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Abstract

___________________________________________________________________________________ |
Background: University students are exposed to high levels of sedentary behavior (SB), which
may negatively impact musculoskeletal health, including joint range of motion (ROM).
However, evidence in young, healthy populations remains limited.

Objective: To examine the relationship between SB and hip joint ROM in Chilean university
students, with particular attention to sex differences.

Methods: A cross-sectional study was conducted with 189 students (89 men, 100 women; mean
age: 21.6 + 2.4 years). SB was assessed using the short-form International Physical Activity
Questionnaire, and hip ROM (flexion, extension, abduction) was measured with a digital
goniometer under standardized conditions.

Results: Mean SB was 691 * 42.6 minutes/day, exceedingly commonly accepted sedentary
thresholds. No significant correlations were found between SB and hip ROM. Women
demonstrated significantly greater hip flexion and abduction ROM than men (p < 0.05), while
no sex differences were observed in hip extension.

Conclusion: Despite high levels of SB in this university population, no association with hip ROM
was found. The observed sex differences in joint mobility align with known anatomical and
behavioral variations. These findings highlight the need for longitudinal research using
objective measures to better understand SB’s impact on joint health in young adults.
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Resumen

Introduccion: Los estudiantes universitarios presentan altos niveles de conducta sedentaria
(CS), lo que podria afectar negativamente la salud musculoesquelética, incluyendo el rango de
movimiento articular (ROM). Sin embargo, la evidencia en poblaciones jévenes y
aparentemente sanas es limitada.

Objetivo: Analizar la relacion entre la conducta sedentaria y el ROM de la articulacién de la
cadera en estudiantes universitarios chilenos, considerando las diferencias segin sexo.
Métodos: Se realiz6 un estudio transversal con 189 estudiantes (89 hombres, 100 mujeres;
edad media: 21.6 + 2.4 afios). La CS se evalué mediante el cuestionario IPAQ corto, y el ROM de
cadera (flexion, extension, abduccién) se midié con un gonidmetro digital bajo condiciones
estandarizadas.

Resultados: El tiempo promedio de CS fue de 691 + 42.6 minutos/dia, superando los umbrales
comunmente utilizados para definir sedentarismo. No se encontraron correlaciones
significativas entre CS y ROM. Las mujeres mostraron mayor ROM en flexién y abduccién de
cadera que los hombres (p < 0.05), sin diferencias en extension.

Conclusién: A pesar del alto nivel de CS en esta poblacién universitaria, no se observé
asociacién con el ROM de cadera. Las diferencias por sexo coinciden con variaciones anatémicas
y conductuales. Se requieren estudios longitudinales con medidas objetivas para evaluar el
impacto de la CS en la salud articular.

Palabras clave
___________________________________________________________________________________|
Rango de movimiento articular; comportamiento sedentario; estudiantes universitarios.
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Introduction
___________________________________________________________________________________________________________________________|
Sedentary behavior (SB), defined as any waking activity characterized by an energy expenditure <1.5
metabolic equivalents performed in a sitting, reclining, or lying posture, has emerged as a relevant and
independent risk factor for adverse health outcomes across the lifespan (de Rezende et al., 2014).
Although the negative cardiometabolic consequences of prolonged sitting are well documented,
growing attention has been directed toward its potential implications for musculoskeletal health,
particularly joint mobility (Fanchamps et al,, 2017). This interest is especially pertinent in young adults,
a life stage during which behavioral patterns related to physical activity and sedentarism tend to
consolidate and may influence long-term functional capacity.

From a biomechanical perspective, prolonged sitting typically involves sustained hip flexion and
reduced variability of joint movement, which may promote adaptive changes in periarticular tissues.
Experimental and observational studies have suggested that extended periods in seated postures may
contribute to increased passive stiffness, muscle shortening particularly of the hip flexors and
alterations in the viscoelastic properties of connective tissue (Oliveira et al.,, 2023). Over time, these
adaptations could theoretically compromise joint range of motion (ROM), especially in movements
requiring hip extension, flexion, or abduction. However, empirical evidence supporting these
mechanisms remains inconsistent, particularly when considering habitual SB assessed under real-life
conditions (Stepien et al., 2025).

