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Abstract: Pelvic organ prolapse (POP) is a common condition that affects millions of women
worldwide, significantly impacting their quality of life and creating a critical demand for innovative
treatment options. The use of synthetic meshes in POP repair has been associated with complications,
leading the FDA to ban transvaginal meshes for prolapse repair in April 2019. The objective of this
study was to evaluate an alternative surgical intervention technique by applying injectable
biodegradable cog threads, commonly used in facelift procedures, to reinforce the vaginal wall. An
in vivo analysis was conducted in sheep, divided into two groups: one without (w/o) cog threads
(control group) and one with (w/) cog threads. The goal was to assess the efficacy and potential of
cog threads in improving vaginal wall integrity in an animal model. To achieve this, a novel
prototype device for intravaginal force measurement was used. The device, a sensor-equipped
medical speculum, measures intravaginal forces at varying speculum openings. The results show that
intravaginal force increases as the speculum opening widens, with a force of 0.379 N at a closed or
no opening and 0.703 N at a 20 mm opening, reflecting an approximate 46% increase. The analysis
revealed higher force in the lower vaginal wall, with a maximum variation of 24% at a 20 mm opening
and 22% at a 30 mm opening. Additionally, the implantation of cog threads led to a 42% increase in
vaginal wall reinforcement. These findings highlight the potential of PCL cog threads to reinforce the
vaginal wall after implantation, offering a promising new approach to managing POP with
applications in diagnostics, treatment, and biomaterial development.

Keywords: vaginal wall reinforcement; cog threads; pelvic organ prolapse treatment; vaginal force
measurement device; intravaginal force

1. Introduction

The female pelvic anatomy consists of interconnected organs, muscles, ligaments, and fasciae
that support the bladder, uterus, and rectum, maintaining pelvic organ position and function [1]. This
intricate structure is prone to conditions such as pelvic organ prolapse (POP) [2], where weakened
support tissues cause the descent of pelvic organs like the anterior or posterior vaginal walls and the
vaginal apex (e.g., uterus or vaginal cuff scar post-hysterectomy), as noted by IUGA and ICS [3,4].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The vaginal canal, located between the bladder and rectum, is particularly vulnerable to
structural changes, leading to conditions like cystocele (bladder pressing into the anterior vaginal
wall) and rectocele (rectum pressing into the posterior vaginal wall) [5,6]. These interdependent
structures highlight the challenges in treating POP effectively. Beyond physical symptoms, POP
affects a woman’s quality of life, impacting emotional and social well-being [7-9].

POP prevalence is influenced by factors such as childbirth, menopause, and hysterectomy [10-
12], affecting 3—6% of women. It represents a significant public health concern due to its impact on
quality of life and the high cost of treatment [13]. Women aged 60 to 69 have the highest rates of POP
surgery, with 6-18% requiring surgical intervention and an annual incidence of 1.5-1.8 per 1000
women [14]. Approximately 29% of surgeries involving synthetic mesh implants lead to reoperation
due to complications [15,16], further increasing healthcare costs, which average $9,000 per procedure
in the USA [17]. In April 2019, the FDA ordered the withdrawal of all transvaginal mesh products for
POP repair from the market [18].

In this context, the development of innovative tools to enhance understanding of this issue is
crucial for designing and implementing effective and viable therapeutic procedures. Recent studies
have focused on developing novel biodegradable mesh implants with varying geometries, pore sizes,
and filament diameters; however, these efforts remain in the testing and analysis phase [19-21]. Both
medical-grade and non-medical-grade PCL have been investigated for this application, including
their degradation properties [22-24]. Additionally, other research has explored the adaptation of cog
threads, commonly used in facelift procedures, for prolapse repair [25,26].

Cog threads were first introduced in obstetrics and gynecology in 2008, initially used for tissue
reapproximation during laparoscopic myomectomy and specific hysterectomy procedures [26]. An
ex vivo study demonstrated that applying cog threads to the sow's vaginal wall resulted in an
increase in tissue strength, highlighting their potential for reinforcing the vaginal wall. These threads
offer structural support during degradation, contributing to the observed increase in tissue strength
[22].

