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 ABSTRACT 
Objective:       To describe pelvic fl oor muscle (PFM) function, hip 
mobility, and hip strength profi les and compare measures 
between women with and without self-reported stress 
urinary incontinence (SUI). 
Study Design:     Descriptive. 
Background:     Women with SUI present with PFM and 
hip impairments; yet comparative data in asymptomatic 
women are lacking. 
Methods and Measures:     Adult women with (n  =  21) or 
without (n  =  20) SUI, with regular menses, were recruited. 
PFM performance, passive hip range-of-motion angles, 
and hip maximum isometric voluntary contractions (Nm/
kg) (Biodex) were measured. Values were compared 
between groups and legs (dominant [Dom] and nondomi-
nant [Non-dom]) (signifi cance:  P   <  .05). 
   Results:     Women with SUI were older ( P   <  .001), had 
higher parity, more tender points (Dom,  P   =  .020), 
greater prone hip internal rotation (IR) angles (Non-dom, 
 P   =  .025), lesser fl exibility per Ober test (Non-dom, 
 P   =  .013; Dom,  P   =  .050), lower seated hip external 

   INTRODUCTION  

Stress urinary incontinence (SUI) is involuntary urinary 
leakage that occurs during increased intra-abdominal 
pressure as a result of coughing, sneezing, or physical 
exertion. 1  ,  2  While urinary incontinence (UI) is com-
monly experienced by older women, SUI is the pre-
dominant type of UI among premenopausal women. 3
Risk factors for SUI include elevated body mass index 
(BMI), 4  ,  5  pregnancy/postpartum, 6  higher parity, 7  and 
vaginal delivery. 6  ,  8–11  SUI is reported in young women 
(15-39 years old), with similar rates among athletes 
and nonathletes (39% and 41%, respectively). 12  Those 
affected by SUI report that the condition negatively 
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rotation (ER) force (Non-dom,  P   =  .008; Dom,  P   =
.033), and lower hip abduction force (Non-dom and Dom, 
P   <  .001) than women without SUI. Leg differences for the 
SUI group were prone hip IR angles ( P   =  .033), seated hip 
IR force ( P   =  .015), and prone hip ER force ( P   <  .001). 
Leg differences in women without SUI were PFM power 
( P   =  .005), prone hip angles (IR,  P   =  .038; ER, 
P   =  .004), and prone hip ER force ( P   <  .001). 
Conclusions:     The lack of signifi cant differences in PFM 
function between the 2 groups was unexpected. Greater 
hip strength and mobility along with unique between-leg 
differences may suggest a coping mechanism in asymp-
tomatic women with similar PFM function as women 
with SUI. Investigating relationships among PFM and hip 
profi les and severity of SUI appears warranted.   
Key Words:   joint range of motion  ,   lower urinary tract symp-
toms  ,   muscle strength  ,   regional interdependence  
We have included a Video Abstract that highlights interest-
ing fi ndings in our article (see the Video Abstract  ,   Supple-
mental Digital Content 1  ,     available at: http://links.lww.com/
JWHPT/A23)  .
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affects their quality of life, 13  and the annual surgical and 
nonsurgical management of SUI exceeds $12 billion in 
the United States. 14  This equates to a signifi cant fi nan-
cial burden for women, as an estimated 70% of conser-
vative management costs are out-of-pocket expenses. 14  

 The link between UI and pelvic fl oor muscle (PFM) 
function is well documented. 2  ,  15  ,  16  The PFMs are 
composed of the levator ani muscles, the urogenital 
diaphragm, and urethral sphincter muscle. The leva-
tor ani muscles contribute to continence by reducing 
downward movement of the bladder neck, 17–19  while 
the sphincter is responsible for urethral close pres-
sure. 17  ,  19  ,  20  PFM performance is clinically assessed 
by measuring power, endurance, recruitment, vertical 
displacement, ability to relax, spontaneous contrac-
tion with cough, tenderness to palpation, and ability 
to lengthen when asked to bear down. 21  PFM impair-
ments in those with SUI include limited endurance, 22

fewer quick repetitions in a 10-second period, 23  less 
vertical displacement, 24  decreased power, and delayed 
recruitment of PFM compared with women without 
SUI. 25  While PFM training is the recommended fi rst-
line treatment for women with SUI and has shown 
good short-term benefi ts, not all women experience 
complete resolution of symptoms. 16  Moreover, the 
long-term benefi t of PFM training has been ques-
tioned, as women who adhere to exercise do not have 
better outcomes than those who do not. 26  

 Identifi cation of modifi able musculoskeletal factors 
in women with SUI has cost-saving potential and likeli-
hood to improve quality of life. Strengthening hip mus-
culature improves PFM power in nulliparous women 27

and also reduces leakage in those with SUI. 28  ,  29  This is 
likely due to the anatomical relationship, as the obtu-
rator internus muscle, one of the short hip external 
rotators, 30  has fascial attachments to the PFM. 27  Only 
hip abduction strength has been demonstrated to be 
statistically weaker in women with SUI compared with 
healthy controls. 23  Hip external rotation (ER) strength 
when tested in a seated position (ie, hips fl exed) was 
not different between women with and without SUI. 23

More recently, the obturator internus muscle was 
found to generate more muscle activation with the hip 
extended compared with fl exed. 31  This new informa-
tion warrants investigating whether women with SUI 
would have different hip ER strength than asymptom-
atic women if tested in a prone position. 