University students represent a population at high risk of prolonged sedentary exposure due to
academic demands, screen-based learning, and extended study time. Several studies conducted in
higher education settings have reported daily sitting times frequently exceeding seven hours, placing
students within thresholds commonly used to define prolonged sedentarism (Heneghan et al., 2018).
Despite this high exposure, the musculoskeletal consequences of SB in university populations remain
underexplored, especially regarding joint mobility outcomes (Curotto-Winder et al., 2022). Most
available studies have focused on older adults or clinical populations, limiting the generalizability of
their findings to younger, apparently healthy individuals.

An additional layer of complexity arises from sex-related differences in joint mobility. Women
consistently exhibit greater ROM than men across multiple joints, including the hip, a phenomenon
attributed to a combination of anatomical, hormonal, and neuromuscular factors (Sun et al.,, 2025).
Differences in pelvic morphology, ligament laxity, muscle-tendon compliance, and estrogen-related
effects on connective tissue have all been proposed as potential explanations for these disparities.
Consequently, sex may act as an important modifier in the relationship between SB and joint ROM, yet
few studies have explicitly examined this interaction in young adult populations.

In Latin American contexts, and particularly in Chile, research addressing the interplay between SB and
joint mobility in university students is scarce. Existing studies have primarily emphasized physical
activity levels, cardiometabolic risk, or self-reported musculoskeletal discomfort, with limited attention
to objectively assessed joint ROM (Herreros-Irarrazabal et al., 2024). Moreover, studies simultaneously
considering SB, hip joint mobility, and sex differences using standardized measurement protocols are
notably lacking.

Therefore, the aim of the present study was to examine the relationship between SB and hip ROM in
Chilean university students, with specific attention to sex differences. Based on prior literature, it was
hypothesized that: (i) SB would show a weak or no association with hip ROM in this young, apparently
healthy population; and (ii) women would exhibit greater hip ROM than men, particularly in movements
involving hip flexion and abduction.

Method

Study design and setting

This study employed a cross-sectional observational design conducted at a higher education institution
in Chile. The primary aim was to examine the relationship between SB and hip ROM (ROM) in university
students, with particular emphasis on sex differences. Participants were recruited using non-
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probabilistic convenience sampling and were eligible if they were enrolled during the academic year of
data collection and agreed to participate voluntarily.

All assessments were carried out in a controlled environment at the institution’s exercise physiology
laboratory. Data collection took place over three consecutive days (March 14-16, 2022), between 8:00
a.m. and 12:00 p.m., under stable environmental conditions (temperature: 21-23 °C; relative humidity:
45-55%). Participants wore light sports clothing and were instructed to avoid strenuous physical
activity during the 24 hours prior to testing. All procedures complied with the ethical principles of the
Declaration of Helsinki and were approved by the Scientific Ethics Committee of the Autonomous
University of Chile (approval code: CEC 2320; February 15, 2022).

Participants

A total of 189 university students (89 men and 100 women) participated in the study. Inclusion criteria
were: (i) being enrolled at the institution during the 2022 academic year, (ii) age between 18 and 25
years, and (iii) provision of written informed consent. Exclusion criteria included a history of
musculoskeletal injury, neurological or medical conditions that could affect joint mobility, recent
participation (within the previous three months) in high-intensity sports training, or failure to attend
the scheduled assessment session.

Participants were considered apparently healthy, and no stratification was performed according to
socioeconomic status or ethnicity. SB was assessed using a self-reported questionnaire, and hip joint
ROM was measured under standardized laboratory conditions by a single trained examiner.

Measurement of hip range of motion

Hip joint ROM was assessed using a high-precision digital goniometer (Baseline® 12-1000, Fabrication
Enterprises Inc., White Plains, NY, USA), following standardized procedures described by Norkin and
White. This instrument has demonstrated excellent intra-rater reliability for lower-limb joint
measurements, with intraclass correlation coefficients (ICC) ranging from 0.92 to 0.98 in previous
studies. In the present study, intra-rater reliability assessed by test-retest procedures yielded an ICC of
0.95.

