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Abstract
Introduction and hypothesis Pelvic organ mobility is defined as the displacement of pelvic organs between rest and maximal
straining. We hypothesized that pelvic organ mobility after vaginal sacrospinous hysteropexy (SSHP) might be increased
compared with other surgeries for uterine descent, which may contribute to the high occurrence of postoperative cystocele after
this surgery. Pelvic organ mobility and the vaginal axes after SSHP are compared with other surgical procedures for uterine
descent: vaginal hysterectomy with uterosacral suspension (VH) and laparoscopic sacrohysteropexy (LSH).
Methods In this prospective pilot study, 15 women were included (5 for each procedure). Six months postoperatively, POP-Q
examination and dynamic MRI were performed and questionnaires were filled out regarding prolapse complaints. Pelvic organ
mobility on MRI was defined as vertical displacement of pelvic organs at rest and maximal straining. The displacements and
angles were measured using an image registration method. Furthermore, the angle of displacement of cervix/vaginal vault and
vaginal axes were assessed.
Results No anatomical recurrences of pelvic organ prolapse were found. No difference in pelvic organ mobility was demon-
strated. After VH, a more posterior position of the upper vagina was found compared with SSHP and LSH.
Conclusions Based on these data, the higher recurrence risk in the anterior compartment after SSHP cannot be explained. Larger
sample sizes, studying women with recurrence or de novo cystocele after SSHP or using an upright MRI scanner would be of
interest to further assess the relationship between pelvic organ mobility and the occurrence of anterior vaginal wall prolapse.

Keywords Uterine prolapse . Pelvic organ prolapse .MRI . Pelvic organmobility

Introduction

Worldwide, vaginal hysterectomy (VH) with uterosacral sus-
pension of the vaginal vault is the most important treatment
for symptomatic uterovaginal prolapse [1]. However, a high

proportion of women with prolapse symptoms prefer uterine
preservation instead of hysterectomy [2, 3]. As a consequence,
these preserving procedures are becoming more popular [4, 5].
Recent studies have demonstrated that suspension of the cervix
to the sacrospinous ligament, the so-called vaginal sacrospinous
hysteropexy (SSHP), is as effective as the VH [6, 7].

The risk for recurrent prolapse of the anterior vaginal wall
after SSHP is often discussed, with incidences ranging from
5.8 to 21.3% [8, 9]. A recent randomized controlled trial com-
paring SSHP with VH demonstrated more anterior vaginal
wall recurrences after SSHP (40% vs 36%), but more posterior
vaginal wall recurrences after VH (18% vs 5%) [6]. As for
anatomical recurrence after SSHP, the cervix generally re-
mains well fixed to the sacrospinous ligament, but the weak
point is supposed to be the anterior compartment [10]. It is
hypothesized that the high rates of recurrence in the anterior
vaginal wall after SSHP might be related to the previously

* Mèlanie N. van IJsselmuiden
m.n.van.ijsselmuiden@isala.nl

1 Department of Obstetrics and Gynecology, Isala Zwolle, PO Box
10500, 8000 GK Zwolle, The Netherlands

2 Univ. Lille, CNRS, Centrale Lille, FRE
2016—LamCube—Laboratoire de Mécanique Multiphysique
Multiéchelle, 59000 Lille, France

3 Department of Obstetrics and Gynecology, Jeanne de Flandre
hospital, Lille, France

https://doi.org/10.1007/s00192-020-04278-5

/ Published online: 10 April 2020

International Urogynecology Journal (2020) 31:2119–2127

http://crossmark.crossref.org/dialog/?doi=10.1007/s00192-020-04278-5&domain=pdf
mailto:m.n.van.ijsselmuiden@isala.nl


incurred damage of muscular supports (e.g. levator ani muscle
injury, reduced muscle strength), the change in vaginal axis to
a more posterior and horizontal position or a combination of
the two [9, 11].

