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Centro de Investigação em Reabilitação (CIR), Escola Superior de Saúde, Politécnico do Porto, Rua Doutor António Bernardino de Almei-da 400, 4200-072 Porto, Portugal






6



Department of Sports Sciences, Instituto Politécnico de Bragança, 5300-253 Bragança, Portugal






7



Research Centre for Active Living and Wellbeing (Livewell), Instituto Politécnico de Bragança, 5300-253 Bragança, Portugal






8



Faculty of Physical Activity and Sports Sciences, Institute of Biomedicine (IBIOMED), Universidad de León, 24007 León, Spain






9



Faculty of Sport and CIFI2D, University of Porto, 4200-450 Porto, Portugal






10



Faculdade de Ciências da Saúde, Universidade Fernando Pessoa, Praça 9 de Abril 349, 4249-004 Porto, Portugal









*



Correspondence: mmonteiro@ipb.pt







Citation: Lumini, J.; Hedirian, B.; Fonseca, P.; Ribeiro, A.; Schneider, A.C.; Monteiro, A.M.; Vilas-Boas, J.P. 3D Analysis of the Initial and End Positions of an Active and Passive Prone Hip Extension Test and Its Correlation with Lower Limb Isokinetic Neuromuscular Function of College Students: A Pilot Study. Appl. Sci. 2025, 15, 12735. https://doi.org/10.3390/app152312735



Academic Editor: Arkady Voloshin



Received: 7 November 2025 / Revised: 25 November 2025 / Accepted: 27 November 2025 / Published: 1 December 2025



Abstract


Introduction: Manual therapists routinely evaluate changes in pain, movement, and function through clinical tests that support clinical reasoning. The Prone Hip Extension Test (PHET) is commonly used as a self-perturbation task to assess lumbopelvic control and hip motion patterns related to gait. Performing the PHET actively and passively may reveal how voluntary activation and passive structures influence joint kinematics and contribute to force production. This study aimed to compare active and passive PHET execution and investigate how initial (IP) and final hip positions (FP) correlate with lower-limb neuromuscular function. Methods: Seven healthy volunteers (24.3 ± 3.4 years; 173.1 ± 7.5 cm; 72.1 ± 9.5 kg) without musculoskeletal conditions participated. Hip kinematics were recorded using a 12-camera Qualisys Oqus system (200 Hz) with 22 reflective markers, processed in Qualisys Track Manager 2.13 and exported to Visual3D. Participants performed three PHET trials in both IP and FP, with mean an-gles considered for analysis. Knee isokinetic performance was assessed on a Biodex System 4 at 180°/s and 300°/s for flexion and extension. Results: Significant differences between active and passive PHET emerged in the FP for rotational movements bilaterally (p = 0.02) and in IP adduction/abduction for both hips (right p = 0.03; left p = 0.02). No side-to-side differences were observed. Passive FP of the right hip showed multiple significant correlations with isokinetic flexion and extension parameters at 180°/s and 300°/s, particularly with torque/body weight, acceleration and deceleration times, and agonist/antagonist ratios (ρ ranging from −0.86 to 0.90). Conclusions: Meaningful differences exist between active and passive PHET performance, especially in frontal-plane IP and rotational FP measures. Additionally, passive FP strongly correlates with several neuromuscular variables, suggesting that PHET kinematics may reflect lower-limb isokinetic function.
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1. Introduction


Clinical screening tests play a significant role in the rapid assessment of individuals in the day-to-day clinical practice of manual therapists. Although clinical tests are routinely taught and evaluated in physical therapy, the development and validation of standardized assessment methodologies is still far from complete. The prone hip (leg) extension test (PHET) has been widely used for decades as a self-perturbation task to evaluate the stability and function of the lumbopelvic region, as well as to simulate the muscle recruitment pattern of hip extension during gait [1,2,3]. It has been considered a test with good reliability for detecting deviations of the lumbar spine [4], showing substantial inter-rater agreement [5], and high specificity, albeit poor sensitivity [6].



Janda suggested that imbalances between phasic and tonic skeletal muscles may result in a “functional pathology of the motor system,” associated with changes in movement patterns and motor regulation [1]. These alterations can be observed through the performance of functional tests [2]. Such muscular imbalances can lead to dysfunctions of the musculoskeletal system and are also associated with changes in both the musculoskeletal and nervous systems, a perspective also supported by Sahrmann [3]. Although research has mainly focused on the sequence of muscle recruitment patterns—with no clear consensus to date [4,7,8,9,10]—rather than on kinematics, some authors have reported kinematic differences. For example, Arab et al. [11], observed differences in lumbar lordosis angle between patients with and without low back pain. Moreover, the clinical usefulness of the test has been proposed to extend beyond muscle recruitment patterns or kinematics alone: patients perceived “difficulty” in performing the task has been suggested as a clinical indicator of dysfunctional neuromuscular control in individuals with low back pain [6].



The PHET, as originally described by Janda et al. [2], has been modified over time with variations in initial and final joint positions. Initial positions have ranged from the classical neutral position [2,6,7,10,11,12,13], to 30° of hip flexion returning to neutral [4,14]. End positions have also varied from neutral [4], to fixed distances such as 15.4 cm [9,10], and 20 cm above the table [6], as well as to each individual’s maximum hip extension range of motion (ROM) [13], sometimes with added knee flexion to control lumbar lordosis [11].



The evolution of the PHET protocol reflects attempts by researchers and clinicians to obtain more detailed information from the test and to adapt it to different clinical settings. To compare the influence of active and passive elements on movement kinematics—which can affect not only joint flexibility but also force production—we administered the test both actively and passively through the full hip extension ROM of each participant, while minimizing trunk compensation. Therefore, the purpose of this study was to examine the differences between active and passive PHET and to investigate how the initial and final hip positions in active and passive conditions correlate with the neuromuscular function of the lower limb.




