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Abstract

Introduction: Range of motion is typically measured in a non-weight-
bearing status, however we participate in sport activities when in weight-
bearing condition. The purpose of the study was to establish normative values
for weight-bearing hip rotation.

Methods: 135 participants were separated into two different age
categories: 18-35 (20.7 + 3.3 yrs,, 173.4 £ 9.7 cm, 74.3 + 18.4 kg, 24.2 + 3.9
BMI) and 36-55 (45.2 + 6.0 yrs,, 173.0 + 9.7, 76.8 £ 19.9 kg, 25.4 + 4.8 BMI)
and had bilateral hip internal and external rotation measured on the Functional
Footprint® device. A One-way ANOVA tested for significance (p < 0.05) between
the two age categories for internal and external rotation. Separate paired t-tests
tested for significance between right and left sides.

Results: There was no significant difference between the groups for hip
internal rotation (R Int Rot p = 0.444, L Int Rot p = 0.997) or external rotation (R
Ext Rot p = 0.933, L Ext Rot p = 0.443). There was a small but significant side-to-
side difference for the older group internal rotation (2.9°) and both the younger
and older groups external rotation (2.8° and 4.3°) respectively.

Conclusion: Normative values for two age groups were established and
may be used to compare to other active range of motion values for hip rotation.
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Introduction

Several studies have reported varying values for hip rotation
range of motion (ROM). Part of the reason for this is that there
has been different methodology regarding the type of motion
measured (active vs. passive), and the position (prone, supine, or
seated) used during the measurement [1-8].

Interestingly, most activities of daily living as well as sports
occur with a majority of the time spent in a weight-bearing
(WB) status, but often when assessing available joint ROM, the
measurement is performed in a non-weight-bearing (NWB)
status. For example, when a clinician measures available NWB
joint ROM with a goniometer or inclinometer, the assessment is
often completed bilaterally and a comparison is made between
the two sides. The goal is to have a patient or athlete not only
within a published normal range of values, but also to have side-

to-side symmetry. Since the hip, spine, and pelvis function as a
unit in the overall kinetic chain, lack of motion in one segment
is typically compensated for by another segment in this unit.
However, the resulting imbalance in joint mobility may lead to
injury. For example, several investigators have demonstrated an
association with hip rotation ROM asymmetry and low-back pain
or sacroiliac dysfunction [9-13]. Other researchers have found
that asymmetrical hip rotation ROM may be associated with
sports hernias, and anterior cruciate ligament injury[14-16].

One recent study did examine a novel approach to measure
loaded hip rotation [17]. They placed the participant in a
kneeling position, allowing for the lower leg of loaded side to
rotate. However, this position also required the participant to flex
the hip and knee of opposite limb 90° to place the foot forward.
This created frontal plane tilting of the pelvis, which could alter
surrounding hip musculature. More importantly, this position
still does not represent how an athlete would be loaded during
activity. For the athlete, a more functional assessment in the WB
position may be required to determine if there is an adequate
amount of hip rotation ROM necessary for a particular sport skill
or motion.

If an athlete goes through a particular amount of motion
during a particular sport skill or task and they do not have that
amount of WB ROM available at the hip, then there may be an
increased risk of injury. For example: Does a golfer have the
necessary WB hip rotation ROM available in the lead hip required
to make a full golf swing? Does a tennis player have enough WB
hip rotation ROM to turn through a forehand? Or a baseball player
has enough WB hip rotation ROM to turn through the impact
zone while hitting? If an athlete does not have adequate ROM,
then over time, the body may adapt to the demand and allow for
more ROM at the hip, or the soft-tissues about the joint (joint
capsule, ligaments, labrum, etc.) become stressed, fail, and result
in pathology or injury.

Three-dimensional motion capture studies that have
examined athlete’s lower extremity hip rotation range of motion
used during various sport skills are sparse. McLean utilized a 3D
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motion capture system to measure lower extremity kinematics
in three different sport tasks: sidestep, jump-landing, and shuttle
run [18]. He reported actual values for hip internal/external
ROM among males and females, ranging from 17-24°, depending
on the task. Another study examined the amount of lower
extremity ROM in all three planes while sprinting on straight
away and sprinting on a curve [19]. They reported very small hip
internal rotational values ranging from 1.5-4.6 degrees, and hip
external rotational values ranging from 12.9-21.6 degrees, which
fall within normal hip rotation ROM. While the motion utilized
in these studies appear to fall within the normal hip rotation
ROM limits, these tasks are somewhat non-rotational by nature,
and thus more studies should expand on other rotational sport
movements and the actual ROM utilized. One particular study
in the past has reported on golfer’s hip rotation ROM utilized
during a full golf swing [18-19]. Gulgin20 measured elite female
golfers WB hip rotation ROM and compared this to the amount
of rotation used by the lead hip during the full golf swing and
found that golfers exceed their available lead hip WB internal
rotation during the golf swing [20]. Another study by Milewski
et al. , analyzed adolescent baseball pitcher’s lower extremity
kinematics with a 3D motion capture system and reported that
both the lead and trail hip internal and external rotation values
recorded during the pitching motion are within normal passive
ROM limits [21].