Imaging has become an important complementary tool in the
assessment of pelvic floor disorders. Magnetic resonance imag-
ing (MRI) can simultaneously evaluate all the compartments of
the pelvic floor, and provide information about muscles and lig-
aments. Furthermore, dynamic MRI of the pelvic floor allows
detailed functional evaluation of the pelvic floor [12].

Pelvic organ mobility is defined as the displacement of
pelvic organs between rest and maximal straining. Studying
pelvic organ mobility after surgery for uterine prolapse is of
interest, because it can provide more insight into the cause of
recurrence of anterior vaginal wall prolapse after SSHP. It is
unknown how mechanical forces after pelvic organ prolapse
(POP) surgery change and whether or not they contribute to
this recurrence. Numerical simulation methods have been de-
veloped to analyze pelvic organ mobility and to evaluate the
role of support structure on mobility in general and in the case
of POP, or it can be used to simulate surgery [13–15]. These
methods may also help to reveal the distribution of mechanical
forces on pelvic structures after surgery and compare surgical
procedures with regard to these forces. With patient-specific
analysis and simulations, the process of decision-making in
the case of surgical intervention could be improved. However,
all these numerical methods have not been validated by quan-
titative measurements, especially after POP surgery.

We hypothesized that, after SSHP, pelvic organ mobility of
the cervix might be decreased owing to fixation of the cervix.
Therefore, more pressure on the anterior vaginal wall occurs,
resulting in an increase in pelvic organ mobility of the anterior
vaginal wall. This may contribute to the occurrence of post-
operative cystocele. In addition, the vaginal axis and its
change between rest and maximal straining is assessed, be-
cause this might contribute to the recurrence of anterior vag-
inal wall prolapse as well. In this study, the mobility of the
pelvic organs and the vaginal axis after vaginal SSHP are
compared with VH plus uterosacral suspension of the vaginal
vault and laparoscopic sacrohysteropexy (LSH).

Materials and methods

This prospective observational pilot study was performed in
the Isala hospital (Zwolle, the Netherlands) from November
2014 to May 2017. After approval from the medical ethics
committee, eligible women were asked to participate in this
study. Three different surgical procedures for uterine descent
were analyzed: vaginal sacrospinous hysteropexy (SSHP),
laparoscopic sacrohysteropexy (LSH) and vaginal hysterecto-
my (VH). All women who recently underwent one of those
procedures as a primary treatment for uterine descent were

eligible to participate in this study. Exclusion criteria were
factors that precludes MRI interpretation (e.g. prosthetic
hip), contraindications for MRI (e.g. claustrophobia), patients
with neurological disease affecting the pelvic floor or with
previous pelvic floor surgery and patients who were not able
to maintain the Valsalva maneuver for at least 10 s (e.g. be-
cause of pulmonary problems). A total of 15 women were
enrolled in this study (5 for each procedure). All women gave
written informed consent. Six months after surgery, women
underwent gynecological examination and dynamic MRI, and
filled out validated questionnaires.

Surgical techniques

Sacrospinous hysteropexy was carried out by fixing the pos-
terior side of the cervix to the sacrospinous ligament using two
permanent sutures (Prolene 1/0; Ethicon, Sommerville, NJ,
USA). The sutures were placed unilaterally to the right
sacrospinous ligament at least 2 cm from the ischial spine
using a needle driver under direct visualization. Additional
anterior or posterior vaginal wall repair was performed if in-
dicated. LSH was performed using four laparoscopic ports
(umbilical, suprapubic, two lateral ports). The peritoneum
over the sacral promontorywas incised and the broad ligament
at the level of the cervico-uterine junction was opened bilat-
erally. The arms of a bifurcated polypropylene mesh were
introduced into these windows of the broad ligament, and
the mesh was attached to the anterior and posterior sides of
the cervix using permanent sutures. Afterwards, the mesh was
attached to the sacral promontory using titanium staples.
Finally, additional anterior and/or posterior colporrhaphy
was performed if indicated.