2. Materials and Methods


2.1. Ethics


All procedures were approved by the Ethics Committee of Fernando Pessoa University. All participants were volunteers and signed a written informed consent, which described the objectives, procedures, and potential risks of the study. They were guaranteed the right to withdraw at any time, anonymity throughout the process in accordance with the Declaration of Helsinki [15]. Upon completing the assessment, participants were informed of any relevant findings. All procedures were non-invasive and carried no foreseeable risks.




2.2. Sample


Seven healthy volunteers (two females and five males), aged 18–33 years (24.3 ± 3.4 years; 173.1 ± 7.5 cm; 72.1 ± 9.5 kg), all with right-leg dominance, were included. Participants were excluded if they had a history of central nervous system or neuromuscular disorders, as such conditions could affect lower-limb neuromuscular function [4]. Additional exclusion criteria included current lower-extremity injury, hip or back pain, or a history of hip or lumbar symptoms lasting more than one week in the previous five years, in accordance with Nygren et al. [16]. Pain during active straight-leg raise or during passive hip flexion combined with adduction and medial rotation also led to exclusion. Participants were not taking medication at the time of testing [16] and refrained from intense physical activity prior to assessment [17].



This pilot study intentionally employed a small sample size, consistent with the exploratory goals of preliminary biomechanical research. Previous pilot studies in 3D motion analysis have used similarly small samples to refine protocols, assess variability, and support power estimations for larger trials [18,19]. Thus, a sample of seven participants was deemed appropriate for the methodological aims of this investigation.




2.3. Procedures


Participants first completed a screening questionnaire collecting personal information, training history, and anthropometric characteristics. They were instructed to wear flexible clothing to prevent movement restriction during testing.



Lower-limb kinematics were recorded using 12 Qualisys Oqus motion-capture cameras (Qualisys AB, Gothenburg, Sweden) operating at 200 Hz. Twenty-two reflective markers were placed following the Porto Biomechanics Laboratory (LABIOMEP-UP) protocol [20], which ensures high accuracy and minimizes tracking errors. The test was performed on a rigid, stable surface equipped with four fixed reference markers to maintain calibration integrity. The 12-camera Qualisys Oqus system (Qualisys AB, Gothenburg, Sweden), was set up in a biomechanics laboratory following Qualisys guidelines for gait and lower-limb analysis, with cameras mounted on walls at heights of 2.6–3 m in a configuration providing ≥4-camera overlap in a calibrated volume of approximately 4 × 3 × 2.5 m.



Twenty retroreflective markers were affixed with double sided tape to relevant anatomical landmarks on both lower limbs to define the pelvis and lower extremities by an experienced physical therapist with more than 20 years of clinical practice. These landmarks included the anterior and posterior superior iliac spines, greater trochanter, lateral and medial femoral condyles, lateral and medial malleoli, medial aspect of the first metatarsal head, dorsal aspect of the third metatarsal head, and lateral aspect of the fifth metatarsal head. In addition, a three-marker cluster mounted on a carbon fibre plate was positioned on the anterior aspect of each thigh and secured with adhesive tape (e.g., Elastoplast) and supported by compression mesh. At the pelvis, markers were offset using rigid rods attached to an adjustable belt, as shown in Figure 1. This configuration ensured optimal optical detection by the cameras, thereby enabling accurate modelling of pelvic motion.



High-end stereophotogrammetric systems such as the 12-camera Qualisys Oqus (Qualisys AB, Gothenburg, Sweden) configuration used in this study typically achieve sub-millimetre to low-millimetre spatial accuracy, with excellent test–retest repeatability and reproducibility of kinematic measurements under standard laboratory conditions when appropriate calibration and marker protocols are followed [21,22,23,24,25].



All markers were placed by two experienced researchers trained in biomechanical assessment and certified in LABIOMEP-UP motion-capture procedures, each with over five years of experience in 3D kinematic data collection.




2.4. Data Processing


Qualisys Track Manager 2.13 (Qualisys AB, Gothenburg, Sweden) was used to capture and identify marker trajectories along the x, y, and z axes [26]. Subsequent data processing was conducted in Visual3D v6.00.16 (C Motion, Inc., Germantown, MD, USA), which enabled the construction of a kinematic model composed of rigid bodies with six degrees of freedom. The pelvis was modeled according to the CODA convention, which incorporates approximately 20° of anteversion in the anatomical position. The angle sign convention was defined as follows:




	
X: (+) flexion/(–) extension



	
Y: (+) adduction/(–) abduction



	
Z: (+) internal rotation/(–) external rotation








Data were then exported to Visual3D for kinematic modelling, using a standardized pelvic reference of 20° anterior tilt as the initial neutral alignment.



All participants completed both active and passive versions of the PHET in randomized order, following procedures adapted from Vogt [13].




2.5. PHET Protocol


Each participant performed both active and passive PHETs in a randomized order, following the protocol described by Vogt [13], with the exception that neutral hip rotation was not controlled. Each condition was repeated at least three times. Additional repetitions were performed if trials were invalidated due to technical issues or trunk compensation. The average values of the initial position (IP) and final position (FP) were used for analysis but without strict control for neutral hip rotation. Each test was repeated at least three times, with additional trials performed when technical issues arose or when compensatory trunk motion was observed. The PHET has demonstrated substantial inter-rater agreement (κ = 0.76, 95% CI = 0.57–0.95, p < 0.001) for identifying the presence or absence of specific abnormal lumbopelvic movement patterns [6]. Reported sensitivity ranges from 0.18 to 0.27, with specificity values also documented. Mean values for initial position (IP) and final position (FP) were used for analysis.




