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Abstract
Purpose  This study aimed to explore the value of dynamic magnetic resonance imaging (MRI) before and after operation 
for pelvic organ prolapse (POP).
Methods  Twenty-nine patients with POP (POP group) before and one month after surgery and 12 healthy women (control 
group) underwent static and dynamic MRI at rest and during straining (Valsalva maneuver). The preoperative MRI images of 
the POP and control groups were analyzed, and various measurements were recorded. Differences in measurements were com-
pared between the POP and control groups; similarly, changes in measurements before and after operation were compared.
Results  In the POP group, MRI detected 29 anterior vaginal prolapses, 27 uterine prolapses, 1 rectoceles, and 14 pouch 
of Douglas hernias. In addition, 27 levator ani muscle defect and 15 pubocervical fascial defect cases were observed. The 
bladder-pubococcygeal line (B-PCL), uterus-pubococcygeal line (U-PCL), Douglas pouch-pubococcygeal line, the length 
of the hiatus, the descent of the levator plate, levator hiatus size, levator plate angle, iliococcygeus angle, and urethral incli-
nation angle (UA) were larger in the POP group than in the control group. The pelvic organs’ positions returned to normal 
postoperatively in 9 of 21 cases. The B-PCL, U-PCL, and UA were smaller post-surgery than pre-surgery.
Conclusions  Static and dynamic MRI can comprehensively evaluate morphological and functional changes of the pelvic 
floor postoperatively.
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Introduction

Pelvic organ prolapse (POP) is an abnormal position and 
function of pelvic organs caused by weakness of the pelvic 
floor muscles and fascia [1]. It is a common condition in 
middle-aged and older women [2]. POP often involves mul-
tiple organs and chambers, and a comprehensive evaluation 
before surgery is particularly important [3]. Presently, the 
clinical diagnosis of POP mainly depends on pelvic organ 
prolapse quantification (POP-Q) [4]. However, for patients 

with POP with complex or multiple site defects, routine clin-
ical examination is insufficient to comprehensively evaluate 
pelvic floor function, thus resulting in incomplete treatment 
and a high postoperative recurrence rate [5, 6].

Magnetic resonance imaging (MRI) can provide com-
plete functional, anatomical information of the pelvic floor 
because of its imaging advantages, such as arbitrary orien-
tation, excellent soft-tissue resolution, and no use of radia-
tion [7]. This study aimed to determine the value of static 
and dynamic MRI in preoperative diagnosis and postopera-
tive evaluation of patients with POP. The present findings 
provide an objective basis for individualized treatment of 
different patients from the perspective of medical imaging.Hongbo Zhang and Zeyan Wang are co-first authors and equally 
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Materials and methods

Clinical data

From December 2011 to January 2014, 29 patients with 
POP underwent surgery in our hospital (POP group), with 
a mean age of 61.8 ± 10.4 years (range, 42–84 years), and a 
parity range of 1 to 7. The inclusion criteria included hos-
pitalized patients with pelvic organ prolapse and no history 
of pelvic surgery. The main clinical manifestation was an 
orificium vaginae mass prolapse; the size of the prolapsed 
mass varied. The mass is painful when walking, and it can 
be restored without treatment in some cases. The diagnostic 
criteria for clinical admission in the POP group were based 
on the POP-Q system formulated by the International Con-
tinence Society [4] (Table 1). Twelve patients (mean age: 
61.0 ± 9.9 years; range: 52–89 years) in the asymptomatic 
control group included hospitalized patients with no pelvic 
floor dysfunction and no history of pelvic surgery. Informed 
consent was obtained from all patients.