Regarding VH, the vaginal wall around the cervix was
circumcised and, after bowel and bladder dissection, the
anterior and posterior peritoneum were opened. The
uterosacral ligaments were ligated and transected. Next,
the uterus was released in several steps using clamps and
sutures. After removing the uterus, the peritoneum was
closed with absorbable sutures. Vault suspension was per-
formed by suspension of the uterosacral ligaments. Such
suspension involves the attachment of the uterosacral lig-
aments to the vaginal vault, thereby restoring normal sup-
port to the apical compartment. Concomitant anterior or
posterior vaginal wall repair was performed afterwards if
indicated.

Gynecological examination

All women underwent gynecological examination, which in-
cludes vaginal inspection in a 45° semi-upright position for
staging prolapse of the anterior, apical, and posterior compart-
ments using the Pelvic Organ Prolapse Quantification system
(POP-Q) [16]. Maximum prolapse was demonstrated and
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identified by performing a Valsalva maneuver while each vag-
inal wall was individually exposed.

Questionnaires

To assess the presence and discomfort of prolapse symptoms,
women were asked to fill out a validated questionnaire. This
questionnaire covers quality of life (Short Form-36, EQ-5D),
urogenital and defecation symptoms (UDI, DDI, IIQ), and
sexual dysfunction (PISQ-12) [17–21]. Furthermore, the
questionnaire contained several questions with respect to par-
ity, mode of delivery, and BMI.

Dynamic MRI

All women underwent MRI in the supine position using a 1.5-
T MR scanner (Ingenia; Philips Healthcare, Best, the
Netherlands) with an anterior coil centered low on the pelvis
for better signal reception. Women were asked not to void
their bladder 1 h before examination, to ensure a moderately
filled bladder. No intravenously administered contrast medi-
um was used. Prior to the MRI, the rectum was filled with an
aqueous gel (200 ml) with the patient in a left lateral decubitus
position, using a rectal catheter. Furthermore, the vagina was
filled with 30 ml aqueous gel.

Static MRI for anatomical reference was based on the acqui-
sition of a multishot turbo spin echo (TSE) T2-weighted se-
quence in axial and sagittal planes (field-of-view [FOV] 350 ×
350mm2, slice thickness 4mm, slices 35, slice gap 0.4mm, TR/
TE 1,846/100 ms, in-plane resolution of 1.0 × 1.0 mm2).

Dynamic MRI of the pelvis was performed using a single-
shot balanced fast field echo sequence in the midsagittal and
axial plane with a temporal resolution of 1.5 s (FOV 230 ×
230 mm2 and 325 x 252 mm2), slice thickness 4 and 6 mm,
TR/TE 4.8/2.3 ms, 66 dynamics, in-plane resolution of 1.6 ×
1.5 mm2 and 1.5 × 1.2 mm2).

Images were obtained at rest and during maximal straining.
Instructions were given by the technologist prior to each sep-
arate series. Average scanning time was 20 min, and the total
duration of the MRI examination was 35 min.

Analysis of MR images

All MR images of the dynamic sequence were analyzed by
one experienced researcher; measurements were done in a
midsagittal plane. The researcher was not blinded to the sur-
gical procedure. However, the researcher is a physician/
engineer who was not involved in the subject matter of this
study and, as a result, could not influence the outcomes.

Pelvic organ mobility was defined as the displacement of
pelvic organs between rest and maximal straining. The dis-
placement field was calculated by comparison of the initial
image at rest and images of the dynamic sequence during
straining by an image registration method using Elastix
Software. In medical applications, the Image Registration
technique is commonly used to modify one image to corre-
spond to another taken at a different time or under different
conditions [22]. This technique consists in finding the spatial
relation between the position of pixels of the initial image (at
rest) and the position of pixels in images taken during
straining. A detailed version of the protocol used for analysis
has been published previously [23]. This protocol was used to
determine the displacement field on the contour of the bladder,
vagina, and rectum, as shown in Fig. 1.