2.6. Isokinetic Assessment


Participants performed a 5-min warm-up at a self-selected jogging pace before testing. Isokinetic knee strength was assessed using a Biodex System 4 Pro dynamometer (Biodex Medical Systems, Shirley, NY, USA) at two angular velocities: 180°/s and 300°/s, following established procedures [27]. The system automatically calculated:




	
Peak torque normalized to body weight



	
Time to peak torque



	
Acceleration and deceleration times



	
Flexor/extensor agonist–antagonist ratios









2.7. Statistics


Statistical analyses were performed using IBM SPSS Statistics, version 22 (IBM Corp., Armonk, NY, USA). Normality and homogeneity tests indicated a non-normal distribution; therefore, non-parametric methods were applied.



The Wilcoxon signed-rank test was used to compare the initial and final hip positions in active and passive PHET, as well as to compare right and left sides. Subsequently, Spearman’s rank correlation coefficient was calculated to examine the relationships between kinematic variables and isokinetic parameters for flexion and extension at 180°/s and 300°/s. Correlation strengths were classified according to Chan [28].





3. Results


For this study, a sample composed of 7 healthy college students of both genders (2 females and 5 males) was selected. All subjects expressed right lower limb dominance. Anthropometric characteristics regarding age, height and weight are expressed in Table 1.



The comparison between right and left limbs, whether performed actively or passively, showed no statistically significant differences between dominant and non-dominant limbs actively, with increased abduction and internal rotation in the active test, in the initial positions for right and left legs for adduction/abduction and internal/external rotation for both the initial and final position on the right and for the final on the left leg as shown in Table 2.



When comparing the difference between the tests performed actively or passively, significant statistical differences were observed only in the FP for rotational movements in both left and right hips and for IP on the right. Significant differences were also observed for the IP in the adduction/abduction movements of the right and left hips. The initial position of the right and left hip in both active and passive tests was in abduction. The FP for the right hip in the active test was external rotation while the FP for the passive test was internal rotation.



Isokinetic variables were correlated with initial and final hip positions in order to understand if initial and final hip positions in the parasagittal plane could influence lower limb neuromuscular functional parameters at different isokinetic speeds (Table 3, Table 4, Table 5 and Table 6).



The analysis of leg flexion parameters at 180°/s towards flexion showed a significant correlation with the right hip final position in the passive PHET for all parameters except for time to peak torque (Table 3). Correlations were negative for all parameters except for deceleration, which was positive. All correlations were very strong except for peak torque/body weight which was moderate.



The final position extension ROM was greater in the passive test than in the active form of the PHET (Table 2).



When we look at the data for extension at 180°/s, all isokinetic parameters showed significant correlations with right hip final position in the passive PHET (Table 4). Peak torque/body weight, acceleration and agonist/antagonist ratio showed a moderate negative correlation of ρ = −0.75 while time to peak torque and deceleration time showed a positive very strong correlation of, respectively, ρ = 0.81 and 0.90.



Data for higher speeds, which have a higher representation in the real-world activities, at 300°/s towards flexion, only show significant correlations with passive FP of the right hip PHET with the acceleration and deceleration times. Negative for acceleration ρ = −0.82 and positive for deceleration ρ = 0.90 (Table 5). Initial position for time to peak torque also showed a moderate negative correlation of ρ = −0.75.



The results for 300°/s towards extension (Table 6) show significant correlations for all the parameters, except for peak torque/body weight extension, with the FP in extension of the right passive PHET. These correlations are positive and very strong for time to peak torque and deceleration time, with ρ values of 1 and 0.95, respectively. Negative significant moderate correlations are observed for acceleration (−0.75) and agonist/antagonist ratio (ρ = −0.79). Regarding IP, significant strong correlations are observed with IP for passive PHET on the left hip deceleration time (−0.84).



When hip position in the frontal plane (adduction/abduction) is analysed at 180°/s towards flexion, only the right hip FP passive is significantly positive correlated with deceleration time towards flexion with a ρ = 0.82 (Table 7).



Additional correlations were observed when hip position in the frontal plane (adduction/abduction) was analysed (Table 8). Correlations are found, similar to hip position in the para-sagittal plane, for the dominant right leg in the active test for the IP and FP for time to peak torque (ρ = 0.81, p = 0.03/ρ = 0.78, p =0.04), deceleration time for extension (ρ = 0.90, p = 0.01/ρ = 0.90; p = 0.01), as well for the passive test, FP peak torque (ρ = 0.81, p = 0.03) and IP as well as FP, for deceleration time for extension (ρ = 0.77, p = 0.04/ρ = 0.88; p = 0.01). The left hip active FP also showed a negative correlation for deceleration time for extension (ρ = −0.76, p = 0.05).



The same analyses of hip position in the frontal plane at 300°/s towards flexion (Table 9) showed a negative correlation in the active IP of the left hip (ρ = −0.81, p = 0.03) and in the passive IP of the right hip for deceleration time for flexion (ρ = 0.81, p = 0.03).



When hip position in the frontal plane at 300°/s towards extension is analysed (Table 10), only the passive test showed any correlation of isokinetic variables with hip position in the frontal plane in the IP and FP for time to peak torque for flexion (ρ = 0.86, p = 0.01/ρ = 0.79, p = 0.04), for the right hip and deceleration time flex for the left hip (ρ = −0.83, p = 0.02).




4. Discussion


The objective of this research was twofold: first, to examine the differences between active and passive PHET; and second, to determine how the initial and final hip positions in both active and passive tests correlate with lower limb neuromuscular function.



Functionally, these correlations suggest that passive hip alignment reflects underlying neuromechanical constraints such as passive tension, eccentric control capacity, and torque-production timing. Because passive PHET removes voluntary motor strategies, it may more accurately represent the structural and mechanical characteristics that influence isokinetic performance.



Manual therapists routinely evaluate their patients by assessing changes in movement. Correlating these observed changes with physical performance measures (PPMs)—often referred to in the literature as functional tests—enables clinicians to identify or predict specific functional characteristics following injury, estimate fall risk, and assess sports performance or injury potential [29].