Diagnostic techniques such as clinical examination and medical imaging are commonly
employed to evaluate POP, but they often lack the precision needed to quantify the extent of prolapse
and its impact on pelvic floor function [27]. The POP Quantification (POP-Q) system remains the
standard for assessing prolapse severity by measuring the descent of specific pelvic segments relative
to the hymen during the Valsalva maneuver [28,29]. While objective, the POP-Q system does not
address the biomechanical factors or mechanisms underlying prolapse, limiting its effectiveness in
guiding targeted therapeutic strategies [30]. To overcome these limitations, the development of
devices capable of quantifying intravaginal forces has emerged as a promising approach, enabling a
deeper understanding of vaginal wall biomechanics and advancing diagnostic and treatment options.

Recent research has focused on creating devices that measure force distribution and structural
integrity within the vaginal walls. For instance, vaginal tactile imaging generates detailed images of
vaginal tissue and surrounding structures, offering valuable insights but requiring numerous
pressure sensors, typically 120, which drives up production costs [31]. Similarly, manometry
catheters, widely used for evaluating vaginal pressure profiles, provide accurate readings at specific
points but are less reliable in the distal vagina, where air exposure compromises pressure
measurements [32]. Other innovations, such as optical-fiber sensor devices, can map absolute
pressure and pressure distribution within the vaginal canal [33]. However, these designs also require
multiple sensors, which increase manufacturing costs, reduce durability, and complicates handling,
hindering widespread adoption [34]. Recently, a novel diagnostic device has been developed using a
standard stainless steel duckbill bivalve speculum with parallel blade dilatation, commonly
employed in gynecological examinations as a minimally invasive procedure. This modified speculum
can be locked at any opening between 0 and 3 cm and is equipped with eight sensors (four on each
blade, superior and inferior). These sensors enable the precise measurement of intravaginal forces at
each dilation point [35,36].
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Therefore, this study aims to conduct an in vivo analysis in sheep. The animals underwent
minimally invasive surgical implantation of cog threads to assess vaginal wall reinforcement, with
evaluations performed before implantation, as well as at 90 and 180 days post-surgery. To assess the
reinforcement, we used the novel device mentioned above [35,36]. However, in this study, only three
sensors on each blade were used to measure the intravaginal force, as the vaginal canal of sheep is
smaller than that of humans [37], making the speculum less ideal for sheep.

2. Materials and Methods

2.1. In Vivo Analysis

A total of ten sheep (n=5) were included in this study. The five sheep underwent surgical
intervention, during which cog threads were implanted into their vaginal walls. These measurements
were used to evaluate the reinforcing effect of the cog threads on the vaginal tissue. Measurements
were conducted before surgery and at two post-surgical intervals: 90 days and 180 days. Due to
anesthesia during the surgical procedures, intravaginal measurements were not performed
immediately after the insertion of the cog threads. To minimize variability, all selected sheep had
consistent characteristics, including age and weight. All animal procedures complied with Directive
2010/63/EU of the European Parliament and DL 113/2013. The procedures were approved by the
Ethics Committee of the Animal Protection Agency of ICBAS-UP and the Direcao-Geral de
Alimentacao e Veterinaria (DGAV). Animal welfare was carefully monitored throughout the study,
following the OECD’s Guidance Document on the Recognition, Assessment, and Use of Clinical Signs
as Humane Endpoints for Experimental Animals Used in Safety Evaluation (2000). All necessary
measures to minimize pain and discomfort were implemented, with animals managed by FELASA
C-certified veterinary surgeons experienced in handling this specific animal model.