Figure 1: Participant set-up

Participant anthropometrics (height and weight), age, hand
& foot dominance, and ethnicity were recorded. Additionally,
participants were questioned about their typical physical activity
per week and past sport participation to report about the type
of sample population being collected. Following the questions,
participants warmed up on a stationary bike for five minutes at
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In summary, while a few studies have examined lower
extremity range of motion of a particular sport skill, there has
only been one study to compare these movements to an athlete’s
measured available WB hip rotation ROM. In order to determine
if an athlete’s hip movement requirements for a sport skill are
putting them at risk for soft-tissue injury, there first should be a
normative database of WB hip rotation ROM for which to compare
to. Thus, the purpose of this study is to measure WB hip rotation
ROM on healthy adults. The hypotheses are that there will be no
significant difference in hip rotation range of motion between
the various age categories, nor side-to-side differences. These
data would provide normative values for which future studies
could compare to various athletic populations, as well as make
comparisons to studies that measure actual WB ROM used during
specific sport skills to determine if athletes are using extreme
range of motion that may put them at risk for injury.

Methods

One hundred thirty-five participants reported to the Exercise
Science laboratory on one occasion and were separated into two
different age categories: 18-35 and 36-55. Bilateral hip internal
rotation and external rotation were measured on the Functional
Footprint® device (Figure 1). Prior to data collection all
participants were given instructions of the procedures, allowed
the opportunity to ask questions, and signed a written consent
approved by the Institute’s Human Research Review Board.

their own pace. Immediately following the warm-up, the primary
investigator demonstrated how to perform the hip rotation
(and gave verbal instructions) while standing on the Functional
Footprint@ device. The participants were instructed to keep their
leg straight, foot flat (not lift up toes or roll arch), hands on hips,
keep pelvis and shoulders facing forward and remain still, and
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to look straight ahead. Participants were asked to try internal
and external rotation on each side in order for the investigator
to look to correct form before collecting three trials in each
direction on each side. The investigators also watched for any
transverse plane movement as well as any sagittal tilting of pelvis.
If a participant performed the hip rotation motion with any one of
the above compensations, the trial was not counted.

Statistical analysis was completed using SPSS version 24 (IBM
Corp, Raleigh, NC). The average of three trials for each measure
were entered for data analysis. A One-way ANOVA tested for
significant differences (p < 0.05) between the two groups for
internal and external rotation. Additionally, separate paired
t-tests tested for side-to-side differences. Cronbach’s Alpha test
was run on pilot data to test for reliability of measures on the
Functional Footprint® device [22].

Results

Previous pilot testing on 15 participants revealed ICC for
right internal rotation (.817), right external rotation (.897), left
internal rotation (.918), and left external rotation (.840).

Participant demographics are reported in Table 1. Additionally,
of the 135 participants, 85.2% were Caucasian, 4.4% Latino, 5.9%
African-American, 3.0% Asian, and 1.5% other. Right hand and leg
dominance were 91.9% and 92.6% respectively. Regular physical
activity was determined by ACSM Guidelines of recommended
150 min/week, regular yoga was determined to be two or more
times/week, and rotational sport participation (dance, golf, tennis,
baseball, softball, hockey, field hockey, figure skating) of five or
more years counted as history of rotation sport. Overall, 77.8%
of the sample population were considered physically active, 11.9%
performed yoga on regular basis, and 48.1% had history of a
rotational sport.

Peak internal and external WB ROM for right and left sides are
reported by group in Table 2. There was no significant difference
between the groups for internal or external hip rotation (Table
2). There was a small, but significant side-to-side difference for
the older group internal rotation (2.9%), and both the younger and
older groups external rotation (2.8° and 4.3°) respectively.