Regarding the first objective, no differences were observed between the right and left hips in either the active or passive PHET. Consequently, laterality did not appear to influence the initial position (IP) or final position (FP) in the test. The literature has at times been inconsistent regarding laterality, as several studies have reported asymmetries in various skills, strength profiles, and sport-specific adaptations across different athletic populations [30,31,32,33]. A systematic review by McGrath et al. [34], reported pooled symmetry ranging from 94.6% to 99.6% across tests, well above the commonly accepted clinical benchmark of 90%, though the sample was biased toward one gender and consisted of asymptomatic individuals. Similar findings were reported by De Lang et al. [35], in soccer players. When significant imbalances are present, they tend to be associated with pathology in areas such as the groin [36], patella [37], and low back [38,39]. The results of the present study are therefore consistent with the literature, given that the sample comprised young, asymptomatic college students with minimal sports participation, unlikely to exhibit notable asymmetries or injuries as described by Velotta, Weyer, and Bahamonde [40].



When comparing active and passive tests across all rotational axes, significant differences were observed only in the frontal plane hip initial position for both right and left limbs, suggesting that lower limb positioning differs depending on whether the movement is performed actively by the participant or passively by the therapist. The same was noted for external rotation of the right limb. In some instances, values were higher (e.g., right passive abduction), while in others they were lower (e.g., left passive abduction and internal rotation on the left versus external rotation performed actively), indicating considerable variability that correlated with only a few neuromuscular parameters. Regarding the final position, only rotational position showed significant differences, particularly when the test was administered by the therapist, seemingly correcting the excessive external rotation observed during active performance. The PHET has demonstrated good reliability in detecting lumbar spine deviation from the midline [5], and produces lumbopelvic rotation during active limb movement [41].



These findings may explain the excess external rotation during active testing, in contrast to the internal rotation observed during passive testing, where motor control effects are mitigated by therapist correction.



Few studies in the literature have explored the PHET in terms of movement execution. Most have focused on motor control and low back pain, and to our knowledge, none have examined the relationship between initial and final hip positions and isokinetic neuromuscular variables.



To investigate the potential influence of the rectus femoris and hamstrings—both multiarticular muscles—on lower limb motion and function, knee isokinetic parameters were correlated with hip IP and FP in the sagittal and frontal planes at intermediate (180°/s) and higher (300°/s) isokinetic speeds. Impaired quadriceps function following aerobic exercise has been observed in individuals with recurrent low back pain and healthy knee joints, likely due to a central mechanism arising from poor strength and endurance in spinal musculature [42]. This may result in repetitive lumbopelvic rotation during active limb movements, a factor implicated in low back pain [41], and potentially contributing to the frontal plane differences observed here.



Data revealed that at 180°/s, for both extension and flexion, nearly all variables on the right (dominant) side FP showed positive correlations, with the exception of time to peak torque during flexion. Correlations were positive for all variables except acceleration time and agonist-to-antagonist ratio (for both flexion and extension) and peak torque normalized to body weight during extension. At 300°/s during flexion, only acceleration time (negative) and deceleration time (positive) showed significant correlations, whereas during extension, all variables in the passive right PHET were correlated except peak torque normalized to body weight.



Despite the emphasis typically placed on motor control [5,13,43]—where the hamstrings, particularly biceps femoris, have been documented to activate before gluteus maximus in 83% of subjects [8], consistent with findings from other authors [10,43]—our data primarily showed correlations between isokinetic variables and the passive PHET in the right dominant limb. This suggests an important role for passive insufficiency in determining the final position of the PHET, regardless of movement speed.



In the frontal plane, deceleration time was the parameter most consistently associated with significant correlations. At 180°/s during flexion in the passive test of the right limb, and during extension with both IP and FP of the hip (active and passive), significant correlations were observed, as well as with FP in the active test of the left limb. Active and passive hip position in the frontal plane also correlated significantly with time to peak torque, including the IP of the active test at 180°/s. This may partially explain the frontal plane findings, particularly the correlation between FP of the hip and the active right (dominant) limb when compared with isokinetic variables associated with neuromuscular control of agonist-antagonist muscle groups, such as time to peak torque during extension and deceleration time, where significant changes were evident in both IP and FP.



At 300°/s during flexion in the frontal plane, results were less consistent, with the only correlations observed being peak torque normalized to body weight with the IP of the active test on the left, and deceleration time with the passive test on the right. At the same speed during extension, the passive test showed significant correlations with both IP and FP on the right, as well as between FP in the passive test on the left and deceleration time. At higher speeds, the isokinetic component of movement is reduced, which may account for the decreased number of neuromuscular variables correlated with hip IP and FP during the PHET.



Limitations


The PHET is assumed to reflect the muscle recruitment pattern of the hip during functional tasks such as the mid-to-late stance phase of walking and running. The hypothesis that it may influence neuromuscular function of the knee is plausible but requires further investigation. The sample size in this study was limited, and future research should include larger, more diverse samples encompassing both sexes and varying limb dominance profiles. Pelvic rotation should be assessed during initial evaluation to determine whether it influences initial and final PHET positions and whether it correlates with isokinetic neuromuscular function.





5. Conclusions


Significant differences were found between active and passive PHET for frontal plane initial hip position and for final rotational position in both limbs. Although no significant differences were observed in the sagittal plane, the final hip position during the passive PHET showed significant correlations with isokinetic neuromuscular parameters for both flexion and extension at 180°/s, and with fewer variables at 300°/s. These findings suggest a greater contribution of passive elements and indicate that the passive PHET may be useful for assessing neuromuscular function.
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Figure 1. Representation of the lower-limb experimental marker setup used in this study. 
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Table 1. Subjects’ anthropometric data.






