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Abstract 

Background: Restoration of apical support is a primary objective in pelvic organ prolapse surgery; 
however, postoperative pelvic floor biomechanics and vaginal axis orientation are increasingly 
recognized as relevant determinants of clinical outcome. Laparoscopic pectopexy may be performed 
using synthetic mesh or non-absorbable sutures (wire), yet the influence of fixation material on 
postoperative vaginal axis remains insufficiently explored. This study aimed to evaluate vaginal axis 
orientation after mesh versus wire pectopexy using magnetic resonance imaging (MRI). Methods: A 
prospective non-randomized comparative cohort study included 100 women with symptomatic 
apical pelvic organ prolapse (POP-Q stage ≥ II). Fifty patients underwent mesh pectopexy and fifty 
wire pectopexy. All patients underwent standardized postoperative pelvic MRI at one-year follow-
up using a 1.5 Tesla scanner with dynamic Valsalva sequences. MRI measurements included vaginal 
PS3L axis angle, H-line, and M-line. Clinical outcomes were assessed by gynecological examination. 
Statistical analysis included ANOVA, logistic regression, and ROC curve evaluation. Results: No 
cases of apical prolapse recurrence were observed. Vaginal axis orientation was significantly 
associated with postoperative clinical findings (F = 3.867, p = 0.019). Logistic regression identified 
vaginal axis angle as an independent predictor of normal clinical outcome (β = −0.257, p = 0.008; AUC 
= 0.819). A more physiological vaginal axis was more frequently observed following wire pectopexy 
Conclusions: Postoperative vaginal axis orientation assessed by MRI represents a relevant parameter 
after apical prolapse repair. Wire pectopexy was associated with a more physiological vaginal axis 
alignment, suggesting potential biomechanical advantages that may influence postoperative pelvic 
floor stability. 
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1. Introduction 

Apical prolapse, a prevalent form of pelvic organ prolapse (POP), involves the descent of the 
vaginal apex, uterus, or cervix due to compromised support from the pelvic floor structures [1,2]. 
This condition predominantly affects women, particularly those who have experienced childbirth, 
undergone pelvic surgery, or are in postmenopausal stages [1,3]. The etiology of apical prolapse is 
multifactorial, involving intrinsic factors such as genetic predispositions and connective tissue 
disorders, as well as extrinsic factors like mechanical stress from obesity, chronic cough, or heavy 
lifting [4]. 

The weakening of pelvic support tissues can lead to a range of symptoms, including pelvic 
pressure, urinary incontinence, and sexual dysfunction, all of which can profoundly affect a woman’s 
quality of life. Many patients with apical prolapse remain undiagnosed or untreated, often due to 
stigma, lack of awareness, or inadequate communication about the condition. As the population ages, 
the importance of recognizing, diagnosing, and managing apical prolapse effectively becomes 
increasingly critical [5]. The incidence of pelvic organ prolapse rises, affecting an estimated 30% of 
women by the age of 60, effective surgical interventions are crucial for enhancing quality of life and 
functional outcomes [6]. 

Laparoscopic pectopexy is an innovative surgical technique designed for the treatment of pelvic 
organ prolapse, particularly focusing on apical support restoration [7]. This minimally invasive 
approach has gained traction in recent years as an alternative to sacrocolpopexy, offering several 
advantages including reduced intraoperative risk at the promontory, shorter recovery times, and 
favorable anatomical outcomes [8,9]. The pectopexy procedure involves anchoring the vaginal apex 
to the pectineal ligament, thus providing stable support for pelvic organs while minimizing damage 
to surrounding structures [10]. 

This technique is particularly advantageous for women who wish to preserve their uterine 
anatomy or those with a history of unsuccessful prolapse repairs. Recent studies have demonstrated 
promising outcomes associated with laparoscopic pectopexy, including significant symptom relief, 
high patient satisfaction rates, and favorable anatomical success rates [7,10]. Depending on surgeon 
preference and material availability, pectopexy can be performed using either synthetic mesh or non-
absorbable sutures (wire). Mesh fixation provides broader load distribution and improved tensile 
strength but carries the theoretical risk of mesh exposure or foreign-body reaction. In contrast, wire 
suture fixation eliminates mesh-specific complications while potentially resulting in different 
biomechanical behavior at the apex fixation site [11]. However, evidence directly comparing these 
two fixation strategies remains scarce. 