Three areas of the vagina were more particularly analyzed
to compare the mobility of each surgical procedures: the an-
terior vagina (AV), the posterior vagina (PV), and the cervix/
vaginal vault (Fig. 2). On each area, the mean vertical dis-
placement was quantified in pixels (and converted into milli-
meters) by calculating the difference in position of these
points at rest and during straining. Furthermore, the angle of
displacement of the cervix/vaginal vault was also assessed.

Moreover, each patient is applying loading more or less
progressively. To compare mobility at same time or level of
straining, a percentage of maximum straining has been de-
fined as follow:

%ofstrain ¼ t−t0
tmax−t0

where the percentage of strain is the percentage of progress of
the loading time t before the maximum strain, t0 is the time of

Fig. 1 Assessing pelvic organ
mobility using MRI. The white
contours demonstrate the pelvic
organs at rest. The blue contours
illustrate the position of these
organs during straining. Pelvic
organ mobility is the difference
between the position at rest and
during straining (in millimeters)
of these organs
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the beginning of the straining, and tmax the time at maximum
straining of the dynamic sequence. Figure 3 provides an ex-
ample of the determination of pelvic organ mobility. In this
sagittal plane, the organs are contoured at rest (in white) and
during straining, the color bar corresponding to the displace-
ment intensity on the contour of organs at four levels of
straining.

Vaginal axes

To compare the vaginal axes at rest, the vagina was separated
into three distinct regions: upper, middle, and lower vagina
[24, 25]. The upper region was defined as a straight line drawn
from the anterior to the posterior fornix or from the anterior to
the posterior aspect of the vaginal cuff in the case of hyster-
ectomy. The anterior vaginal wall (from the introitus to the
anterior vaginal fornix or vaginal cuff) was divided in half; the

proximal portion was defined as the middle vaginal region,
and the distal portion was defined as the lower vaginal region.
Straight lines were drawn to fit both of these regions.

To correct for variations in pelvic inclination and to allow
standardized measurements within the pelvis, the vaginal axis
was measured as the angle between the vaginal axis and the
pelvic inclination correction system (PICS) line [26]. This line
is obtained by rotating a line from the inferior point of the pubic
symphysis to the junction between the fifth lumbar vertebra and
first sacral coccygeal bone (sacro-coccygeal inferior pubic point
[SCIPP] line) by 34° in a clockwise direction. For each vaginal
region, the vaginal axis was measured using this PICS line.

Statistics

All statistical analyses were performed using SPSS for
Windows (version 24.0.0.1). Because of the small number of

a) b)

Fig. 2 a Areas to quantify pelvic
organ mobility in the sagittal
plane. The anterior vaginal wall
(AV), the posterior vaginal wall
(PV), and the cervix/vaginal vault
were assessed. b Angle of dis-
placement of the cervix/vaginal
vault in the sagittal plane

Fig. 3 Vertical displacement field
in millimeters on the contour of
pelvic organs at different
percentages of maximum
straining (25%, 50%, 75%, and
100%)
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participants in each group, data were assumed to not be nor-
mally distributed. Consequently, medians and interquartile
ranges were used as measures of central tendency and disper-
sion respectively. Comparisons of continuous variables be-
tween the three surgeries were calculated using Kruskal–
Wallis tests, or, in the case of two groups, Mann—Whitney
U tests. Categorical variables were compared using Chi-
squared tests. P values below 0.05 were considered to be
significant.

Results

The baseline characteristics of the three groups were similar
(Table 1) with a median time between surgery and MRI of

31 weeks (LSH and VH group) and 33 weeks (SSHP group).
Furthermore, concomitant surgeries were comparable in the
three groups. The number of sexually active women was
higher in the LSH and VH groups (n = 4, 80%) than in the
SSHP group (n = 1, 33.3%). However, only 3 out of 5 women
of the SSHP group filled out the questionnaire regarding sex-
ual functioning. In all groups, no anatomical recurrences of
pelvic organ prolapse were found. Postoperative POP-Q as-
sessment was comparable in the three groups (Table 1).

