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ABSTRACT 
International Journal of Exercise Science 14(1): 594-605, 2021. Excessive anterior and posterior pelvic 
tilts (PT) angles are associated with overuse injuries of the lower limbs and of the lumbo-pelvic-hip complex. There 
is a lack of evidence that correlates anterior and posterior PT angles with limited hip internal rotation (IR) and 
external rotation (ER), and hip muscles torque ratios. The purpose of this study was to examine the correlation 
between averaged anterior/posterior PT angle in standing position and hip IR and ER range of motion (ROM), hip 
adductors and abductors (Add/Abd) torque ratio, and hip flexors and extensors (Flexor/Extensor) torque ratio. 
Twenty-six healthy participants participated in this study, fifteen females (22.0 ± 2.8 yrs, 163.5 ± 7.5 cm, 65.9 ± 10.4 
kg) and eleven males (22.0 ± 2.2 yrs, 178.5 ± 4.5 cm, 78.4 ± 8.7 kg). Hip muscle torques were collected with an 
isokinetic dynamometer, five trials at 30 degrees per second (deg· s-1) and at 60 deg· s-1. The measurement of PT in 
standing natural position and hip IR and ER ROM in functional weight-bearing lunge position were recorded, using 
a 3D Motion Analysis System. There were no significant correlations between PT angle and hip IR and ER (p ≥ 0.05), 
no significant correlations between PT angle and hip Add/Abd torque ratio (p > 0.05), and no significant 
correlations between PT angle and hip Flexor/Extensor torque ratio (p > 0.05). The measurement of PT angle in 
standing natural position was not associated with hip IR and ER ROM and hip Add/Abd and Flexor/Extensor 
torque ratios, in healthy population. 
 
KEY WORDS: Hip external rotation, Hip internal rotation, Hip adductors/abductors torque, 
Hip flexors/extensors torque, Anterior pelvic tilt, Posterior pelvic tilt 
 
INTRODUCTION 
 
Injuries pertaining to the lumbo-pelvic-hip complex correspond to 14% of total lower limb 
injuries (15,16). The prevalence of injuries in this region is significantly lower when compared 
to the knee and ankle, 50% and 36% respectively (15,16). Nevertheless, these injuries pertaining 
to the lumbo-pelvic-hip complex, are not only very incapacitating but also involve extensive 
rehabilitation periods and lead to multiple lower limb pathologies (37, 33).   
 
The force-couple of hip flexors and hip extensors muscles, located in the sagittal plane, plays an 
important role in the performance of the core and the rotation of the pelvis (30). The iliopsoas is 
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the prime mover hip flexor. Its bilateral contraction produces either the rotation of the femur 
towards the pelvis, the rotation of the pelvis towards the femur, or both movements 
simultaneously. If the pelvis is not properly stabilized by the abdominal muscles, the force of 
the hip flexors can generate an anterior pelvic tilt (PT) rotation. Thus, limitation in hip flexors 
range of motion can restrict the posterior PT range of motion (30). The gluteus maximus is the 
prime mover hip extensor muscle when the trunk is held erect in standing position. Both gluteus 
maximus and abdominal muscles (except for transverse abdominis) act as co-contractors to 
produce posterior tilt of the pelvis (30, 49).  
 
Additionally, both hip adductors and abductors muscles, located in the frontal plane, are the 
greatest contributors in the control of pelvis and hip movement. An important hip adductor is 
the adductor magnus and the prime hip abductors are gluteus medius, gluteus minimus, and 
tensor fasciae latae (30). Hip adductors and abductors muscles imbalances can lead to the 
occurrence of injuries in the lumbo-pelvic-hip complex. A study by Tyler et al (2001), measured 
the hip adductors and abductors (Add/Abd) torque ratio in hockey players with a manual 
testing device. They found that a hip Add/Abd torque ratio below 80% is a risk factor associated 
with the appearance of adductor strains (46). On the other hand, to the best of the authors 
knowledge there are no injury risk factors associated with hip flexors and extensors 
(Flexor/Extensor) torque ratio. However, the average hip Flexor/Extensor torque ratio in 
healthy population, between 18 and 70 years-old, using an isokinetic dynamometer at                     
60 degrees per second (deg· s-1) was found to be 70%, in both sexes (8).  
 
