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ABSTRACT

Background
Although the effectiveness of pelvic floor muscle training in women with prolapse has 
been demonstrated in several studies, there seem to be subgroups of responders and 
non-responders. 

Study design
To identify factors that predict treatment success in women receiving PFMT for 
prolapse. 

Methods
Using data from two randomized controlled trials, we retrospectively studied women 
aged ≥55 years receiving PFMT for symptomatic prolapse. After 12 months, women 
subjectively assessed treatment success (“better”) or failure (“the same” or “worse”), 
and we performed multivariable logistic regression analysis to identify predictors 
of success. We also determined ORs with 95% CIs for the predictors. For the final 
prediction model we calculated the area under the receiver operating characteristic 
curve and variance explained.

Results
Of the 172 included women, PFMT was successful in 94 (55%) and unsuccessful in  
78 (45%). Presence of one or more indicators of obstetric trauma (e.g., high birth 
weight, episiotomy, perineal laceration during vaginal delivery, forceps delivery, or 
vacuum extraction) (OR 4.3 [95% CI 1.6 to 11.9]) and a prolapse above the hymen (OR 
2.0 [95% CI 1.0 to 3.8]) independently predicted treatment success, while the odds of 
treatment success decreased with age (OR 0.94 per year [95% CI 0.9 to 1.0]). The area 
under the ROC curve for the final model was 0.67 (95% CI 0.59 to 0.75), and the model 
explained 14.6% of the variance. 

Conclusion
Although we identified three factors that predicted favorable outcomes from PFMT 
for prolapse, this model did not completely predict treatment outcomes, indicating 
that some other factor may play a role. 
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INTRODUCTION

Prolapse, which is the descent of the anterior or posterior wall, of the uterus, or of 
the vaginal vault after hysterectomy,1 is a highly prevalent condition affecting up to 
75% of women aged 45-85 years.2 It can be associated with a variety of symptoms, 
such as seeing or feeling a vaginal bulge, pelvic pressure, low backache, urinary tract 
symptoms, sexual symptoms, and symptoms of anorectal dysfunction.1 Symptomatic 
prolapse can be treated conservatively or surgically, with the former usually involving 
either PFMT or the placement of a vaginal pessary. Conservative treatment has the 
advantage over surgery of causing far fewer side effects and complications. Indeed, 
PFMT, which aims to increase the structural support of the pelvic organs by improving 
the strength and coordination of the pelvic floor muscles, has particularly few side 
effects and can readily be combined with lifestyle and toileting advice.
Although the effectiveness of PFMT in women with prolapse has been demonstrated 
in several studies,3-9 there seem to be subgroups of responders and non-responders. 
For example, in the study by Hagen et al., 52% of the women treated with PFMT reported 
that they were better at a 6-month follow-up, whereas 48% reported unchanged or 
worsened symptoms.6 Our research group recently found similar results after 24 
months of PFMT, with symptom improvement reported in 43% of women who had 
mild prolapse and 34% of women who had advanced prolapse.9,10

Knowledge of the factors that predict response to PFMT for prolapse would not only 
be helpful when selecting patients for treatment but also when providing counseling 
on the likely outcome of this therapy; however, there is presently a lack of research on 
this subject. Therefore, the aim of this study was to identify the factors that predict 
treatment success in women receiving PFMT for prolapse.

MATERIALS AND METHODS

Study design
This was a retrospective cohort study using data from the “Pelvic Organ Prolapse in 
Primary Care: Effects of Pelvic Floor Muscle Training and Pessary Treatment Study” 
(POPPS) project, for which the design and primary outcomes have been published 
elsewhere.7,9-11 In brief, the POPPS project involved two randomized controlled trials, one 
in which PFMT was compared to watchful waiting in women with a prolapse above the 
hymen,7,9 and another in which PFMT was compared to pessary treatment in women 
with a prolapse at or beyond the hymen.10 The POPPS trials were registered in the 
Dutch Trial Register. The Medical Ethics Committee of the University Medical Center 
Groningen approved the studies, and all participants provided written informed consent. 
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Study population
Women aged ≥55 years were recruited from 20 Dutch primary care practices by means 
of postal questionnaire screening for prolapse-related symptoms. This previously pu-
blished questionnaire included questions on urinary incontinence, vaginal bulging, pelvic 
heaviness or pressure, and the need to use vaginal splinting to start or complete micturi-
tion or defecation.11 After completing the questionnaires at home, women who reported 
at least one symptom were invited for a baseline interview and physical examination. 
Women were eligible to participate in the POPPS trials if they had a prolapse, and both in-
cluded an intervention arm with PFMT. In the present study, we only included those par-
ticipants randomized to undergo PFMT and who attended at least one training session. 

