotonPRO (Myoton AS, Tallinn, Estonia), assessing a
composite of superficial cutaneous and upper subcutaneous layers. Participants were
tested in a relaxed supine position. The probe was held perpendicular (90°) to the skin
along the scar’s longitudinal axis. Data were acquired in multi-scan mode (5 consecutive
0.4 N impulses per burst) in triplicate at points C, D, E, and supraumbilical controls, using
the mean values for analysis. The literature supports high MyotonPRO measurement
reliability (ICC = 0.85-0.98) [3].

2.4.5. Ultrasound Evaluation

Ultrasound assessment was performed using a Vscan Air device (General Electric Com-
pany, Chicago, IL, USA) with a linear transducer (3-12 MHz; central frequency 7.7 MHz).
Unlike surface-level tools, ultrasound provided a true multilayered structural evaluation
across dermal, hypodermal, and deep fascial layers. Images acquired at points C, D, and E
were captured via the device freeze-frame function and subjected to a semi-quantitative
categorical evaluation (presence/absence) by a trained investigator using standardized
visual criteria: edema was defined as fluid-induced dermal/hypodermal hypoechogenicity;
scar tissue deposition/fibrosis as localized hyperechoic/disorganized connective tissue dis-
tortion; seroma/ collections as well-defined anechoic fluid pockets; and nodular processes
as circumscribed hypoechoic tissue masses [21,22].

2.5. Statistical Analysis

The sample size was calculated a priori using G*Power software (version 3.1.9.7). A
two-tailed paired-samples t-test was specified, considering a mean difference of 1.30 mm, a
standard deviation of 1.95 mm, a significance level of « = 0.05, and statistical power of 80%.
The resulting standardized effect size was Cohen’s d = 0.665, indicating a moderate-to-large
effect, and the minimum required sample size was 20 participants [23].

Descriptive statistics were expressed as means and standard deviations for continuous
variables and frequencies for categorical variables. Data normality was assessed using the
Shapiro-Wilk test. Non-parametric comparisons were performed using the Friedman test,
followed by the Dunn-Conover post hoc test. Paired comparisons were conducted using the
Wilcoxon signed-rank test, when appropriate. Additionally, Spearman correlation analyses
were performed to investigate the associations between Observer and Patient POSAS scores,
scar mobility assessed using the adheremeter, and the biomechanical parameters measured
by the MyotonPRO. Statistical significance was set at p < 0.05. Statistical analyses were
performed using Jamovi software (version 2.6.44; The Jamovi Project, Sydney, Australia).

2.6. Generative Al Use

Generative Al (ChatGPT, GPT-40, OpenAl) was used to generate initial schematic
visual concepts for Figures 1 and 2, which were subsequently modified and validated by
the authors, as well as for language editing. The tool was not used for data collection,
statistical analysis, or study design.

3. Results
3.1. Participant Characteristics

A total of 20 women who had undergone cesarean section during the early postop-
erative period (15-30 days) were included in the study. The mean age of participants
was 32.25 + 3.92 years, with a mean body mass of 63.95 + 8.53 kg and a mean height of

https:/ /doi.org/10.3390/ijerph23091179



Int. ]. Environ. Res. Public Health 2026, 23,1179 60f13

1.63 & 0.06 m. The mean body mass index was 24.17 + 2.85 kg/m?, corresponding to the
normal weight range according to World Health Organization criteria.

Regarding surgical history, 18 participants (90%) presented only the cesarean scar,
while two participants (10%) reported previous abdominal surgical scars.

The mean scar length measured during the clinical evaluation was 13.73 & 1.43 cm,
reflecting the average extension of the Pfannenstiel incision within the evaluated sample.

3.2. Pain Profile Associated with the Cesarean Scar

The mean pain intensity reported by participants was 4.15 + 2.18, corresponding
to a moderate level of pain with considerable inter-individual variability. Participants
reported heterogeneous sensory characteristics and different pain-triggering conditions.
Pain intensity also demonstrated a statistically significant moderate negative correlation
with the postoperative assessment day (p = —0.48, p = 0.032). The distribution of pain
characteristics, triggering factors, and temporal behavior is summarized in Figure 2.