Table 1: Participant Demographics

Group (n) Age (yrs) Ht (cm) wt (kg) BMI
Age 18-35(91) 20.7(3.3) | 173.4(9.7) | 743 (18.4) | 24.2 (3.9)
Age 36-55 (44) | 45.2(6.0) | 173.0(9.7) | 76.8(19.9) | 25.4 (4.8)

Table 2: Weight-bearing Hip Rotation Range of Motion Means and
Standard Deviations

Group (n) RInt LInt Diff = RExt L Ext Diff
Rot° Rot° Rot° Rot°
Ages 18-35 21.2 22.6 1.4° 415 38.7 2.8°
91) (10.1) (9.6) (9.9) (9.3)*
Ages 36-55 19.8 22.7 2.9° 415 37.2 4.3°
(44) (9.4) (10.6)* 9.9) (12.1)*

*Significant difference (p<0.05) between right and left side
+Significant difference (p<0.05) between the groups
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Discussion

Most of the existing literature on hip rotation range of motion
has been measured actively or passively but measured in a non-
weight bearing condition. However, sports occur with athletes in
load-bearing or weight-bearing condition. Thus, it is important
to determine normative values for weight-bearing hip rotation
range of motion. One study17 recently examined a load bearing
condition of hip rotation. For internal hip rotation, they found
average values of 22.6° + 2.7 and 21.1° + 2.1 for right and left
limbs respectively. For external hip rotation, they found average
values of 27.8° + 2.1 and 25.8° + 1.7 for right and left limbs
respectively. In the current study, our internal hip rotation values
ranged from 19.8-21.2° (right) and 22.6-22.7° (left) depending on
age category. Thus, our findings are very similar despite slightly
different measuring technique. Regarding external hip rotation,
the current study found values ranging from 41.5° (right) and
37.2-38.7° (left). Thus, it appears our values for external rotation
were quite higher than Aefsky.[17] This could be due to the
difference in position of the pelvis that was slightly tilted in
frontal plane for Aefsky[17] measurements.

In comparison to other literature on active ROM hip
rotation measures, our study aligns with the general findings,
in that external rotation ROM is more than internal rotation
ROM,[2-3, 7, 23-24] and that there are typically no side-to-side
differences[1,4,8,23] in hip rotation range of motion in healthy
population.

In particular, of the studies that measured active hip
rotation, most of them did so in seated position[1,4, 6, 25] and
would not be ideal for comparison, as previous studies[3, 7,17]
found that there is an effect for position of measurement. Thus,
our study results would best be compared to those that measured
prone, active hip rotation, as our standing test position places
the hip in neutral position, the same as when measured prone.
Of those that measured active, prone hip rotation,[7,11, 23-24,
26-27] Mosler[26] did not report whether the measurement
was active or passive and will not be compared. In comparison
with Ellenbecker [23], our internal hip rotation values (19.8-
22.7°) were similar to theirs for internal hip rotation in baseball
players (22-23°), but we showed lower values in comparison to
male tennis players (26-27°) and female tennis players (35-37°9).
For external hip rotation, our findings (37.2-41.5°) were similar
or slightly higher than their baseball players (34-35°), male
tennis players (36-37°), and female tennis players (35-36%). In
comparison to Moreno-Perez et al. [24], our values for internal hip
rotation were approximately 9-10° lower than their findings for
internal hip rotation that ranged from 28.5-30.6° (male) to 34.2-
36.9° (female). Interestingly, their study [18] found external hip
rotation values of 51.9-52.7° (male) to 48.1-49.1°(female). Thus,
their[24] external hip rotation values were higher than most who
have measured active, prone hip rotation ROM. In comparison to
Simoneau et al. [7] our values are 13-16° lower for internal hip
rotation, as their findings ranged from 32-38° and our findings
ranged from approximately 20-23° Similarly, our values were
7-9° lower for external hip rotation, as their findings ranged from
44-46° and our findings ranged from approximately 37-41%
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The Academy of Orthopedic Surgeons 1965 normative
data[28] report 45° for hip internal and external rotation
ROM. However, little is known about make-up of population
(males, females, age, etc.) And how the measurements were
taken. More recently the American Medical Association (1990)
reported normal internal hip rotation values of 40° and external
hip rotation values of 50° [28] Again, little information was
provided on population demographics or type of measurement.
Thus, comparisons of hip rotation range of motion should only
be made when the mode of measurement (active vs passive)
and the position of the measurement (prone, seated, supine) are
known. The current study values for internal hip rotation are
much lower than the previously established standards (40-45°),
but those may have been measured passively. Since our weight-
bearing ROM findings do show that internal hip rotation is much
less (approximately 20°) in a weight-bearing condition, clinicians
and fitness coaches need to be aware that the athlete may be at
risk for hip injury if their sporting task requires more transverse
plane motion.

One of the limitations of the study was that femoral-ace
tabular torsion (ante version or retroversion angle) was not
accounted for. However, most studies that measure hip rotation
range of motion do not account for this. Another limitation was
that the primary investigator was not blinded to the measures.
Ideas for future studies would be to measure actual hip rotation
ROM used during specific sports and compare this to participants
WB ROM values.

Conclusion

With knowledge of normative weight-bearing hip rotation
range of motion values, further examination can be done on
specific sub-populations of athletes. Ideally, clinicians or coaches
could measure the more functional weight-bearing range of
motion, to determine if an athlete has existing asymmetry or
values of concern (relative to normal population).
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