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ABSTRACT

Objectives: Strengthening of the hip external rotator muscles may improve pelvic floor

muscle function. In this study, we examined the relationship between hip external

rotator strength and pelvic floor muscle function in nulliparous women.

Methods: This cross-sectional study included 59 women aged >18 years who had never

given birth. Pelvic floor muscle function was measured using transabdominal

ultrasound. Muscle strength during hip flexion, abduction, and external rotation, and

handgrip strength were also measured. Multiple regression analysis was performed to

examine the association between pelvic floor muscle function and hip external rotator

strength.

Results: Fifty-five participants (average age: 20.3 years) were included in the final

analysis. A single correlation was observed between pelvic floor muscle and hip flexor

strength (r=0.334, p=0.013), hip abductors (r=0.203, p=0.038), and hip external

rotators (r=0.413, p<0.001). Conversely, no relationship was observed between pelvic

floor muscle function and handgrip strength (r=—0.124, p=0.369). Multiple regression

analysis revealed an independent association between pelvic floor muscle and hip

external rotator muscle strength (p=0.605, p=0.032). However, no association was

observed between pelvic floor muscle function and hip flexor (f=0.086, p=0.545),



abductor (f=—0.052, p=0.902), and handgrip strength (p=—0.012, p=0.101).

Conclusions: Hip external rotator muscle strength was associated with pelvic floor

muscle function independently of hip flexor and abductor, and handgrip strength in

nulliparous women. The findings suggest that hip external rotator strength may be

related to pelvic floor muscle function in nulliparous women.
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Introduction

Urinary incontinence (UI) significantly reduces quality of life (QOL)Y and
represents an important issue affecting individuals of all ages. In particular, the
prevalence of UI in women after childbirth is approximately 26%?, emphasizing the
importance of maintaining pelvic floor function from a young age.

Pelvic floor muscle training is recognized as an effective method for
preventing UI®. Specifically, in the case of postpartum UI, studies have reported that
the preventive effect is greater when training is performed consistently before
childbirth rather than starting after childbirth®. Moreover, the effectiveness of pelvic
floor muscle training can be enhanced when combined with hip muscle strength
training®. In older adults, a decrease in hip external rotation muscle strength has been
observed in patients with lower urinary tract disorders, including UI®. Additionally, it
has been reported that training the hip external rotation muscles can improve pelvic
floor function”. These findings suggest that maintaining sufficient strength in the hip
muscles may facilitate proper contraction of the pelvic floor muscles. However, the
relationship between pelvic floor muscles and hip external rotators in nulliparous
women remains unclear.

The aim of this study was to investigate the relationship between pelvic floor
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function and hip external rotator strength in nulliparous women.

Methods
Study participants

Fifty-nine nulliparous women aged >18 years, who had provided written
informed consent after receiving a full explanation of the study objectives, were
enrolled in this study. The exclusion criteria included a history of neurogenic bladder
or chronic renal failure and an inability to achieve pelvic floor muscle contraction. The
study design was approved by the ethics committee of Tokoha University (approval
number 22-01). The study complied with the Declaration of Helsinki and the Japanese

Ethical Guidelines for Medical and Health Research Involving Human Subjects.

Assessment of pelvic floor muscle function

Pelvic floor muscle function was evaluated by measuring the bladder base
displacement using transabdominal ultrasound imaging®. Bladder base displacement is
related to vaginal pressure, an important component of pelvic floor muscle function®.
To measure this distance, transabdominal ultrasound was performed in M-mode using

a 3.5-5 MHz convex probe (LOGIQ P6; GE HealthCare Japan, Inc. Tokyo, Japan)
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under two conditions: rest and pelvic floor contraction®. Participants urinated 1 h
before the measurements were performed, drank 500 ml of water, and refrained from
urinating until the measurements were completed. Measurements were performed in
the supine resting position with the pelvis in a neutral tilt, the hip joints flexed at 45°,
and the knee joints flexed at 90°. The ultrasound probe was placed 10 cm below the
umbilicus, above the pubic symphysis, and inclined 15-30° towards the head to allow
visualization of the bladder base. Bladder base displacement was measured in 0.1 mm
increments using the measurement function of the ultrasound diagnostic imaging
system, based on continuous M-mode ultrasound imaging of the bladder base. The
displacement measured at rest and during contraction were compared to evaluate
changes in bladder base movement (Figurel). For participants who had difficulty
moving the bladder base towards the head, the instructions were adjusted to facilitate
movement and compensatory movements other than those of the pelvic floor muscles
were corrected”!?). Each participant underwent five measurements, and the maximum
bladder base displacement was recorded as the final value. Ren Figl.