2.2. In Vivo Minimally Invasive Surgery for Cog Thread Insertion

The in vivo minimally invasive procedure was performed on a sheep model, involving the
insertion of commercially available biodegradable polycaprolactone (PCL) cog threads (Yastrid,
China), as depicted in Figure 1a. Figure 1b illustrates the surgical procedure for reinforcing the
vaginal canal through the insertion of commercially available cannula cog threads. Typically used in
cosmetic procedures for temporary structural reinforcement, these threads were utilized in this study
to strengthen the vaginal canal in sheep.

a) b)

Figure 1. (a) PCL biodegradable cog thread and its cannula, (b) Surgical insertion of PCL cog thread for vaginal

wall reinforcement in a sheep model.
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The threads used in this study are commercially available 360° 4D barb threads (PCL-19G-100),
provided in sterile packs by Yastrid (Shanghai, China). Each pack contained two threads within an
L-type cannula and a 19G needle, both made of stainless steel. Once implanted, these threads are
expected to last between two and three years. The filament diameter of the cog threads, measured
from SEM micrographs, is approximately 0.625 mm, as shown in Figure 2.

d=0.625 mm

Figure 2. SEM micrograph showing the outer surface of the PCL cog thread.

The cog threads were placed laterally (see Figure 3, marked by "X" symbols) to ensure stable and
effective placement. This lateral positioning enhanced structural support along the vaginal wall and
facilitated gradual remodeling as the PCL threads degraded. This approach enabled the evaluation
of reinforcement effects on intravaginal pressure distribution and wall stability during in vivo testing,
while also demonstrating an adaptive strategy to accommodate anatomical constraints encountered
during the procedure.

Anterior Vaginal Wall

\ Uterus

Vaginal Opening Posterior Vaginal Wall

X PCL cog thread insertion site
----- PCL cog threads

Figure 3. Diagram illustrating the insertion sites of PCL cog threads for vaginal wall reinforcement.

2.3. Intravaginal Force Measurement Device

A standard double-bladed stainless-steel speculum was used as the structural foundation for the
diagnostic tool. The speculum was modified to lock at various openings (0 to 30 mm) and adapted to
accommodate FlexiForce™ B201 Tekscan sensors (Boston, USA). These piezoresistive B201 sensors
detect applied force by measuring changes in resistance, which are inversely proportional to the
applied force. Their integration with USB-interface electronics and ELF™ software enabled real-time
recording and visualization of force data, facilitating detailed analysis of force distribution and the
role of cog thread reinforcement. The sensors were positioned on the outer surfaces of the blades, as
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shown in Figure 4, with four sensors on the upper blade (51 to S4) and another four on the lower
blade (I1 to I4). However, since sensors 54 and 14 were often positioned outside the vaginal canal
during most measurements, only three sensors per blade (S1 to S3 and I1 to 13) were considered for
data analysis. Previous studies emphasize both the anatomical similarities and differences between
the vaginal and cervical canals in humans and sheep, demonstrating their significance for medical
and veterinary applications. While the vaginal and cervical structures in both species share key
similarities, making the sheep a valuable model for studying human pelvic anatomy and testing
medical devices, there are also notable differences. For instance, the human vaginal canal is longer
and more flexible, whereas the sheep cervical canal features funnel-shaped rings and smaller
openings. Despite these differences, both species possess fundamental anatomical characteristics that
influence the design and application of instruments and treatments [37,38].

sS4 S3 S22 Sl

(a)

Superior blade

Inferior blade

(b)

I4 3 1 11

Figure 4. Speculum blades: (a) superior blade of the speculum with the four sensors attached (S1 to S4); (b)
inferior blade of the speculum with the four sensors attached (I1 to 14).

The insertion of the probe, which consists of the speculum with attached sensors, aimed to
evaluate the reinforcement of the vaginal canal after the implantation of cog threads. During the
measurements, a passive examination of the sheep model was performed with the speculum dilation
set at 0 mm, 10 mm, 20 mm, and 30 mm in the medial position (see Figure 5). Data was collected at
each of these points to assess the capacity of the cog threads to reinforce the vaginal canal and achieve
maximum strength. Figure 5a shows the insertion of the speculum into the sheep's vaginal tissue,
while Figure 5b illustrates how the speculum was positioned within the vaginal canal. The superior
blade of the speculum was placed against the upper vaginal wall, and the inferior blade was
positioned against the lower vaginal wall. The sheep was awake and standing in an upright position
during the procedure. Force values were recorded for 50 to 60 seconds per measurement, with three
measurements conducted for each opening. During each measurement, eight values per second were
collected for each sheep. The average force was first calculated for each measurement, and a final
mean value was determined from the three measurements.
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Upper Vaginal Wall

U\

1 di

Lower Vaginal Wall

(b)

Figure 5. Speculum Position: (a) Insertion of the speculum into the sheep's vaginal canal for intravaginal force
measurement; (b) Posterior view of the speculum, showing the anterior part (inserted into the vaginal canal)
with the superior blade placed against the upper vaginal wall and the inferior blade positioned against the lower

vaginal wall.