Beyond clinical success and recurrence rates, the anatomical orientation of the vaginal axis has 
gained increasing relevance due to its potential impact on pelvic support biomechanics, urinary 
continence mechanisms, and sexual function. Yet, the influence of fixation material (mesh vs wire) on 
postoperative vaginal axis has not been systematically evaluated. 

Magnetic resonance imaging (MRI) provides superior visualization of pelvic floor structures and 
allows objective assessment of postoperative anatomical outcomes, including vaginal axis, apical 
support, and hiatal configuration. While MRI has been widely used to evaluate sacrocolpopexy, 
imaging-based data on pectopexy remain limited, and to our knowledge no previous clinical trial has 
analyzed the postoperative vaginal axis after mesh versus wire pectopexy using MRI [12]. 

This study aims to compare postoperative vaginal axis in patients undergoing mesh versus wire 
pectopexy using MRI-based anatomical evaluation. Understanding whether fixation material 
influences postoperative axis orientation may help refine surgical decision-making and optimize 
material selection in apical prolapse repair. 

Beyond anatomical success, restoration of physiological pelvic floor biomechanics has emerged 
as an essential objective in modern prolapse surgery. The vaginal axis represents a key biomechanical 
parameter influencing the direction of intra-abdominal force transmission toward the pelvic floor [3]. 
A physiological vaginal axis allows pressure to be distributed along the longitudinal vaginal canal 
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toward the sacral support structures, whereas deviation from this axis may redirect forces toward the 
anterior or posterior compartments, predisposing to cystocele or rectocele formation. 

Recent imaging-based investigations have highlighted the importance of vaginal orientation in 
maintaining pelvic floor stability and functional outcomes following reconstructive surgery. Altered 
vaginal axis has been associated with changes in urinary continence mechanisms, sexual function, 
and compartmental load distribution. Despite this growing interest, most clinical studies evaluating 
apical prolapse repair focus primarily on recurrence rates and anatomical success, with limited 
attention to postoperative vaginal axis and pelvic biomechanics. 

Magnetic resonance imaging offers a unique opportunity to objectively quantify postoperative 
pelvic anatomy. Dynamic MRI performed during Valsalva allows detailed assessment of vaginal 
orientation, hiatal configuration, and apical support. MRI-derived parameters such as the H-line, M-
line, and vaginal axis angle provide reproducible measurements that complement clinical POP-Q 
evaluation and enhance understanding of postoperative pelvic floor behavior [13–15]. 

To date, imaging-based comparative data between mesh and suture-based pectopexy remain 
scarce. Understanding whether fixation material influences postoperative vaginal axis orientation 
may provide important insights into the biomechanical consequences of apical suspension and may 
contribute to optimization of surgical technique and material selection in prolapse repair [16,17]. 

2. Materials and Methods 

2.1. Study Design and Setting 

This study was designed as a prospective non-randomized comparative cohort study conducted 
at a tertiary urogynecological surgical center. The trial compared anatomical outcomes after mesh 
pectopexy versus wire pectopexy in womens with apical pelvic organ prolapse. The study was 
conducted over a two-year period, from december 2023 to december 2025. Surgical procedures were 
performed during the first year of the study, followed by a standardized postoperative follow-up 
period of one year for all included patients. 

2.2. Participants 

A total of 100 women with symptomatic apical pelvic organ prolapse were included. Group 
allocation was based on surgeon preference and material availability, resulting in two cohorts: mesh 
pectopexy (n = 50) and wire pectopexy (n = 50). Sixty percent of the patients resided in urban areas 
and forty percent in rural areas. 

2.3. Inclusion and Exclusion Criteria 

Inclusion criteria were: symptomatic apical prolapse with POP-Q stage ≥ II, suitability for 
laparoscopic pelvic reconstructive surgery, and ability to undergo pelvic magnetic resonance 
imaging (MRI). There was no upper age limit. 

Exclusion criteria included pregnancy and gynecologic malignancies. No patients were excluded 
based on parity, menopausal status, or previous pelvic surgery. 

2.4. Associated Procedures 

Associated pelvic procedures were performed when indicated. These included total 
hysterectomy with bilateral adnexectomy in 60% of patients, as well as rectocele repair and McCall 
culdoplasty in selected cases. 