All ROM assessments were performed in the exercise physiology laboratory under controlled
environmental conditions. Measurements were conducted by a single experienced examiner to
minimize inter-rater variability. The evaluation sequence consisted of demographic data collection, SB
assessment, and ROM measurements. Hip movements were assessed in the following order: flexion,
extension, and abduction.

Participants were positioned in a standardized anatomical posture according to established anatomical
landmarks. Each movement was performed three times on both limbs, starting with the dominant side,
defined as the leg preferred to kick a ball. The mean value of the three trials was used for statistical
analysis.

The goniometer axis and arms were aligned with standard anatomical reference points: for hip
measurements, the greater trochanter, lateral midline of the pelvis, and lateral midline of the femur
were used. Although knee ROM was assessed as part of the broader evaluation protocol, the present
analysis focuses exclusively on hip joint ROM, in line with the objectives of this study.

SB assessment

SB was assessed using the sedentary time item of the short version of the International Physical Activity
Questionnaire (IPAQ-short). Participants reported the average time spent sitting on a typical weekday
and a typical weekend day, including academic and leisure activities. Responses were provided in hours
and minutes.

A weighted mean of daily sedentary time (minutes per day) was calculated using the following formula:

(weekday sitting X 5) + (weekend sitting X 2)
7

Daily sitting time =

Mg, .
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The IPAQ-short sedentary module has shown acceptable reliability and validity in Chilean young adult
populations, with reported test-retest ICC values between 0.76 and 0.88. Standardized written and
verbal instructions were provided to ensure participant comprehension.

Sample size estimation

Sample size estimation was conducted based on the study’s main objectives of examining associations
between SB and ROM and detecting sex differences in hip ROM. For correlational analyses, assuming an
expected correlation coefficient of p = 0.25 (moderate effect), a significance level of 0.05, and a statistical
power of 80%, a minimum sample of 123 participants was required.

For comparisons between men and women, a second estimation was performed assuming a medium
effect size (Cohen’s d = 0.50), a = 0.05, and power = 0.80, resulting in a minimum of 64 participants per
group. The final sample of 189 participants (89 men and 100 women) provided sufficient power to
detect moderate-to-large effects, while smaller effects should be interpreted with caution.

Statistical analysis

Statistical analyses were performed using Jamovi software (version 2.4.8). Descriptive statistics are
presented as mean * standard deviation (SD) to facilitate interpretation of hip ROM values and
sedentary time. Data normality was assessed using the Shapiro-Wilk test. As most variables did not
meet normality assumptions, non-parametric tests were applied.

Sex differences in hip ROM were analyzed using the Mann-Whitney U test. Associations between SB and
hip ROM were examined using Spearman’s rank correlation coefficient (p). Effect sizes were reported
as r values for Mann-Whitney and Spearman analyses, alongside 95% confidence intervals where
applicable. The level of statistical significance was set at p < 0.05 for all analyses.

Results
___________________________________________________________________________________________________________________________|
The study included a total of 189 university students, comprising 89 men and 100 women. Descriptive
characteristics of the sample are presented in Table 1. The mean age was 21.9 * 2.17 years for men and
21.3 + 2.51 years for women. Mean daily SB was similar between sexes, with values of 691.0 + 42.9
minutes/day in men and 691.0 * 42.4 minutes/day in women. These descriptive data provide an overall
characterization of the sample and serve as the basis for the analysis of ROM by sex.

Sex differences in hip joint ROM are summarized in Table 2, which reports mean values, mean
differences (men - women), and 95% confidence intervals. Women showed higher mean values than
men for hip flexion on both sides. Specifically, right hip flexion was 131.7 + 14.2° in women compared
with 115.5 + 12.3° in men, corresponding to a mean difference of -16.2° (95% CI: -23.37 to -9.04).
Similarly, left hip flexion was higher in women (128.9 + 11.6°) than in men (116.4 * 13.7°), with a mean
difference of -11.34° (95% CI: -17.88 to -4.80).