2.4. Statistical Analysis

All analyses were performed using IBM SPSS Statistics 26.0 software (New York, United States),
with p <0.05 considered statistically significant. Quantitative data are presented as mean + standard
deviation (SD). The force values measured using the speculum at different time points (before
surgery, and at 90 and 180 days post-surgery) were compared across the various speculum openings
(0 mm, 10 mm, 20 mm, and 30 mm) using the Kruskal-Wallis test.

3. Results

3.1. In Vivo Force Measurements of the Vaginal Wall Before Reinforcement

Table 1 shows the mean force values before the insertion of the cog threads, including the
average force values, standard deviations, and corresponding p-values. The data indicate that
intravaginal force increases as the speculum openings widens, with an intravaginal force of 0.379 N
at no opening or closed and 0.703 N at a 20 mm opening, representing an approximately 46%
difference. In the case of a 30 mm opening, the lower variation compared to 20 mm may be associated
with excessive dilation of the sheep's vaginal canal, potentially preventing full insertion of the
speculum at this opening size. Statistically, there is a significant difference in the force values
obtained for the 20 mm and 30 mm openings when compared to the 0 mm opening, indicating an
increase in force.

The different openings will serve as control groups for comparison with the insertion of cog
threads at 90 and 180 days.

Table 1. Average force values in the vaginal canal at various speculum openings before the implantation of cog

threads (control groups).

Speculum opening [mm] Average Values Force [N]  Standard Deviation [N] p-value
0 mm 0.379 0.138
10 mm 0.635 0.222 0.054
20 mm 0.703 0.235 0.003 *
30 mm 0.687 0.097 0.003 *

* Statistically significant.
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Analysis of the average force measured in the superior and inferior blades revealed a difference,
with higher force detected in the lower vaginal wall. The maximum variation was 24% at a 20 mm
opening and 22% at a 30 mm opening (see Table 2).

Table 2. Average intravaginal force measured in the superior and inferior blades of the speculum.

Speculum opening Average Force Values Superior =~ Average Force Values Variation (%)

[mm] Sensors [N] Inferior Sensors [N]

0 mm 0.360 0.398 9.5%

10 mm 0.622 0.648 4.0%

20 mm 0.607 0.799 24.0%
30 mm 0.602 0.772 22%

3.2. In Vivo Force Measurements of the Vaginal Wall After Reinforcement

In vivo intravaginal force measurements with vaginal wall reinforcement in the same sheep from
the control group were conducted to assess the impact of PCL cog threads on reinforcing the vaginal
canal. Measurements were recorded at four speculum openings (0 mm, 10 mm, 20 mm, and 30 mm)
at 90 and 180 days post-implantation of cog threads.

Table 3 also presents the intravaginal average force and the variation of intravaginal force at 90
and 180 days, compared to the control group for each opening. The results show the highest variation
for the case without opening (0 mm), with a variation of 42% at 90 days and 34% at 180 days. A
noteworthy finding is the decrease in intravaginal force measured at 180 days, which may be linked
to the gradual degradation of the cog threads over time. In this study, intravaginal force was not
measured on day 0 post-implantation due to anesthesia, following veterinary surgeons’ protocol.
However, degradation of the cog threads may have already started by 90 days post-implantation. A
previous study evaluating biodegradable meshes printed with PCL reported significant weight loss
in printed fibers at both 90 and 180 days of degradation in different media, with a weight reduction
of approximately 10-27% [24].