Table 1. Subjects’ anthropometric data.





	
Number of Subjects

	

	
Age

	
Height (m)

	
Weight (kg)




	
Male

	
Female

	

	
Mean ± s.d.

	
Mean ± s.d.

	
Mean ± s.d.






	
5

	

	
2

	
24.3 ± 3.4

	
173.1 ± 7.5

	
72.1 ± 9.5








Note: Values expressed as mean ± standard deviation (s.d.).













 





Table 2. Comparison of initial and final hip positions in active and passive PHET.
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Ext/Flex

	
Add/Abd

	
IR/ER




	

	

	
Active

	
Passive

	
p

	
Active

	
Passive

	
p

	
Active

	
Passive

	
p






	
Right

	
IP

	
23.3 (31.3)

	
13.1 (14.6)

	
0.61

	
−4.1 (3.8)

	
6.2 (9.7)

	
0.03 *

	
23.9 (40.2)

	
6.6 (28.3)

	
0.02 *




	
FP

	
31.8 (6.0)

	
34.1 (6.6)

	
0.87

	
−3.6 (7.8)

	
−8.6 (7.9)

	
0.13

	
−25.7 (29.9)

	
1.9 (32.6)

	
0.02 *




	
Left

	
IP

	
12.0 (29.9)

	
18.7 (10.7)

	
0.61

	
−7.5 (6.1)

	
−4.3 (7.0)

	
0.02 *

	
−12.4 (26.7)

	
10.8 (27.4)

	
0.09




	
FP

	
29.1 (10.2)

	
32.3 (11.9)

	
0.61

	
10.6 (5.9)

	
9.5 (5.8)

	
0.35

	
20.7 (18.9)

	
−0.7 (23.8)

	
0.02 *




	
Left vs. Right IP

	
p

	
0.61

	
0.40

	
-

	
0.09

	
0.61

	
-

	
0.31

	
0.74

	
-




	
Left vs. Right FP

	
p

	
0.87

	
0.87

	
-

	
0.18

	
0.50

	
-

	
0.40

	
0.61

	
-








Note: Values are expressed in degrees and in the form of median (interquartile range (IR)). It was considered: (+) flexion/(−) extension; (+) adduction/(−) abduction; (+) internal rotation/(−) external rotation. Extension (Ext); Flexion (Flex); Adduction (Add); Abduction (Abd); Internal Rotation (IR); External Rotation (ER); Final Position (FP); Initial Position (IP). * Values statistically significant for p ≤ 0.05.













 





Table 3. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the para-sagittal plane and the isokinetic neuromuscular function towards flexion at 180°/s.
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Peak Torque/BW Flex (%)

	
Time to Peak Torque Flex (ms)

	
Acceleration Time Flex (ms)

	
Deceleration Time Flex (ms)

	
Agonist/

Antagonist

Ratio (%)






	
Active

	
Right

	
Median (IR)

	
101.6 (30.6)

	
530 (250)

	
140.4 (89.5)

	
60.0 (10.0)

	
71.8 (41.4)




	
IP

	
ρ

	
−0.04

	
−0.43

	
−0.07

	
−0.04

	
−0.07




	
p

	
0.94

	
0.34

	
0.88

	
0.94

	
0.88




	
FP

	
ρ

	
−0.25

	
0.21

	
−0.54

	
0.36

	
−0.54




	
p

	
0.59

	
0.65

	
0.22

	
0.43

	
0.22




	
Left

	
Median (IR)

	
97.5 (20.6)

	
290 (130)

	
146.3 (65.2)

	
60.0 (30.0)

	
69.1 (16.7)




	
IP

	
ρ

	
−0.11

	
0.25

	
−0.07

	
0.59

	
−0.07




	
p

	
0.82

	
0.59

	
0.88

	
0.16

	
0.88




	
FP

	
ρ

	
0.13

	
−0.05

	
−0.02

	
0.30

	
−0.02




	
p

	
0.79

	
0.91

	
0.97

	
0.52

	
0.97




	
Passive

	
Right

	
IP

	
ρ

	
0.50

	
−0.22

	
0.27

	
−0.35

	
0.27




	
p

	
0.25

	
0.64

	
0.56

	
0.44

	
0.56




	
FP

	
ρ

	
−0.79

	
0.54

	
−0.86

	
0.95

	
−0.86




	
p

	
0.04 *

	
0.22

	
0.01 *

	
0.00 *

	
0.01 *




	

	
IP

	
ρ

	
−0.58

	
0.51

	
−0.13

	
0.40

	
−0.13




	
Left

	
p

	
0.17

	
0.24

	
0.79

	
0.38

	
0.79




	
FP

	
ρ

	
−0.07

	
0.11

	
−0.07

	
0.30

	
−0.07




	
p

	
0.88

	
0.82

	
0.88

	
0.52

	
0.88








Note: Values expressed in the form of median (interquartile range (IR)). Final Position (FP); Initial Position (IP); Body Weight (BW); Flexion (Flex). * Values statistically significant for p ≤ 0.05.