In Table 2, the postoperative prolapse complaints (assessed
using UDI, DDI, and IIQ) and health-related quality of life
(SF-36) are shown. After LSH, more women reported bother-
some pain during defecation than after SSHP andVH.Women
of the SSHP group scored significantly higher on the item
“embarrassment due to urinary incontinence and/or prolapse

Table 1 Characteristics of the participating women. Values are numbers (percentages) unless stated otherwise

Characteristics SSHP (n = 5) LSH (n = 5) VH (n = 5) p value*

Median (IQR) age (years) 62 (57–68) 68 (48–70) 57 (50–68) 0.690

Median (IQR) body mass index 25.7 (23.5–27.5) 24.5 (21.4–27.7) 25.5 (24.3–28.8) 0.482

Median (IQR) parity 3 (2–6) 3 (2–6) 3 (2–4) 0.815

Concomitant surgery

Anterior colporrhaphy 4 (80) 3 (60) 5 (100) 0.287

Posterior colporrhaphy 1 (20) 1 (20) 2 (40) 0.711

Median time (IQR) between surgery and MRI (weeks) 33 (31–39) 31 (27–44) 31 (28–34) 0.606

Sexually active 1 (33.3) 4 (80) 4 (80) 0.307

Preoperative POP-Q assessment, mean (SD)

Aa 0.8 (2.4) −0.2 (0.4) −0.2 (0.8)

Ba 1.0 (2.3) 1.2 (1.3) 1.4 (0.9)

C −0.4 (3.4) 0.6 (0.5) 0.0 (2.2)

gh 3.4 (0.5) 4.2 (0.8) 4.6 (0.5)

pb 3 (1.4) 3.2 (1.1) 3.2 (0.4)

TVL 9.2 (0.8) 9.2 (0.4) 9.3 (1.0)

Ap −1.6 (1.5) −2.6 (0.5) −2.6 (0.5)

Bp −1.8 (1.6) −2.6 (0.5) −2.4 (0.9)

D −4.2 (3.6) −5 (2.1) −7.5 (0.6)

Postoperative POP-Q assessment, mean (SD)

Aa −2.2 (1.1) −2.2 (1.1) −1.8 (0.8) 0.724

Ba −3.0 (0) −2.4 (0.9) −2.8 (0.4) 0.291

C −8.4 (0.5) −8.0 (0.7) −8.6 (0.5) 0.330

gh 3.6 (0.5) 3.8 (0.4) 4.0 (0.7) 0.565

pb 3.4 (0.5) 3.2 (0.4) 3.0 (0.7) 0.565

TVL 10.0 (0) 10.0 (0.7) 9.4 (1.1) 0.418

Ap −1.6 (2.6) −2.8 (0.4) −2.8 (0.4) 0.638

Bp −2.8 (0.4) −2.8 (0.4) −2.8 (0.4) 1.000

D −8.6 (0.9) −8.6 (0.9) N.A. 1.000

Numbers were calculated using nonmissing data

SSHP sacrospinous hysteropexy, LSH laparoscopic sacrohysteropexy, VH vaginal hysterectomy, IQR interquartile range, POP-Q pelvic organ prolapse
quantification system, SD standard deviation, gh genital hiatus, pb perineal body, TVL total vaginal length

*p value using Chi-squared test or Kruskal–Wallis as appropriate
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and/or defecatory problems” of the IIQ. No other significant
differences among the groups were found regarding prolapse
complaints 6 months after prolapse surgery. Furthermore,
health-related quality of life was comparable in all three
groups.

Table 3 demonstrates the mean displacement of the anterior
vaginal wall, the posterior vaginal wall, and the cervix/vaginal
vault during straining for each surgical procedure.
Furthermore, the angle of displacement of the cervix/vaginal
vault during straining is displayed in this table. There were no
significant differences in pelvic organ mobility among the
three groups. In addition, no difference was found in the angle
of displacement of the cervix/vaginal vault during straining
among the three groups. Figure 4 illustrates the range of pelvic
organ mobility among the groups. The largest dispersion was
found in the VH group.