Several studies measured the PT in healthy population in both sexes using radiography, while 
the subjects were in standing position. In a study by Eddine et al (2001) an average posterior PT 
of 6.7 deg was found in 22 out of 24 healthy subjects with a mean age of 31 years old (13). Other 
study found that the mean anterior PT was 11.9 deg for men and 10.3 deg for women in a sample 
of 49 subjects with an average age of 24 years old (24). Finally, for 112 individuals, age between 
20 and 45 years old, the average anterior PT angle was 12.3 deg, ranging from -1 to 27.9 deg (48). 
 
It was stated that anterior/posterior PT angle affects lower limb kinetic chain and vice versa 
(12). Subtalar pronation and supination, knee rotation, and hip rotation influence the anterior 
and posterior PT angle and lumbar lordosis. Excessive anterior PT increases the lumbar lordosis 
and is the consequence of abdominal muscle weakness and iliopsoas tightness, and excessive 
posterior PT reduces lordosis due to the hamstring pulling down the pelvis (31). Moreover, a 
positive correlation was found between internal rotation of the thigh and anterior PT (r = 0.58, 
p < 0.001) and between the external rotation of the thigh and posterior PT (r = 0.58, p < 0.001) 
(12).  
 
Kinematic pelvic tilt imbalances are associated with overuse injuries of the lower limbs and of 
the lumbo-pelvic-hip complex during dynamic movement (31, 25, 43, 20).An excessive anterior 
PT causes a tightness in the hip flexors by the position of the femur in relative flexion. The flexion 
moment at the hip counter-produces an extension moment at the knee that may increase the risk 
for joint hyperextension, thus could lead to knee injury such as ACL tear (25). In a review study 
by Barwick et al. (2012), it was found that the presence of excessive pronated foot is associated 
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with excessive internal rotation of the tibia and femur, knee valgus, and anterior PT (2, 50). 
Whereas, excessive pronated foot is linked with tibial stress fractures, medial tibial stress 
syndrome, knee pain, anterior cruciate ligament injury, and low back pain. Additionally, 
anterior PT implications include hip muscles strains, sciatic nerve compressions due to pelvis 
rotation, and sacroiliac and lumbosacral joint instability (2). On the other hand, there is evidence 
that the training of hip muscles followed by the instruction of neutral pelvic tilt through 
abdominal drawing-in maneuvers leads to improvements in muscle strength and activation, as 
well as pain relief in the low back area and surroundings tissues (38, 32, 27, 28, 9). However, no 
correlation has been made between hip muscles performance and natural PT.  
 
To the best of our knowledge there is a lack of evidence that correlates anterior and posterior PT 
angles while standing in natural position with limited hip IR and ER ROM, and hip 
Flexor/Extensor and Add/Abd torque ratios. However, in clinical practice it is very common to 
assess PT during static postural analysis to identify excessive anterior or posterior imbalances 
(16). The purpose of this study was to examine the correlation between anterior/posterior PT 
and hip IR and ER ROM, and hip Flexor/Extensor and Add/Abd torque ratios. It was 
hypothesized that anterior PT, in the right and left limbs, is positively correlated with hip IR 
ROM and posterior PT is positively correlated with hip ER ROM. Posterior PT, in right and left 
limbs, is positively correlated with hip Add/Abd torque ratios, at both 30 deg· s-1 and                      
60 deg· s-1 velocities, and negatively correlated with hip Flexor/Extensor torque ratios, at both 
30 deg· s-1 and 60 deg· s-1 velocities. Meaning, that as posterior PT increases, the hip Add/Abd 
torque ratios will increase, and hip Flexor/Extensor torque ratio will decrease. 
 