Bladder base displacement measurements were performed by two examiners
with knowledge of the anatomy of the pelvic floor region and ultrasound image reading

skills. Both examiners received prior training to standardize imaging procedures, and
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all measurements in this study were performed according to a standardized protocol.
Intra-rater reliability was evaluated by using intraclass correlation coefficient (ICC)
(1,1) based on the five measurements performed by each examiner on the same subject.
Inter-rater reliability was assessed by calculating the ICC (2,1) using the mean of five
measurements performed on the same participant by each examiner.
Assessment of muscle strength

A p-tus F-1 hand-held dynamometer (Anima Co. LTD., Tokyo, Japan) was
used to assess hip muscle strength®!'D. Isometric make tests were used, incorporating a
strap to facilitate fixed resistance and minimize the effect of assessor strength on
measurements®!?. Hip flexor strength was measured with the participant in the sitting
position, with the hip at 90°flexion and neutral hip rotation. Hip abductor strength was
measured in the side-lying position with pillows supporting the test hip at neutral
abduction, rotation, and flexion/extension. Hip external rotator strength was measured
in the sitting position with the hip at 90°flexion and neutral hip rotation. For each
muscle group, participants performed a maximal isometric contraction sustained for 3
seconds. Two trials were conducted, and the greater of the two values was used for
analysis. Prior to testing, participants were provided with standardized instructions and

familiarization trials to minimize compensatory movements. If any compensatory

10
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motion was observed during testing, the trial was interrupted and repeated.

As an indicator of whole-body muscle strength, handgrip strength was

measured twice using a digital hand dynamometer (TKK5401; Takei Scientific

Instruments Co. Ltd., Niigata, Japan), and the maximum value (kg) was recorded.

Other clinical parameters

Information on age, height, weight, and medical history was collected using

questionnaires. The International Consultation on Incontinence questionnaire-short

form (ICIQ-SF) was used to assess UI %),

Statistical analysis

To exclude the effect of body weight, all hip muscle strength measurements

were analyzed relative to bodyweight and expressed as ratios. For ordinal scales, the

Shapiro—Wilk test was used to assess the normality of each variable. After confirmation

of normality, Pearson’s correlation analysis was performed to examine the relationship

between pelvic floor function and lower limb muscle strength. Multiple regression

analysis was used to identify factors associated with pelvic floor muscle function.

Statistical significance was set at p< .05. Statistical analyses were performed using

11
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SPSS 28.0 for Windows (IBM Corp., Armonk, NY, USA).

Results

The participant characteristics are presented in Table 1. Four of the 59
participants were excluded from the analysis because of their inability to move their
bladder base towards their head”!?. Thus, 55 participants (average age: 20.3 years)
were included in the analysis. Ren Tablel.

The intra-examiner reliability of pelvic floor elevation distance
measurement demonstrated very high consistency, with ICC (1,1) = 0.90
and 0.94 for subjects A and B, respectively. Inter-examiner reliability was
evaluated using ICC (2,1) and showed ICC = 0.94, confirming excellent
agreement between examiners.

Correlations with bladder base displacement are shown in Figure 2 and Table
2. Bladder base displacement correlated significantly with hip flexor strength (r=0.334,
p=0.013), hip abductor strength (r=0.203, p=0.038), and hip external rotator strength
(r=0.413, p <0.001). In addition, the hip flexor, abductor, and external rotator strengths
were significantly correlated with each other (Table 2). In contrast, the correlation

between handgrip and hip muscle strength was weak; a significant correlation was only

12
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observed between handgrip and hip abductor strength. No relationship was observed

between handgrip strength and bladder base displacement. Ren Fig2, Table2.

Multiple regression analysis showed that hip external rotator strength was

independently associated with bladder base displacement (B=0.605, p=0.032),

regardless of hip flexor and abductor strength (Table 3). In contrast, no association was

observed between pelvic floor muscle function and hip flexor (f=0.086, p=0.545),

abductor (p=—0.052, p=0.902), and handgrip strength (f=—0.012, p=0.101). No

multicollinearity was observed among the independent variables included in the model.

Ren Table3.

Discussion

We examined the relationship between pelvic floor muscle function and hip

muscle strength in nulliparous women. Our results showed that hip external rotator

strength was related to pelvic floor muscle function independently of hip flexor and

abductor, and handgrip strength. In contrast, hip flexor, hip abductor, and handgrip

strengths were not independently associated with pelvic floor muscle function.