 Normative data on hip and PFM function in women 
who deny leaking urine are limited. Explicitly asking 
individuals whether they leak urine is recommended 
as best practice for identifying complaints of SUI, as 
women may not self-disclose the symptoms due to 
embarrassment. 32  ,  33  Furthermore, women may incor-
rectly assume that leaking is normal during high-impact 
activities. 34  Women with SUI often report low back 
pain (LBP) 35  ,  36  and exhibit PFM weakness. 37  PFM 

performance has been shown to worsen with age 24  ,  38

and parity. 38  Documentation of PFM performance, 
hip mobility, and hip strength measures that may dif-
fer between asymptomatic women and women with 
SUI in addition to potential confounding measures is 
needed to guide the examination and interpretation of 
musculoskeletal components associated with leakage. 

  The purpose of this exploratory study was to 
compare PFM performance, hip strength, and hip 
fl exibility measurements between women with and 
without self-reported SUI. The goal was to establish 
a better understanding of the clinical presentation 
and relevant differences between groups to allow for 
informed screening, examination, and impairment-
driven intervention within physical therapy practice. 
Differences in potential contributing factors such 
as age, BMI, parity, and history of LBP were also 
considered in addition to PFM performance and hip 
function (eg, hip range of motion, fl exibility, and 
strength) in those with and without SUI. 

   METHODS AND MEASURES  

 Participant Recruitment 
 This study was part of a larger study that explored 
PFM function, hip function, and gait biomechanics in 
women with and without SUI. We report PFM func-
tion, hip motion, and hip strength here. Data on gait 
biomechanics will be presented in a separate article. 
A sample of convenience was used for recruitment. 
Participants were recruited through fl yers posted 
within the university community and at local physi-
cal therapy clinics as well as university-wide e-mails, 
and in-person efforts by research personnel. 

 The inclusion criteria included adult women with 
regular menses for 3 consecutive months prior to 
enrollment in the study, who spoke and understood 
English, and had a BMI less than 30.0 kg/m 2 . There 
was no upper age limit as long as the criterion of regu-
lar menses (ie, every 21-35 days) 39  was met. Exclusion 
criteria were: male sex; younger than 18 years; current 
pregnancy; history of back, leg, or pelvic surgery that 
would impact movement or force production with 
the exception of cesarean section or minimally inva-
sive surgical procedures like an appendectomy; and 
presence of pain on the day of the data collection. To 
verify eligibility criteria of no pelvic pain, the National 
Institutes of Health Chronic Prostatitis Symptom 
Index (female version) questionnaire was used to con-
fi rm “0” scores for all questions. 40  ,  41  The additional 
criterion for women without SUI was self-reported 
absence of urinary leakage. The additional criterion 
for the SUI group was verifi ed by participant selection 
on question 6 of the International Consultation on 
Incontinence Questionnaire Short Form (ICIQ-SF), 
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which states, “leaks when you cough or sneeze” or 
“leaks when you are physically active/exercising.” 42–44

While urodynamic testing is considered the gold stan-
dard of diagnosing SUI, it is expensive and outside the 
scope of physical therapy practice. The ICIQ-SF has 
been found to correlate with urodynamic fi ndings and 
was therefore used in this study to identify SUI. 45  

 The researcher (EH) who confi rmed eligibility and 
assigned the participant to the SUI or without SUI group 
per participant responses on the ICIQ-SF did not collect 
the PFM performance, goniometric, and strength data. 
One researcher   ( JAM ), a licensed physical therapist with 
23 years of experience and advanced practice qualifi ca-
tions in women’s health, collected the goniometric and 
strength data, and performed the PFM examination, 
detailed further. This data collector ( JAM ) was blinded 
to group assignment. The research study was approved 
by the  University of New England’s  Institutional Review 
Board (# 040816-006). Upon enrollment, participants 
completed a brief survey including age, parity, history 
of LBP, and severity of SUI symptoms.   