After VH, the vaginal axis of the upper vaginal region was
significantly inferior compared with SSHP and LSH (median
13.7°, compared with 36.3 and 43.3 respectively, p = 0.042,
Table 3). After VH, the upper part of the vagina seems to be
more posterior than after LSH and SSHP (Fig. 5). Regarding
the middle and lower vaginal regions, no difference in the
vaginal axes was found among procedures.

Discussion

In the present study, dynamic MRI 6 months after SSHP dem-
onstrated no difference in pelvic organ mobility of the anterior
vaginal wall, nor in the posterior vaginal wall and cervix/
vaginal vault as compared to the LSH and VH. Furthermore,
the angle of displacement of the cervix/vaginal vault was

Table 2 Postoperative functional
outcome and quality of life.
Values are medians (interquartile
range) unless stated otherwise

Domains SSHP (n = 5) LSH (n = 5) VH (n = 5) p value*

Urogenital distress inventorya

Overactive bladder 22 (0–44) 0 (0–17) 0 (0–22) 0.481

Urinary incontinence 33 (0–83) 0 (0–25) 17 (8–25) 0.449

Obstructive micturition 0 (0–17) 0 (0–0) 0 (0–33) 0.317

Genital prolapse 0 (0–8) 0 (0–8) 0 (0–8) 1.000

Pain 0 (0–17) 33 (8–50) 0 (0–8) 0.066

Defecatory distress inventorya

Obstipation 0 (0–25) 0 (0–0) 0 (0–25) 0.289

Obstructive defecation 0 (0–0) 0 (0–4) 0 (0–8) 0.311

Pain 0 (0–0) 17 (0–25) 0 (0–0) 0.031

Incontinence 0 (0–0) 0 (0–8) 0 (0–0) 0.368

Incontinence impact questionnaireb

Mobility 11 (0–33) 0 (0–22) 0 (0–28) 0.758

Physical 0 (0–33) 0 (0–0) 0 (0–8) 0.265

Social 0 (0–17) 0 (0–6) 0 (0–0) 0.581

Embarrassment 17 (0–33) 0 (0–0) 0 (0–0) 0.031

Emotion 0 (0–22) 0 (0–0) 0 (0–11) 0.311

Short form-36c

Physical functioning 95 (83–98) 90 (80–93) 85 (70–93) 0.392

Social functioning 100 (69–100) 100 (94–100) 100 (81–100) 0.677

Role limitations physical 100 (63–100) 100 (100–100) 100 (63–100) 0.362

Role limitations emotional 100 (50–100) 100 (100–100) 100 (50–100) 0.584

Mental health 88 (62–88) 92 (82–92) 84 (72–92) 0.560

Vitality 75 (55–90) 80 (75–83) 70 (33–75) 0.204

Bodily pain 100 (72–100) 90 (68–95) 90 (56–100) 0.746

General health perception 85 (70–88) 80 (48–88) 65 (60–83) 0.571

Health change 100 (38–100) 75 (50–88) 50 (50–100) 0.903

SSHP vaginal sacrospinous hysteropexy, LSH laparoscopic sacrohysteropexy, VH vaginal hysterectomy

*p value using the Kruskal–Wallis test
a 0 = no symptoms or not bothersome to 100 =most bothersome symptoms
b 0 = best quality of life to 100 = worst quality of life
c 0 = worst quality of life to 100 = best quality of life
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comparable among the three groups and no significant differ-
ence was found in the vaginal axes after SSHP compared with
LSH and VH. Based on these data, no explanation for the
higher recurrence rate of cystocele after SSHP was found.

Little is known about pelvic organ mobility after prolapse
surgery. To the best of our knowledge, this is the first study to

compare pelvic organ mobility after hysteropexy and hyster-
ectomy. One prospective clinical trial compared preoperative
pelvic organ mobility with postoperative pelvic organ mobil-
ity in women who underwent anterior and/or posterior mesh-
repair surgery [27]. In this study, pelvic organ mobility im-
proved significantly after surgery.