Although several previous studies have reported an association between hip

external rotator strength and UlI, a direct relationship between hip external rotator and

13
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pelvic floor muscle function, which is assumed to be the underlying mechanism, has
not been established. In nulliparous women aged 18-35 years and in participants aged
55 years and older, hip strength training focusing on the hip external rotators reportedly
improves pelvic floor muscle function as measured using vaginal pressure”'¥. We have
also shown that hip external rotator strength is associated with pelvic floor muscle
function independently of hip flexor and abductor strengths. Because hip external
rotator strength correlates with hip flexor (r=0.690) and hip abductor strength (r=0.644),
these effects should be considered. The pelvic floor muscles originate at the arch of the
anal eminence tendon, to which the internal obturator muscles and external rotators of
the hip joint are connected'>!®). In addition, the contraction of the piriformis muscle is
related to the contraction of the pelvic floor muscles'”. Therefore, the hip external
rotator muscle is thought to play an important role in the function of the pelvic floor
muscles. Our results showed that strengthening the hip external rotator muscles may
contribute to pelvic floor muscle function in nulliparous women.

Despite reports that active straight leg raising improves pelvic floor muscle
function'®!?), this study found no independent relationship between hip flexor muscle
strength and pelvic floor muscle function. This finding suggests that the effect of active

straight leg raising and lowering on pelvic floor muscle function may be mediated more
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by the transversus abdominis and rectus abdominis muscles rather than the hip flexors.
In this study, hip flexor muscle strength was measured in a sitting position, which likely
had minimal impact on pelvic floor muscle function. Therefore, different results might
have been obtained if hip flexor muscle strength had been assessed during active
straight leg raising and lowering.

Hip abductor strength is reportedly associated with lower urinary tract
symptoms® and nocturia??). These findings are mainly based on studies in older adults,
and lower urinary tract symptoms and nocturia are affected not only by pelvic floor
muscle weakness but also by mobility, similar to functional UI. Therefore, the
association between lower urinary tract symptoms and nocturia, and hip abductor
strength in older adults may be due to a lack of mobility rather than pelvic floor muscle
weakness. The main muscle involved in hip abduction is the gluteus medius, which is
located on the outer side of the pelvis and has no direct connection to the pelvic floor
muscles??. In this study, although a correlation was found between pelvic floor muscle
function and abductor muscle strength, this relationship disappeared in the multivariate
analysis. Therefore, in women who have not given birth, strengthening the abductor
muscles may not necessarily improve pelvic floor muscle function.

In this study, no association was observed between handgrip strength, as a

15
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measure of total-body strength, and pelvic floor muscle function. In older populations,
there is an association between sarcopenia and UI ?22%), as well as between handgrip
strength and both stress urinary incontinence (SUI) *» and pelvic floor muscle
function®. These findings suggest that whole-body muscle strengthening exercises
may improve pelvic floor muscle function and UI in older individuals. However, there
have been reports on the lack of association between handgrip strength and pelvic floor
muscle function in younger populations. A cross-sectional study of postpartum women
with a mean age of 29.8 years reported that pelvic floor muscle function was not
associated with handgrip strength?®. In addition, whole-body exercise has been
reported to increase handgrip strength but not pelvic floor muscle function in
nulliparous women with a mean age of 24.3 years?”. Consistent with these findings,
our results suggest that targeted pelvic floor muscle strengthening, rather than whole-
body muscle strength or exercise, is required to maximize pelvic floor muscle function
in nulliparous women.

Strengthening the external rotators of the hip joint to facilitate pelvic floor
muscle movement may effectively improve pelvic floor function. Pelvic floor muscle
training reportedly strengthens the pelvic floor muscles and improves the blood flow

and elasticity of the external genital tissues, enhancing the contraction-relaxation

16
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function of the pelvic floor muscles®®. As the internal obturator muscles, which are the
external rotators of the hip joint, share nutrient vessels with the pelvic floor muscles®”,
active engagement of the internal obturator muscles may enhance blood flow to the
pelvic floor muscles, thereby improving their function. Indeed, studies have shown that
training the hip external rotators alone, without specific pelvic floor muscle training,
improves pelvic floor muscle function in older women”). The current study revealed a
relationship between hip external rotator muscle and pelvic floor muscle function,
suggesting that training the hip external rotators may be related to pelvic floor muscle
function in nulliparous women.

In this study, hip external rotator muscle strength was measured isometrically
from a neutral seated position, with the hips and knees flexed at 90 degrees and the
lower legs hanging freely. This position was selected for its ease and consistency of
measurement; however, it is possible that individual anatomical differences, such as
femoral anteversion, may have influenced the resting length and mechanical advantage
of the external rotators in this posture®”. A greater degree of femoral anteversion can
reduce external rotation range of motion and alter the initial muscle tension, which may
in turn affect the ability of the muscles to generate force. Although we did not assess

femoral anteversion in the present study, none of the participants reported symptoms
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such as hip pain or abnormal gait that would suggest significant torsional deformities.
Nonetheless, unrecognized variations in femoral anteversion may have influenced the
results. Future studies should consider evaluating femoral torsion to more precisely
interpret the relationship between hip muscle strength and pelvic floor muscle function.