2.5. Surgical Technique 

All surgical procedures were performed by experienced surgeons specialized in minimally 
invasive pelvic floor reconstructive surgery and familiar with laparoscopic apical suspension 
techniques. All interventions were conducted under general anesthesia with the patient placed in 
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dorsal lithotomy position and slight Trendelenburg tilt to facilitate pelvic visualization. Prophylactic 
antibiotic therapy and thromboembolic prevention were administered according to institutional 
protocols. 

Following sterile preparation and bladder catheterization, pneumoperitoneum was established 
using a Veress needle or open (Hasson) technique at the umbilical level. A standard four-port 
laparoscopic approach was employed, consisting of a 10 mm umbilical trocar for the laparoscope and 
three ancillary trocars (5 mm and 10 mm) placed under direct visualization in the lower abdominal 
quadrants. After inspection of the abdominal cavity and confirmation of anatomical landmarks, 
attention was directed to the pelvic compartment. 

The first operative step consisted of identification of key anatomical structures, including the 
round ligaments, external iliac vessels, and pectineal (Cooper’s) ligaments bilaterally. Careful 
dissection of the peritoneum overlying the pelvic sidewall was performed using monopolar or 
bipolar energy to expose the pectineal ligament along its course on the superior pubic ramus. 
Particular attention was paid to avoiding injury to the external iliac vein and obturator neurovascular 
bundle. The paravesical spaces were gently developed to allow adequate visualization and safe 
placement of fixation sutures or mesh [18]. 

Subsequently, the vaginal apex or cervical stump was identified. In patients with prior 
hysterectomy, the vaginal vault was mobilized by dissecting surrounding adhesions and creating 
adequate exposure of the anterior and posterior vaginal walls. In cases where concomitant 
hysterectomy was performed, the vaginal cuff was prepared and reinforced prior to apical 
suspension. The peritoneum overlying the vaginal apex was incised, and a limited dissection was 
carried out to create a secure anchoring point for fixation material while preserving surrounding 
support structures. 

In the mesh pectopexy group, a synthetic non-absorbable mesh was tailored to appropriate 
dimensions and introduced into the abdominal cavity. The mesh was positioned symmetrically and 
secured to the vaginal apex using absorbable fixation devices (AbsorbaTack™) and titanium helical 
fasteners (ProTack™) to ensure stable attachment to the fibromuscular layer of the vaginal cuff. 
Additional non-absorbable sutures were placed as needed to reinforce fixation and optimize tension 
distribution. The lateral arms of the mesh were subsequently anchored bilaterally to the pectineal 
(Cooper’s) ligaments, ensuring symmetrical suspension and appropriate alignment of the vaginal 
axis. Care was taken to avoid excessive traction or asymmetric fixation that could potentially 
influence postoperative vaginal orientation. Care was taken to avoid excessive traction that might 
alter vaginal orientation or compromise surrounding structures. After confirming adequate 
suspension and anatomical positioning, the mesh was completely peritonealized to reduce the risk 
of bowel contact and adhesions. 

In the wire pectopexy group, apical suspension was achieved using non-absorbable sutures 
without the use of prosthetic mesh. Sutures were placed through the vaginal apex or cervical stump 
and then anchored bilaterally to the pectineal ligaments. The sutures were adjusted to achieve 
physiological elevation and alignment of the vaginal axis while avoiding overcorrection or excessive 
tension. Symmetry of suspension was carefully evaluated laparoscopically to ensure balanced 
support and appropriate orientation of the vaginal canal within the pelvic cavity [19]. 

In both techniques, concomitant procedures were performed when indicated, including total 
hysterectomy with adnexectomy, posterior colporrhaphy for rectocele repair, and McCall 
culdoplasty to reinforce posterior support. Hemostasis was meticulously secured, and peritoneal 
closure was performed when necessary. Final inspection of the operative field confirmed appropriate 
vaginal apex position and absence of active bleeding or injury to adjacent organs. 

No intraoperative conversions to open surgery were required. All procedures were completed 
laparoscopically without major intraoperative complications. At the end of the intervention, trocars 
were removed under direct visualization, pneumoperitoneum was evacuated, and skin incisions 
were closed in standard fashion. Patients were transferred to postoperative recovery in stable 
condition and followed according to institutional postoperative care protocols. 
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2.6. MRI Protocol and Imaging Measurements 

Postoperative pelvic MRI was performed using a 1.5 Tesla scanner. Imaging was acquired in the 
supine position and included dynamic sequences during Valsalva maneuver. Measurements 
included the H-line, the M-line, and the postoperative vaginal axis orientation relative to the pelvic 
reference plane. Imaging analysis was performed by an experienced radiologist blinded to the 
surgical allocation. 