METHODS 
 
This research was carried out fully in accordance with the ethical standards of the International 
Journal of Exercise Science (29). 
 
Participants 
A power analysis conducted with G*POWER 3.1 (Universitat Kiel, Germany) determined that 
23 participants were needed in the present study for a correlation with a power of 0.80, with an 
effect size of 0.50 (medium, accessible for sample recruitment), a projection 
population/correlation of 0.50, and an α = 0.05. After institutional review board approval (IRB) 
and written consent form, twenty-eight healthy students volunteered to participate in this study. 
Participants number 2 and 24 were removed from the sample because their data files were 
corrupted (Table 1). Each participant signed an informed consent form. Exclusion criteria for 
this study included participant feeling pain during full hip IR and/or ER ROM, participant 
suffering from acute hip injury, chronic hip injury, subacute chronic hip injury, and/or any 
lower back injury. Participants were also excluded from the study if they had hip or back surgery 
within the past year. Female participants were required to wear athletic shorts and a sports bra. 
Male participants were required to wear athletic shorts and no shirt. All participants were right 
side dominant. The criteria for each participant to determine their dominance was based on their 
kicking leg. 
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Table 1. Participant characteristics. 
  # of Participants Age ± SD (years) Height ± SD (cm) Mass ± SD (kg) 
Males 11 22.0 ± 2.2 178.5 ± 4.5 78.4 ± 8.7 
Females 15 22.0 ± 2.8 163.5 ± 7.5 65.9 ± 10.4 
All 26 22.0 ± 2.5 171.0 ± 6.0 72.1 ± 9.5 

Note: Values are presented as means ± standard deviations (SD). 
 
Protocol 
Three-dimensional maximal hip IR and ER ROM as well as natural PT angles were collected 
using an eight-camera digital optical motion capture system (Vicon MX-3 Oxford, United 
Kingdom), at 240 Hz. Sixteen retro-reflective markers were located on each participant, 
according to Plug-In Gait lower body. Markers were set on the anterior superior iliac spine, 
posterior superior iliac spine, lateral thigh, knee joint line, lateral shin, lateral malleolus, heel, 
and head of second metatarsal of the toe. Data processing was done with Vicon Nexus software 
(Hauppauge, NY, USA).Data analysis was completed through Microsoft Excel 2016 (Microsoft 
Excel Corporation, Redmond, WA, USA). Kinematic data were filtered using a Forth Order 
Woltring spline filter with a cutoff frequency of 20 Hz. 
 
Isokinetic concentric hip abductors, hip adductors, hip extensors, and hip flexors torques were 
captured using a Biodex Isokinetic Dynamometer System 3 (Biodex Medical System, Shirley, 
New York), at angular velocities of 30 deg· s-1 and 60 deg· s-1. This last velocity was selected as 
it has been reported that it can reproduce greater concentric forces in isokinetic testing (41). As 
velocity increases during eccentric contraction, the force-production remains unchangeable or 
slightly increases, and it is a good representation of both concentric and eccentric force-
production capabilities of the evaluated muscles (5). Furthermore, studies focused on assessing 
hip muscle torque in healthy young individuals (6) and in individuals with stroke (14, 19) found 
that a 30 deg· s-1 angular velocity was reliable and that the peak muscle torques generated at 30 
deg· s-1 were similar to those generated at 60 deg· s-1 (6).  
 
Participants completed all tests in one day. Tests were conducted in the Movement Analysis 
Center Laboratory and in the Human Performance Laboratory. The entire session was no longer 
than 60 minutes. At the beginning of the session, participants completed the consent form and 
filled out a questionnaire prior to any data collection. Height and weight measurement followed.  
 