This study had several limitations. First, its cross-sectional design limited our
ability to establish causal relationships between hip external rotator and pelvic floor
muscle function. Longitudinal studies are required to better explain the temporal nature
of these associations. Second, pelvic floor muscle function was assessed using
transabdominal ultrasound. Although vaginal pressure is considered the gold standard
for measuring pelvic floor muscle function®, transabdominal ultrasound has

demonstrated reliability and validity®3!?).

Transabdominal ultrasound may be
appropriate for evaluating women who have not given birth and do not exhibit
symptoms of UI. Third, pelvic floor muscle function in this study was evaluated solely
based on bladder base displacement. Although bladder base displacement is one factor
that mainly reflects the strength of the pelvic floor muscles, factors such as endurance
and voluntary control of the pelvic floor muscles may also contribute to pelvic floor

muscle function. Controlling for these factors may lead to a better understanding of the

association between hip external rotator muscle strength and pelvic floor function.
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Fourth, we excluded four participants from the primary analysis because no bladder

base displacement could be detected on ultrasound. When all 59 participants were

included in the analysis, the associations between variables became slightly weaker.

However, the key finding that hip external rotator muscle strength was independently

associated with bladder base displacement remained unchanged. Therefore, the main

conclusions of the study were robust. Nevertheless, it should be noted that the present

findings are applicable only to individuals in whom bladder base movement could be

clearly visualized on ultrasound. This limitation must be considered when interpreting

the generalizability of the results.

Conclusion

Hip external rotator strength was associated with pelvic floor muscle function

independently of hip flexor and abductor, and handgrip strength in nulliparous women.

The findings suggest that hip external rotator strength may be related to pelvic floor

muscle function in nulliparous women. Further research is needed to determine whether

strengthening hip external rotator can improve SUI.
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Figure legends

Figure 1. Ultrasound image
Method for Measuring Bladder Base Displacement Using Ultrasound Imaging.

Bladder base displacement was assessed using continuous M-mode ultrasound imaging

of the bladder base, both at rest and during contraction.

Figure 2. Correlation coefficients of bladder base displacement

Scatter plots showing the relationships between bladder base displacement and the
following variables: A. Handgrip strength, B. Hip flexor strength, C. Hip abductor
strength, and D. Hip external rotator strength. All hip muscle strength measurements

are presented as a ratio to body weight.
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Tables

Table 1. Participant characteristics

Total

(n=55)
Age, years 20.3+1.4
Height, m 1.59+0.6
Weight, kg 53.1 £6.7
BMI, kg/m2 20.9+ 2.1
Bladder base displacement, mm 5.2+ 2.2
ICIQ-SF score, points 04+1.2
Urinary incontinence

Yes, n (%) 5(9.0)

Handgrip strength, kg 27.5+4.2
Hip flexor strength, Nm/kg 1.17 +0.28
Hip abductor strength, Nm/kg 1.26 + 0.32
Hip external rotator strength, Nm/kg 0.52+0.16

Mean + standard deviation, number (%), BMI: Body Mass Index, ICIQ-SF:

International Consultation on Incontinence Questionnaire - Short Form



Table 2. Correlation coefficients of bladder base displacement

Bladder base Handgrip Hip flexor Hip abductor Hip external
displacement strength strength strength rotator
strength

Bladder base displacement 1 -0.124 0.334* 0.203* 0.413**
Handgrip strength -0.124 1 0.147 0.331* 0.241
Hip flexor strength 0.334* 0.147 1 0.611** 0.690**
Hip abductor strength 0.203* 0.331* 0.611%* 1 0.644**
Hip external rotator strength 0.413** 0.241 0.690** 0.644** 1

Pearson’s correlation. **p<0.01, *p <0.05



Table 3. Multiple regression analyses of bladder base displacement

Crude Adjusted
B 95% CI pvalue § 95% CI pvalue VIF
Handgrip strength -0.012  -0.026, 0.002 0.101  1.14
Hip flexor strength 0.086  —-0.198, 0.371 0.545 2.11
Hip abductor strength -0.052 —0.298, 0.194 0.902 2.01
Hip external rotator strength 0.570 0.224,0.916  0.002 0.605 0.089, 1.122 0.032  2.26

CI: confidence interval, VIF: variance inflation factor
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ABSTRACT

[bookmark: _Hlk188346302]Objectives: Strengthening of the hip external rotator muscles may improve pelvic floor muscle function. In this study, we examined the relationship between hip external rotator strength and pelvic floor muscle function in nulliparous women.