Greater hip mobility in women was also observed for hip abduction. Right hip abduction averaged 34.8
* 8.2° in women and 26.3 # 7.5° in men, yielding a mean difference of -8.70° (95% CI: -13.27 to -4.14).
Likewise, left hip abduction was higher in women (32.4 *+ 10.3°) than in men (27.6 * 9.0°), with a mean
difference of -8.11° (95% CI: -13.54 to -2.69). In contrast, hip extension values were similar between
sexes, as the mean differences for right and left hip extension were small and their confidence intervals
included zero (Table 2).

Figure 1 visually illustrates these sex-related patterns in hip ROM. Women consistently exhibited higher
mean values for hip flexion and abduction compared with men, whereas hip extension values appeared
comparable between sexes. The graphical representation is consistent with the magnitude and direction
of the mean differences reported in Table 2 and supports the descriptive interpretation of greater hip
mobility in women for movements involving flexion and abduction.

Table 1. Sample characteristics and ROM variables by sex (descriptive statistics).

Variable Men (n=89), Mean * SD Women (n=100), Mean * SD
Age (years) 21.9+217 21.3+2.51
Right hip flexion (°) 115.0 £ 14.1 131.0 £13.0
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Left hip flexion (°) 115.0+11.8 127.0 £13.9
Right hip extension (°) 26.1 +8.90 29.7 £ 14.1
Left hip extension (°) 25.8+9.97 27.2+6.61
Right hip abduction (°) 25.5+8.94 342 £8.34
Left hip abduction (°) 40.1+15.9 44.0 +7.59
Sedentary behavior (unit) 691.0 £42.9 691.0 +42.4

This table presents descriptive statistics (mean * standard deviation) for demographic variables, SB,
and ROM of the hip and knee stratified by sex. No inferential statistics are included in this table, in
accordance with the reviewer’s recommendation to separate descriptive information from comparative
analyses. The values shown are intended to characterize the sample and provide an overview of the
distribution of ROM variables and SB in men and women. SB corresponds to self-reported daily sitting
time obtained from the IPAQ-short questionnaire.

Table 2. Sex differences in hip range of motion (ROM).

Variable Men Mean * SD Women Mean + SD Mean difference (Men - Women) 95% CI
Right hip flexion (°) 115.5+12.3 131.7+14.2 -16.20 -23.37t0 -9.04
Left hip flexion (°) 116.4 +13.7 1289+ 11.6 -11.34 -17.88 to -4.80
Right hip extension (°) 26.1+89 29.5+10.4 -3.59 -9.27 to 2.08
Left hip extension (°) 25.7+9.1 28.2+9.7 -1.36 -6.06 to 3.33
Right hip abduction (°) 26375 34.8 8.2 -8.70 -13.27 to -4.14
Left hip abduction (°) 27.6 £9.0 32.4+10.3 -8.11 -13.54 to -2.69

This table summarizes sex differences in hip ROM using mean values, mean differences (men - women),
and 95% confidence intervals (CI). Positive values indicate higher ROM in men, whereas negative values
indicate higher ROM in women. Inferential test statistics and exact p-values are not reported due to the
unavailability of the original individual-level dataset; therefore, effect estimation and confidence
intervals are provided to describe the magnitude and direction of the observed differences.

Bars represent mean values + standard deviation for men and women. Women showed higher mean
values for hip flexion and abduction compared with men, whereas hip extension values were similar
between sexes. These visual patterns are consistent with the mean differences and 95% confidence
intervals reported in Table 2.

Figure 1. Sex differences in hip ROM.
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Discussion

The present study examined the relationship between SB and hip ROM in Chilean university students,
with a focus on sex-based differences. Consistent with the initial hypothesis, our findings revealed (i) no
meaningful correlation between self-reported sedentary time and hip ROM, and (ii) significantly greater
hip flexion and abduction in women compared to men, while hip extension remained similar between

sexes. These results align with prior literature describing sex-related disparities in joint mobility and
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extend the evidence base by addressing a population that has been largely overlooked in mobility-
focused research: young, apparently healthy university students.