2.7. Outcomes 

The primary outcome was postoperative vaginal axis measured on MRI at 12 months. 
Secondary outcomes included POP-Q recurrence, mesh exposure, and urinary continence status 

assessed clinically. 

2.8. Follow-Up 

Clinical follow-up was performed at regular intervals and included a standardized 
gynecological examination and POP-Q assessment. MRI-based evaluation was performed at ≥12 
months postoperatively. All patients completed at least one year of follow-up. 

2.9. Statistical Analysis 

Statistical analysis was performed using Jamovi software (version 2.3, Sydney, Australia) and 
GraphPad Prism (GraphPad Software, San Diego, CA, USA). Continuous variables were initially 
assessed for normality using the Shapiro–Wilk test and are presented as mean ± standard deviation 
or median and interquartile range, as appropriate. Categorical variables are reported as absolute 
frequencies and percentages. Data completeness and consistency were verified prior to analysis, and 
all available observations were included in the final statistical evaluation. 

Comparative analyses between groups were conducted using Student’s t-test or the Mann–
Whitney U test for continuous variables, depending on data distribution, and the chi-square test for 
categorical variables. For comparisons involving more than two clinical categories, one-way analysis 
of variance (ANOVA) was applied to evaluate differences in vaginal axis measurements according to 
postoperative gynecological examination findings. When statistically significant differences were 
detected, post-hoc pairwise comparisons with Bonferroni correction were performed to control for 
multiple testing and to identify specific intergroup differences contributing to the overall significance. 
Effect sizes were calculated where appropriate in order to better quantify the magnitude of observed 
differences and to support the clinical interpretation of statistical findings. 

To further investigate the association between imaging-derived parameters and clinical 
outcomes, multivariable logistic regression models were constructed using postoperative clinical 
status as the dependent variable and MRI-based measurements, including vaginal axis angle, as 
independent predictors. This analysis aimed to determine whether vaginal axis orientation could 
function as an independent predictor of normal postoperative findings after adjusting for potential 
confounding variables. Regression coefficients, odds ratios, and corresponding confidence intervals 
were calculated to quantify the strength and direction of associations. Model calibration and 
goodness-of-fit were assessed using standard diagnostic procedures to ensure reliability and internal 
consistency of the predictive models. 

The discriminative performance of vaginal axis measurements in identifying patients with 
normal postoperative clinical findings was further evaluated using receiver operating characteristic 
(ROC) curve analysis. The area under the curve (AUC) was calculated as a global measure of model 
accuracy and discriminative capacity. An optimal cutoff value for vaginal axis angle was estimated 
using Youden’s index in order to balance sensitivity and specificity and to provide a clinically 
meaningful threshold for interpretation. This approach allowed a comprehensive evaluation of 
vaginal axis orientation as a potential imaging marker of postoperative biomechanical alignment and 
clinical outcome. 
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Exploratory analyses were additionally performed to assess the robustness of the observed 
associations and to evaluate the potential influence of demographic and clinical variables, including 
age, parity, and menopausal status, on vaginal axis measurements. Continuous variables were 
screened for potential outliers and distribution patterns prior to inferential testing in order to ensure 
stability of statistical estimates. Graphical representations, including boxplots, distribution plots, and 
ROC curves, were generated using GraphPad Prism to facilitate visualization of data variability and 
model performance. All statistical tests were two-sided, and a p value < 0.05 was considered 
statistically significant. 

2.10. Ethical Considerations 

The study protocol was approved by the Ethics Committee of the “Victor Babeș” University of 
Medicine and Pharmacy under approval number 01/03.01.2024. All participants provided written 
informed consent prior to inclusion in the study. The research was conducted in accordance with the 
principles of the Declaration of Helsinki. 

3. Results 

3.1. Study Population and Baseline Characteristics 

A total of 100 women with symptomatic apical pelvic organ prolapse were included in this 
prospective non-randomized comparative cohort study. Fifty patients underwent mesh pectopexy 
and fifty underwent wire pectopexy. All patients completed the predefined minimum follow-up of 
12 months and were included in the final analysis. 