(a) Pain intensity (b) Pain profile
Numerical Pain Rating Scale (0-10) Sensory QURIIty/of pain Pain triggers
4.15 @ stnging | 40% @ Scar paipation [ 35%
L]
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(c) Temporal behavior of pain

Spearman’s correlation
Pain intensity showed a \\ Painidssraates
significant moderate negative 1 p= -0 48 I

as healing
correlation with the I progresses.

postoperative assessment day.

p=0.032

Figure 2. Pain profile associated with the cesarean scar during the early postoperative period.
(a) Mean pain intensity assessed using the Numerical Pain Rating Scale (0-10). (b) Distribution of
reported sensory pain characteristics and pain-triggering factors. (c) Relationship between pain inten-
sity and postoperative assessment day, demonstrating a statistically significant moderate negative
correlation (Spearman’s p = —0.48, p = 0.032). Source: Image generated by ChatGPT—version GPT-4o,
OpenAl and modified /labeled by the authors.

3.3. Impact of Cesarean Scar on Quality of Life

The impact of the cesarean scar on quality of life was assessed using the Dermatology
Life Quality Index (DLQI). Half of the participants (50%) reported minimal or no impact of
the scar on daily life.

A moderate impact was reported by 30% of participants, while 20% reported con-
siderable or severe impact, indicating that although many women adapt well during the
early postpartum period, a relevant subset experiences functional or emotional limitations
related to the scar. These findings demonstrate heterogeneity in the perception of the
impact of cesarean scars on daily activities and well-being.
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3.4. Scar Quality Assessment (POSAS 3.0)

Scar quality was evaluated using the Patient and Observer Scar Assessment Scale,
POSAS 3.0 [16], which integrates two complementary dimensions: the subjective experience
reported by the patient and the clinical evaluation performed by a trained observer. This
combined approach allowed the assessment of both aesthetic and functional characteristics
of the scars, as well as the associated sensory and emotional experiences.

The mean score obtained on the POSAS Patient scale was 32.4 + 6.5 points,
slightly higher than the mean score recorded on the POSAS Observer scale, which was
29.7 £ 4.8 points, although no statistically significant difference was observed between the
two evaluations (p > 0.05). This difference reflects the nature of subjective assessment, as
patients report individual symptoms such as pain, sensitivity, pruritus, and sensations of
tightness, which are not always fully captured through clinical observation.

The broader range of responses reported by patients (25 to 49 points) indicated consid-
erable perceptual heterogeneity, with some women describing significant discomfort even
in scars clinically classified as moderate. In contrast, scores assigned by observers showed
lower variability (18 to 38 points), suggesting greater consistency in the identification of
structural alterations, such as pigmentation, vascularization, texture, and firmness.

3.5. Texture Analysis of Cesarean Scars (Digital Imaging)

Texture analysis revealed substantial intra- and inter-individual variability in GLCM-
derived parameters. ASM values ranged predominantly from 1 to 4 (85%), whereas entropy
ranged from 5.9 to 7.9, with 90% of participants presenting values between 6.0 and 7.5.
Contrast showed marked variability, with values < 60 in 40% of participants, >100 in 35%,
and >180 in at least one direction in 25%. Directional differences in contrast greater than
50 units were observed in 70% of participants. Correlation values ranged from 0.23 to
1.00, with values between 0.5 and 0.7 observed in 60% of participants and values > 0.9 in
40%. IDM showed minor directional variation. Overall, GLCM-derived texture parameters
demonstrated heterogeneous patterns across participants and directional measurements
(Table 1).

Table 1. Distribution of gray-level co-occurrence matrix (GLCM)-derived texture parameters in early

cesarean section scars.

Parameter Observed Values/Pattern n (%)

ASM 1-4 17 (85%)

<1 in at least one direction 3 (15%)
Entropy 59-7.9 20 (100%)
6.0-7.5 18 (90%)

>7.8 2 (10%)

Contrast <60 8 (40%)

>100 7 (35%)

>180 in at least one direction 5 (25%)

Directional difference > 50 units 14 (70%)
Correlation 0.23-1.00 20 (100%)
0.5-0.7 12 (60%)

>0.9 8 (40%)

Abbreviations: ASM, angular second moment; GLCM, gray-level co-occurrence matrix.

3.6. Tissue Adhesion and Extensibility (Modified Adheremeter)

The mean adhesion index was 0.204 & 0.09, with variability in tissue mobility across
participants and scar regions (Figure 3). No overall difference in adhesion was observed
among the right, central, and left regions (Friedman test: x2 =5.20; p = 0.074). However,
post hoc analysis identified a significant difference between the central and right regions

https:/ /doi.org/10.3390/ijerph23091179
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(p = 0.026), whereas no significant differences were observed between the left and central
or left and right regions.
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Figure 3. Distribution of adhesion indices measured with the modified adheremeter across the right
(A), center (B), and left (C) regions of the cesarean scar. The mobility index ranges from 0 to 1, with
lower values indicating greater tissue adhesion. Boxplots show the median, interquartile range,
and outliers.

