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Do dynamometric variables of the pelvic floor muscles differ between women with and 

without stress urinary incontinence? A blind, cross-sectional study. 

 

 

ABSTRACT 

 

Objective: The aim of the present study was to compare PFM contraction variables between 

women with and without SUI. Material and Methods: This cross-sectional study evaluated the 

PFMs of 17 healthy women and 17 women with SUI during a single test session using a vaginal 

dynamometer. Outcomes: peak time (time at which peak force occurred after the onset of 

contraction), passive force (baseline), maximum contraction force, impulse of contraction, 

average force and endurance time. Dada were recording during a single test session using a 

vaginal dynamometer. Results:The following PFM contraction variables were evaluated: 

Analysis of covariance (ANCOVA) with the Bonferroni post hoc test was used to compare the 

dynamometric data between groups (control and SUI), considering age and number of childbirths 

as co-variables. Significant difference was observed between groups with regard to endurance (F 

= 4.87, P< .03; ANCOVA test), whereas no significant differences were found for the other 

variables analyzed. Conclusion: The endurance time of PFM contraction is shorter in women 

with SUI, whereas variables related to the intensity of pelvic floor muscle contraction force and 

time from the onset to peak contraction of these muscles are similar between women with and 

without stress urinary incontinence. 
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1. INTRODUCTION 

 

Urinary incontinence is described as any involuntary loss of urine. This condition has a tendency 

to aggravate over time and the prevalence figures increase with increasing age, and in women 

aged  ≥ 70 years more than 40% of the female population is affected[1]. 

Stress urinary incontinence (SUI) is the most common form of the disorder in women and is 

characterized by urinary leakage associated with some form of exertion, such as coughing, 

sneezing, squatting, physical exertion, and the practice of sports involving jumping, fast running, 

and rotational movements [2,3]. The cause of this phenomenon has not been fully clarified, but 

the loss of the integrity of the muscles that constitute the pelvic floor is one of the factors 

associated with this disorder[3]. 

 

In clinical practice, visual inspection and intra-vaginal palpation are the most common pelvic 

floor muscle (PFM) assessment methods, the latter of which is scored with different rating 

scales, the most often employed of which is the Oxford grading system[4,5].These methods are 

minimally invasive, inexpensive and easy to perform, but are considered subjective, as the 

assessment of the PFM with vaginal palpation depends on the experience of the evaluator and the 

patient’s voluntary participation as well as the positions of the patient and the examiner [6]. 

 

Moreover, divergent opinions are found in the literature regarding the reliability of these 

methods [5,7,8]. Thus, measurements obtained using electromyography, perineometry, 

dynamometry and different imaging methods (ultrasound, magnetic resonance and urodynamic 
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analysis) have been used to determine and quantify the function of these muscles in a more 

precise manner[9]. 

 

Dynamometry, in particular, enables the objective evaluation of PFMforce with the use of a 

vaginal probe. The PFM variables considered for such an evaluation include maximum strength, 

mean value of the strength curve, endurance, contraction velocity and passive force[10, 

11].However, a study has proposed further evaluation variables based on data obtained from a 

vaginal dynamometer, such as impulse ofcontraction, average force andthepeak time (time 

thatpeak force occurs after the onset of PFM contraction)[12]. 

 

The reproducibility and reliability of these new indices are high, but no comparisons have been 

made between women with and without SUI.Such comparisons are important, as these indices 

may reveal clinical characteristics (impulse of contraction, average force and the peak time) of 

women with SUI that have not been described in previous studies. Such information is relevant 

to clinical practice, as it could help guide the use of variables obtained through vaginal 

dynamometry as part of the diagnosis of SUI. Therefore, the hypothesis tested in this study was 

that the variables passive force (baseline), maximum force, average force, impulse of 

contraction, time from the onset to peak contraction and endurance time have different values 

between women with and without SUI. Thus, the aim of the present study was to compare 

vaginal dynamometric variables between women with and without stress urinary incontinence 

during contraction of the pelvic floor muscles. 
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2. MATERIALS AND METHODS 

2.1 Design 

This was a blind, cross-sectional study conducted after being approved by the Ethics Committee 

of the Nove de JulhoUniversity (process nº: 1.042.129). All individuals were properly informed 

regarding the objectives and procedures and signed a statement of informed consent prior to 

testing. 