Prior to any experimental conditions, participants completed a five-minute warm-up on a 
stationary bicycle, at a resistance of 1 kg at 60 RPM. The hip muscle torques were recorded on 
the Biodex Dynamometer. The test consisted of two parts, the measurement of hip Add/Abd 
torques and the measurement of hip Flexor/Extensors torques. The order of execution of the 
tests was randomly selected for each participant. A rest period of five minutes between each test 
was provided. As it was a maximal torque test, the participants were required to avoid working 
out 24 hours before the execution of the trials. For hip Add/Abd muscles torque test, 
participants were standing facing the dynamometer with hip joint axis of rotation aligned with 
the dynamometer axis of rotation, in the frontal plane. The standing position was selected 
because it is more functional compared with the side-lying position, and the gravity effect is 
reduced (41). The dynamometer attachment arm was placed over the middle one third of the 
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lateral thigh. Participants were instructed to hold at the top of the machine, to help stabilize. The 
investigator put her hands on the participant’s waist to cue them on how to properly stabilize 
their hip and torso and to avoid any undesirable movement or posture during the test 
movement. The ROM was set by assigning zero degrees of Add when the hip is in neutral 
position. Then the participants were instructed to abduct the hip up to 45 deg. A set of five trials 
of concentric/concentric hip Add/Abd were recorded at angular velocities of 30 deg· s-1 and     
60 deg· s-1, for each leg. The participants were instructed to abduct the hip as hard and fast as 
possible and returned to the initial position in the same way. A rest interval of at least 30 seconds 
were held between each set. 
 
For hip Flexor/Extensor muscle torques, participants were standing up to the side of the 
dynamometer with hip joint axis of rotation aligned with the dynamometer axis of rotation, at 
the sagittal plane. The attachment arm was placed over the middle one third of the lateral thigh. 
Participants rest the hand of the testing side on the top of the machine, and the other hand on 
their waist, to help stabilize. To set the participant´s ROM participants were instructed to flex 
the hip to 90 deg and then to extend the hip to 195 deg. A set of five trials of 
concentric/concentric hip Flexor/Extensor were recorded at angular velocities of 30 deg· s-1 and 
60 deg· s-1, for each leg. The participants were instructed to flex the hip as hard and fast as 
possible and returned to the initial position in the same way. A rest interval of at least 30 seconds 
was held between each set. The participants were instructed to maintain an erect position and 
to perform the motion without any compensatory movement. Those trials that were not 
performed correctly were done again. During the hip muscle torque test these movements 
included mostly bending or extending the trunk, and/or externally rotating the hip. 
 
For the session at the Movement Analysis Center, sixteen pearlescent markers were attached 
with double-sided tape at various landmarks, as mentioned above, on the lower body of both 
dominant and non-dominant legs. These markers allowed for joint positions to be captured by 
the Vicon Motion Capture System (Oxford, United Kingdom). As required by the Vicon Nexus 
program in order to create participant computer models, participant leg length was measured 
bilaterally with a tape measure from ASIS to medial malleolus. Their ankle and knee width were 
also measured bilaterally with a caliper. After all measurements were made and markers were 
attached, participants were instructed to stand still in the preferred natural position for five 
seconds and the static PT rotation was collected (20).  
 
Next, dynamic trials were captured. Participants were instructed to stand with hands overhead. 
Subsequently, participants were guided to a lunge position. With a goniometer assessment, the 
right knee was flexed approximately 25-35 deg from the goniometer arm, which was 
perpendicular to the lab floor. After the knee was placed in the correct angle, the hip was 
adjusted moving the participant’s trunk forward. A hip flexion angle of 55 deg with respect to 
the goniometer arm, which was perpendicular to the lab floor, was assessed. The position was 
selected as it was functional, simulating joint position in running or changing direction and it 
required the participant to be weight bearing on the lower extremities (10, 44). In some dynamic 
positions, it is not possible to reach maximal IR and ER range of motion. This selected position, 
allowed us to control the movement and to avoid any other noise coming from different joints 
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and muscles. Moreover, previous studies similarly selected the lunge position to assess hip 
range of motion, and to estimate hip joint center (40, 7, 45). A valslide apparatus (a sliding board) 
was placed under the front foot. Once the participants were in the lunge position, they were 
instructed to slide their foot toward IR and ER. The instruction was “rotate your foot internally 
and then rotate it externally to your maximum range of motion without rotating your pelvis and 
trunk”. Each participant performed three trials per motion and per leg. The participants were 
instructed to maintain an erect position and to perform the motion without any compensatory 
movement. Those trials that were not performed correctly were done again. During the hip 
ROM test, compensatory movements included mainly trunk rotation instead of lower limb 
rotation. 
 