MRI examinations

All participants who underwent MRI examinations had no 
history of coronary heart disease or angina pectoris, cardiac 
pacemaker or intravascular stent, post-traumatic metal inter-
nal fixation, mental or nervous system diseases, or intrau-
terine device. Dynamic MRI examinations and static high-
resolution volume scans were performed in the POP group 
before and one month after surgery and in the control group. 
Before the MRI examinations, the same physician trained all 

participants in the Valsalva maneuver (maximum abdominal 
pressure) until they understood the main points of the pro-
cedure. In addition, they were instructed to urinate 30 min 
before the examination. MR (magnetic resonance) images 
were captured with a Philips Achieva 1.5-Tesla scanner with 
a five-channel phased-array coil (Best, the Netherlands). The 
patient’s head was advanced in the supine position, and the 
knees were slightly flexed and had a valgus deformity. Static 
MRI was performed during natural breathing and included 
T2-weighted three-dimensional imaging in axial planes, 
with the following parameters: section thickness, 1 mm; rep-
etition time, 2000 ms; echo time, 100 ms; matrix, 352 × 346; 
field of view, 35 cm × 35 cm; collection times, twice; and 
scanning time, 9–11 min. Dynamic MRI was performed with 
breath-holding during the Valsalva maneuver. T2-weighted 
single-shot fast spin-echo sequences in the sagittal, coronal, 
and axial planes were obtained, with the following param-
eters: section thickness, 4 mm; intersection gap, 0 mm; rep-
etition time, 1000 ms; echo time, 80 ms; matrix, 280 × 250; 
and field of view, 35 cm × 35 cm.

MRI analysis

The locations of the POP and supporting structure of the 
pelvic floor (levator ani muscle and fascia) were evaluated. 
Three reference lines were determined on the median sagit-
tal images at rest and during the Valsalva maneuver [8] as 
follows: 1) The pubococcygeal line (PCL), which is the line 
between the inferior margin of the pubic symphysis and the 
sacrococcygeal joint; 2) the length of the hiatus (H line), 
which is the distance from the posterior inferior symphysis 
to the posterior annular rectal fibers; and 3) the descent of 
the levator plate (M line), which is the vertical line from 
the attachment point of the posterior annular rectal fibers to 
the PCL. B-PCL, U-PCL, and D-PCL are the vertical dis-
tances from the lowest margin of the bladder, uterine neck, 
and Douglas’ cul-de-sac to PCL, respectively [9]. The diag-
nostic criteria for a relaxed pelvic floor were H line ≥ 6 cm 
(6 − 8 cm mild, 8 − 10 cm moderate, > 10 cm severe) and 
M line ≥ 2 cm (2 − 4 cm mild, 4 − 6 cm moderate, > 6 cm 
severe) [10]. The diagnostic criteria for POP were as follows: 
the farthest end of the pelvic organ was below the PCL (rep-
resented by a negative value); the greater the negative value, 
the lower the value [11]. The levator hiatus size (LHS) was 
calculated using the formula LHS = π × R1 × R2/4, where R1 
and R2 are the maximum anteroposterior diameter and maxi-
mum transverse diameter of the levator ani muscle hiatus 
on the transverse section of the inferior margin of the pubic 
symphysis, respectively [12]. The levator plate angle (LPA) 
is the angle between the levator ani plate and the PCL in the 
median sagittal position [13]. The iliococcygeus angle (ICA) 
is the angle between the coronal iliococcygeal muscle and 
the horizontal plane of the body, and the left and right sides 

Table 1   Summary of the general conditions of 29 POP patients

POP-Q POP group Con-
trol 
group

Anterior vaginal prolapse I 2 0
II 2 0
III 10 0
IV 15 0

Posterior vaginal prolapse I 5 0
II 7 0
III 7 0
IV 6 0

Uterine prolapse I 0 0
II 8 0
III 5 0
IV 13 0

Rectal prolapse III 1 0
Stress incontinence 10 0
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are measured separately [14]. The urethral inclination angle 
(UA) is the angle between the urethral and longitudinal axes 
of the body [15]. The reference values for the LPA, ICA, and 
UA during the Valsalva maneuver are 11.7 ± 4.8, 33.4 ± 8.2, 
and 30 degrees, respectively [8]. The MRI parameters were 
measured at rest and during the Valsalva maneuver (Fig. 1).