 

2.2 Sample size 

The sample size was based on the study by Chamochumbi et al[13], considering the mean and 

standard deviation (±) of the maximum strength of PFM recorded with dynamometer 

(anteroposterior position) of women with and without SUI being the values respectively: 0.1±0.1 

N and 0.3±0.2 N. For the calculation of the sample it was considered α = 0.05 (5% chance of a 

type I error) and 1-β = 0.90 (power of the sample). A minimum of 15 individuals was 

determined. This calculation was performed using the G*Power 3.1.9.2 software, as 

recommended by Faul et al[14].
 

 

2.3 Participants 

Seventeenhealthywomenand17 women with SUIaged 20 to 60 years 

wererecruitedfromtheacademiccommunityas well as urogynecology and physical therapy 

services toparticipate in thestudy. 
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The inclusion criteria for the SUI group were a report of urinary leakage in the previous three 

months and a positive answer to Question 3 of the Three IncontinenceQuestionsused to 

distinguish betweenSUI andurgent urinary incontinence in adult women[15].Women without a 

complaint of urinary leakage and without any of the exclusion criteria were selected for the 

control group. 

 

The following were the exclusion criteria: responses of “moderately” or “a lot” on the symptoms 

scale of the King’s Health Questionnaire (KHQ) related to urgency and overactive bladder, 

urinary tract or vaginal canal infection, abnormal vaginal mucosa (candidiasis),current 

pregnancy, important organ prolapse (PopQ> Phase II)[16], use an analgesic or muscle relaxant 

[10;18]and a history of urogynecology surgery.  

 

2.4 Blinding 

Independent evaluators performed the following procedures: Evaluator 1: triage and evaluation 

of clinical characteristics; Evaluator 2: vaginal dynamometer data collection; Evaluator 3: 

vaginal dynamometer signal processing and statistical analysis. Evaluators 2 and 3 were blinded 

in relation to the groups. 

 

2.5 Evaluation procedures 

The tests were performed in a single session. The clinical characteristics of women with SUI 

were assessed by a physiotherapeutic with at least 5 years of experience through the following 

instruments:i) the impact of urinary continence was evaluated using the International 

Consultation on Incontinence Questionnaire Short Form (ICIQ-SF; 0 to 21 points; ≥ 3 points 
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indicates incontinence, with higher scores denoting greater severity) [19]; ii) severity of urinary 

leakage was evaluated using the Protection, Amount, Frequency, Adjustment and Body Image 

(PRAFAB) Questionnaire (≥ 14 points severe urinary incontinence)[20]; and iii) quality of life 

was evaluated using the KHQ (0 to 100 points, with higher scores denoting poorer quality of 

life)[21].
  

 

The PFM contraction data were collected using a vaginal dynamometer (Model: Power Gyneco, 

EMG System do Brasil
®

) composed of a shaft measuring 70 mm in length and 22 mm in 

diameter and weighing 258 g. Force was measured in Newtons (N). The dynamometer signal 

was acquired using a conditioner module (EMG System do Brasil
®

) and digitized by a 12-bit 

analog/digital converter with a sampling frequency of 1000 Hz connected to a computer. Both 

devices remained disconnected from the electrical grid during the readings to avoid interference.  

 

The tests were performed beginning from the first day after the end of the menstrual period by a 

physiotherapist with experience in evaluating the PFMsof women with urinary incontinence. 

Prior to the test, the volunteer was asked to empty her bladder and was then placed in the dorsal 

lithotomy position.  