Statistical Analysis 
Data were compiled through Microsoft Excel 2016 (Microsoft Corporation, Albuquerque, New 
Mexico, USA).For hip Add/Abd and hip Flexor/Extensor torque tests, the three highest torque 
peaks of the five repetitions were averaged. For hip IR and ER ROM test, the angles of the hip 
were recorded at the end ROM for each direction in each trial. The maximal value of hip IR and 
ER for each limb, out of the three trials was used for the analysis. The measurement of PT from 
each static trial was analyzed by averaging the middle three seconds of the captured data. This 
was followed by statistical analysis, which was performed using SPSS Statistics Software 
Version 21 ® (IBM, Armonk, New York, USA). Pearson correlation tests were performed 
between every variable. Only significant correlations, with p ≤ 0.05, were considered for analysis. 
 
RESULTS 
 
The descriptive statistics for the dependent variables are presented in Table 2. No significant 
correlations were identified between PT and all the other variables (Table 3). 
 
Table 2. Descriptive statistics for the dependent variables. 

Variable Mean ± SD 
R hip Flexor/Extensor Ratio at 30 deg· s-1 1.08 ± 0.60 
R hip Flexor/Extensor Ratio at 60 deg· s-1 0.99 ± 0.60 
L hip Flexor/ Extensor Ratio at 30 deg· s-1 1.17 ± 0.50 
L hip Flexor/Extensor Ratio at 60 deg· s-1 1.05 ± 0.60 
R hip Add/Abd Ratio at 30 deg· s-1 0.95 ± 0.20 
R hip Add/Abd Ratio at 60 deg· s-1 0.78 ± 0.30 
L hip Add/Abd Ratio at 30 deg· s-1 0.91 ± 0.20 
L hip Add/Abd Ratio at 60 deg· s-1 0.84 ± 0.40 
Neutral PT (deg) 5.73 ± 5.40 
R Hip ER (deg) 17.56 ± 9.70 
R Hip IR (deg) 14.97 ± 9.70 
L Hip ER(deg) 20.27 ± 13.70 
L Hip IR (deg) 14.78 ± 9.40 

Note: Values are presented as means ± standard deviations (SD). R = right; L = left; deg = degrees; s = second; + = 
anterior pelvic tilt. 
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Table 3. Pelvic tilt correlations with hip internal rotation and external rotation range of motion and hip 
Flexor/Extensor and Add/Abd torque ratio. 

Variables Correlation and Significance 
with hip Add/Abd R 30 deg· s-1 r = -0.19 (p = 0.34) 
with hip Add/Abd L 30 deg· s-1 r = -0.17 (p = 0.38) 
with hip Add/Abd R 60 deg· s-1 r = -0.13 (p = 0.51) 
with hip Add/Abd L 60 deg· s-1 r = -0.12 (p = 0.55) 
with hip Flexor/Extensor R 30 deg· s-1 r = 0.32 (p = 0.10) 
with hip Flexor/Extensor L 30 deg· s-1 r = 0.06 (p = 0.75) 
with hip Flexor/Extensor R 60 deg· s-1 r = -0.07 (p = 0.70) 
with hip Flexor/Extensor L 30 deg· s-1 r = -0.19 (p = 0.33) 
With R Hip ER  r = -0.11 (p = 0.58) 
with L Hip ER  r = -0.25 (p = 0.21) 
with R Hip IR  r = -0.16 (p = 0.43) 
with L Hip IR  r = -0.02 (p = 0.89) 

Note: R = right; L = left; deg = degrees; s = second; ER = external rotation; IR = internal rotation. 
 