Baseline demographic and surgical characteristics are summarized in Table 1. The median age 
and body mass index were comparable between groups. Sixty percent of patients originated from 
urban areas and forty percent from rural areas. All patients presented with apical prolapse POP-Q 
stage greater or equal than II at inclusion. 

Associated pelvic procedures reflected real-life urogynecological practice. Total hysterectomy 
with or without bilateral adnexectomy was performed more frequently in the wire pectopexy group. 
Posterior compartment procedures, including rectocele repair and McCall culdoplasty, were 
performed when clinically indicated. 

Table 1. Baseline demographic and surgical characteristics of the study population. 

Characteristic Mesh pectopexy (n = 50) Wire pectopexy (n = 50) 
Age, years 55.0 (52.0–59.0) 55.0 (52.0–59.0) 
BMI, kg/m² 28.0 (26.6–29.8) 28.0 (25.9–29.4) 
Urban residence, n (%) 28 (56%) 24 (48%) 
Rural residence, n (%) 22 (44%) 26 (52%) 
Apical POP-Q stage > II, n (%) 50 (100%) 50 (100%) 
Total hysterectomy ± adnexectomy, n (%) 9 (18%) 47 (94%) 
Rectocele repair, n (%) 9 (18%) 6 (12%) 
McCall culdoplasty, n (%) 1 (2%) 2 (4%) 

Data are presented as median (interquartile range) or number (percentage). 

3.2. MRI-Based Pelvic Floor Parameters 

All patients underwent standardized postoperative pelvic magnetic resonance imaging at one 
year using a 1.5 Tesla scanner. Imaging was acquired in the supine position and included dynamic 
cine sequences during maximal Valsalva maneuver. 

Global pelvic floor relaxation parameters were assessed using the H-line and M-line 
measurements at rest and during Valsalva. These MRI-based pelvic floor parameters are summarized 
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in Table 2. Overall, H-line and M-line values were comparable between groups, with greater 
excursion observed during Valsalva, consistent with expected dynamic pelvic floor behavior. 

Table 2. MRI-based pelvic floor parameters at 12 months. 

MRI parameter Mesh pectopexy (n = 50) Wire pectopexy (n = 50) 
H-line at rest (cm) 5.9 (5.1–6.5) 6.3 (5.0–7.2) 
M-line at rest (cm) 3.9 (3.5–5.6) 3.9 (3.2–5.3) 
H-line at Valsalva (cm) 6.5 (5.6–7.9) 6.7 (5.8–8.9) 
M-line at Valsalva (cm) 4.0 (3.9–6.8) 5.6 (4.0–7.1) 

3.3. MRI-Based Vaginal Axis Evaluation 

Vaginal axis orientation was quantified on the midsagittal plane using the vaginal PS3L axis 
angle whch represents the orientation of the vaginal canal relative to pelvic reference lines on 
midsagittal MRI and serves as an imaging biomarker of postoperative pelvic floor biomechanics.The 
vaginal axis demonstrated measurable variability across the cohort and showed a significant 
relationship with postoperative clinical findings. 

When stratified according to gynecological examination outcome (normal examination versus 
presence of compartment-specific prolapse findings), statistically significant differences in vaginal 
axis orientation were observed. Analysis of variance confirmed a significant association between 
vaginal PS3L axis angle and postoperative gynecological examination category (F = 3.867, p = 0.019), 
indicating that vaginal axis orientation differed according to clinical outcome (Table 3). The 
distribution of vaginal axis values across clinical categories is illustrated in Figure 1. 

Table 3. Analysis of variance (ANOVA) for vaginal PS3L axis angle. 

Source Sum of Squares df Mean Square F p value 
Gynecological examination 220.978 3 73.659 3.867 0.019 
Residuals 571.405 30 19.047 — — 

 

Figure 1. Distribution of vaginal PS3L axis angle according to gynecological examination findings. 

3.4. Association Between Vaginal Axis Orientation and Clinical Outcome 

Logistic regression analysis was performed to evaluate the association between vaginal PS3L 
axis angle and postoperative gynecological examination outcome. Vaginal axis orientation emerged 
as a significant independent predictor of normal clinical findings. A decrease in vaginal PS3L axis 
angle was associated with increased odds of a normal gynecological examination (β = −0.257, p = 
0.008). 