Statistical analyses

Statistical analysis was performed using SPSS 16.0. The 
normality of general clinical data and imaging measurement 
parameters were tested. Independent sample t-test was used 
to analyze normal or approximately normal distribution data, 
the rank-sum test was used to analyze skewed distribution 
data, and Pearson correlation analysis was used to analyze 
normally and non-normally distributed data. Spearman rank 
correlation analysis was used to measure the rank correlation 
strength between variables, with | r |> 0.8 indicating high 
correlation, | r |= 0.6–0.8 indicating moderate correlation, 
and | r |< 0.6 indicating low correlation. Statistical signifi-
cance was set at P < 0.05.

Results

Baseline characteristics of the POP and control 
groups

In the POP group, 29 patients underwent dynamic MR 
examination of the pelvic floor before the operation, and 21 
patients underwent MRI follow-up 1 month after the surgery. 
Eight patients were lost to follow-up. Of the 21 patients fol-
lowed up after surgery, 8 patients underwent Prolift pelvic 
floor reconstruction, and 13 patients underwent traditional 
surgery (total hysterectomy and anterior and posterior col-
porrhaphy). There were no significant differences in age, 
parity, or bodyweight between the POP and control groups 
(P > 0.05) (Table 2).

Fig. 1   Schematic diagram of the B-PCL, U-PCL, D-PCL, H 
line, M line, LHS, LPA, R-ICA, and UA. a, b, c, d, and f: Sagittal 
T2-weighted magnetic resonance images; c and e: Axial T2-weighted 
magnetic resonance image. B-PCL: bladder-pubococcygeal line; 

U-PCL: uterus-pubococcygeal line; D-PCL: Douglas pouch-pubococ-
cygeal line; H line: the length of the hiatus; M line: the descent of 
the levator plate; LHS: levator hiatus size; LPA: levator plate angle; 
R-ICA: Right-iliococcygeus angle; UA: urethral inclination angle
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Preoperative MRI analysis of the POP and control 
groups

MRI clearly showed levator ani muscle and fascia defects 
in patients with POP. In this group, there were 29 cases of 
anterior vaginal prolapse, 27 cases of uterine prolapse, 27 
cases of posterior vaginal prolapse, one case of rectal pro-
lapse, and 14 cases of hernia of the cul-de-sac of Douglas. 
Twenty-seven cases of weakness and defect of the pelvic 
floor muscle were observed (93.1%); among them, weak-
ness and defect of the puborectalis were found in 3 cases 
(10.3%) weakness and defect of the pubococcygeus in 24 
cases (82.8%), and weakness and defect of the iliococcy-
geus in 16 cases (55.2%). The weak and injured part of the 
bilateral levator ani muscle was located at the beginning 
of the tendon arch of levator ani muscle, and the defect of 
the puborectalis was mostly located at the beginning or 
the coordinate direction of the internal obturator muscle. 

Fifteen cases of weak and defective bladder and cervical fas-
cia defects were observed (51.7%): right defect in 13 cases 
(44.8%) (Fig. 2a), left defect in 1 case (3.4%), and bilateral 
defect in 1 case (3.4%).

Continuous observation on coronal MR images showed 
that in resting state, bilateral levator ani muscles of all 
patients were symmetrical, curved, and convex upward, 
showing imbricate shape(Fig.  2b). During the Valsalva 
maneuver, the bilateral levator ani muscles of most patients 
with POP were asymmetrical, thinned, elongated, curved 
downward, and funnel-shaped, and discontinuous imaging 
of the levator ani muscle could be seen in some cases, with a 
“crack phenomenon” (Fig. 2c). The axial view of the inferior 
margin of the pubic symphysis showed that the LHS during 
the Valsalva maneuver in the POP group was larger than 
that in the resting state (Fig. 2d, e). Continuous observation 
in the sagittal images indicated that the iliococcygeus had 
an arc-shaped convex shape at rest and a downward bulge 