Table 3 Pelvic organ mobility:
displacement per area (mm).
Values are medians (interquartile
range)

Characteristics SSHP (n = 5) LSH (n = 5) VH (n = 5) p value*

Anterior vaginal wall

25% of max straining 11.1 (10.0–21.8) 16.8 (15.4–23.7) 22.1 (1.3–27.9) 0.566

50% of max straining 21.0 (15.6–28.8) 22.6 (17.6–29.1) 18.7 (8.5–31.0) 0.914

75% of max straining 24.9 (16.5–30.7) 23.9 (15.9–32.1) 25.5 (9.6–34.9) 0.932

100% of max straining 23.9 (19.7–33.5) 20.5 (16.8–31.6) 20.6 (13.5–35.2) 0.677

Posterior vaginal wall

25% of max straining 14.1 (11.8–24.1) 21.1 (19.0–25.5) 23.6 (2.0–30.8) 0.566

50% of max straining 24.4 (18.1–30.2) 27.9 (21.7–31.9) 20.5 (10.3–34.4) 0.677

75% of max straining 24.7 (18.9–35.2) 29.7 (20.3–34.5) 26.0 (11.8–37.1) 0.878

100% of max straining 22.7 (16.4–35.2) 23.6 (21.1–33.3) 22.7 (16.4–35.2) 0.651

Cervix/vaginal vault

25% of max straining 10.6 (9.5–23.5) 17.1 (10.9–21.0) 18.2 (1.3–30.7) 0.914

50% of max straining 18.5 (13.2–28.7) 21.3 (14.2–29.0) 17.1 (8.0–34.1) 0.852

75% of max straining 18.4 (13.7–28.6) 18.9 (13.9–31.8) 21.5 (9.0–38.7) 0.932

100% of max straining 17.8 (16.1–34.8) 18.2 (11.3–34.8) 19.5 (11.2–38.4) 0.961

Cervix/vaginal vault: angle of displacement (degrees)

25% of max straining 29.5 (22.1–36.6) 32.8 (12.5–47.2) 16.0 (−26.3–45.1) 0.698

50% of max straining 25.3 (22.0–28.2) 25.7 (8.7–44.9) 33.1 (12.2–38.9) 0.878

75% of max straining 26.2 (20.1–30.2) 29.2 (7.8–47.6) 31.7 (20.1–37.8) 0.651

100% of max straining 23.7 (18.8–28.5) 30.6 (11.3–53.8) 31.1 (17.7–36.3) 0.403

Vaginal axes (degrees)

Upper vaginal axisa 36.3 (26.0–50.7) 43.3 (35.2–60.9) 13.7 (11.6–29.9) 0.042

Middle vaginal axisa 102.8 (85.8–123.9) 116.5 (98.8–129.9) 98.6 (87.6–102.7) 0.237

Lower vaginal axisa 116.4 (109–124.9) 106.8 (97.7–113.1) 108.3 (105.8–116.9) 0.151

Upper-middle vaginal axis 120.7 (97–126.4) 110 (89.5–134.2) 115.4 (89.6–126.3) 0.878

Middle-lower vaginal axis 165.7 (152.8–183.4) 197.9 (173.3–207.8) 153.7 (146.7–173) 0.057

*p value using Kruskal–Wallis test
a Angle in degrees between the vaginal region and the pelvic inclination correction system line