The model demonstrated good discriminative ability, with an area under the receiver operating 
characteristic curve (AUC) of 0.819. Performance metrics indicated high sensitivity (90.5%), 
supporting the clinical relevance of vaginal axis preservation (Table 4, Figure 2). 
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Table 4. Logistic regression predicting normal postoperative gynecological examination. 

Predictor Estimate (β) Standard Error Wald z p value 
Intercept 1.951 0.687 2.841 0.004 

Vaginal PS3L axis angle −0.257 0.096 −2.664 0.008 

 

Figure 2. Receiver operating characteristic (ROC) curve for vaginal PS3L axis angle. 

3.5. Postoperative Clinical Findings 

No cases of apical prolapse recurrence were identified during the one-year follow-up. However, 
a subset of patients developed de novo anterior or posterior compartment findings, including 
cystocele or rectocele. These findings support the concept that postoperative pelvic floor behavior is 
influenced not only by apical support restoration but also by the spatial orientation of the 
reconstructed vaginal axis and the findings were associated with altered vaginal axis orientation 
rather than loss of apical support. 

Overall, MRI-based vaginal axis measurements demonstrated consistent variability across the 
cohort, suggesting individual differences in postoperative pelvic floor biomechanics. Patients 
presenting a more physiological vaginal axis orientation were more likely to demonstrate normal 
findings on clinical examination, whereas greater deviation from the physiological axis was 
associated with minor compartmental findings such as cystocele or rectocele without apical 
recurrence. These findings support the relevance of vaginal axis orientation as an objective imaging 
marker of postoperative pelvic floor alignment. 

4. Discussion 

4.1. Principal Findings 

This prospective comparative study demonstrates that vaginal axis orientation assessed by 
postoperative magnetic resonance imaging is a clinically meaningful anatomical parameter following 
apical prolapse repair. Vaginal PS3L axis angle was significantly associated with postoperative 
gynecological examination findings and independently predicted normal clinical outcome at one year 
[16]. 
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Importantly, the study did not identify apical prolapse recurrence but rather highlighted the 
occurrence of secondary compartment findings, such as cystocele or rectocele, which were associated 
with vaginal axis deviation rather than loss of apical support. A more physiological postoperative 
vaginal axis was more frequently observed following wire pectopexy compared with mesh fixation. 

The present findings emphasize that restoration of apical support alone does not fully define 
surgical success. While apical position was preserved in all patients, the development of secondary 
compartment findings in a subset of cases suggests that postoperative pelvic floor biomechanics play 
a crucial role in overall anatomical outcome [20]. This observation reinforces the concept that vaginal 
orientation should be considered alongside traditional anatomical endpoints when evaluating 
reconstructive pelvic surgery. 

The strong predictive value of vaginal axis angle for normal postoperative examination further 
supports its potential role as an objective imaging biomarker [21]. Patients with a more physiological 
axis orientation demonstrated a higher likelihood of normal clinical findings, suggesting that vaginal 
axis preservation may represent a key determinant of balanced pelvic floor mechanics. 

4.2. Biomechanical Interpretation 

Apical suspension procedures aim not only to restore anatomical support but also to preserve 
physiological force transmission within the pelvic floor [22]. In addition to correcting the apical 
defect, the orientation of the vaginal axis plays a crucial biomechanical role by influencing the 
direction and distribution of intra-abdominal pressure across pelvic compartments. Alterations in 
vaginal axis alignment may modify pressure vectors and result in increased mechanical stress on 
either the anterior or posterior compartment, potentially contributing to secondary compartment 
changes even in the absence of apical recurrence [7]. 

The present findings demonstrate a significant inverse relationship between vaginal axis angle 
and normal postoperative clinical findings, supporting the concept that maintenance of a 
physiological vaginal axis contributes to overall pelvic floor stability. While successful apical 
suspension restores vertical support, the spatial orientation of the vaginal canal determines how 
intra-abdominal forces are transmitted through the reconstructed pelvic floor [23]. A more 
physiological vaginal axis allows pressure to be distributed along the longitudinal axis of the vagina 
and toward the sacral support structures, thereby reducing focal stress on the anterior and posterior 
compartments. Conversely, deviation from this physiological orientation may disrupt biomechanical 
equilibrium, leading to asymmetric load distribution and potentially facilitating the development of 
secondary findings such as cystocele or rectocele over time. From a biomechanical perspective, 
restoration of an optimal vaginal axis should be considered an integral component of successful 
apical prolapse repair, rather than a secondary anatomical outcome [24]. 