 

The volunteer was asked to perform PFM contraction prior to the test and the responses were 

measured by the visual inspection performed by the examiner. Training was then performed for 

the volunteer to learn how to contract the PFMswithout the contraction of other muscle groups, 

such as the abdominal and gluteus muscles. After these procedures, the dynamometer covered 

with a condom (OLLA
®
, Hypermarcas-S/A) was inserted into the vagina and the volunteer was 
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instructed to relax the PFMs, at which time passive force (baseline) was recorded for ten 

seconds. A single command was then given for the volunteer to perform and sustain maximum 

contraction until exhaustion (endurance).  

The data were recorded considering PFM contraction force on the sagittal (antero-posterior) 

plane. The insertion depth of the shaft of the dynamometer was not standardized, as the 

equipment was designed for the precise measurement of PFM contraction force independently of 

the location on the shaft at which the effort was performed [12]. The test was performed three 

times with a five-minute interval between trials. No volunteers reported any discomfort either 

during or after the test sessions.  

 

2.6 Outcome measures 

The signal from the vaginal dynamometer was used to calculate the contraction force 

variables described by Nagano et al[12]: passive force (PF), impulse of contraction 

(IC), average force (AF), peak time (PT) and maximum strength value (MSV). 

Endurance was calculated from the onset of contraction to the point of exhaustion 

(Figure 1). All signals were processed and analyzed using routines developed in 

Matlab® version 2022 (Mathworks inc., Natick, Massachusetts, USA). 
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Figure 1. Strength test of the pelvic floor muscles. Baseline: passive force. MSV:maximum 

pelvic floor muscles strength value; PT: peak time. IC: impulse of contraction of the muscles 

strength. On/Off: endurance time. 

 

2.7 Statistical analysis  

The Shapiro-Wilk test was used to determine the normality of the data distribution. Demographic 

data from the two groups were compared using the independent t-test. Analysis of covariance 

(ANCOVA) with the Bonferroni post hoc test was used to compare the dynamometric data 

between groups (control and SUI), considering age and number of childbirths as co-

variables.Age and number of childbirths were entered as a covariate in these analyses because 

these variables were significantly different between the groups (P< .05). A P-value < .05 was 

considered indicative of statistical significance. The partial eta squared value (p
2
) was used to 
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calculate the effect of the interactions, the results of which were interpreted based on Cohen 

(1988): < 0.01 = small effect; 0.06 = moderate effect; and ≥ 0.14 = large effect. All statistical 

analyses were performed with the aid of SPSS version 20.0 (IBM Corporation, Armonk, NY, 

USA).  

 

3. RESULTS 

Table 1 displays the demographic and clinical data of the volunteers. Age and number of 

childbirths differed significantly between the two groups. The table also displays the scores of 

the KHQ (quality of life), ICIQ-SF (impact of urinary incontinence) and PRAFAB (severity of 

urinary leakage) questionnaires in the group with SUI. 
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Table 1. Mean and standard deviation of demographic and clinical variables of women with 

(SUI) and healthy controls 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

KHQ:King’s Health Questionnaire. ICIQ-SF: International ConsultationonIncontience 

Questionnaire Short Form. PRAFAB: Protection, Amount, Frequency, Adjustment and Body 

Image Questionnaire.  

* Significant difference between groups (Independent t-testP< .05) 

 

  SUI   Controls   P-value 

Age (years) 45.35±10.61 

 

31.24±10.23 

 

<0.001* 

Body mass index (Kg/m
2
) 28.75±5.79 

 

26.91±5.23 

 

0.33 

Parity 2.47±1.62 

 

0.94±1.08 

 

0.002* 

PRAFAB 10.29±2.77 

    ICIQ-SF 11.82±5.21 

    KHQ scores 

     General health perception 33.82±23.29 

    Impact of incontinence 50.95±26.67 

    Role limitation 39.21±28.83 

    Physical limitations 46.08±35.12 

    Social limitation 17.65±24.86 

    Personal relationship 16.67±22.05 

    Emotions 30.72±31.80 

    Sleep/energy 30.39±30.75 

    Severity measures 46.35±22.05         
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Table 2 displays the dynamometric findings. ANCOVA revealed a statistically significant 

difference between groups with regard to endurance (F=4.87, P<.03; p2=0.14), whereas no 

significant differences were found for the other variables analyzed. 