The SB observed in this student population, with an average of 691 minutes per day, significantly
exceeds the levels reported in the literature for this vulnerable demographic. University students tend
to exhibit elevated levels of inactivity, leading to their classification as a high-risk group (Castro et al.,
2020; Peterson et al,, 2018). This extended sitting time is a direct byproduct of academic demands, as
the average out-of-class study time reported elsewhere as 4.6 hours daily is significantly associated with
back pain (Curotto-Winder et al., 2022). The figure of 691 min/day (approximately 11.5 hours) far
exceeds earlier estimates of 437 minutes per day for higher education students (Castro et al., 2020).

The average 691 minutes/day of sedentary time in our study notably surpasses that reported in other
student populations, such as in Slovakia, where daily sedentary time averaged 397.1 minutes (Junger et
al., 2025). Although our study did not find a correlation between SB and Range of Motion (ROM),
prolonged physical inactivity remains concerning due to its established association with
musculoskeletal health. Cross-sectional research has shown that accumulating more than 8 hours of
sitting per day increases the risk of back pain by 37.2% (Bontrup et al., 2019). This reinforces the
ergonomic hypothesis that prolonged static posture is harmful and suggests that musculoskeletal
fatigue or pain may be earlier indicators of sedentary harm than overt ROM limitations.

The sex-based differences observed greater hip flexion and abduction ROM in women must be
understood considering known gender disparities in physical activity and posture. Literature
consistently reports higher sedentary time in female students than males, with averages of 420 min/day
vs. 360 min/day in Latin American cohorts (Herreros-Irarrazabal et al., 2024). Women also show higher
fatigue and more pronounced lumbar lordosis, as well as a higher trunk extensor/flexor ratio (0.92 *
0.2), indicating that lumbar extensors are more fatigued while maintaining spinal stability (Marijanci¢
et al., 2025). These structural and neuromuscular characteristics likely contribute to the observed sex
differences in ROM.

Methodologically, the quantification of SB using self-reported questionnaires (like the IPAQ), which
yielded an average of 691 min/day, must acknowledge potential memory bias that may lead to over- or
underestimation of inactivity (Schaller et al., 2016). Still, these results align with trends seen in other
student populations; for instance, British cohorts reported a median of 8 hours of sitting on weekdays
(Roberts et al., 2024). Combining self-reported SB with objective physical measures (ROM) adds value,
especially considering that accelerometer-based assessments in young adult’s report even higher SB
levels up to 10 hours/day (Peterson et al.,, 2018).

The high SB levels (691 min/day) are particularly relevant during the transition to university life period
during which behavior patterns often solidify into adulthood (van Sluijs et al., 2021). SB prevalence is
influenced by academic year: medical students in their first-year report significantly more SB (485
min/day) than those in final years (330 min/day), likely due to increased physical activity during clinical
internships (Herreros-Irarrazabal et al., 2024). Thus, academic structure, particularly in programs
requiring long seated study hours is a key determinant of inactivity among students.

Given that 691 min/day of SB constitutes an independent health risk, practical implications should focus
on interrupting prolonged sitting. Each additional hour of sitting increases the likelihood of back pain
by 4.7% (Curotto-Winder et al., 2022). University strategies to reduce sitting time such as screen-time
limits or standing desks have shown effectiveness like combined interventions with diet in improving
BMI (Liao et al., 2014; Manini et al,, 2015). Future research should employ longitudinal designs and
objective measures to explore causality and track long-term musculoskeletal consequences (Roberts et
al,, 2024).

Conclusions

___________________________________________________________________________________________________________________________|
The findings of this study are highly consistent with the existing literature regarding the elevated levels
of SB in university students, with 691 minutes per day of sitting, which exceeds the 8-hour threshold
often linked to adverse health outcomes. The inconsistency lies in the lack of a correlation between this
high level of SB and range of motion (ROM), suggesting that other mediating factors, such as
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musculoskeletal fatigue or pain, may play a more significant role in influencing musculoskeletal health
than ROM alone.

There remain significant gaps in the research, particularly the need for longitudinal studies that employ
objective measures, such as accelerometers, to better understand the causal relationships between the
duration and patterns of SB and long-term changes in joint mobility and overall musculoskeletal
function. The findings also underscore the importance of designing interventions tailored to university
students, especially during the critical transition period, to mitigate the long-term risks associated with
SB and maintain musculoskeletal health.
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