[bookmark: _Hlk174627051]Methods: This cross-sectional study included 59 women aged ≥18 years who had never given birth. Pelvic floor muscle function was measured using transabdominal ultrasound. Muscle strength during hip flexion, abduction, and external rotation, and handgrip strength were also measured. Multiple regression analysis was performed to examine the association between pelvic floor muscle function and hip external rotator strength.

Results: Fifty-five participants (average age: 20.3 years) were included in the final analysis. A single correlation was observed between pelvic floor muscle and hip flexor strength (r=0.334, p=0.013), hip abductors (r=0.203, p=0.038), and hip external rotators (r=0.413, p<0.001). Conversely, no relationship was observed between pelvic floor muscle function and handgrip strength (r=−0.124, p=0.369). Multiple regression analysis revealed an independent association between pelvic floor muscle and hip external rotator muscle strength (β=0.605, p=0.032). However, no association was observed between pelvic floor muscle function and hip flexor (β=0.086, p=0.545), abductor (β=−0.052, p=0.902), and handgrip strength (β=−0.012, p=0.101).

Conclusions: Hip external rotator muscle strength was associated with pelvic floor muscle function independently of hip flexor and abductor, and handgrip strength in nulliparous women. The findings suggest that hip external rotator strength may be related to pelvic floor muscle function in nulliparous women. 

Key Words: pelvic floor muscle, hip external rotator muscle, nulliparous women

表題名：

未産婦における股関節外旋筋力と骨盤底筋力との関係

著者名：

中野 聡子, PTR, Ph.D.1*, 中野 渉, PTR, Ph.D.1, , 加藤 倫卓, PTR, Ph.D.1, 駒井 裕子MNs 2, 牧野 泰枝, PTR 3

所属機関：

1. 常葉大学 健康科学部 静岡理学療法学科

2. 伊東クリニック

3. 静岡市立静岡病院　リハビリテーション科

抄録

目的：股関節外旋筋の強化は骨盤底筋機能を改善する可能性がある。本研究では、未産婦における股関節外旋筋と骨盤底機能の関係を調査した。

方法：この横断的研究には、出産経験のない18歳以上の女性59名が参加した。骨盤底筋の筋力は経腹超音波を用いて測定した。また、股関節屈曲筋、外転筋、外旋筋の筋力および握力も測定した。骨盤底筋と股関節外旋筋の筋力との関連性を検討するため、重回帰分析を実施した。

結果：最終分析には55名の被験者（平均年齢20.3歳）が含まれた。骨盤底筋の筋力と股関節屈曲筋力（r=0.334、p=0.013）、外転筋力（r=0.203、p=0.038）、および外旋筋力（r=0.413、p<0.001）の間に単相関が認められた。一方で、骨盤底筋の筋力と握力との間には相関関係は認められなかった（r=−0.124、p=0.369）。重回帰分析の結果、骨盤底筋の筋力と股関節外旋筋の筋力との間に独立した関連が示された（β=0.605、p=0.032）。一方、骨盤底筋の筋力と股関節屈曲筋（β=0.086、p=0.545）、外転筋（β=-0.052、p=0.902）、および握力（β=−0.012、p=0.101）との間には関連は認められなかった。

結論：未産婦において、股関節外旋筋の筋力は骨盤底筋の筋力と関連していた。この結果は、股関節外旋筋の筋力が未産婦の骨盤底筋機能と関連している可能性を示唆している。股関節外旋筋の強化が腹圧性尿失禁の改善に効果があるかどうかを確定するためには、さらなる研究が必要である。

Introduction

Urinary incontinence (UI)  significantly reduces quality of life (QOL)1) and represents an important issue affecting individuals of all ages. In particular, the prevalence of UI in women after childbirth is approximately 26%2), emphasizing the importance of maintaining pelvic floor function from a young age.

Pelvic floor muscle training is recognized as an effective method for preventing UI3). Specifically, in the case of postpartum UI, studies have reported that the preventive effect is greater when training is performed consistently before childbirth rather than starting after childbirth4). Moreover, the effectiveness of pelvic floor muscle training can be enhanced when combined with hip muscle strength training5). In older adults, a decrease in hip external rotation muscle strength has been observed in patients with lower urinary tract disorders, including UI6). Additionally, it has been reported that training the hip external rotation muscles can improve pelvic floor function7). These findings suggest that maintaining sufficient strength in the hip muscles may facilitate proper contraction of the pelvic floor muscles. However, the relationship between pelvic floor muscles and hip external rotators in nulliparous women remains unclear.