 

Table 2. Mean and standard deviation values for dynamometric variables in women with stress 

urinary incontinence (SUI) and healthy controls  

  SUI 

 

Control 

 

F 

 

P-value 

 

p
2
 

Baseline (N) 6.06±1.62 

 

6.21±1.26 

 

0.15 

 

.69 

 

<0.01 

MSV (N) 12.72±3.45 

 

13.80±4.99 

 

0.11 

 

.91 

 

<0.01 

IC (N/s) 10.97±8.67 

 

11.29±8.25 

 

0.18 

 

.66 

 

<0.01 

AF (N) 8.71±2.14 

 

9.12±3.19 

 

0.01 

 

.92 

 

<0.01 

PT (s) 2.18±1.43 

 

2.34±0.97 

 

0.17 

 

.67 

 

0.01 

Endurance (s) 19.14±8.15* 

 

29.32±12.66 

 

4.87   .03 

 

0.14** 

* Significant difference between groups (Ancova test). 

** Large effect size 

Baseline: passive force of the pelvic muscle floor. MSV: maximum pelvic muscle floor strength 

value. IC: impulse of contraction of the pelvic muscle floor. AF: Average contraction force of 

the pelvic muscle floor. PT: the time interval between the beginning and the peak of contraction 

of the pelvic floor muscles. Endurance: onset of contraction to the point of exhaustion. 
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4. DISCUSSION  

The hypothesis that different vaginal dynamometric variables related to PFM contraction would 

be different between women with and without SUI was only confirmed for endurance time, 

whereas no significant differences between groups were found with regard to variables related to 

the intensity of the PFMcontraction force (PF, IC, AF andMSV) or PT.  

 

There is a growing body of evidence that lends support to the reasoning that an improvement in 

the tone of the PFMscan assist in improving and/or controlling SUI[22,23].  Such observations 

suggest the occurrence of functional alterations in the PFMsof women with SUIin relation to 

healthy women and that components of muscle strength are associated with this disorder.  

Therefore, the aim of PFM training for women with SUI is generally to improve the strength, 

endurance and co-ordination of these muscles [24, 25]. 

 

However, the possible alteration in the components of muscle strength in women with SUI was 

not confirmed by the results in the present study, as no significant differences were found for any 

of the variables related to the contraction force of the PFMs(PF, IC, AF andMSV) in the groups 

with and without SUI. Moreover, this relationship has not yet been clarified in other 

investigations involving dynamometry[26,27].Previous studies have demonstrated that the 

development of active strength in the tissues of the pelvic floor may[13, 27] or may not[26]be 

significantly reduced in women with SUI. Conflicting results are also found in the analysis 

passive mechanical forces measured using dynamometry with the patient at rest[13, 26,27]. 
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These different responses in the literature regarding PFM contraction force may stem from 

differences in the evaluation methods employed during the tests as well as differences in the 

equipment used to measure PFM strength. The dynamometer used in the present study was 

designed with a load cell positioned in the center of the shaft so that PFM contraction force could 

be measured precisely, independently of the location of the shaft at which the effort was 

performed[12].Dynamometers used for the evaluation of the PFMs are generally constructed 

with stain gauges located at the base of the shaft and therefore distant from the point at which the 

device receives the PFM contraction forcerest [13, 26,27]. This characteristic of the equipment 

increases the chance of a measurement error. 

 

A previous study reports similar results regarding the association between endurance and 

SUI[26].Therefore, this response indicates that the PFMs of women with SUImay be less 

resistant to fatigue than those of healthy women. However, this association was not found in a 

another investigation, in which no difference was found regarding the time at which the fatigue 

of these muscle occurs[27]. This divergence may be explained by differences in the protocols 

employed for the data collection process.  