When comparing the force values between 90 and 180 days post-implantation, a decrease in
intravaginal force was observed across all openings. This reduction was most pronounced at the 20
mm opening, with a force decrease of approximately 15.7%. This trend suggests that the degradation
of the cog threads may have contributed to the decrease in reinforcement over time, aligning with
previous studies that reported a weight loss of 10-27% in biodegradable PCL-based implants over
similar periods [24].

Table 3. Average intravaginal force at various speculum openings and post-implantation time points (90 and

180 days).
Speculum Time post- Average Values Standard Variation Average
opening [mm] implantation (days) Force [N] Deviation [N] Force (%) p-value
90 0.653 0.104 42.0% 0.008 *
0 mm
180 0.576 0.074 34.2% 0.016 *
10 mm 90 0.722 0.163 12.0% 0.494
180 0.637 0.143 0.3% 0.860
50 mm 90 0.854 0.160 17.7% 0.205
180 0.717 0.077 2.0% >(0.999
30 mm 90 0.971 0.150 29.2% 0.001 *
180 0.883 0.145 22.2% 0.004 *

* Statistically significant.

The graph in Figure 6 presents the results from the tables above, summarizing the key findings
of the intravaginal force measurements. It clearly demonstrates that there is reinforcement of the
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vaginal canal following the insertion of cog threads. This increase is more pronounced at 90 days
post-implantation than at 180 days.

1.2

0.6
Bl 90 days
@ 180 days

Force (N

0.4
0.2

0.0

1.0 I
2] I I I I b L 1 Control
0

10 20 30

Speculum Opening (mm)

Figure 6. Intravaginal average force values for control groups corresponding to different speculum openings, as

well as after implantation of cog threads at various openings for 90 and 180 days.

4. Discussion

The intravaginal force measurement device was previously tested and validated through ex vivo
experiments and a specific in vivo case in sheep, ensuring the necessary accuracy and reliability for
this study [35,36]. This device is capable of detecting slight variations in force distribution and
mechanical integrity, which are essential for assessing the effectiveness of PCL cog thread
reinforcement in the vaginal wall.

The objective of this study was to conduct an in vivo analysis by performing a surgical procedure
to implant cog threads into the vaginal sheep canal and evaluate, using a probe-speculum with
sensors, the intravaginal force to determine whether reinforcement occurs with the cog threads.

During the initial in vivo measurements, the device successfully identified differences in
intravaginal force distribution between the upper and lower vaginal walls, as well as variations in
force associated with different degrees of speculum opening. Through the speculum, the highest
force was measured on the lower vaginal wall. The greater differences observed at 20 mm and 30 mm
speculum openings (24% and 22%) between the upper and lower blades, compared to 10 mm and no
opening (4% and 9.5%), may be attributed to the vaginal canal's mechanical response during the
examination. At larger openings, the vaginal canal undergoes greater stretching, which can increase
resistance and the force needed to maintain the speculum’s position. This force difference may be
more pronounced under these conditions, as the inferior vaginal wall could experience increased
compression or tension, leading to higher measured forces. This may also be influenced by various
anatomical and physiological factors. The lower vaginal wall is typically more exposed to external
forces during pelvic movements and may exhibit greater sensitivity to mechanical loads.
Additionally, the positioning of the speculum during measurement may have also contributed to this
discrepancy, with the inferior part potentially being more affected by the speculum’s interaction with
the vaginal walls. In the literature, in vivo methods have been developed to mechanically characterize
the vagina, offering clinically relevant data by evaluating the tissue in its natural environment.
However, these techniques typically offer only basic measurements of biomechanical properties. One
of the earliest in vivo studies on vaginal tissue distensibility was conducted using a catheter balloon
inflation combined with a pressure transducer. Although this method is no longer employed for a
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comprehensive characterization of vaginal mechanics, balloon catheterization continues to be used
for estimating intravaginal pressures in vivo, offering a reference configuration for subsequent ex
vivo inflation experiments [39].