 





Table 4. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the para-sagittal plane and the isokinetic neuromuscular function towards extension at 180°/s.
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Peak Torque/BW Ext (%)

	
Time to Peak Torque Ext (ms)

	
Acceleration Time Ext (ms)

	
Deceleration Time Ext (ms)

	
Agonist/Antagonist Ratio (%)






	
Active

	

	
Median (IR)

	
189.6 (54.2)

	
190 (100)

	
246.9 (126.5)

	
40 (30)

	
128.5 (65.1)




	
Right

	
IP

	
ρ

	
0.18

	
0.41

	
0.18

	
0.36

	
0.18




	
p

	
0.70

	
0.36

	
0.70

	
0.43

	
0.70




	
FP

	
ρ

	
−0.46

	
0.52

	
−0.46

	
0.60

	
−0.46




	
p

	
0.29

	
0.23

	
0.29

	
0.16

	
0.29




	

	
Median (IR)

	
183.1 (67.2)

	
190 (50)

	
249.7 (123.6)

	
40.0 (10.0)

	
124.7 (64.9)




	

	
IP

	
ρ

	
0.04

	
0.06

	
0.04

	
−0.04

	
0.04




	
Left

	
p

	
0.94

	
0.90

	
0.94

	
0.94

	
0.94




	
FP

	
ρ

	
0.02

	
−0.21

	
0.02

	
0.11

	
0.02




	
p

	
0.97

	
0.66

	
0.97

	
0.81

	
0.97




	
Passive

	
Right

	
IP

	
ρ

	
0.16

	
−0.49

	
0.16

	
−0.37

	
0.16




	
p

	
0.73

	
0.26

	
0.73

	
0.42

	
0.73




	
FP

	
ρ

	
−0.75

	
0.81

	
−0.75

	
0.90

	
−0.75




	
p

	
0.05 *

	
0.03 *

	
0.05 *

	
0.01 *

	
0.05 *




	

	
IP

	
ρ

	
0.40

	
0.02

	
0.40

	
−0.45

	
0.40




	
Left

	
p

	
0.37

	
0.97

	
0.37

	
0.31

	
0.37




	
FP

	
ρ

	
−0.12

	
0.09

	
−0.11

	
0.11

	
−0.11




	
p

	
0.82

	
0.84

	
0.82

	
0.81

	
0.82








Note: Values expressed in the form of median (interquartile range (IR)). Final Position (FP); Initial Position (IP); Body Weight (BW); Extension (Ext). * Values statistically significant for p ≤ 0.05.













 





Table 5. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the para-sagittal plane and the isokinetic neuromuscular function towards flexion at 300°/s.






Table 5. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the para-sagittal plane and the isokinetic neuromuscular function towards flexion at 300°/s.





	

	
Peak Torque/BW Flex (%)

	
Time to Peak Torque Flex (ms)

	
Acceleration Time Flex (ms)

	
Deceleration Time Flex (ms)

	
Agonist/Antagonist Ratio (%)






	
Active

	

	
Median (IR)

	
97.7 (8.4)

	
380.0 (50.0)

	
152.2 (93.7)

	
110.0 (50.0)

	
66.3 (16.5)




	
Right

	
IP

	
ρ

	
−0.14

	
0.38

	
−0.21

	
0.40

	
0.14




	
p

	
0.76

	
0.40

	
0.64

	
0.37

	
0.76




	
FP

	
ρ

	
−0.07

	
0.20

	
−0.43

	
0.44

	
−0.36




	
p

	
0.88

	
0.67

	
0.34

	
0.32

	
0.43




	

	
Median (IR)

	
93.7 (20.0)

	
360.0 (60.0)

	
154.3 (74.6)

	
100.0 (50.0)

	
61.5 (22.0)




	

	
IP

	
ρ

	
−0.25

	
0.22

	
−0.21

	
0.67

	
0.00




	
Left

	
p

	
0.59

	
0.64

	
0.64

	
0.10

	
1.00




	
FP

	
ρ

	
0.29

	
0.02

	
−0.02

	
0.44

	
0.27




	
p

	
0.53

	
0.97

	
0.97

	
0.32

	
0.56




	
Passive

	
Right

	
IP

	
ρ

	
0.13

	
−0.75

	
0.45

	
−0.32

	
0.27




	
p

	
0.79

	
0.05 *

	
0.31

	
0.48

	
0.56




	
FP

	
ρ

	
0.25

	
0.66

	
−0.82

	
0.90

	
−0.61




	
p

	
0.56

	
0.11

	
0.02 *

	
0.00 *

	
0.15




	

	
IP

	
ρ

	
−0.29

	
0.03

	
−0.13

	
0.17

	
0.20




	
Left

	
p

	
0.53

	
0.95

	
0.79

	
0.71

	
0.67




	
FP

	
ρ

	
0.11

	
−0.11

	
−0.25

	
0.38

	
−0.14




	
p

	
0.82

	
0.82

	
0.59

	
0.40

	
0.76








Note: Values expressed in the form of median (interquartile range (IR)). Final Position (FP); Initial Position (IP); Body Weight (BW); Flexion (Flex). * Values statistically significant for p ≤ 0.05.













 





Table 6. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the para-sagittal plane and the isokinetic neuromuscular function towards extension at 300°/s.






Table 6. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the para-sagittal plane and the isokinetic neuromuscular function towards extension at 300°/s.





	

	
Peak Torque/BW Ext (%)

	
Time to Peak Torque Ext (ms)

	
Acceleration Time Ext (ms)

	
Deceleration Time Ext (ms)

	
Agonist/Antagonist Ratio (%)






	
Active

	

	
Median (IR)

	
155.8 (42.6)

	
130.0 (50.0)

	
305.9 (163.3)

	
60.0 (40.0)

	
104.7 (50.7)




	
Right

	
IP

	
ρ

	
0.21

	
0.14

	
0.11

	
0.08

	
0.14




	
p

	
0.64

	
0.76

	
0.82

	
0.87

	
0.76




	
FP

	
ρ

	
−0.32

	
0.46

	
−0.50

	
0.32

	
−0.39




	
p

	
0.48

	
0.29

	
0.25

	
0.49

	
0.38




	

	
Median (IR)

	
133.8 (51.6)

	
140.0 (10.0)

	
269.7 (136.5)

	
60.0 (30.0)

	
92.7 (48.9)




	