3.7. Viscoelastic Properties of the Scar Tissue

Biomechanical assessment revealed region-dependent differences between cesarean
scar tissue and intact abdominal skin (Table 2). The central region showed the greatest
number of significant differences, with lower Creep and Relaxation Time and higher
Frequency and Stiffness in scar tissue (all p < 0.001), while Logarithmic Decrement did not
differ significantly (p = 0.344).

Table 2. Comparison of viscoelastic parameters between cesarean scar tissue and intact abdominal
skin according to scar region. p-values correspond to comparisons between scar tissue and intact
skin for each biomechanical parameter and measurement region. Statistical significance was set at

p < 0.05.

Scar Region Parameter p-Value

Central Creep <0.001

Frequency <0.001

Stiffness <0.001

Relaxation Time <0.001

Logarithmic Decrement 0.344

Right Creep >0.05

Frequency <0.001

Stiffness <0.001

Relaxation Time 0.047

Logarithmic Decrement >0.05

Left Creep >0.05

Frequency 0.003

Stiffness 0.052

Relaxation Time >0.05

Logarithmic Decrement >0.05

In the right region, Frequency and Stiffness were significantly higher in scar tissue
(both p < 0.001), whereas Relaxation Time was lower (p = 0.047). No significant differences
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were observed for Creep or Logarithmic Decrement. In the left region, only Frequency dif-
fered significantly (p = 0.003), with higher values in intact skin. The remaining parameters
showed no significant differences, although Stiffness approached statistical significance
(p = 0.052).

Spearman correlation analyses showed no significant associations between Observer or
Patient POSAS scores, texture contrast, or scar mobility and the biomechanical parameters
measured by the MyotonPRO (all p > 0.05; Table 3).

Table 3. Spearman correlations between clinical scar assessment, digital texture analysis, scar mobility,
and biomechanical properties of early cesarean section scars. Values are presented as Spearman’s
correlation coefficient (p) with corresponding p-values.

. . Logarithmic Relaxation
Variable Frequency Stiffness Decrement Time Creep
Observer POSAS score —0.197 (0.405) —0.072 (0.764) 0.134 (0.572) 0.023 (0.924) 0.073 (0.760)
Patient POSAS score —0.225 (0.341) —0.136 (0.568) 0.134 (0.573) 0.229 (0.332) 0.248 (0.292)
Texture contrast —0.003 (0.990) —0.240 (0.308) —0.141 (0.552) 0.156 (0.512) —0.072 (0.762)
Scar mobility —0.189 (0.424) —0.228 (0.333) —0.277 (0.237) 0.306 (0.189) 0.179 (0.449)
3.8. Ultrasound Evaluation of the Cesarean Scar
Ultrasound evaluation revealed a heterogeneous structural profile, with edema and
scar tissue deposition as the most frequent findings, followed by anechoic cysts and seromas
(Figure 4). Dermal and hypodermal edema was frequently associated with lymphatic
congestion and disorganization of the subcutaneous septa, occasionally extending to deeper
tissue layers. Fibrotic changes were characterized by hyperechoic foci and areas of dense
connective tissue.
Frequency of Ultrasound Findings
20 19 18
18
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:“_: 12
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5 ) 5 5
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Ultrasound Findings

Figure 4. Frequency of ultrasound findings observed in cesarean section scars. The bars represent the
number of patients presenting each finding. The most frequent alterations were edema (1 = 19) and
scar tissue deposition (1 = 18), followed by anechoic cyst and seroma (n = 13 each).

Regional analysis showed more pronounced structural alterations in the central por-
tion of the scar, particularly edema, deeper seromas, and fibrotic areas, whereas the lateral
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regions showed comparatively fewer alterations. Fluid collections, tissue thickening, scar ir-
regularity, and inflammatory nodular changes were also observed, although less frequently.

Ultrasonographic evaluations during the 15-30 day postoperative period (mean:
21.5 £ 4.1 days) predominantly revealed dermal and hypodermal edema, accompanied by
early fibrotic remodeling, fluid collections, and occasional nodular inflammatory changes.
Overall, these findings reflect a dynamic, transitional phase of scar healing, in which
structural characteristics vary according to the precise timing of measurement.