The measurements for the control group were taken at different degrees of speculum opening,
showing an increase in intravaginal force as the opening degree increased. The greatest difference,
approximately 46%, was observed between the 0 mm and 20 mm openings. For the 30 mm opening,
the force was lower than at the 20 mm opening, which may be attributed to the maximum dilation of
the sheep's vaginal canal. Previous studies highlight both the similarities and differences between the
vaginal and cervical canals in humans and sheep, underscoring their relevance for medical and
veterinary applications. While the vaginal and cervical structures in both species share key
anatomical features, making sheep a valuable model for studying human pelvic anatomy and testing
medical devices, there are distinct differences between the two. For example, the human vaginal canal
is generally longer and more flexible, while the sheep cervical canal is characterized by funnel-shaped
rings and smaller openings. Despite these differences, both species exhibit fundamental anatomical
characteristics that play a crucial role in the design and application of medical instruments and
treatments, highlighting the importance of considering these similarities and differences in
translational research [37,40]. Previous research using a speculum to study the sheep cervical canal
found an average length of 6.7 + 1.1 cm, with 4.9 + 1.0 funnel-shaped rings and small openings
measuring 2.7 + 1.1 mm [37]. In contrast, measurements taken from 120 vaginal specimens included
104 without prolapse and 16 with prolapse. The average length of the distended vagina was
approximately 13 + 3 cm. The flexibility of vaginas without prolapse was around 3 + 2.5 cm, while the
flexibility of vaginas with prolapse ranged from 5.5 to 8.0 cm [40].

In the present study, after implantation of the cog threads, an increase in intravaginal force was
observed, indicating reinforcement of the vaginal wall. The most significant reinforcement was noted
at 90 days post-implantation, with a force increase of approximately 42% at 0 mm opening. Although
a similar trend was observed with other degrees of speculum opening, the increase was less
pronounced. In comparison, a previous ex vivo study on sow vaginal tissue demonstrated a
significant reinforcement of tissue, as confirmed by the ball burst test [25]. The study reported that
vaginal tissue reinforced with threads could withstand an additional 68 N of load compared to
normal tissue (p < 0.05), corresponding to an approximate 45% increase in strength. While the
experimental conditions differ between the two studies, the observed increase in strength from the
in vivo study is of a similar order of magnitude to the ex vivo results, indicating that the
reinforcement effect observed in the vaginal wall after cog thread implantation aligns with findings
from tissue reinforcement in ex vivo models. Despite these methodological differences, the similarity
in the order of magnitude of the obtained values reinforces the hypothesis that cog threads effectively
strengthen vaginal tissue. These findings also suggest that the probe-speculum can provide accurate
measurements, highlighting its potential for use in urogynecological consultations. However, it may
require adaptation with integrated sensors. Its main advantages include its existing use in clinical
practice, ease of handling by experienced clinical doctors, simple sensor replacement, and cost-
effectiveness. Further studies are needed to establish a more precise quantitative correlation between
the two experimental models and to better understand the biomechanical mechanisms involved over
time. However, at 180 days post-implantation, a decrease in intravaginal force was observed
compared to the measurements at 90 days, likely due to the degradation of the PCL cog threads.
Specifically, the reduction in intravaginal force was 7.8% at 0 mm opening, 11.7% at 10 mm, 15.7% at
20 mm, and 7% at 30 mm. If force measurements had been taken one day after implantation and
compared to those at 90 days, a potential decrease in force might have been detected, being a
limitation of this study. Previous studies have shown a significant weight loss in printed fibers after
both 90 and 180 days of degradation in various media, with a weight reduction ranging from
approximately 10% to 27% [24].

Several limitations should be considered in this study. One significant limitation is the lack of
force measurements immediately post-implantation, which could have provided a clearer baseline
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for evaluating early mechanical reinforcement. Additionally, variations in force measurements may
have been influenced by differences in vaginal wall elasticity and individual anatomical
characteristics of the sheep, highlighting the importance of larger sample sizes in future studies to
account for these individual variations. Another important consideration is the progressive
degradation of PCL cog threads over time. Previous studies have reported weight loss in printed
fibers ranging from 10% to 27% after 90 and 180 days of degradation in different media, including a
biological fluid model (pH 7.4) and an acidic medium associated with inflammation (pH 4.3) [24]. To
gain a more comprehensive understanding of the material's mechanical behavior during
degradation, future studies should include additional intermediate time points. The use of lysozyme
and simulated body fluid are among the media that can better replicate physiological conditions.