	
IP

	
ρ

	
0.04

	
−0.22

	
0.04

	
−0.42

	
0.04




	
Left

	
p

	
0.94

	
0.63

	
0.94

	
0.34

	
0.94




	
FP

	
ρ

	
0.11

	
−0.22

	
0.02

	
−0.37

	
−0.02




	
p

	
0.82

	
0.64

	
0.97

	
0.41

	
0.97




	
Passive

	
Right

	
IP

	
ρ

	
0.25

	
−0.40

	
0.18

	
−0.51

	
0.25




	
p

	
0.58

	
0.38

	
0.70

	
0.24

	
0.58




	
FP

	
ρ

	
−0.61

	
1.00

	
−0.75

	
0.95

	
−0.79




	
p

	
0.15

	
0.00 *

	
0.05 *

	
0.00 *

	
0.04 *




	
Left

	
IP

	
ρ

	
0.69

	
−0.59

	
0.40

	
−0.84

	
0.40




	
p

	
0.09

	
0.16

	
0.37

	
0.02 *

	
0.37




	
FP

	
ρ

	
−0.14

	
−0.09

	
−0.11

	
−0.24

	
−0.11




	
p

	
0.76

	
0.84

	
0.82

	
0.61

	
0.82








Note: Values expressed in the form of median (interquartile range (IR)). Final Position (FP); Initial Position (IP); Body Weight (BW); Extension (Ext). * Values statistically significant for p ≤ 0.05.













 





Table 7. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the frontal plane and the isokinetic neuromuscular function towards flexion at 180°/s.






Table 7. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the frontal plane and the isokinetic neuromuscular function towards flexion at 180°/s.





	

	
Peak Torque/BW Ext (%)

	
Time to Peak Torque Ext (ms)

	
Acceleration Time Ext (ms)

	
Deceleration Time Ext (ms)

	
Agonist/Antagonist Ratio (%)






	
Active

	

	
Median (IR)

	
101.6 (30.6)

	
530 (250)

	
140.4 (89.5)

	
60.0 (10.0)

	
71.8 (41.4)




	
Right

	
IP

	
ρ

	
−0.39

	
0.21

	
−0.57

	
0.62

	
−0.57




	
p

	
0.38

	
0.64

	
0.18

	
0.14

	
0.18




	
FP

	
ρ

	
−0.43

	
0.11

	
−0.56

	
0.54

	
−0.54




	
p

	
0.34

	
0.82

	
0.22

	
0.21

	
0.22




	

	
Median (IR)

	
97.5 (20.6)

	
290 (130)

	
146.3 (65.2)

	
60.0 (30.0)

	
69.1 (16.7)




	
Left

	
IP

	
ρ

	
−0.19

	
0.07

	
0.29

	
0.04

	
0.29




	
p

	
0.67

	
0.88

	
0.53

	
0.94

	
0.53




	
FP

	
ρ

	
−0.18

	
−0.72

	
0.47

	
−0.15

	
0.47




	
p

	
0.97

	
0.88

	
0.29

	
0.75

	
0.29




	
Passive

	
Right

	
IP

	
ρ

	
−0.39

	
0.46

	
−0.54

	
0.95

	
−0.54




	
p

	
0.38

	
0.29

	
0.22

	
0.00

	
0.22




	
FP

	
ρ

	
−0.46

	
0.57

	
−0.61

	
0.82

	
−0.61




	
p

	
0.29

	
0.18

	
0.15

	
0.02 *

	
0.15




	
Left

	
IP

	
ρ

	
0.18

	
−0.18

	
0.32

	
0.33

	
0.32




	
p

	
0.70

	
0.70

	
0.48

	
0.46

	
0.48




	
FP

	
ρ

	
−0.39

	
0.32

	
0.18

	
0.18

	
0.18




	
p

	
0.38

	
0.48

	
0.70

	
0.69

	
0.70








Note: Values expressed in the form of median (interquartile range (IR)). Final Position (FP); Initial Position (IP); Body Weight (BW); Extension (Ext). * Values statistically significant for p ≤ 0.05.













 





Table 8. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the frontal plane and the isokinetic neuromuscular function towards extension at 180°/s.






Table 8. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the frontal plane and the isokinetic neuromuscular function towards extension at 180°/s.





	

	
Peak Torque/BW Ext (%)

	
Time to Peak Torque Ext (ms)

	
Acceleration Time Ext (ms)

	
Deceleration Time Ext (ms)

	
Agonist/Antagonist Ratio (%)






	
Active

	

	
Median (IR)

	
189.6 (54.2)

	
190 (100)

	
246.9 (126.5)

	
40 (30)

	
128.5 (65.1)




	
Right

	
IP

	
ρ

	
−0.43

	
0.81

	
−0.43

	
0.90

	
−0.43




	
p

	
0.34

	
0.03 *

	
0.34

	
0.01 *

	
0.34




	
FP

	
ρ

	
−0.32

	
0.78

	
0.67

	
0.90

	
−0.32




	
p

	
0.48

	
0.04 *

	
0.10

	
0.01 *

	
0.48




	

	
Median (IR)

	
183.1 (67.2)

	
190 (50)

	
249.7 (123.6)

	
40.0 (10.0)

	
124.7 (64.9)




	

	
IP

	
ρ

	
0.47

	
−0.27

	
0.47

	
−0.66

	
0.47




	
Left

	
p

	
0.29

	
0.55

	
0.29

	
0.11

	
0.29




	
FP

	
ρ

	
0.61

	
−0.41

	
0.61

	
−0.76

	
0.61




	
p

	
0.14

	
0.34

	
0.14

	
0.05 *

	
0.14




	
Passive

	
Right

	
IP

	
ρ

	
−0.61

	
0.65

	
−0.61

	
0.77

	
−0.61




	
p

	
0.14

	
0.12

	
0.15

	
0.04 *

	
0.15




	
FP

	
ρ

	
−0.64

	
0.81

	
−0.64

	
0.88

	
−0.64




	
p

	
0.12

	
0.03 *

	
0.12

	
0.01 *

	
0.12




	

	
IP

	
ρ

	
0.32

	
−0.43

	
0.32

	
−0.34

	
0.32




	
Left

	
p

	
0.48

	
0.33

	
0.48

	
0.46

	
0.48




	
FP

	
ρ

	
0.54

	
−0.17

	
0.54

	
−0.67

	
0.54




	
p

	
0.22

	
0.72

	
0.22

	
0.01

	
0.22








Note: Values expressed in the form of median (interquartile range (IR)). Final Position (FP); Initial Position (IP); Body Weight (BW); Extension (Ext). * Values statistically significant for p ≤ 0.05.