 Data Collection Procedures and Measures  

 Goniometric Measures 
 One researcher ( JAM ) performed all passive hip 
range-of-motion assessments and Ober tests using 
standard procedures as described by Norkin and 
White. 46  Bilateral hip internal and external rotation 
range-of-motion angles were measured in sitting (ie, 
hip fl exion) and prone (ie, neutral hip position). The 
Ober test was performed bilaterally, with measures 
above horizontal (ie, hip abduction) reported as 
negative values. Given documented high intra-rater 
reliability of goniometric range-of-motion measure-
ments, only one repetition of testing was performed 
by the same researcher for each participant. 47    

 Pelvic Floor Muscle Examination 
 The PFM examination was performed in accordance 
with the recommendations of the American Physical 
Therapy Association’s Section on Women’s Health, 21

including PERFECT scheme measures described by 
Laycock and Jerwood. 48  There is confl icting evi-
dence on the interrater and intrarater reliability of 
the Laycock method for internal examination. 48

Therefore, a single researcher ( JAM ) performed all of 
the PFM measurements. Measures collected via the 
internal PFM examination 48  were bilateral assessments 
of power (0-5), cocontraction of PFM with transverse 
abdominis (present/absent), and tone (low, normal, 
and high). Vertical displacement with contraction 
(present/absent), endurance (number of seconds able 
to maintain power), repetition (number of contrac-
tions that sustain the participant’s measured endurance 
and power scores), fast contractions (number of quick 
contractions in 10-second period), and ability to relax 
(normal, delayed, and absent) were assessed using 
a midline assessment. Perineal descent with bearing 
down and spontaneous contraction with cough were 
scored as absent or present by external observation of 
the perineal body and introitus, respectively. Palpation 
(tender/not tender) was assessed at 2 internal locations 
bilaterally (obturator internus and levator ani), 5 exter-
nal locations bilaterally, and the perineal body (mid-
line) 49  ( Tables 1 and 2 ). Once the PFM examination 
was complete, the participant dressed, and the research 
assistant walked with her to the Motion Analysis Lab 
for strength testing using a dynamometer.     

 Dynamometer Data 
 Joint torques were measured during maximum vol-
untary isometric contractions (MVICs) of the hip 
muscles for both legs with the start leg randomized. 
An isokinetic dynamometer (Biodex S4, Shirley, 

 Table 1.      Pelvic   Floor Muscle Examination Recording Template  

 Dominant Nondominant 

Power (MMT 0-5)   

Cocontraction/transverse abdominis 0 absent, 1 present 0 absent, 1 present 

Tone (0 low; 1 normal; 2 high)   

Tenderness (8 predetermined locations) Frequency count of tender points/8 Frequency count of tender points/8 

Vertical displacement 0 absent, 1 present 

Endurance, s   

Repetition   

Fast contractions (number in 10 s)   

Ability to relax 0 absent, 1 delayed, 2 normal 

Perineal descent with bearing down 0 absent, 1 present 

Spontaneous contraction with cough 0 absent, 1 present 

   Abbreviations: MMT, manual muscle testing; s, seconds.   



Copyright © 2019 Section on Women’s Health, American Physical Therapy Association. Unauthorized reproduction of this article is prohibited.

Research Report

Journal of Women’s Health Physical Therapy © 2019 Section on Women’s Health, American Physical Therapy Association 163

New York) was used to measure the torque produced by 
the hip internal and external rotators in sitting and prone, 
and hip abductors in side-lying. Participants performed 
3 trials for each muscle group in each position, with 3 
minutes of rest between repeat MVIC trials. Isokinetic 
dynamometer testing with the Biodex is reported to have 
high test-retest reliability measurements. 50     

 Data Analysis 
 Frequency counts and percentages were calculated for 
categorical variables (ie, parity, history of LBP, cocon-
traction of the transverse abdominis, vertical displace-
ment, tender points, spontaneous PFM contraction 
with cough, and perineal descent with bearing down) 
and ordinal data (ie, tone and ability to relax). Means 
and standard deviations were calculated for continu-
ous variables (ie, age, BMI, PFM power, endurance, 
repetitions, fast contractions, and hip angles and 
forces). When variables were assessed bilaterally, data 
were reported for each leg (ie, dominant [Dom] and 
nondominant [Non-dom]). 

 Bivariate analysis was used to assess differences in 
age, parity, history of LBP, and BMI (all potentially 
confounding variables) between groups although 
these variables were not controlled for in the analyses.   

 Statistical Analysis 
 Although this was an exploratory analysis and not 
hypothesis driven, nonparametric statistical testing 
was conducted to describe and make inferences about 
the data. Data were analyzed using SAS version 9.4 
(The SAS Institute, Cary, North Carolina) and IBM 
SPSS Statistics version 21.0 (IBM Corp, Armonk, New 
York). Tests used for group comparisons (ie, with 
SUI and without SUI) were  χ  2  tests for categorical, 
Wilcoxon-Mann Whitney tests for ordinal, and analy-
ses of variance for continuous variables. Tests used for 
paired comparisons (ie, Dom and Non-dom legs) were 
χ  2  tests for categorical, McNemar’s tests for dichoto-

mous, Wilcoxon signed rank tests for ordinal, and 
paired  t  tests for continuous variables. For all analyses, 
a value of  P   ≤  .05 defi ned statistical signifi cance.    