These results highlight the potential of PCL cog threads to enhance tissue resistance,
underscoring their applicability for treating POP. PCL cog threads offer a controlled biodegradation
process, providing temporary support while promoting the remodeling of native tissue [41]. Unlike
permanent synthetic meshes, which pose risks such as erosion and infection [42], PCL cog threads
gradually degrade, offering a safer, short-term reinforcement option. This approach aligns with
clinical goals and may be particularly beneficial for patients who are unsuitable for permanent mesh
placement. While minor risks such as inflammation or tissue stiffness may arise, ongoing research
into tissue adaptation and the biomechanical effects of thread degradation will continue to improve
clinical safety and efficacy.

The use of cog threads might have several advantages over traditional mesh implants in
reconstructive pelvic surgeries. Although primarily used in facelifting procedures, we believe cog
threads could be an effective treatment option for the early stages of POP due to several factors. This
technique reduces operative times and allows for simpler wound closure, as there is no need for knot
tying, and it can be performed under local anesthesia. The thread’s barbs anchor firmly into the soft
tissue, eliminating the need for additional anchoring points, which could otherwise contribute to
inflammatory reactions. Additionally, this technique offers quicker recovery and better sexual health
outcomes compared to conventional meshes, while also preserving the possibility of future vaginal
delivery. Conventional meshes are typically used in older women with no intention of childbirth, as
it is not recommended to give birth after using synthetic meshes. For younger women, native repairs
are often used, although they carry a higher recurrence rate [25].

The biomechanical responses observed in the sheep model provide valuable insights for
potential human applications in POP diagnostics. Future studies could explore polymer blends or
modifications to the PCL thread coating to enhance tissue biocompatibility and reduce risks of
inflammation or stiffness. Additionally, leveraging additive manufacturing for model optimization
could lead to design improvements tailored to both animal and human anatomy, expanding their use
in both research and clinical contexts.

Integrating PCL cog threads with diagnostic capabilities could represent a minimally invasive
strategy for managing or delaying the onset of POP. This combined approach would offer structural
support while enabling real-time monitoring and adjustments, thereby improving patient outcomes.

5. Conclusions

This study demonstrated that integrating intravaginal force measurement sensors into a
modified speculum provides a reliable and sensitive method for assessing force distribution across
the vaginal wall, a crucial factor in diagnosing POP. In vivo testing confirmed the device’s
effectiveness, as force measurements increased progressively with speculum dilation, accurately
reflecting the vaginal wall’s natural resistance. Additionally, comparative measurements with an
established probe validated the proper functioning of the modified speculum, reinforcing its accuracy
and reliability.

Beyond its diagnostic capabilities, the study explored the use of biodegradable PCL cog threads
for vaginal wall reinforcement. In vivo results showed significant increases in tissue resistance across
multiple speculum openings, demonstrating that the cog threads provided temporary structural
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support while gradually integrating into the surrounding tissue. This suggests they could serve as a
safer and more adaptable alternative to permanent synthetic meshes.

By combining an innovative diagnostic tool with a temporary reinforcement method, this
approach offers a minimally invasive, patient-centered strategy for early POP intervention,
potentially reducing recurrence rates. However, further research is needed to optimize the
degradation rates and biocompatibility of PCL cog threads, particularly in human tissues, to ensure
clinical safety and efficacy.

Future work should focus on refining the device’s ergonomic design, enhancing sensor accuracy,
and evaluating its performance across diverse anatomical contexts. Additive manufacturing could
facilitate customization tailored to individual patient anatomy, further improving clinical
applicability.

Ultimately, this study advances POP diagnosis and treatment by merging diagnostic precision
with temporary reinforcement. These innovations pave the way for real-time monitoring and
individualized interventions, which could reduce the need for repeat surgeries and improve long-
term patient outcomes.
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