DISCUSSION 
 
The purpose of this study was to examine the correlation between anterior/posterior PT, during 
natural upright standing, with hip IR and ER ROM, and hip Add/Abd and Flexor/Extensor 
torque ratios. Our first hypothesis was that anterior PT was positively correlated with hip IR. 
We rejected the first hypothesis. The correlation between PT angle and hip maximal IR ROM 
was weak and not significant for both limbs (r = -0.16, p = 0.43 for right limb, and r = -0.02, p = 
0.89 for left limb). Our second hypothesis was that posterior PT was positively correlated with 
hip maximum ER ROM. The second hypothesis was rejected too. The correlation between PT 
angle and hip ER ROM was weak and not significant for both limbs (r = -0.11, p = 0.58 for right 
limb, and r = -0.25, p = 0.21 for left limb).  
 
These findings may suggest that the measurement of PT angle while standing in the preferred 
natural position is not a good indicator for hip maximal IR ROM and hip maximal ER ROM in 
a lunge position in healthy population. This may lead us to think that clinicians must be cautious 
in the interpretation of the results when performing a postural analysis while standing in natural 
position in healthy population. Possible alterations seen in PT angle in natural standing position 
are not necessarily effectors on hip ROM in lunge position. Duval et al. (2010) found in their 
research that excessive foot pronation induced anterior PT whereas excessive foot supination 
induced posterior PT. The participants in the Duval et al. (2010) study were instructed to relax 
their hip and abdominal muscles while standing up quietly on top of a rotating platform, which 
oriented passively their feet both internally and externally. The PT angle was recorded during 
the lower limb internal and external rotations, and it was correlated with hip ROM (r = 0.58, p < 
.001) (12). This implies that PT angle may predict passive hip ROM during extreme lower limb 
external and internal rotations. The difference in findings between our study and Duval et al. 
(2010) study may be explained by the difference in methods used to measure the PT angle and 
IR and ER ROM. In our study, PT was measured in natural standing position, whereas maximal 
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hip IR ROM and ER ROM were measured separately in a lunge position. Moreover, the maximal 
IR and ER ROM where measure while the individual actively performed maximal hip rotations. 
Our third hypothesis was that posterior PT was positively correlated with hip Add/Abd torque 
ratio, at both 30 deg· s-1 and 60 deg· s-1 velocities, and negatively correlated with hip 
Flexor/Extensor torque ratio, at both 30 deg· s-1 and 60 deg· s-1 velocities. We rejected the third 
hypothesis. The correlations between PT angle and hip Add/Abd torque ratio were weak and 
not significant at 30 deg· s-1 (r = -0.19, p = 0.34 for right limb, and r = -0.17, p = 0.38 for left limb) 
and 60 deg· s-1 (r = -0.13, p = 0.51 for right limb, and r = -0.12, p = 0.55 for left limb). Same was 
identified for hip Flexor/Extensor torque ratio at 30 deg· s-1 (r = 0.32, p = 0.10 for right limb, and 
r = 0.06, p = 0.75 for left limb) and 60 deg· s-1 (r = -0.70, p = 0.70 for right limb, and r = -0.19, p = 
0.33 for left limb). Our study did not find correlation between hip muscle torque ratios and PT 
in natural standing position. Future research should look at the influence of maximum anterior 
PT and maximum posterior PT on maximal hip muscles torque ratios.  
 
An interesting outcome that we found in our study was related to the Add/Abd torque ratio 
measured during the two different angular velocities. Our study found that the Add/Abd 
torque ratios at 30 deg· s-1 were 96.6% for the right limb and 89.5% for the left limb. Whereas at 
60 deg· s-1 Add/Abd torque ratios decreased to 79.9% for the right limb and 79.7% for the left 
limb. Tyler et al. (2001) measured hip Add/Abd torque ratio in hockey players and found that 
a ratio lower than 80% was correlated with the occurrence of adductor strains (44). Their results 
are similar to our values; however, they used a manual testing device to measure the hip muscle 
torque in static position. This finding may indicate that clinicians need to use caution when 
interpreting hip Add/Abd torque ratios from static testing or dynamic testing using different 
angular velocities.  
 