The aim of this study was to investigate the relationship between pelvic floor function and hip external rotator strength in nulliparous women. 



Methods

Study participants

Fifty-nine nulliparous women aged ≥18 years, who had provided written informed consent after receiving a full explanation of the study objectives, were enrolled in this study.  The exclusion criteria included a history of neurogenic bladder or chronic renal failure and an inability to achieve pelvic floor muscle contraction. The study design was approved by the ethics committee of Tokoha University (approval number 22-01). The study complied with the Declaration of Helsinki and the Japanese Ethical Guidelines for Medical and Health Research Involving Human Subjects.



Assessment of pelvic floor muscle function

Pelvic floor muscle function was evaluated by measuring the bladder base displacement using transabdominal ultrasound imaging8). Bladder base displacement is related to vaginal pressure, an important component of pelvic floor muscle function8). To measure this distance, transabdominal ultrasound was performed in M-mode using a 3.5–5 MHz convex probe (LOGIQ P6; GE HealthCare Japan, Inc. Tokyo, Japan) under two conditions: rest and pelvic floor contraction8). Participants urinated 1 h before the measurements were performed, drank 500 ml of water, and refrained from urinating until the measurements were completed. Measurements were performed in the supine resting position with the pelvis in a neutral tilt, the hip joints flexed at 45°, and the knee joints flexed at 90°. The ultrasound probe was placed 10 cm below the umbilicus, above the pubic symphysis, and inclined 15–30° towards the head to allow visualization of the bladder base. Bladder base displacement was measured in 0.1 mm increments using the measurement function of the ultrasound diagnostic imaging system, based on continuous M-mode ultrasound imaging of the bladder base. The displacement measured at rest and during contraction were compared to evaluate changes in bladder base movement (Figure1). For participants who had difficulty moving the bladder base towards the head, the instructions were adjusted to facilitate movement and compensatory movements other than those of the pelvic floor muscles were corrected9,10). Each participant underwent five measurements, and the maximum bladder base displacement was recorded as the final value. Ren Fig1.

Bladder base displacement measurements were performed by two examiners with knowledge of the anatomy of the pelvic floor region and ultrasound image reading skills. Both examiners received prior training to standardize imaging procedures, and all measurements in this study were performed according to a standardized protocol.

Intra-rater reliability was evaluated by using intraclass correlation coefficient (ICC) (1,1) based on the five measurements performed by each examiner on the same subject. Inter-rater reliability was assessed by calculating the ICC (2,1) using the mean of five measurements performed on the same participant by each examiner.

Assessment of muscle strength

A µ-tus F–1 hand-held dynamometer (Anima Co. LTD., Tokyo, Japan) was used to assess hip muscle strength6,11). Isometric make tests were used, incorporating a strap to facilitate fixed resistance and minimize the effect of assessor strength on measurements6,12). Hip flexor strength was measured with the participant in the sitting position, with the hip at 90°flexion and neutral hip rotation. Hip abductor strength was measured in the side-lying position with pillows supporting the test hip at neutral abduction, rotation, and flexion/extension. Hip external rotator strength was measured in the sitting position with the hip at 90°flexion and neutral hip rotation. For each muscle group, participants performed a maximal isometric contraction sustained for 3 seconds. Two trials were conducted, and the greater of the two values was used for analysis. Prior to testing, participants were provided with standardized instructions and familiarization trials to minimize compensatory movements. If any compensatory motion was observed during testing, the trial was interrupted and repeated. 

As an indicator of whole-body muscle strength, handgrip strength was measured twice using a digital hand dynamometer (TKK5401; Takei Scientific Instruments Co. Ltd., Niigata, Japan), and the maximum value (kg) was recorded. 



Other clinical parameters

	Information on age, height, weight, and medical history was collected using questionnaires. The International Consultation on Incontinence questionnaire-short form (ICIQ-SF) was used to assess UI 13).



Statistical analysis

[bookmark: _Hlk174279898]To exclude the effect of body weight, all hip muscle strength measurements were analyzed relative to bodyweight and expressed as ratios. For ordinal scales, the Shapiro–Wilk test was used to assess the normality of each variable. After confirmation of normality, Pearson’s correlation analysis was performed to examine the relationship between pelvic floor function and lower limb muscle strength. Multiple regression analysis was used to identify factors associated with pelvic floor muscle function. Statistical significance was set at p< .05. Statistical analyses were performed using SPSS 28.0 for Windows (IBM Corp., Armonk, NY, USA).