 RESULTS  

 Group Differences 
 A demographic profi le of the study sample includ-
ing characteristics that may infl uence SUI and PFM 
function is presented in  Table 3 ;  Table 4  presents 
PFM examination fi ndings; and  Table 5  presents the 
hip mobility and strength profi les. The SUI group 
was statistically older ( P   <  .001), had higher parity 
( Table 3 ), more tender points (Dom leg only,  P   =  .020) 
( Table 4 ), greater hip internal rotation (IR) angles in 
prone (Non-dom leg only,  P   =  .025), was less fl exible 
per Ober test (ie, less relative hip adduction angles) 
(Non-dom leg,  P   =  .013; Dom leg  P   =  .050), and had 
lower seated hip ER force (Non-dom leg,  P   =  .008; 
Dom leg,  P   =  .033) and hip abduction force (Non-
dom and Dom legs,  P   <  .001) than the without SUI 
group ( Table 5 ). History of LBP and BMI did not 
differ between groups ( Table 3:   P   ≥  .153). No signifi -
cant group differences were found for the following 
variables: PFM performance (power, cocontraction, 
tender points on the nondominant limb, tone, endur-
ance, repetitions, fast contractions, vertical displace-
ment, ability to relax, spontaneous contraction with 
cough, or perineal descent [ Table 4 ;  P   ≥  .165]); hip 
angles (seated and prone hip ER angles, seated IR 
angles, or prone hip IR in the Dom leg [ Table 5 ; 
P   ≥  .051]); or hip force (seated and prone hip IR 
MVIC and prone ER MVIC [ Table 5 ;  P   ≥  .084]).      

 Leg Differences 
 For the SUI group, the Dom limb had greater 
prone hip IR angles ( P   =  .033), seated hip IR force 
( P   =  .015), and prone hip ER force ( P   <  .001) 

 Table 2.      Pelvic Floor Muscle Palpation Locations  

 Left Right 

External palpation   

 

 Ischiocavernosus (1) (11) 

 Bulbocavernosus (2) (10) 

 Superfi cial transversus (3) (9) 

 Levator ani (4, 5) (7, 8) 

 Perineum  (6) 

Internal palpation   

 Levator ani   

 Obturator internus   

 Total 
Frequency count of tender 

points/8 
Frequency count of tender 

points/8   
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compared with the Non-dom limb. No signifi cant 
between-leg differences were found for the following 
variables for women with SUI: PFM performance 
(power, cocontraction, tender points, tone [ Table 4;  
P   ≥  .688]); hip angles (seated hip IR and ER, prone 
hip ER, side-lying Ober [Table 5;  P   ≥  .091]); or hip 
force (seated hip ER, prone hip IR, and side-lying 
abduction [ABD] [ Table 5 ;  P   ≥  .327]). 

 For the without SUI group, the Dom limb had 
greater PFM power ( P   =  .005), prone hip IR angles 
( P   =  .038), and prone hip ER force ( P   <  .001) and 
lesser prone hip ER angles ( P   =  .004) than the Non-
dom limb. No signifi cant between-leg differences 
were found for the following variables for women 
without SUI: PFM examination (cocontraction, ten-
der points, tone [ Table 4 ;  P   ≥  .625]); hip angles 
(seated hip IR and ER, side-lying Ober [ Table 5 ; 
P   ≥  .505]); or hip force (seated hip IR and ER, prone 
hip IR, and side-lying ABD [ Table 5 ;  P   ≥  .158]).    

 DISCUSSION 

 This study provides comparative data for PFM func-
tion, hip mobility, and hip strength in women with 
and without SUI. Differences found between groups 
and legs provide insight into the clinical presenta-
tions of PFM function ( Table 4 ) and objective hip 
data ( Table 5 ). Unexpectedly, women with SUI did 
not present with compromised PFM performance 
compared with women without SUI. Women with 
SUI presented with more PFM tender points, differ-
ent hip mobility (ie, greater hip IR angles [prone], 
less fl exible per Ober test), and less hip strength 
(ie, hip ER [seated] and hip abduction) than the 
asymptomatic group. Notably, some side-to-side dif-
ferences were consistent across groups (ie, the Dom 
leg presented with greater prone hip IR angles and 

greater prone hip ER strength), whereas other leg 
asymmetries were unique (ie, Dom leg: women with-
out SUI had greater PFM power and lesser prone 
ER angles; women with SUI had stronger seated hip 
IR strength). It is the unique profi le that may better 
inform screening and intervention for women with 
SUI. In addition, clinicians should take note that 
the position used to examine hip mobility and hip 
strength matters. 