Intervention
PFMT was provided individually in face-to-face contacts with specialized pelvic phy-
siotherapists, supplemented with home exercises. The PFMT program has been pu-
blished in detail elsewhere, but is summarized here.7 In short, participants: 1) received 
an explanation about the function of the pelvis and the pelvic floor; 2) underwent an as-
sessment of their own pelvic floor muscle function; 3) were instructed how to contract 
and relax the pelvic muscles by giving feedback during digital palpation or by applying 
myofeedback or electric stimulation (if necessary); 4) were provided with lifestyle (e.g., 
diet and body weight) and toileting advice; 5) were encouraged to train their pelvic floor 
muscles by performing the exercises three to five times a week, twice or three times 
each day; and 6) were taught to contract their pelvic floor muscles before and during any 
increases in abdominal pressure. The exercise program was modified to the patients’ 
individual needs based on examination findings at each visit. The pelvic physiothera-
pists provided information on the treatment modalities, treatment duration, and the 
number of treatment sessions for each participant. All physiotherapists had completed 
a three-year specialist course in the diagnosis and treatment of pelvic floor disorders, 
and were registered with the Dutch Pelvic Physiotherapists’ Organisation (NVFB). 

Outcome
Treatment outcomes were measured by the patients’ perceived change of symptoms 
12 months after the start of PFMT (by asking the question: “Compared to the start of 
the study, are your symptoms the same, better, or worse?”). PFMT was considered 
successful if women reported their symptoms to be “better,” and was considered 
unsuccessful if women reported their symptoms to be “the same” or “worse.”

Measurements
At baseline, data about patient characteristics, comorbidity, and medical and obstetric 
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history were collected by standardized interview. Pelvic floor symptom distress was 
measured using the PFDI-20, a patient-completed questionnaire comprising three 
subscales that assessed prolapse, urinary, and colorectal/anal symptoms (the 
POPDI-6, the UDI-6, and the CRADI-8, respectively). Each subscale score ranged from 
0⇓to 100, with the PFDI-20 total score therefore ranging from 0⇓to 300, with higher scores 
indicating higher symptom burden.12 Finally, women underwent a physical examination 
to assess the degree of prolapse and the function of the pelvic floor muscles. The 
degree of prolapse was assessed using the POP-Q system,13 and the International 
Continence Society method was used to evaluate pelvic floor muscle function.14

Selection of candidate predictors
Two complementary strategies were used to select candidate predictors for the success 
of PFMT. We started with a literature search, but found no studies on predictors of 
the response to PFMT in women with prolapse. Therefore, we reviewed the literature 
again, but instead looked for the predictors of response to physiotherapy in patients 
with other pelvic floor disorders, such as urinary15-21 or fecal incontinence.22-25 Second, 
we contacted a number of experts in the field of urogynecology and PFMT by email 
(seven pelvic physiotherapists, one urogynecologist, and two general practitioners 
with a special interest in urogynecology). In an open question, we asked them to 
mention all factors that might be related to the success or failure of PFMT in women 
with prolapse, based on their experience.
Next, we checked the availability of the identified predictors (from both the literature 
review and expert panel responses) in our dataset. This resulted in a list of 25 
candidate predictors (Appendix I), but with the exclusion of other potential predictors 
that were not available in the dataset (Appendix II). To limit the number of candidate 
predictors, different indicators of obstetric trauma (e.g., high birth weight, episiotomy, 
perineal laceration during vaginal delivery, forceps delivery or vacuum extraction) and 
different causes of chronic pelvic floor stress (e.g., constipation, coughing, and heavy 
lifting) were combined into two single variables. Finally, the expert panel members 
were asked to categorize the 25 variables into four categories: “very important,” 
“important,” “unimportant,” or “very unimportant” predictors. Based on these scores, 
the predictors were ranked, and those that were considered most important were 
included in the analyses.