 

The time between the onset and peak PFM contraction was calculated to determine whether the 

time required for the recruitment of fibers in these muscles to reach maximum force is altered in 

women with SUI. This possibility was not confirmed in the present study, as no difference was 

found between the two groups.  
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4.1 Implications for physiotherapy practice 

The present findings seem to demonstrate the dynamometric variables related to PFM 

contraction force do not enable distinguishing between women with and without SUI and that 

endurance (sustained contraction) time may be the only variable that can be used for this 

purpose. However, this issue needs to be investigated further in future studies. Moreover, it is 

important to stress that such observations are only valid with regard to the use of these variables 

as a possible way of diagnosing SUI, whereas use in clinical practice to evaluate changes in the 

PFMs over time or following treatment is viable, as these variables have demonstrated good 

reproducibility[12].  

 

4.2 Research limitations  

The limitation of the present study was the fact that the volunteers were not matched for age and 

number of childbirths. However, the latter limitation was minimized by the inclusion of these 

two variables used a co-variable in the statistical analysis of the data. 

 

5. CONCLUSIONS 

In the present study, women with stress urinaryincontinence demonstrated a shorter endurance 

time of pelvicfloormuscle contraction in comparison to healthy women, whereas no differences 

between groups were found for variables related to the intensity of the contraction force of the 

pelvic floor muscles (passive force, impulse ofcontraction, average force 

andmaximumstrengthvalue) or time from the onset to peak contraction of these muscles.  
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ETHICAL APPROVAL 

To carry out the study, the authorization of the Local Health Research Ethics Committee of the 

University was obtained (process nº: 1.042.129). 

 

 

 

 

 

 

References  

1. Milsom & M. Gyhagen. The prevalence of urinary incontinence. Climacteric. 

2019;22(3):217-222. 

2. De Mattos LTR, Matsuoka PK, Baracat EC, Haddad JM. Urinary incontinence in female 

athletes: A systematic review. Int Urogynecol J. 2018;29(12):1757-1763. 

3. Wu JM. Stress Incontinence in Women. N Engl J Med. 2021;384(25):2428-2436. 

4. Deegan EG, Stothers L, Kavanagh A, Macnab AJ. Quantification of pelvic floor muscle 

strength in female urinary incontinence: a systematic review and comparison of 

contemporary methodologies. Neurourol Urodyn. 2018;37(1):33‐ 45. 



 

 

16 

5. Pena CC, Bø K, de la Ossa AMP, Fernandes ACNL, Aleixo DN, de Oliveira FMF, Ferreira 

CHJ. Are visual inspection and digital palpation reliable methods to assess ability to perform 

a pelvic floor muscle contraction? An intra-rater study. NeurourolUrodyn. 2021 

Feb;40(2):680-687. 

6. Bø K, Finckenhagen HB. Vaginal palpation of pelvic floor muscle strength: inter-test 

reproducibility and comparison between palpation and vaginal squeeze pressure. Acta 

ObstetGynecol Scand. 2001;80:883-887. 

7. da Silva JB, de Oliveira Sato T, Rocha APR, Driusso P. Inter- and intrarater reliability of 

unidigital and bidigital vaginal palpation to evaluation of maximal voluntary contraction of 

pelvic floor muscles considering risk factors and dysfunctions. NeurourolUrodyn. 2021 

Jan;40(1):348-357. 

8. da Silva JB, de Godoi Fernandes JG, Caracciolo BR, Zanello SC, de Oliveira Sato T, 

Driusso P. Reliability of the PERFECT scheme assessed by unidigital and bidigital vaginal 

palpation. Int Urogynecol J. 2021 Dec;32(12):3199-3207. 

9. Bo K, Frawley HC, Haylen BT, et al. An International Urogynecological Association 

(IUGA)/International Continence Society (ICS) joint report on the terminology for the 

conservative and nonpharmacological management of female pelvic floor dysfunction. Int 

Urogynecol J. 2017;28(2):191‐ 213. 

10. Dumoulin C, Bourbonnais D, Lemieux MC. Development of a dynamometer for measuring 

the isometric force of the pelvic floor musculature. NeurourolUrody. 2003;22:648-653. 