 The group differences in age and parity ( Table 3 ) 
that we found are consistent with the literature, as 
others have reported that these variables infl uence 
SUI. 3  ,  7  BMI and history of LBP have also been shown 
to infl uence SUI 4  ,  5  ,  35  ,  36 ; however, our groups did not 
differ in either BMI or history of LBP. These confl ict-
ing fi ndings are likely due to our exclusion criteria. 
For example, BMI was set to assure marker stability 
and reliability for the gait analysis portion of our 
data collection, which is not included in this article. 
Recruitment materials also noted that women who 
were currently experiencing pain were not eligible, 
likely discouraging women with frequent pain from 
volunteering. 

 The lack of group differences for PFM func-
tion was unexpected. The only statistical difference 
between groups was that women with SUI reported 
a greater number of PFM tender points on the side 
of their Dom leg. Otherwise, the clinical presenta-
tion was quite similar between groups. Tenderness 
has been reported in women with chronic pelvic 
pain, 51  but has not been reported as a typical fi nding 
in women with SUI. The number of women in each 
group with high tone was similar and only 2 women 
with SUI had low tone. Confl icting evidence exists 
regarding PFM tone in women with UI. 52  ,  53  Our fi nd-
ings are more consistent with Unger and colleagues’ 
fi ndings, 53  who reported that the majority of women 

 Table 3.      Demographic Information: Mean (SD) or Frequency Count   (%)  

 With SUI (n  =  21) Without SUI (n  =  20)  P  Value 

Age, y 32.7 ( ± 7.6) 25.6 ( ± 4.0)  < .001 a  

BMI, kg/m 2  23.1 ( ± 2.6) 21.9 ( ± 2.8) .153 

Parous (number reporting yes) 9 (43%) 0 (0%)  

Parity (number of children)    

 0 12 (57%) 20 (100%)  

 1 4 (19%)   

 2 2 (9.5%)   

 3 2 (9.5%)   

 4 1 (5%)   

History of LBP (number reporting yes) 10 (52.4%) 7 (65%) .418 

   Abbreviations: BMI, body mass index; kg, kilograms; LBP, low back pain; m, meters; SD, standard deviation; SUI, stress urinary incontinence; 
y, years.    
 a Statistically signifi cant at  P   ≤  .05.   
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 Table 4.      Pelvic Floor Muscle Examination Findings: Mean (SD) or Frequency Count (%)  

 

With SUI (n  =  21) Without SUI (n  =  20) 

  P  Values: 
Group 

Differences Dominant Nondominant 
P   Values: Limb 

Differences Dominant Nondominant 

 P  Values: 
Limb 

Differences 

Power (scale 0-5) 
Converted 

(0-12) 
7.9 (2.7) 7.7 (2.5) .702 8.8 (2.7) 7.7 (2.8) .005 a  

D: .294 
ND: .938 

5 12 1 1  3 2   

4 +  11        

4 10 9 7  8 3   

4 −  9        

3 +  8    4 7   

3 7 8 10  4 5   

3 −  6     1   

2 +  5        

2 4 1 2      

2 −  3        

1 2 2 1   1   

0 1    1 1   

Cocontraction (TrA) 
(present) 

 
12/21  
 57.1% 

13/21  
 61.9% 

1.00 
11/20  
 55% 

13/20  
 65% 

.625 
D: .891  

 ND: .839 

Tender points (number 
of yes if tender on 
any location) 

 
16/21 
 (76%) 

15/21 (71%) 1.00 8/20 (40%) 10/20 (50%) .625 
D: .020 a    
 ND: .165 

 0 5 6  12 10   

 1 6 8  3 3   

 2 10 5  5 7   

 3 0 2  0 0   

Tone    .688   1.00 
D: .782  

 ND: .862 

 Low  − 1  
2/21  
 9.5% 

0/21 
 0% 

 
1/20 
 5% 

1/20  
 5% 

  

 Normal 0 
13/21 
 61.9% 

15/21  
 71.4% 

 
13/20  
 65% 

12/20  
 60% 

  

 High  + 1 
6/21 

 28.6% 
6/21 

 28.6% 
 

6/20 
 30% 

7/20  
 35% 

  

Endurance (number of 
seconds to maintain 
power within maxi-
mum of 10 s) 

 7.5 (2.9)    7.6 (2.8)  .977  

Repetitions  3.9 (2.8)  4.7 (2.5)   .319  

Fast contractions 
 (number in 10 s) 

 5.4 (2.2)  6.1 (3.3)   .476  

Vertical displacement 
(present) 

 
15/21 
 71.4% 

 17/20  
 85%   

 .300 

Ability to relax (frequency)      .482 

 Normal 0 
3/21 

 14.3%  
 6/20 
 30%   

 

 Delayed  − 1 
17/21 
 81%  

 12/20 
 60%   

 

(continues)
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with SUI presented with increased PFM tone, yet 
others 52  have reported that women with SUI have 
normal to low muscle tone with no differences found 
between continent and incontinent women. 