SSHP vaginal sacrospinous hysteropexy, LSH laparoscopic sacrohysteropexy, VH vaginal hysterectomy
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Fig. 4 Mean vertical displacement (mm) in the anterior vaginal wall (AV), the posterior vaginal wall (PV), and the cervix/vaginal vault (C/VV) assessed
using MRI 6 months after vaginal sacrospinous hysteropexy (SSHP), vaginal hysterectomy (VH), and laparoscopic sacrohysteropexy (LSH)
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Vaginal configuration after POP surgery has been de-
scribed in several studies. After attaching the post-
hysterectomy vaginal vault to the sacrospinous ligaments,
static MRI demonstrates a distortion of the vaginal anatomy
by pulling the upper vaginal plane superiorly and at times
anteriorly [24, 28]. This finding is contrary to the common
belief that the vagina is pulled posteriorly by sacrospinous
fixation. A possible explanation may be that the vaginal vault
is normally situated below the level of the ischial spines and
sacrospinous ligaments, but suspension to these ligaments
would pull the vagina superiorly, resulting in a “straining”
effect in the sagittal plane [28]. These findings are mainly in
line with our study results. After SSHP, we found the vagina to
be pulled more superiorly compared with VH, but the vaginal
axis after SSHP was comparable with that after LSH. A retro-
spective cohort study assessed vaginal axes using dynamic
MRI in women after hysterectomy compared with women
with a uterus in place [25]. After hysterectomy, the middle
vaginal axis was positioned more anteriorly compared with
the middle vaginal axis with a uterus in place. Furthermore,
the angles between the upper and middle vagina and between
the middle and lower vagina were more obtuse in women after
hysterectomy, suggesting straightening of the vaginal axis.
These findings are not in line with our study. After VH, we
found a more posterior position of the upper vagina compared
with SSHP and LSH, with no differences in the middle and
lower vaginal regions. A possible explanation for this differ-
encemight be the fact that in the latter study hysterectomywas
performed for various conditions, whereas in our study only
women after POP treatment were included.

This study has several strengths and limitations. The
strength of this report is that this is the first study to
compare anatomical and functional results of SSHP,
LSH and VH by MRI measurement, including dynamic
evaluation. Furthermore, MRI was analyzed by one ex-
perienced researcher, with no risk of inter-observer var-
iability. In addition, images were obtained by a stan-
dardized protocol.

A limitation of this study is the small sample size. In this
pilot study only 15 women were included in total (5 of
each group). Furthermore, we did not investigate recur-
rences of POP in this study. It is unclear whether or not
the angle of displacement and vaginal axes are different in
these women compared with our study group. All measure-
ments were performed in the midsagittal plane. The vagi-
nal axis, especially in the case of SSHP, may point to the
right side, which is not reflected by midsagittal measure-
ments. The lack of the 3D aspect of the vaginal axis could
be considered a weakness of this study. To evaluate pelvic
organ mobility, patients were instructed to put strain on
their pelvic floor by performing a Valsalva maneuver.
However, the effect of Valsalva on the extent of POP
(and thus pelvic organ mobility) is dependent on the in-
structions by the physician and the knowledge and the
ability of the patients to relax (strain) their pelvic floor
muscles [29]. In addition, repeating the Valsalva maneuver
increases the induced maximal strain. Interpreting pelvic
organ mobility using this method could be subjective.
Literature suggests that upright MRI scanning, both at rest
and maximal straining, shows a larger extent of the pro-
lapse than that observed during supine straining [30]. At
the time of this study, an upright MRI scanner was not
available in our clinic. However, it would be interesting
to assess pelvic organ mobility using an upright MRI
scanner.

In conclusion, we found no difference in pelvic organ
mobility after SSHP compared with other POP opera-
tions. Based on these data, we cannot explain the higher
recurrence risk in the anterior compartment after SSHP.
This might be due to the small sample size of this pilot
study. It will be interesting to evaluate pelvic organ
mobility after SSHP in a larger sample size and in
women who have recurrence or de novo cystocele to
further assess the relation between pelvic organ mobility
and the occurrence of anterior vaginal wall prolapse.
Furthermore, assessing pelvic organ mobility using an
upright MRI scanner could provide additional insights.
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Fig. 5 Vaginal axes after POP surgery. LSH laparoscopic
sacrohysteropexy, SSHP sacrospinous hysteropexy, VH vaginal
hysterectomy, SCIPP sacro-coccygeal inferior pubic point, PICS pelvic
inclination correction system
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