Results

The participant characteristics are presented in Table 1. Four of the 59 participants were excluded from the analysis because of their inability to move their bladder base towards their head9,10). Thus, 55 participants (average age: 20.3 years) were included in the analysis. Ren Table1.

The intra-examiner reliability of pelvic floor elevation distance measurement demonstrated very high consistency, with ICC (1,1) = 0.90 and 0.94 for subjects A and B, respectively. Inter-examiner reliability was evaluated using ICC (2,1) and showed ICC = 0.94, confirming excellent agreement between examiners.

Correlations with bladder base displacement are shown in Figure 2 and Table 2. Bladder base displacement correlated significantly with hip flexor strength (r=0.334, p=0.013), hip abductor strength (r=0.203, p=0.038), and hip external rotator strength (r=0.413, p <0.001). In addition, the hip flexor, abductor, and external rotator strengths were significantly correlated with each other (Table 2). In contrast, the correlation between handgrip and hip muscle strength was weak; a significant correlation was only observed between handgrip and hip abductor strength. No relationship was observed between handgrip strength and bladder base displacement. Ren Fig2, Table2.

[bookmark: _Hlk171006301][bookmark: _Hlk172576053]Multiple regression analysis showed that hip external rotator strength was independently associated with bladder base displacement (β=0.605, p=0.032), regardless of hip flexor and abductor strength (Table 3). In contrast, no association was observed between pelvic floor muscle function and hip flexor (β=0.086, p=0.545), abductor (β=−0.052, p=0.902), and handgrip strength (β=−0.012, p=0.101). No multicollinearity was observed among the independent variables included in the model. Ren Table3.

 

Discussion

We examined the relationship between pelvic floor muscle function and hip muscle strength in nulliparous women. Our results showed that hip external rotator strength was related to pelvic floor muscle function independently of hip flexor and abductor, and handgrip strength. In contrast, hip flexor, hip abductor, and handgrip strengths were not independently associated with pelvic floor muscle function.

Although several previous studies have reported an association between hip external rotator strength and UI, a direct relationship between hip external rotator and pelvic floor muscle function, which is assumed to be the underlying mechanism, has not been established. In nulliparous women aged 18–35 years and in participants aged 55 years and older, hip strength training focusing on the hip external rotators reportedly improves pelvic floor muscle function as measured using vaginal pressure7,14). We have also shown that hip external rotator strength is associated with pelvic floor muscle function independently of hip flexor and abductor strengths. Because hip external rotator strength correlates with hip flexor (r=0.690) and hip abductor strength (r=0.644), these effects should be considered. The pelvic floor muscles originate at the arch of the anal eminence tendon, to which the internal obturator muscles and external rotators of the hip joint are connected15,16). In addition, the contraction of the piriformis muscle is related to the contraction of the pelvic floor muscles17). Therefore, the hip external rotator muscle is thought to play an important role in the function of the pelvic floor muscles. Our results showed that strengthening the hip external rotator muscles may contribute to pelvic floor muscle function in nulliparous women.

Despite reports that active straight leg raising improves pelvic floor muscle function18,19), this study found no independent relationship between hip flexor muscle strength and pelvic floor muscle function. This finding suggests that the effect of active straight leg raising and lowering on pelvic floor muscle function may be mediated more by the transversus abdominis and rectus abdominis muscles rather than the hip flexors. In this study, hip flexor muscle strength was measured in a sitting position, which likely had minimal impact on pelvic floor muscle function. Therefore, different results might have been obtained if hip flexor muscle strength had been assessed during active straight leg raising and lowering.

Hip abductor strength is reportedly associated with lower urinary tract symptoms6) and nocturia20). These findings are mainly based on studies in older adults, and lower urinary tract symptoms and nocturia are affected not only by pelvic floor muscle weakness but also by mobility, similar to functional UI. Therefore, the association between lower urinary tract symptoms and nocturia, and hip abductor strength in older adults may be due to a lack of mobility rather than pelvic floor muscle weakness. The main muscle involved in hip abduction is the gluteus medius, which is located on the outer side of the pelvis and has no direct connection to the pelvic floor muscles21). In this study, although a correlation was found between pelvic floor muscle function and abductor muscle strength, this relationship disappeared in the multivariate analysis. Therefore, in women who have not given birth, strengthening the abductor muscles may not necessarily improve pelvic floor muscle function.