 Lack of PFM performance differences between the 
groups is largely due to those without SUI present-
ing with low performance measures. The majority of 
participants could not hold a PFM contraction for 10 
seconds and the majority of participants’ limbs of both 
groups had PFM power of 3+/5 or lower. Coordination 

aspects of muscle performance were also compromised 
in both groups, as the majority of participants had 
delayed relaxation after a PFM contraction and lacked 
spontaneous PFM contraction with cough. Given the 
lack of statistical differences in PFM performance, 
perhaps the asymptomatic women have yet-to-be-
described coping strategies to prevent SUI in the pres-
ence of similar PFM performance to those who leak. 

 PFM strengthening has been the traditional 
approach to treating women with SUI. 15  ,  54  Our 

 Table 4.      Pelvic Floor Muscle Examination Findings: Mean (SD) or Frequency Count (%)   (Continued)

  With SUI (n  =  21) Without SUI (n  =  20) 

  P  Values: 
Group 

Differences 

 Absent  − 2 
1/21 
 4.8%  

 2/20 
 10%   

 

Spontaneous contraction 
 with  cough (present) 

 
1/21 
 4.8%  

 3/20 
 15%   

.275 

Perineal descent  with  
bearing down 
(present) 

 
12/21  
 57.1%  

 12/20  
 60%   

.855 

   Abbreviations: D, dominant limb; ND, nondominant limb; SD, standard deviation; SUI, stress urinary incontinence; TrA, transverse abdominis;    
 a Statistically signifi cant at  P   ≤  .05.   

 Table 5.      Hip Angles and Hip Strength Findings: Mean (SD)  

 

With SUI (n  =  21) Without SUI (n  =  20)  

Dominant Nondominant Paired  t  Test Dominant Nondominant Paired  t  Test Independent  t  Test 

Hip angles, °  

 Seated IR 40.5 ( ± 7.5) 38.3 ( ± 6.7) .091 36.4 ( ± 7.6) 36.0 ( ± 6.1) .868 
D: .088  

 ND: .251 

 Seated ER 34.2 ( ± 6.7) 35.8 ( ± 6.4) .247 35.7 ( ± 5.2) 36.8 ( ± 6.3) .505 
D: .441 

 ND: .691 

 Prone IR 51.2 ( ± 8.9) 47.3 ( ± 6.7) .033 a   45.5 ( ± 9.2) 41.6 ( ± 9.1) .038 a   
D: .051 

 ND: .025 a   

 Prone ER 38.5 ( ± 9.5) 41.5 ( ± 8.7) .146 41.0 ( ± 7.2) 46.9 ( ± 9.2) .004 a   
D: .356 

 ND: .064 

 Side-lying Ober (negative 
 =  ABD angles)  − 6.1 ( ± 4.6)  − 5.4 ( ± 4.3) .319  − 2.4 

( ± 5.3) 
 − 2.2 ( ± 5.1) .901 

D: .050 a   
 ND: .013 a   

Hip strength, Nm/kg 

 Seated IR 0.96 ( ± 0.33) 0.86 ( ± 0.28) .015 a   
1.03 

( ± 0.31) 
0.95 

( ± 0.26) 
.158 

D: .475 
 ND: .300 

 Seated ER 0.63 ( ± 0.15) 0.61 ( ± 0.14) .327 
0.73 

( ± 0.13) 
0.72 

( ± 0.11) 
.863 

D: .033 a    
 ND: .008 a   

 Prone IR 0.56 ( ± 0.19) 0.57 ( ± 0.19) .527 
0.66 

( ± 0.18) 
0.67 

( ± 0.17) 
.625 

D: .084 
 ND: .080 

 Prone ER 0.57 ( ± 0.11) 0.54 ( ± 0.10)  < .001 a   
0.62 

( ± 0.15) 
0.60 

( ± 0.15)  < .001 a   
D: .173 

 ND: .107 

 Side-lying abduction 1.05 ( ± 0.26) 1.09 ( ± 0.26) .345 
1.48 

( ± 0.28) 
1.44 

( ± 0.28) 
.436 D:  < .001 a   

 ND:  < .001 a   

   Abbreviations: ABD, abduction; D, dominant limb; ER, external rotation; ND, nondominant limb; IR, internal rotation; SD, standard deviation; 
SUI, stress urinary incontinence.    
 a Statistically signifi cant at  P   ≤  .05.   
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fi ndings substantiate that treatment interventions 
likely need to be tailored to the specifi c impairments 
identifi ed during a PFM and hip examination. PFM 
testing was obtained in supine hook-lying; thus, we 
are unsure of PFM performance in other positions or 
tasks. In addition, some women reported leaking dur-
ing specifi c stressors such as coughing/sneezing, jump-
ing, or exercising. Thus, the stressor or ineffective 
contributions of the PFM and hip muscles that result 
in leaking may be task-dependent. Perhaps interven-
tions to prevent leakage during a cough should be dif-
ferent from training to prevent leakage when landing 
from a jump. 