Table 2   Homogeneity analysis 
of basic data between POP and 
control groups

POP: pelvic organ prolapse
* P < 0.05 indicates that the difference was statistically significant

Grouping Cases Age (years) Parity Bodyweight (kg)

 ≤ 1 2–3  ≥ 4

POP group 29 61.8 ± 10.4 2 16 11 55.1 ± 9.1
Control group 12 61.0 ± 9.9 3 7 2 53.4 ± 8.6
Z or t value −0.761 −0.886 −0.258
P value 0.447 0.376 0.796

Fig. 2   a: A 60-year-old patient had anterior vaginal, posterior vagi-
nal, and uterine prolapse (POP-Q IV); the right posterior wall of the 
bladder bulged backward, suggesting a defect in the right bladder and 
cervical fascia. b, c: A 51-year-old patient had uterine and anterior 
vaginal prolapse (POP-Q III) and posterior vaginal prolapse (POP-Q 
II). b: At the resting state, the shape of bilateral iliococcygeus was 
symmetrical. c: During the Valsalva maneuver, the iliococcygeus was 
asymmetrical, thinned, and elongated, and bilateral discontinuous 
imaging revealed the “crack phenomenon” (arrow). d, e: A 54-year-
old patient had uterine prolapse (POP-Q II) and anterior vaginal pro-

lapse (POP-Q III). MR images show the weakness of puborectalis. 
d: The fissure of the inferior levator anus muscle was in the shape 
of “V” at rest. e: During the Valsalva maneuver, the bilateral pubo-
rectalis became thinner and dilated laterally, the fissure of the levator 
ani muscle was in an “o” shape, and the local fat was protruding into 
the defect. f, g: A 66-year-old patient had anterior vaginal, posterior 
vaginal, and uterine prolapse (POP-Q IV). MR sagittal images show 
that the iliococcygeus moved straight at rest, and the pelvic cavity 
expanded downwards during the Valsalva maneuver, resembling a 
hook shape. MR: magnetic resonance
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during the Valsalva maneuver, resembling a fishhook shape 
(Fig. 2f, g). In the control group, the puborectal muscle was 
"U" shaped in the lower part of the pubis, the pubococcygeal 
muscle was "V" shaped in the middle part of the pubis, and 
the iliococcygeus muscle was an inverted "V" in the superior 
part of the pubis, and there were no significant changes in 
the bilateral levator ani muscle shape and size at rest and 
during the Valsalva maneuver.

Correlation between the LPA and POP

In patients with prolapse, there was a correlation between 
LPA and M line, D-PCL, or U-PCL. The correlation between 
LPA and M line was significant (P < 0.001, r = 0.844). 
LPA had a moderate correlation with D-PCL (P < 0.001, 
r = 0.606) and a low correlation with U-PCL (P = 0.004, 

r =  − 0.516). However, there was no correlation between 
LPA and B-PCL (P > 0.05) (Table 3).

Comparisons of imaging measurements at rest 
and during the Valsalva maneuver between the POP 
and control groups before operation

As shown in Table 4, there were significant differences in 
B-PCL, U-PCL, H line, M line, LHS, LPA, and UA between 
the POP and control groups at rest and during the Valsalva 
maneuver. The differences in the L-ICA and R-ICA between 
the POP and control groups were not significant at rest but 
were statistically significant during the Valsalva maneuver.