Statistical methods
Multivariable logistic regression analysis was used to identify predictors of treatment 
success. The predictors were investigated for multicollinearity using a correlation 
matrix. Predictors that were highly correlated with others (r > 0.8) were excluded 
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Success
n = 94

Failure
n = 78

Age (years), mean ± SD 63.7 ± 6.0 55.2 ± 7.0

BMI (kg/m2), mean ± SD 27.1 ± 4.5 26.5 ± 4.3

Any factor leading to chronic pelvic floor stress,* n (%) 71 (76) 60 (77)

Smoking (pack years), mean ± SD 5.8 ± 11.0 7.8 ± 14.3

First degree relative with prolapse, n (%) 31 (33) 25 (32)

Comorbidity (Charlson Comorbidity Index31), mean ± SD 0.3 ± 0.6 0.5 ± 0.8

Parity, mean ± SD 2.6 ± 1.2 2.3 ± 1.2

Any indicator of obstetric trauma,† n (%) 88 (94) 60 (77)

Prior prolapse treatment (> 1 year ago), n (%) 14 (15) 18 (23)

Prior pelvic surgery (including hysterectomy), n (%) 21 (22) 15 (19)

Baseline PFDI-20 score, mean ± SD 65.1 ± 33.9 66.5 ± 45.7

Most prominent pelvic floor symptoms, n (%): 

 Prolapse symptoms (POPDI-6 > CRADI-8 and UDI-6) 8 (10) 9 (12)

 Defecatory symptoms (CRADI-8 > POPDI-6 and UDI-6) 10 (11) 12 (7)

 Urinary symptoms (UDI-6 > POPDI-6 and CRADI-8) 67 (71) 52 (67)

Degree of prolapse,‡ n (%)

 Prolapse above the hymen 65 (69) 41 (53)

 Prolapse at or beyond the hymen 29 (31) 37 (47)

Pelvic floor muscle function,§ n (%)

 Normal 26 (28) 23 (29)

 Overactive 5 (5) 5 (6)

 Underactive 63 (7) 49 (63)

 Inactive 0 (0) 0 (0)

Pelvic physiotherapist, n (%)

 Physiotherapist 1 1 (1) 2 (3)

 Physiotherapist 2 4 (4) 4 (5)

 Physiotherapist 3 3 (3) 0 (0)

 Physiotherapist 4 1 (1) 3 (4)

 Physiotherapist 5 17 (18) 11 (14)

 Physiotherapist 6 17 (18) 13 (17)

 Physiotherapist 7 20 (21) 22 (28)

 Physiotherapist 8 24 (26) 13 (17)

 Physiotherapist 9 1 (1) 1 (1)

 Physiotherapist 10 6 (6) 9 (12)

TABLE 1 DISTRIBUTION OF BASELINE CHARACTERISTICS IN RELATION TO 

TREATMENT SUCCESS OR FAILURE
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from the analyses.26 A non-automated stepwise, backward-elimination, selection 
strategy was followed to arrive at a model that included only the most significant 
predictors. At each step, the least significant variable was removed from the model 
using a significance level of p ≥ 0.157, according to the Akaike information criterion.27 
We determined ORs for each predictor.
We also tested the ability of the final model to discriminate between successful 
and unsuccessful treatment using an area under the ROC curve analysis. The 
performance of the final model was tested for the explained variance (Nagelkerke R2), 
to show the percentage of variance in the outcome between the participants that is 
explained by the predictors in the model. Finally, the calibration of the model, or the 
extent of agreement between the predicted probabilities of successful treatment and 
the observed successful treatments, was evaluated with the Hosmer and Lemeshow 
goodness-of-fit test. All statistical analyses were performed using IBM SPSS for 
Windows, Version 23.0 (IBM Corp., Armonk, NY, USA).

RESULTS

In total, 209 women were invited to participate in PFMT between October 2009 
and December 2012. However, data for the primary outcome (perceived change of 
symptoms by patients from the start of the study) were only available for 172 women. 
The baseline characteristics of the women lost to follow-up (n = 37) did not differ from 
those included in the study. Based on patients’ perceived change of symptoms from 
the start of the study, PFMT was a success in 94 women (55%) and a failure in 78 
women (45%). Table 1 shows the distribution of the baseline characteristics in relation 
to treatment success or failure.
In the multivariable analysis, a prolapse above the hymen, presence of one or more 
indicators of obstetric trauma (including high birth weight, episiotomy, perineal 
laceration during vaginal delivery, forceps delivery, or vacuum extraction), and a 
younger age at baseline independently predicted treatment success (Table 2). The 
area under the ROC curve was 0.67 (95% CI 0.59 to 0.75), and the final model explained 
14.6% of the variance in the outcome measure. Overall, the model did show good 
calibration by the Hosmer and Lemeshow goodness-of-fit test (p = 0.66).