 Certain women performed well on PFM tests, 
yet experienced SUI. Conversely, other women pre-
sented with low values on PFM tests and denied 
episodes of leakage. The discrepant hip profi les 
may help to better understand the regional infl u-
ences that affect continence. Reported reduction of 
symptoms in women with SUI who completed a hip 
strength training program 28  corroborates our fi nd-
ings that hip impairments may coexist in women 
with SUI. Perhaps the less fl exible iliotibial band 
(ITB) per Ober testing, greater prone hip IR angles 
(ie, Non-dom leg only), greater number of tender 
points (ie, dom leg only), and lesser seated hip ER 
force and side-lying hip abduction force bilaterally 
in women with SUI predispose them to symptoms. 
Group differences during strength testing (ie, force 
values normalize to body weight) were large in mag-
nitude for side-lying (ie, 40.9% and 32.1% greater 
force in the without SUI group for the Dom and 
Non-dom limbs, respectively) and seated hip ER 
(ie, 15.9% and 18.0% greater force in the without 
SUI group for the Dom and Non-dom limbs, respec-
tively) and are likely clinically meaningful. The mag-
nitude of angular differences between groups for 
the prone hip IR angles for the Non-dom limbs (ie, 
5.7 ° ) and Ober test (ie, Dom: 3.2 ° ; Non-dom: 3.7 ° ) 
also exceeds the standard error of the measurement 
for the prone hip IR and Ober tests (ie, 3.4 °  55  and 
1.3 ° , 56  respectively); yet the clinical signifi cance of 
the angular differences between groups is less clear. 
Of note, impaired hip mobility and hip strength 
were position-dependent in those with SUI. For 
example, group differences in hip ER force were 
evident in the seated position and not in the prone 
position; yet hip IR angles differed in the Non-dom 
limb in prone and not when seated. 

 Muscle fi ber direction and activation may provide 
some explanation for these group differences. 16  ,  30  ,  31

Weaker hip ER in sitting in the SUI group may 
reveal less force production by the short hip external 
rotators. According to Neumann, 30  the primary hip 
external rotators are the gluteus maximus and short 
external rotators (ie, piriformis, obturator internus, 

gemelli superior, gemelli inferior, and quadratus femo-
ris). In sagittal plane neutral (ie, prone), the secondary 
hip external rotators (ie, posterior fi bers of the gluteus 
medius and minimus, obturator externus, sartorius, 
and long head of the biceps femoris) may assist with 
force production, whereas contributions from the 
secondary muscles may be less in a seated position (ie, 
hip fl exion). 30  Furthermore, the change in the length-
tension relationship of the gluteal muscles in sitting 
may reduce their contribution to force output. 30  

 The fi ber orientation of the short hip external 
rotators creates optimal alignment for hip compres-
sion and thus stability. Evidence that the obturator 
internus muscle is the fi rst muscle to activate during 
isometric hip abduction and ER contractions (ie, 
prior to gluteus maximus and piriformis) suggests its 
role to fi ne tune the position of the hip in preparation 
for activation of the larger muscles. 31  In addition, 
the obturator internus muscle demonstrated slightly 
greater activation during hip ER strength testing in 
60 °  of hip fl exion compared with 0 °  of hip fl exion. 31

Although muscle activation does not infer force pro-
duction, perhaps aberrant activation of the obturator 
internus muscle relates to the hip abduction and ER 
weakness in women with SUI. 

 The deep hip external rotators are sometimes 
referred to as the “rotator cuff” of the hip. 30  The 
obturator internus muscle’s role in stabilizing the hip 
joint may allow for more effi cient abduction and/or 
ER force production. 57  In this capacity, the obturator 
internus should act to both center the femoral head 
in the acetabulum and be recruited prior to the larger 
hip muscles that generate osteokinematic motion. 31  If 
the obturator internus is not optimally performing as 
a hip stabilizer, then this may result in ineffi ciencies 
and muscle imbalances in the larger hip muscles, thus 
the weaker hip ER and ABD forces. The apparent 
weakness in gluteus medius muscles may lead to over-
recruitment of the tensor fascia latae and resultant 
tightness per Ober testing. 

 Weaker hip abductor strength in women with SUI 
has been reported by others, 23  yet the decreased hip 
fl exibility per Ober testing appears to be a novel fi nd-
ing. Relationships between weak hip abductors and ITB 
syndrome have been found in female runners. 58  Perhaps 
weak hip abductors and tight ITB also coexist in women 
with SUI. Further exploration of the gluteus maximus 
and the tensor fascia latae muscles appears warranted 
to better understand this clinical presentation. 

 Women with SUI did not have a greater num-
ber of statistically signifi cant between-leg differences 
compared with women without SUI as both groups 
presented with 3 “asymmetrical” hip variables. Both 
groups presented with statistically greater prone IR 
angles and prone ER forces in the Dom leg; therefore, 
these fi ndings may indicate limb dominance unrelated 
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to SUI. Since the majority of women presented with 
relatively poor PFM performance, testing whether 
asymmetrical hip performance infl uences PFM function 
appears warranted. 