Post‑surgery changes in imaging measurements 
at rest and during Valsalva maneuver in the POP 
group

As shown in Table 5, there were statistically significant 
differences between the preoperative and postoperative 
measurements of B-PCL and U-PCL at rest and during the 
Valsalva maneuver (P < 0.01). LHS showed a statistically 
significant difference between preoperative and postopera-
tive measurements at rest (P < 0.01); however, there was no 
significant difference during the Valsalva maneuver. The 
UA measurements showed no significant difference pre- and 
postoperatively at rest (P > 0.05); however, there was a sig-
nificant difference during the Valsalva maneuver. There was 
no significant difference in the values of H line, M line, LPA, 

Table 3   Correlation between levator plate angle and pelvic organ pro-
lapse

LPA: levator plate angle; M line: the descent of the levator plate; 
B-PCL: bladder-pubococcygeal line; U-PCL: uterus-pubococcygeal 
line; D-PCL: Douglas pouch-pubococcygeal line
* P < 0.05 indicates that the difference was statistically significant

Correlation coefficient 
(r)

P values

LPA M line 0.844  < 0.001*
B-PCL −0.098 0.614
U-PCL −0.516 0.004*
D-PCL −0.606  < 0.001*

Table 4   Comparisons of imaging measurements at rest and during Valsalva maneuver between the pelvic organ prolapse and control groups 
before operation

Note: There were 29 and 12 cases in the POP and control groups, respectively
B-PCL: bladder-pubococcygeal line; U-PCL: uterus-pubococcygeal line; H line: the length of the hiatus; M line: the descent of the levator plate; 
LHS: levator hiatus size; LPA: levator plate angle; ICA: iliococcygeus angle; UA: urethral inclination angle
a  in cm
b  in cm2

c  in °. A positive value for B-PCL or U-PCL indicates that it is above the PCL, and a negative value indicates that it is below the PCL
* P < 0.05 indicates that the difference was statistically significant

Measurements Rest Valsalva maneuver

POP group Control group T P POP group Control group t p

B-PCLa −0.65 ± 2.89 1.58 ± 0.39 -4.189  < 0.001* −3.13 ± 2.83 0.82 ± 0.95 −4.617  < 0.001*
U-PCLa −1.98 ± 4.30 1.70 ± 0.56 −3.557  < 0.001* −4.41 ± 3.59 1.09 ± 0.80 −4.859  < 0.001*
H linea 5.95 ± 0.59 5.04 ± 0.67 −3.544  < 0.001* 6.74 ± 0.99 5.17 ± 0.69 4.983  < 0.001*
M linea 2.03 ± 0.58 1.44 ± 0.45 3.105 0.004* 3.20 ± 0.94 1.73 ± 0.48 5.099  < 0.001*
LHSb 20.11 ± 3.81 10.97 ± 3.03 7.377  < 0.001* 29.18 ± 11.29 13.43 ± 4.43 -4.470  < 0.001*
LPAc 11.41 ± 9.49 2.42 ± 9.56 −2.418 0.016* 28.48 ± 12.19 8.50 ± 10.43 4.966  < 0.001*
L-ICAc 33.56 ± 10.01 28.76 ± 8.16 1.469 0.150 43.30 ± 11.38 28.74 ± 7.18 4.372  < 0.001*
R-ICAc 30.51 ± 8.82 26.44 ± 8.14 −1.734 0.083 41.58 ± 12.69 26.28 ± 5.98 3.976  < 0.001*
UAc 26.41 ± 25.92 9.83 ± 8.21 −1.979 0.048* 51.72 ± 23.99 18.00 ± 24.00 −3.655  < 0.001*
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Table 5   Post-surgery changes in imaging measurements at rest and during Valsalva maneuver in the pelvic organ prolapse group