*Defined as the presence of one or more of the following factors for an extending period of time: 

constipation, coughing, or heavy lifting; †Defined as the presence of one or more of the following 

factors: birth weight of heaviest child ≥4000 g, episiotomy, perineal laceration during vaginal delivery, 

instrumental delivery (forceps or vacuum extraction); ‡Based on Pelvic Organ Prolapse-Quantification 

measurement; §According to the method of the International Continence Society (see reference 14);



179

9

SUCCESS OF PFMT IN PROLAPSE



COMMENT

In this study, we aimed to identify the predictors of treatment success among women 
receiving PFMT for prolapse. We found that the following were independent predictors 
of treatment success: a prolapse above the hymen (compared with a more advanced 
prolapse), presence of one or more indicators of obstetric trauma (including high birth 
weight, episiotomy, perineal laceration during vaginal delivery, forceps delivery, or 
vacuum extraction), and younger age. To the best of our knowledge, this is the first 
study in which the factors that predict success from PFMT for prolapse have been 
investigated; similar studies have been performed on the response of patients with 
urinary15-21 or fecal22-25 incontinence, but these have been inconsistent.
In our study population, the odds of treatment being successful for women with 
prolapse above the hymen was approximately twice that for women with prolapse at 
or beyond the hymen. This result is consistent with the results of a study by Hendriks 
et al. who found that women with more severe stages of prolapse (POP-Q stage > 2) 
were more likely to show poor recovery after physiotherapy for urinary incontinence.18 
Although pelvic floor muscle damage is thought to play a major role in the 
development of prolapse, a considerable portion of women with advanced prolapse 
do not have demonstrable pelvic floor muscle defects on magnetic resonance 
imaging.28 Therefore, other factors, such as direct damage to, or weakness of, the 
connective tissue anchoring the pelvic organs to the pelvis (i.e., the endopelvic fascia), 
may be involved in the development of advanced prolapse.28,29 Given that PFMT only 
influences muscle strength, and not the strength of the endopelvic fascia, it seems 

Variable Estimated 
coefficient

OR 95% CI p-value

Prolapse above the hymen† 0.67 1.95 1.02 to 3.75 0.044

Any indicator of obstetric trauma‡ 1.46 4.31 1.57 to 11.90 0.005

Age (years) -0.06 0.94 0.90 to 0.99 0.024

TABLE 2 FINAL MULTIVARIABLE LOGISTIC REGRESSION MODEL* FOR TREATMENT 

SUCCESS AMONG WOMEN UNDERGOING PFMT FOR PROLAPSE

*Model built using a non-automated backward-elimination approach with a significance level of p 

≥ 0.157 for removal from the model; †Prolapse above the hymen versus prolapse at or beyond the 

hymen; ‡Defined as the presence of one or more of the following factors: birth weight of the heaviest 

child ≥4000 g, episiotomy, perineal laceration during vaginal delivery, and instrumental delivery 

(forceps or vacuum extraction).
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plausible that it would be less effective in women with more advanced prolapses.
We found the odds of treatment being successful in women with one or more indicators 
of obstetric trauma to be 4.3 times that in women without such a history. Although 
these findings may seem counterintuitive, they are consistent with the results of a 
study by Bols et al. concerning the predictors of successful physiotherapy treatment 
in patients with fecal incontinence.25 A possible explanation is that women with a 
history of obstetric trauma might have some other damage to their pelvic floor that 
is lacking in women without any obstetric trauma, and that this damage is partially 
reversible. Thus, prolapse symptoms can improve to a satisfactory level with PFMT 
alone in some of these women. By contrast, the type of pelvic floor damage seen in 
women without a history of obstetric trauma would appear to be less amenable to 
PFMT, possibly because weakness of the endopelvic fascia plays a more prominent 
role. Of course, we also cannot exclude the possibility that the observed association 
was caused by a type one error (i.e., a false positive result).
Finally, we found that the odds of treatment success decreased with age, with an 
OR of 0.94 per year. Put another way, this means that the odds of treatment being 
successful for 70-year old women was 0.5 times that for a 60-year old women. We 
hypothesize that this was because the older women in our study were less able to 
build muscle strength, were less capable of exercise, or were less likely to be able to 
learn new things. Another explanation might be that older women are more accepting 
of their symptoms and, therefore, are less likely to be compliant with home exercises.
The strengths of this study include the large population of older women (the age 
category with the highest prevalence of prolapse), the use of a patient-centered 
definition of treatment success, and the selection of predictors based on expert 
opinion. However, some limitations deserve attention. Although we tried to be as 
complete as possible in the selection of predictors, we might have missed variables 
that contribute to the success of PFMT. This might account for the low explained 
variance of our model and the fact that it only had moderate ability to predict treatment 
success. For example, not all variables mentioned by the expert panel were suitable 
for conversion into single predictor variables, and some variables were not available 
in our dataset (Appendix II). For example, we did not have data on adherence to home 
exercises, lifestyle changes, or toileting habits. Another consideration is that we 
included many predictors in the multivariable model when compared to the frequency 
of the outcome events. However, although it is recommended that multivariable 
logistic regression models be used with a minimum of ten outcome events per 
predictor variable, a large simulation study by Vittinghoff and McCulloch showed 
that relaxing the criterion to 5–9 events per variable did not lead to problems with 
model performance.30 The events per variable in our study was 5.2, so we considered 
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this acceptable given the exploratory nature of the study. This was also mitigated by 
the use of the Akaike information criterion (p ≥ 0.157) when deciding what needed 
removal from the model, because this helped reduce the extent of overfitting (i.e., 
over-optimism of the model).27,30