Our hip Flexor/Extensor torque ratio test results differ from a study by Calmels et al. (1997). 
Our findings showed an average value of 96.1% at 30 deg· s-1 and 87.9% at 60 deg· s-1 in the right 
limb, and 106.8% at 30 deg· s-1 and 90.5% at 60 deg· s-1 in the left limb. Whereas their results 
identified mean torque ratio of 65% for women and 72% for men, in a concentric mode at an 
angular velocity of 60 deg· s-1 (8). The differences between the two studies may be explained by 
the population sample, age range, and methods involved. Our population age was between 18 
to 24 years old, while their population age was between 18 to 70 years old. We performed the 
hip muscle torque test in standing position, while they had participants performed it in a supine 
position. 
 
The lack of correlations in our study between PT and hip IR and ER ROM and hip Add/Abd 
and Flexor/Extensor muscle torque ratio, may be related to the differences in pelves 
morphology. The study of Preece et al. (2008) found a standard deviation of 5 deg of ASIS-PSIS 
angle among a sample of 30 cadaver pelves. This difference can musk and weaken any 
correlation between PT and muscular and ligamentous forces (35). In order to control this pelvic 
morphology variability, future research may also consider the measurement of lumbar lordosis 
and hip joint angle. Finally, abdominal muscle strength was not assessed in this study. Future 
studies should focus on the measurements of abdominal muscles and gluteus maximus 
activation patterns and their influence on PT ROM. 
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There were few limitations in this study. We selected a lunge position to perform the maximal 
hip range of motion assessment. To the best of our knowledge, there are no previous validation 
studies that used this exact position for the evaluation of maximal hip ER and IR range of 
motion. However, the lunge position had been previously applied for hip joint center 
estimations (40), hip extension range of motion assessment (7), and maximum knee 
valgus/varus angles (45). The use of the Plug-In Gait model (PIG) by Vicon (Oxford, United 
Kingdom) for the estimation of PT, hip IR, and hip ER angles is another limitation. This 
biomechanical model includes the use of regression equations for hip joint center (22). While 
some authors argue that there are better methods for the hip joint center calculation, such as 
functional calibration approaches (23) or alternative equations (36, 17), the PIG model has been 
used not only in gait analysis (11) but also in the analysis of sport movements or gestures (39, 
21, 26).The study of Kainz et al. (2017) found small differences in PT measurements in motion 
capture assessed through the PIG model (2.8 deg) compared with the Six-Degrees of freedom 
model (2.9 deg) (18). For the purpose of this study the researchers believe that the PIG model is 
still good to identify anterior/posterior PT and the hip max IR and ER rotations. The movement 
trend is still the same and should identify correlations if any. 
 
Lastly, the value of PT found and the methods used to measure it might be another limitation. 
Our outcome showed an average PT value of 5.8 deg with a range from -5.4 deg to 13.1 deg. 
Previous studies measuring the PT angle in healthy general population found average values 
from 6.7 deg to 12.3 deg (13, 24, 48). These studies used radiography to measure the PT, while 
we used a 3D Motion Analysis System. Past research found weak to moderate correlations (r = 
0.31, p = 0.002) between standing mean PT measurements recorded by radiography (6.6 deg) 
versus motion capture (12.1 deg), however our PT rotations are still under the spectrum of the 
other studies (34). 
 
Measurement of PT angle in standing natural position in healthy population may not be a good 
predictor for maximal hip IR and ER ROM (in a standing lunge position ) and hip Add/Abd 
and Flexor/Extensor muscle torque ratios. Future research may include the measurement of PT 
angles in dynamic/functional movement and their relation to hip IR and ER ROM deficiencies 
as well as hip Add/Abd and Flexor/Extensor torque ratios deficiencies. By better 
understanding the lower limbs’ injury risk factors, future researchers, clinicians, and other 
health professionals can identify the risk factor of injury. 
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