Note: There were 29 and 21 cases before and after surgery, respectively, in the POP group
B-PCL: bladder-pubococcygeal line; U-PCL: uterus-pubococcygeal line; H line: the length of the hiatus; M line: the descent of the levator plate; 
LHS: levator hiatus size; LPA: levator plate angle; ICA: iliococcygeus angle; UA: urethral inclination angle
a  in cm
b  in cm2

c  in °
* P < 0.05 indicates that the difference was statistically significant

Measurements Rest Valsalva maneuver

preoperation postoperation T p preoperation postoperation t p

B-PCLa −0.65 ± 2.89 0.91 ± 0.47 −2.630 0.009* −3.13 ± 2.83 −0.36 ± 1.29 −4.174  < 0.001*
U-PCLa −1.98 ± 4.30 2.06 ± 1.02 −4.639  < 0.001* −4.41 ± 3.59 0.65 ± 1.28 −5.459  < 0.001*
H linea 5.95 ± 0.59 5.65 ± 0.64 1.717 0.092 6.74 ± 0.99 6.24 ± 0.70 1.956 0.056
M linea 2.03 ± 0.58 2.19 ± 0.45 −1.038 0.304 3.20 ± 0.94 2.89 ± 0.63 1.304 0.199
LHSb 20.11 ± 3.81 16.83 ± 4.72 2.710 0.009* 29.18 ± 11.29 24.90 ± 10.91 −1.494 0.135
LPAc 11.41 ± 9.49 10.38 ± 8.32 −0.357 0.721 28.48 ± 12.19 23.33 ± 9.41 1.616 0.113
L-ICAc 33.56 ± 10.01 31.57 ± 7.33 0.773 0.443 43.30 ± 11.38 42.13 ± 11.70 0.354 0.725
R-ICAc 30.51 ± 8.82 27.91 ± 6.50 −1.052 0.293 41.58 ± 12.69 40.10 ± 14.06 0.389 0.699
UAc 26.41 ± 25.92 11.90 ± 11.62 −1.860 0.063 51.72 ± 23.99 32.57 ± 24.53 2.760 0.008*

Fig. 3   Preoperative dynamic MR on the midsagittal plane. a: The 
bladder neck decreased and developed into second-degree cystocele 
(red arrow) and third-degree uterine prolapse (green arrow) during 
Valsalva maneuver b: After the operation (hysterectomy + anterior 
and posterior colporrhaphy + vaginal constriction + high suspension 

of sacral ligament of vaginal stump), there was still mild stress incon-
tinence. The bladder neck was located at 2.9 cm below the PCL, and 
UA increased. MR: magnetic resonance; PCL: pubococcygeal line; 
UA: urethral inclination angle
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R-ICA, and L-ICA between preoperation and postoperation 
at rest and during the Valsalva maneuver.

Comparative analysis of MR images in the POP 
group before and after operation

Postoperative pelvic floor dynamic MRI showed that the 
bladder neck was below the PCL during the Valsalva maneu-
ver in 12 patients (57.1%) (Fig. 3). The cervix was below the 
PCL in four patients (1.9 cm, 0.5 cm, 1.1 cm, and 1.1 cm, 
respectively), and the bladder and cervix (vaginal stump) 
were above the PCL in the remaining patients (Fig. 4). Dur-
ing the outpatient follow-up, eight patients reported persis-
tent symptoms of urinary incontinence, such as persistent 
urination, or urination while laughing or coughing. Gyneco-
logical examination revealed four cases of mild anterior 
vaginal prolapse and no cases of uterine prolapse.

Discussion

In this study, in the patients in the POP group, pelvic floor 
muscle weakness and defect occurred in 27 cases, including 
puborectal muscle weakness and defect in 3 cases, pubo-
coccygeal muscle weakness and defect in 24 cases, and ili-
ococcygeus muscle weakness and defect in 16 cases. Among 
them, the pubococcygeal muscle accounts for the highest 
proportion of all weaknesses and defects, which confirms the 

muscle stretching hypothesis of Krofta [16] that the pubo-
coccygeal muscle is the most vulnerable muscle.