 Perhaps a clinical presentation of the unique 
between-leg differences in the women with SUI com-
bined with low PFM scores and the aforementioned 
hip impairments increases the likelihood of leaking in 
women. Conversely, the combination of side-to-side 
power and hip profi les noted in women without SUI 
may contribute to a successful coping strategy, as 
these asymptomatic women had similar PFM func-
tion compared with women with SUI. Perhaps women 
without SUI present with greater prone ER angles in 
the Non-dom leg to accommodate for the lesser hip 
IR angles in prone. Furthermore, the reduced prone 
hip IR angle in the Non-dom leg (eg, relatively shorter 
hip external rotators) may be to accommodate for the 
lesser PFM power on this side (ie, asymmetrical PFM 
power values were found in the asymptomatic group 
only). Of note, the Non-dom leg in asymptomatic 
women presented with less PFM force generation 
and greater prone hip ER angles, perhaps indicating 
a shift in the length/ strength curve. 

 The levator ani muscle is one of the larger of the 
PFM and has a fascial connection to the obturator 
internus muscle. If the obturator internus does not have 
adequate passive tension (ie, SUI group presented with 
an average of 5 °  more hip IR passive range of motion 
when tested in prone), then the effort of a levator ani 
contraction may be less effective. The length-tension 
alteration of the obturator internus may not be pro-
viding a stable enough attachment point from which 
the levator ani can adequately generate forces. Hip 
strengthening, even in asymptomatic women, has been 
shown to result in greater PFM contraction. 27  Perhaps 
an altered length-tension of the hip rotators and the 
tethering of the levator ani to the obturator internus 
may be the reason that some women with SUI do not 
achieve full success through PFM training alone, while 
others with SUI respond favorably to hip exercises. 28  

 The clinical implications of our fi ndings are three-
fold. First, pelvic health physical therapists should 
include a thorough examination of the hip as part of 
their standard practice and address relevant impair-
ments as has been demonstrated via case report. 59

Second, patients who present with the aforementioned 
hip impairments (ie, greater IR angles prone, less 
fl exible Ober test, or weakness during hip abduc-
tion or seated ER) should have a thorough screening 
of SUI symptoms. Third, if hip impairments do not 
improve as expected, one should consider further 
examination of the PFM. Improving outcomes per 
Ober testing and hip strength testing may also reduce 
likelihood of incurring patellofemoral pain or an 
anterior cruciate ligament tear. 58  ,  60  

 This exploratory study provides a comprehen-
sive description of PFM and hip fi ndings as well as 
comparisons of these data between women with and 
without self-reported SUI. SUI is activity-related; 
therefore, a limitation in this study is that data on 
activity levels initially were not collected. Perhaps 
asymptomatic women were not leaking because they 
were not physically challenging their urodynamic 
system. Future studies should include data about level 
of physical activity (ie, Rapid Assessment of Physical 
Activity questionnaire) 61  when investigating women 
with and without SUI. We did not perform a priori 
power analyses for all comparisons described, nor can 
we account for the potential confounding infl uence of 
age and parity. We did not collect data on bladder 
habits; therefore, it is unknown whether participants 
urinate through generating intra-abdominal pressure 
instead of relaxing the PFM to allow for an effective 
detrusor (bladder muscle) contraction. 62  Straining to 
urinate can compromise the static and dynamic sup-
port structures that prevent leakage. 63  

 This cross-sectional exploration can only show 
overall average differences, and no conclusion can be 
made about cause and effect. A statistical approach 
using variables that differ between the groups may 
be useful to test whether PFM and or hip impair-
ments predict the presence or absence of SUI. Further 
research is also warranted to investigate why some 
women with less-than-expected PFM function are 
asymptomatic. Further exploration of group as well as 
side-to-side differences in hip measures may elucidate 
neuromuscular strategies employed by each group.   

 CONCLUSIONS 

 Pelvic fl oor muscle performance did not differ between 
the groups of women with and without SUI. Findings 
demonstrate the importance of holistic care (eg, 
assessing and addressing hip mobility and strength) 
as well as individualized treatment (eg, symptoms do 
not guarantee PFM training is warranted). Overall, 
fi ndings help inform and establish patient profi les for 
women with SUI. 

 Women presented with diminished PFM func-
tion as measured per the internal PFM examina-
tion, yet not all reported SUI. These fi ndings are 
important for non-PFM practitioners in that they 
may encounter patients with diminished hip strength 
and mobility, which may help to guide their clinical 
decision-making. We recommend that clinicians test 
hip rotation strength in sitting, as this position may 
highlight strength defi cits that may be missed when 
tested in prone. Conversely, hip IR angles should be 
tested in prone, as leg differences (both groups) and 
group differences (greater hip IR in Non-dom leg of 
women with SUI) were found in prone and not seated.    
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