In conclusion, identifying women with prolapse who are likely to benefit most from 
PFMT is of great importance to clinical practice. To this end, we identified three 
factors that independently predicted favorable outcomes from this conservative 
management approach, but were disappointed that these only explained 14.6% of 
the variance in the outcome measures. Thus, we cannot accurately predict treatment 
outcomes using this model alone, implying that some as yet unidentified or untested 
factors are important. Given the limitations of the data in our cohort, and the lack 
of data for possible key factors (Appendix II), there is scope for further research to 
validate our findings and identify other factors that might predict treatment success 
in women undergoing PFMT for prolapse.
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*Derived from a literature search and expert panel; †The variables constipation, coughing, and heavy 

lifting were combined into the single variable “Any factor leading to increased intra-abdominal 

pressure”; ‡The variables birth weight of heaviest child ≥4000 g, episiotomy, perineal laceration during 

vaginal delivery, and instrumental delivery (forceps or vacuum extraction) were combined into the 

single variable “Any indicator of obstetric trauma”; §International Continence Society; ||Each pelvic 

physiotherapist was assigned a number from 1 to 10. 
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APPENDIX I CANDIDATE PREDICTORS* AVAILABLE IN DATASET

Demographics/baseline characteristics

Age (years)

Educational level (primary only, lower, intermediate, or high)

Body mass index (kg/m2)

Baseline PFDI-20 score

Most prominent symptoms (prolapse symptoms [POPDI-6 score > CRADI-8 and UDI-6 score], 
defecatory symptoms [CRADI-8 score > POPDI-6 and UDI-6 score], or urinary symptoms  
[UDI-6 score > POPDI-6 and CRADI-8 score])

Medical/obstetric history

Constipation† (derived from PFDI-20 question 7: “Do you feel you need to strain too hard to have 
a bowel movement?” [yes/no])

Coughing† (for an extended period of time, currently or in the past [yes/no])

Heavy lifting† (currently or in the past [yes/no])

Smoking (pack years)

Depression/anxiety (Mental Health Inventory-5 score)

First degree relative (mother, sister, or daughter) with prolapse (yes/no)

Comorbidity (Charlson comorbidity index)

Parity (number of children)

Birth weight heaviest child ≥4000 g (yes/no)‡

Episiotomy during vaginal delivery (yes/no)‡

Perineal laceration during vaginal delivery (yes/no)‡

Forceps delivery (yes/no)‡

Vacuum extraction (yes/no)‡

Prior prolapse treatment (surgical or conservative prolapse treatment > 1 year ago [yes/no])

Prior pelvic surgery (any pelvic surgery, including hysterectomy [yes/no])

Physical examination

Degree of prolapse at baseline (prolapse above the hymen versus prolapse at or beyond the 
hymen, based on POP-Q measurement)

Pelvic floor muscle function at baseline (normal, overactive, underactive, or inactive according 
to ICS§ method)

Vaginal atrophy (yes/no)

PFMT related factors

Pelvic physiotherapist||

Duration of treatment (months)

SUCCESS OF PFMT IN PROLAPSE



APPENDIX I I CANDIDATE PREDICTORS* NOT AVAILABLE IN DATASET 

Demographics/patient characteristics

Motivation

Expectations 

Personality/coping style

Embarrassment

Cultural background

Social economic status 

Self-image/body awareness

Lifestyle (passive/active)

Adherence to home exercises and advices on lifestyle and toilet habits

Personal circumstances with higher priority (for example being caregiver to sick spouse or 
parents)

Influence of social network (spouse, children, friends, colleagues)

Medical/obstetric history

Medication use

History of negative sexual experience

History of low back pain or pelvic pain

Time since onset of symptoms

Physical examination

Coordination and endurance of pelvic floor muscles 

Degree of closure of the levator ani muscles 

Presence of avulsion of the levator ani muscles

Presence of pudendus nerve damage

Presence of paradoxical straining

PFMT related factors

Relationship/communication between patient and pelvic physiotherapist

Personal methods/approach of each pelvic physiotherapist

*Derived from a literature search and expert panel
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