 





Table 9. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the frontal plane and the isokinetic neuromuscular function towards flexion at 300°/s.
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Peak Torque/BW Flex (%)

	
Time to Peak Torque Flex (ms)

	
Acceleration Time Flex (ms)

	
Deceleration Time Flex (ms)

	
Agonist/Antagonist Ratio (%)






	
Active

	
Right

	
Median (IR)

	
97.7 (8.4)

	
380.0 (50.0)

	
152.2 (93.7)

	
110.0 (50.0)

	
66.3 (16.5)




	
IP

	
ρ

	
−0.04

	
0.51

	
−0.54

	
0.64

	
−0.32




	
p

	
0.94

	
0.24

	
0.22

	
0.12

	
0.48




	
FP

	
ρ

	
−0.14

	
0.64

	
−0.57

	
0.64

	
−0.29




	
p

	
0.76

	
0.12

	
0.18

	
0.12

	
0.54




	
Left

	
Median (IR)

	
93.7 (20.0)

	
360.0 (60.0)

	
154.3 (74.6)

	
100.0 (50.0)

	
61.5 (22.0)




	
IP

	
ρ

	
−0.81

	
−0.19

	
0.38

	
−0.24

	
0.18




	
p

	
0.03 *

	
0.68

	
0.40

	
0.61

	
0.70




	
FP

	
ρ

	
−0.70

	
−0.3

	
0.16

	
−0.36

	
0.36




	
p

	
0.08

	
0.51

	
0.73

	
0.42

	
0.43




	
Passive

	
Right

	
IP

	
ρ

	
0.57

	
0.37

	
−0.54

	
0.81

	
−0.29




	
p

	
0.18

	
0.42

	
0.22

	
0.03 *

	
0.54




	
FP

	
ρ

	
0.11

	
0.59

	
−0.57

	
0.61

	
−0.46




	
p

	
0.82

	
0.17

	
0.18

	
0.15

	
0.29




	

	
IP

	
ρ

	
−0.29

	
−0.20

	
0.21

	
0.11

	
0.36




	
Left

	
p

	
0.54

	
0.67

	
0.65

	
0.82

	
0.43




	
FP

	
ρ

	
−0.64

	
−0.20

	
0.00

	
0.11

	
0.21




	
p

	
0.12

	
0.67

	
1.00

	
0.82

	
0.64








Note: Values expressed in the form of median (interquartile range (IR)). Final Position (FP); Initial Position (IP); Body Weight (BW); Flexion (Flex). * Values statistically significant for p ≤ 0.05.













 





Table 10. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the frontal plane and the isokinetic neuromuscular function towards extension at 300°/s.






Table 10. Correlation between the amplitudes of the initial and final positions of the right and left hips in an active and passive supine hip extension test in the frontal plane and the isokinetic neuromuscular function towards extension at 300°/s.





	

	

	

	
Peak Torque/BW Flex (%)

	
Time to Peak Torque Flex (ms)

	
Acceleration Time Flex (ms)

	
Deceleration Time Flex (ms)

	
Agonist/Antagonist Ratio (%)






	
Active

	
Right

	
Median (IR)

	
97.7 (8.4)

	
380.0 (50.0)

	
152.2 (93.7)

	
110.0 (50.0)

	
66.3 (16.5)




	
IP

	
ρ

	
−0.29

	
0.68

	
−0.46

	
0.50

	
−0.36




	
p

	
0.54

	
0.09

	
0.29

	
0.25

	
0.43




	
FP

	
ρ

	
−0.21

	
0.64

	
−0.39

	
0.50

	
−029




	
p

	
0.65

	
0.12

	
0.38

	
0.25

	
0.54




	
Left

	
Median (IR)

	
93.7 (20.0)

	
360.0 (60.0)

	
154.3 (74.6)

	
100.0 (50.0)

	
61.5 (22.0)




	
IP

	
ρ

	
0.29

	
−0.41

	
0.47

	
−0.39

	
0.47




	
p

	
0.53

	
0.37

	
0.29

	
0.39

	
0.29




	
FP

	
ρ

	
0.36

	
−0.50

	
0.61

	
−0.39

	
0.61




	
p

	
0.43

	
0.25

	
0.14

	
0.39

	
0.14




	
Passive

	
Right

	
IP

	
ρ

	
−0.43

	
0.86

	
−0.46

	
0.69

	
−0.54




	
p

	
0.34

	
0.01 *

	
0.29

	
0.08

	
0.22




	
FP

	
ρ

	
−0.54

	
0.79

	
−0.57

	
0.64

	
−0.54




	
p

	
0.22

	
0.04 *

	
0.18

	
0.12

	
0.22




	

	
IP

	
ρ

	
0.14

	
−0.37

	
0.32

	
−0.38

	
0.32




	
Left

	
p

	
0.76

	
0.41

	
0.48

	
0.39

	
0.48




	
FP

	
ρ

	
0.64

	
−0.67

	
0.54

	
−0.83

	
0.54




	
p

	
0.12

	
0.10

	
0.22

	
0.02 *

	
0.22








Values expressed in the form of median (interquartile range (IR)). Final Position (FP); Initial Position (IP); Body Weight (BW); Flexion (Flex). * Values statistically significant for p ≤ 0.05.
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