Between the pubic bone and paries anterior vaginae of 
the vagina is the pubovesicocervical fascia, which supports 
the bladder. The fascia of the levator anus muscle and the 
fascia of the obturator muscle constitute the tendinous arch 
of pelvic fascia and arcus tendineus musculi levatoris ani, 
respectively. The tendinous arch of pelvic fascia provides the 
lateral fulcrum for the paries anterior vaginae, and the arcus 
tendineus musculi levatoris ani provides support for the 
levator anus muscle. As the initial part of the levator anus 
muscle, the arcus tendineus musculi levatoris ani can be dis-
tinguished on MRI [17, 18]. In this study, it was observed 
that 5 patients had defects of the levator anus muscle at the 
beginning of the arcus tendineus musculi levatoris ani. In 
the POP group, there were 15 cases with weak fascia defect 
of the pubovesicocervical fascia: 13 cases with right defect, 
1 case with left defect, and 1 case with bilateral defect. In 
addition, it was observed that the wall of the urinary bladder 
of 2 patients with prolapse was obviously protruding down-
ward, and the symptoms of stress urinary incontinence were 
obvious, but no obvious weakness and defect of the levator 
anus muscle were found. It was speculated that the MRI 
manifestations and clinical symptoms were mainly related 
to the defect of the pubovesicocervical fascia supporting the 
bladder.

Dynamic MRI can quantify the diagnosis of POP and 
evaluate the function of the levator ani muscle. At present, 

Fig. 4   a: Preoperative dynamic MR on midsagittal images shows that 
the bladder neck decreased and developed into second-degree cys-
tocele (red arrow) and third-degree uterine prolapse (green arrow) 
during Valsalva maneuver b: postoperative (Prolift for pelvic floor 

reconstruction (preservation of uterus) + inside-out transobtura-
tor vaginal tape) patients experienced no uncomfortable symptoms; 
dynamic MR shows that the bladder neck and cervix were above the 
PCL. MR: magnetic resonance; PCL: pubococcygeal line
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the most widely used reference marker line in pelvic floor 
dynamic MRI research is the PCL line [19]. The LHS and 
H line can indirectly reflect the degree of weakness of the 
pelvic floor, and the M line can reflect the relaxation of the 
posterior pelvic floor muscles [20]. When the levator plate 
is damaged, the LPA increases; when the iliococcygeus and 
its anchored fascia and ligaments are torn and damaged, the 
ICA increases [13, 21]. The UA of healthy women is often 
less than 30 degrees, and the UA of patients with stress 
incontinence is often more than 30 degrees [22].

We investigated the correlation between the LPA and 
the decline of pelvic tissues and organs in this study and 
observed a significant correlation between the LPA and 
descent of the levator plate, uterus, and pouch of Douglas 
(P < 0.05; r = 0.844, − 0.516, and − 0.606, respectively). 
The larger the LPA, the more severe the prolapse of pel-
vic organs; this finding is consistent with the results of Li 
[23]. Therefore, the LPA can reflect the functional state of 
the levator plate and maintaining the normal position of the 
levator plate plays an important role in preventing POP.

In healthy women, the pelvic organs (bladder, uterus, 
small intestine, and sigmoid colon) are located above the 
PCL line at rest or during the Valsalva maneuver. In patients 
with prolapse, due to the weakness and defect of the levator 
ani muscle, the injury and loss of the supporting structure 
around the organs, or the weakness of the whole pelvic floor, 
the pelvic organs break away from their normal anatomical 
positions and fall below the PCL line [8]. In this study, MRI 
images were compared and analyzed for each measurement 
index in the prolapse and control groups at rest and during 
the Valsalva maneuver. In the control group, all pelvic organs 
of 11 patients were above the PCL line at rest or during the 
Valsalva maneuver. The bladder neck and cervix of patients 
in the POP group were all below the PCL line during the 
Valsalva maneuver. There were significant differences in the 
H line, M line, LPA, LHS, and UA between the two groups 
(P < 0.05). In addition, Handa et al. [24] showed that the 
degree of injury of the levator ani muscle was related to the 

degree of POP, probably due to the larger levator hiatus and 
weaker pelvic muscles after levator avulsion. Consistently, 
in this study, the preoperative values of all measurements in 
the POP group were higher than those in the control group, 
indicating that the impairment of levator ani muscle function 
and pelvic floor weakness in POP patients was more severe 
than that in the age-matched asymptomatic women. Notably, 
some participants in the control group similarly had defects 
in the levator ani muscle, fascia, and pelvic floor relaxa-
tion, indicating that some middle-aged and older women 
have potential pelvic floor weakness and may develop POP 
(Fig. 5).