In this study, no association was observed between handgrip strength, as a measure of total-body strength, and pelvic floor muscle function. In older populations, there is an association between sarcopenia and UI 22,23), as well as between handgrip strength and both stress urinary incontinence (SUI) 24) and pelvic floor muscle function25). These findings suggest that whole-body muscle strengthening exercises may improve pelvic floor muscle function and UI in older individuals. However, there have been reports on the lack of association between handgrip strength and pelvic floor muscle function in younger populations. A cross-sectional study of postpartum women with a mean age of 29.8 years reported that pelvic floor muscle function was not associated with handgrip strength26). In addition, whole-body exercise has been reported to increase handgrip strength but not pelvic floor muscle function in nulliparous women with a mean age of 24.3 years27). Consistent with these findings, our results suggest that targeted pelvic floor muscle strengthening, rather than whole-body muscle strength or exercise, is required to maximize pelvic floor muscle function in nulliparous women.

Strengthening the external rotators of the hip joint to facilitate pelvic floor muscle movement may effectively improve pelvic floor function. Pelvic floor muscle training reportedly strengthens the pelvic floor muscles and improves the blood flow and elasticity of the external genital tissues, enhancing the contraction-relaxation function of the pelvic floor muscles28). As the internal obturator muscles, which are the external rotators of the hip joint, share nutrient vessels with the pelvic floor muscles29), active engagement of the internal obturator muscles may enhance blood flow to the pelvic floor muscles, thereby improving their function. Indeed, studies have shown that training the hip external rotators alone, without specific pelvic floor muscle training, improves pelvic floor muscle function in older women7). The current study revealed a relationship between hip external rotator muscle and pelvic floor muscle function, suggesting that training the hip external rotators may be related to pelvic floor muscle function in nulliparous women.

	In this study, hip external rotator muscle strength was measured isometrically from a neutral seated position, with the hips and knees flexed at 90 degrees and the lower legs hanging freely. This position was selected for its ease and consistency of measurement; however, it is possible that individual anatomical differences, such as femoral anteversion, may have influenced the resting length and mechanical advantage of the external rotators in this posture30). A greater degree of femoral anteversion can reduce external rotation range of motion and alter the initial muscle tension, which may in turn affect the ability of the muscles to generate force. Although we did not assess femoral anteversion in the present study, none of the participants reported symptoms such as hip pain or abnormal gait that would suggest significant torsional deformities. Nonetheless, unrecognized variations in femoral anteversion may have influenced the results. Future studies should consider evaluating femoral torsion to more precisely interpret the relationship between hip muscle strength and pelvic floor muscle function.

[bookmark: _Hlk171002736]This study had several limitations. First, its cross-sectional design limited our ability to establish causal relationships between hip external rotator and pelvic floor muscle function. Longitudinal studies are required to better explain the temporal nature of these associations. Second, pelvic floor muscle function was assessed using transabdominal ultrasound. Although vaginal pressure is considered the gold standard for measuring pelvic floor muscle function4), transabdominal ultrasound has demonstrated reliability and validity8,31,32). Transabdominal ultrasound may be appropriate for evaluating women who have not given birth and do not exhibit symptoms of UI. Third, pelvic floor muscle function in this study was evaluated solely based on bladder base displacement. Although bladder base displacement is one factor that mainly reflects the strength of the pelvic floor muscles, factors such as endurance and voluntary control of the pelvic floor muscles may also contribute to pelvic floor muscle function. Controlling for these factors may lead to a better understanding of the association between hip external rotator muscle strength and pelvic floor function. Fourth, we excluded four participants from the primary analysis because no bladder base displacement could be detected on ultrasound. When all 59 participants were included in the analysis, the associations between variables became slightly weaker. However, the key finding that hip external rotator muscle strength was independently associated with bladder base displacement remained unchanged. Therefore, the main conclusions of the study were robust. Nevertheless, it should be noted that the present findings are applicable only to individuals in whom bladder base movement could be clearly visualized on ultrasound. This limitation must be considered when interpreting the generalizability of the results.



Conclusion

Hip external rotator strength was associated with pelvic floor muscle function independently of hip flexor and abductor, and handgrip strength in nulliparous women. The findings suggest that hip external rotator strength may be related to pelvic floor muscle function in nulliparous women. Further research is needed to determine whether strengthening hip external rotator can improve SUI. 
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Figure legends



Figure 1. Ultrasound image

Method for Measuring Bladder Base Displacement Using Ultrasound Imaging.

Bladder base displacement was assessed using continuous M-mode ultrasound imaging of the bladder base, both at rest and during contraction.



Figure 2. Correlation coefficients of bladder base displacement

Scatter plots showing the relationships between bladder base displacement and the following variables: A. Handgrip strength, B. Hip flexor strength, C. Hip abductor strength, and D. Hip external rotator strength. All hip muscle strength measurements are presented as a ratio to body weight.