4. Discussion

The present study characterized cesarean section scars during the early postoperative
period (15-30 days) through a multidimensional assessment of clinical symptoms, scar
quality, biomechanical properties, tissue mobility, texture, and ultrasonographic findings.
Overall, the findings demonstrate substantial heterogeneity in structural organization,
mechanical behavior, and sensory perception during early scar remodeling.

Pain showed considerable interindividual variability and was frequently associated
with mechanical stimuli such as palpation, changes in body position, and physical effort,
suggesting the contribution of both inflammatory and biomechanical mechanisms. Extracel-
lular matrix organization and mechanotransduction pathways are recognized as important
regulators of nociceptive activation and tissue remodeling following surgical injury [8,9].

Patient-reported scar assessment highlighted greater concerns regarding overall ap-
pearance and color, whereas pain, hypersensitivity, and movement-related tension showed
greater variability. Observer assessment predominantly identified firmness, adhesion, and
tissue tension. Although patient and observer evaluations were generally comparable,
patients tended to perceive greater scar severity, reinforcing the complementary value of
incorporating both perspectives into scar assessment.

Texture analysis revealed substantial variability in GLCM-derived parameters, reflect-
ing heterogeneous superficial organization within and between scars. Lower contrast and
intermediate entropy associated with higher ASM and IDM are consistent with more ho-
mogeneous surface patterns during early remodeling [20]. Conversely, higher entropy and
contrast may reflect greater structural heterogeneity associated with extracellular matrix
disorganization and persistent fibroblast activity [9,20]. These observations are consistent
with mechanobiological models in which fibroblast differentiation and collagen deposition
are influenced by mechanical stress within the tissue microenvironment [24].

Directional variability was observed in approximately 70% of participants, supporting
the presence of anisotropic scar organization. Such behavior may reflect disruption of
native dermal collagen architecture following surgical incision, as physiological collagen
orientation follows mechanical tension lines and contributes to the anisotropic properties
of skin [25].

Scar mobility assessment demonstrated regional variability, with post hoc analysis
identifying a difference between the central and right regions despite the absence of
a significant overall regional effect. This heterogeneity may be influenced by surgical
technique, local tension distribution, and patient-specific movement patterns [10,17]. Scar
adhesions can impair fascial gliding and tissue mobility, potentially contributing to altered
postoperative biomechanics and localized discomfort [17,18].

Biomechanical assessment further demonstrated region-dependent differences be-
tween scar tissue and intact skin, particularly in the central region, where increased stiffness
and tone were accompanied by reduced creep and relaxation time [3]. Increased stiffness
and reduced deformability are compatible with changes in collagen density and extra-
cellular matrix cross-linking during early remodeling [8,24], potentially affecting tissue
compliance and mechanical adaptability.

https:/ /doi.org/10.3390/ijerph23091179
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Ultrasonography complemented these findings by demonstrating frequent dermal
and hypodermal edema, lymphatic congestion, septal disorganization, and fibrotic al-
terations, supporting ongoing extracellular matrix remodeling during this postoperative
period [21,22]. Fluid collections were also observed, while structural abnormalities occa-
sionally extended into deeper connective tissues and the muscular plane, emphasizing the
three-dimensional nature of cesarean scar remodeling.

Taken together, the structural, biomechanical, imaging, and sensory findings charac-
terize the early cesarean scar as a heterogeneous and dynamic tissue undergoing active
remodeling. These findings support multidimensional scar assessment as a means of cap-
turing features that may not be adequately represented by clinical inspection alone and
may contribute to the development of more targeted strategies for postoperative recovery.

Study limitations include the use of supraumbilical skin as a reference region to mini-
mize interference from postoperative edema, although anatomical differences in dermal
thickness and tension between abdominal regions may remain. The cross-sectional as-
sessment captures scar characteristics at a single early postoperative stage and does not
establish their longitudinal evolution. Finally, semi-quantitative ultrasonographic assess-
ments were performed by a single trained investigator, and future studies should evaluate
inter-examiner reproducibility and longitudinal changes.

5. Conclusions

Cesarean section scars in the early postoperative period exhibit morphological, sensory,
textural, and biomechanical alterations, with substantial heterogeneity across individuals
and scar regions. These findings highlight the complexity of early scar remodeling and the
value of multidimensional assessment integrating clinical, biomechanical, and imaging-
based measures. As an exploratory characterization, this study provides a baseline for
understanding early cesarean scar dynamics and generates hypotheses for future longitudi-
nal and interventional studies investigating scar evolution and rehabilitation strategies in
postpartum women.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph23091179/s1, Table S1: STROBE Statement—Checklist of
items that should be included in reports of cross-sectional studies.
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