In this study, POP measurements in the POP group were 
compared and analyzed before and after surgery. It was 
observed that the measured values of U-PCL and B-PCL 
after the operation were smaller than those before the 
operation (P < 0.05). There was no significant difference 
between the preoperative and postoperative measurements 
of the H and M lines at rest or during the Valsalva maneu-
ver. The postoperative measurements of LPA, and L/R-
ICA were lower than those before the operation; however, 
the difference was not statistically significant (P > 0.05). 
The LHS was smaller after the operation than before the 
operation at rest (P < 0.05). The LHS during the Valsalva 
maneuver was not significantly different between pre-and 
postoperation (P > 0.05). UA was significantly reduced 
after surgery compared with before operation during the 
Valsalva maneuver (P < 0.05). The results are consistent 
with those in a comparative study of preoperative and 
postoperative MR images in patients with prolapse by Kas-
turi et al. [25]. These findings indicate that the position 
of the vesical uterus (or vaginal stump) was significantly 
improved after surgical treatment compared with before 
surgery. However, there were no significant changes in 
the H and M lines and minimal changes in LPA, and L/R-
ICA after surgery compared with those before surgery; 
the finding indirectly suggests that the injury of the pelvic 
floor muscle and the weakness of the posterior pelvic floor 

Fig. 5   A 57-year-old patient in the asymptomatic control group. a, 
b:MR images show the weakness and defect of the right pubococcy-
geal muscle and the left iliococcygeus muscle. c: MR sagittal images 

show that the pelvic organs are located above the PCL line during the 
Valsalva maneuver.MR: magnetic resonance
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structure could not be recovered by pelvic floor recon-
struction alone. Indeed, the pathogenesis of pelvic floor 
dysfunction is extremely complicated and involves other 
tissues’ metabolism, neurophysiology, biomechanics, 
endocrine hormones, and other aspects.

We observed that the UA of postoperative POP patients 
was significantly lower than that before the operation; how-
ever, it was still greater than 30 degrees, indicating that the 
urethra still had high mobility. Clinical symptoms were 
assessed in the outpatient follow-up, and eight patients 
reported persistent symptoms of mild urinary incontinence, 
such as persistent urination and urination while laughing 
or coughing. Notably, Mahfouz et al. [26] observed that 
dynamic MRI of the pelvic floor was very helpful for post-
operative evaluation of surgical repair for POP and demon-
strated that there was a close correlation between UA and 
postoperative urinary incontinence symptoms.

This study has several limitations. First, most patients 
in the POP group had moderate to severe symptoms, and 
no further stratified analyses were conducted. Second, due 
to the small number of patients who underwent uterine-
sparing surgery in this study, further studies with a large 
sample size are needed to determine the success rate of 
uterine-sparing surgery in POP patients.

In conclusion, static and dynamic MRI of the pelvis 
can accurately display changes in the position of prolapsed 
organs and the morphology of the pelvic floor muscles and 
fascia before and after surgery. In addition, they can be used 
for evaluating the function of the levator ani muscle, and 
especially the evaluation of multiple defects in the pelvis. 
MRI is also more useful than physical examination for 
detecting abnormalities in patients who remain symptomatic 
after surgery. Thus, dynamic MRI can guide the develop-
ment of preoperative treatment plans and assess postopera-
tive outcomes in patients with pelvic organ prolapse.
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