11. Martinho NM, Marques J, Silva VR, Silva SLA, Carvalho LC, Botelho S. Intra and inter-

rater reliability study of pelvic floor muscle dynamometric measurements. Braz J Phys Ther. 

2015;19:97-104. 



 

 

17 

12. Nagano RCR, Biasotto-Gonzalez DA, da Costa GL, Politti F. Test-retest reliability of the 

different dynamometric variables used to evaluate pelvic floor musculature during the 

menstrual cycle. Neurourol Urodyn. 2018;17:1. 

13. Chamochumbi CCM, Nunes FR, Guirro RRJ, Guirro ECO. Comparison of active and 

passive forces of the pelvic floor muscles in women with and without stress urinary 

incontinence. Braz J Phys Ther. 2012;16:314-319. 

14. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical power analysis 

program for the social, behavioral, and biomedical sciences. Behav Res Methods. 

2007;39:175-191. 

15. Brown JS, Bradley CS, Subak LL, et al. The Sensitivity and Specificity of a Simple Test To 

Distinguish between Urge and Stress Urinary Incontinence. Ann Intern Med. 2006;144:715-

723. 

16. Bump RC, Mattiasson A, Bø K, et al. The standardization of terminology of female pelvic 

organ prolapse and pelvic floor dysfunction. Am J Obstet Gynecol. 1996;175:10-17. 

17. Dumoulin C, Bourbonnais D, Lemieux MC. Development of a dynamometer for measuring 

the isometric force of the pelvic floor musculature. NeurourolUrody. 2003;22:648-653. 

18. Hundley AF, Wu JM, Visco AG. A comparison of perineometer to brink score for 

assessment of pelvic floor muscle strength. Am J Obstet Gynecol. 2005;192:1583-1591. 

19. Sjöström M, Umefjord G, Stenlund H, Carlbring P, Andersson G, Samuelsson E. Internet-

based treatment of stress urinary incontinence: 1- and 2-year results of a randomized 

controlled trial with a focus on pelvic floor muscle training. BJU Int. 2015;116:955-964. 



 

 

18 

20. Hendriks EJ, Bernards AT, Staal JB, de Vet HC, de Bie RA. Factorial validity and internal 

consistency of the PRAFAB questionnaire in women with stress urinary incontinence. BMC 

Urol. 2008;8:1. 

21. Tamanini JTN, D’Ancona CAL, Botega NJ, Rodrigues Netto N. Validation of the 

Portuguese version of the King’s Health Questionnaire for urinary incontinent women. Rev 

Saude Publica. 2003;37:203-211. 

22. Luginbuehl H, Baeyens JP, Taeymans J, Maeder IM, Kuhn A, Radlinger L. Pelvic floor 

muscle activation and strength components influencing female urinary continence and stress 

incontinence: a systematic review. NeurourolUrodyn. 2015;34:498-506. 

23. Price N, Dawood R, Jackson SR. Pelvic floor exercise for urinary incontinence: a systematic 

literature review. Maturitas. 2010;67:309-315. 

24. Alves FK, Riccetto C, Adami DB, Marques J, Pereira LC, Pama P, et al. A pelvic floor 

muscle training program in postmenopausal women: a randomised controlled trial. 

Maturitas. 2015;81(2):300-5. 

25. Dumoulin C, Cacciari LP, Hay-Smith EJ. Pelvic floor muscle training versus no treatment, 

or inactive control treatments, for urinary incontinence in women. Cochrane Database of 

Systematic Reviews. 2018, Issue 10. Art. No: CD005654. 

26. Morin M, Bourbonnais D, Gravel D, Dumoulin C, Lemieux MC. Pelvic floor muscle 

function in continent and stress urinary incontinent women using dynamometric 

measurements. NeurourolUrodyn. 2004;23:668-674. 

27. Verelst M, Leivseth G. Force and stiffness of the pelvic floor as function of muscle length: 

A comparison between women with and without stress urinary incontinence. 

NeurourolUrodyn. 2007;26:852-857. 