4.3. Implications for Pectopexy Technique 

Although this study was not designed to directly compare clinical superiority between mesh 
and wire pectopexy, the demonstrated association between vaginal axis preservation and favorable 
clinical findings provides a relevant mechanistic framework. 

The tendency toward a more physiological vaginal axis observed in patients undergoing wire 
pectopexy suggests that fixation material may influence postoperative biomechanical alignment [25]. 
Wire fixation, by avoiding the rigidity associated with synthetic mesh, may allow for a more 
anatomical orientation of the vaginal axis, potentially reducing secondary compartment distortion 
without compromising apical support. 

The choice of fixation material may influence not only the strength of apical suspension but also 
the dynamic behavior of the reconstructed vaginal apex. Mesh provides increased structural rigidity 
and load distribution, whereas suture-based fixation may allow greater physiological mobility and 
alignment [26]. Subtle differences in apex compliance and orientation may translate into variations 
in force transmission toward the anterior and posterior compartments. 
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These biomechanical considerations are particularly relevant in the context of modern prolapse 
surgery, where functional and anatomical outcomes are increasingly evaluated together. 
Preservation of a physiological vaginal axis may contribute to long-term stability of all pelvic 
compartments and may reduce the risk of secondary prolapse manifestations. 

4.4. Role of MRI in Outcome Assessment 

Magnetic resonance imaging provides a comprehensive and reproducible assessment of pelvic 
floor anatomy, enabling objective quantification of postoperative vaginal orientation beyond 
conventional POP-Q examination [17]. The integration of MRI-based measurements with clinical 
findings offers a more nuanced understanding of surgical outcomes beyond traditional anatomical 
success criteria [27]. In this context, vaginal axis orientation may serve as a valuable imaging 
biomarker of postoperative biomechanical balance and functional pelvic floor stability. The present 
findings support the potential role of MRI not only as a diagnostic tool but also as a means of refining 
surgical technique and material selection in reconstructive pelvic surgery and for vaginal axis 
assessment as a surrogate marker for clinical outcome in studies evaluating apical suspension 
techniques, particularly when apical recurrence is absent but secondary compartment changes occur 
[28,29]. 

4.5. Clinical Implications 

The results of this study suggest that MRI-based assessment of vaginal axis could become a 
valuable adjunct in the postoperative evaluation of apical prolapse surgery. Identification of axis 
deviation may help predict the development of secondary compartment changes and guide early 
clinical management. 

Furthermore, understanding the biomechanical impact of fixation material may assist surgeons 
in tailoring reconstructive techniques according to patient characteristics and anatomical 
requirements. Future prospective and randomized studies integrating imaging, clinical outcomes, 
and patient-reported measures are needed to further clarify these relationships. 

4.6. Strengths and Limitations 

Strengths of this study include its prospective design, standardized imaging protocol with 
dynamic Valsalva sequences, and integration of objective imaging parameters with clinical 
examination findings. The integration of imaging and clinical data represents a particular strength of 
this study, providing a comprehensive evaluation of postoperative pelvic floor anatomy and 
function. 

Limitations include the non-randomized allocation of surgical technique, the presence of 
associated pelvic procedures, and the absence of long-term functional questionnaires, which will be 
addressed in future studies. The integration of MRI-based vaginal axis assessment into postoperative 
evaluation protocols may enhance the understanding of pelvic floor biomechanics and contribute to 
more individualized surgical strategies in apical prolapse repair [30]. 

5. Conclusions 

Vaginal axis orientation assessed by postoperative MRI represents a clinically relevant 
parameter following apical prolapse repair. Preservation of a physiological vaginal axis appears to 
contribute to improved compartmental stability and favorable clinical outcomes. MRI-based 
evaluation of vaginal axis provides valuable insight into pelvic floor biomechanics and may support 
optimization of surgical techniques and material selection in apical prolapse repair. Wire pectopexy 
demonstrated a tendency toward a more physiological postoperative vaginal axis orientation, 
suggesting potential biomechanical advantages that may be relevant for surgical planning and 
material selection in apical prolapse repair. Future studies integrating imaging findings with 
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functional outcomes and patient-reported measures may further clarify the role of vaginal axis 
orientation as a biomarker of long-term pelvic floor stability and surgical success. 
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