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Abstract 
The purpose of this study is to compare the reliability of manual muscle testing 
(MMT) for hip external rotation (ER) in the side-lying (SL) and seated posi-
tions. The SL position aligns hip ER testing with current clinical practice and 
may allow greater contribution from the piriformis during strength assessment 
in physical therapy. Hip external rotator strength of 18 subjects was measured 
using a handheld dynamometer (HHD) placed 3 cm above the medial malle-
olus in both seated and SL positions. Tibial and femoral lengths were recorded 
to calculate torque for each position. Inter- and intra-rater reliability were as-
sessed using intraclass correlation coefficients (ICC). Across all three examin-
ers, intra-rater reliability was consistently higher in the SL position, ranging 
from poor to excellent (ICC = 0.229 [95% CI −0.072, 0.503], 0.811 [0.594, 0.909], 
0.942 [0.889, 0.970]) compared to the seated position (ICC = 0.187 [−0.101, 
0.463], 0.555 [0.271, 0.747], 0.739 [0.387, 0.881]). Inter-rater reliability was poor 
in both positions (seated ICC = 0.240 [0.006, 0.563]; SL ICC = 0.234 [0.003, 
0.551]). These findings suggest that testing hip ER strength in the SL position 
poses similar reliability to assessment in the seated position. While inter-rater 
reliability was determined to be poor for both testing positions, some examin-
ers were found to have increased intra-rater reliability in the SL position. The 
SL position aligns resistance against gravity, improves objective strength meas-
urement, enhances isolation of the external rotators, increases contribution 
from all ER muscles, and reduces hip flexor compensation seen in seated test-
ing. Reliable assessment of these muscles is important for injury prevention 
and rehabilitation, so the SL position can be considered an equally reliable way 
to assess hip ER strength clinically. 
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Range of Motion 

 

1. Introduction 

Assessment of muscle strength is a key factor in the examination of the musculo-
skeletal system that helps to identify impairments, guide treatment, and monitor 
progress in clinical practice [1]-[3]. Manual muscle testing remains a common 
technique used to assess patient strength, yet the reliability of the results varies 
based on the muscle group and testing position [1] [3]-[5]. As the hip joint angle 
changes with position for strength testing, strength values produced may vary [5] 
[6]. When the hip is flexed less than 90 degrees, piriformis acts as an external ro-
tator. However, hip flexion greater than 90 degrees alters the moment arm of the 
piriformis, changing the muscle action to internal rotation [7]. 

Hip external rotators play a crucial role in lower extremity alignment, stabiliza-
tion, and movement efficiency [2] [5] [6] [8]. We defined hip ER MMT as the ability 
of the hip girdle ER muscles to maintain an isometric hold against outside force 
applied by an examiner. Weakness in these muscles is associated with various mus-
culoskeletal conditions, including anterior cruciate ligament (ACL) injuries [9], pa-
tellofemoral pain syndrome [10], and low back pain [1]. Current approaches to ad-
dressing hip external rotator strength may be limited by inter-rater and intra-rater 
reliability, which may compromise the findings [1] [3] [4]. Previous data collection 
attempts and analyses performed in preparation for the continuation of this study 
suggest that differences in physical characteristics of the examiner, such as height, 
upper body strength, and leverage may influence the reliability of MMTs. To ac-
count for variability, we chose to standardize the table height relative to each exam-
iner to minimize discrepancies by optimizing examiner mechanics during testing. 

The purpose of this study is to compare the reliability of manual muscle testing 
for hip ER in two positions. In standard muscle testing textbooks such as Muscles: 
Testing and Function with Posture and Pain [11] and Daniels and Worthingham’s 
Muscle Testing: Techniques of Manual Examination and Performance Testing [12], 
hip ER MMT is performed seated. Our goal is to compare the reliability of the stand-
ard measurement method to the SL position. This would potentially improve the 
standardization of results and bring the test for hip ER strength into line with the 
vast majority of manual muscle testing, which are performed against gravity, as this 
will reflect hip ER strength in a more functional position [1] [5] [13]. If our method 
is determined to be equally as reliable as the results gathered using standard MMT 
measurements in seated position, it may be implemented in a clinical setting as a 
more functional way to demonstrate hip ER strength in patient populations. 

2. Materials and Methods 
2.1. Ethics 

The Georgia State University Institutional Review Board (IRB) reviewed and ap-
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proved this study in accordance with 45 CFR 46.111 (IRB Number H23121). The 
IRB has reviewed and approved the research protocol and any informed consent 
forms, recruitment materials, and other research materials that are marked as ap-
proved in the application. 

2.2. Participants 

A convenience sample of 18 asymptomatic individuals, with no prior hip injury, 
were recruited to participate in this study. Participants were selected from the lo-
cal university population, with ages ranging from 18 to 65 years old. Recruitment 
was conducted primarily by word of mouth, targeting students that reported no 
past medical history that would influence results or participant health. Partici-
pants were included if they met the following criteria: 18 - 65 years of age, healthy 
and asymptomatic, absence of musculoskeletal pain or dysfunction affecting the 
hips, demonstration of understanding study procedures, and providing consent 
for participation. Exclusion criteria consisted of reporting current pain in the lum-
bopelvic region, having a neurologic condition that affects strength, having a sys-
temic condition that impacts ability to participate or poses additional risk, and 
being unable to provide consent (Table 1). 

 
Table 1. Inclusion criteria exclusion criteria. 

Inclusion Criteria Exclusion Criteria 

1. 18 - 65 years old 1. Current hip, pelvis, or low back pain 

2. Healthy and asymptomatic 2. Neurological conditions affecting strength 

3. No current MSK pain or dysfunction 
affecting the hip 

3. Systemic conditions interfering with ability 
to participate or pose additional risk 

4. Ability to understand study procedures 
and provide consent 

4. Inability to provide consent 

 
Participation was voluntary, and no compensation was provided. Prior to en-

rollment in the study, all participants provided written informed consent and a 
medical history form, confirming that they understood the purpose, procedures, 
risks, and benefits of the study. Participants were informed of their right to with-
drawal at any time. 

The study was conducted under controlled conditions, with the sample popu-
lation including only healthy, asymptomatic participants and the applied methods 
being designed to pose minimal risk. 

The mean age of participants was 26.3 years (21 to 41 years of age), 9 females 
were included, 9 males were included, and all participants reported having a mod-
erate to high weekly physical activity level. Due to each hip on all participants 
being assessed and only compared to the values obtained by each examiner for 
that same limb, limb dominance was determined not to be relevant to the statisti-
cal analysis. Therefore, limb dominance was not assessed, and each hip for each 
participant was analyzed separately (36 hips assessed across 18 participants). 
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2.3. Testing Set up and Procedures 

The testing procedure began with a warmup of walking laps on flat ground to 
properly prepare the hip musculature for exertion. The distance determined to 
constitute a proper warm up was 0.25 miles, and the condition of the participants’ 
hip musculature and joints were monitored through subjective reporting before 
performing the trial measurements. The participants’ leg lengths were measured 
starting from the greater trochanter of the femur to lateral epicondyle, and then 
from lateral epicondyle to 3 cm proximal to the lateral malleoli to ensure proper 
torque calculations for each position. Each participant performed four trials for 
each leg on their given testing day: two in the seated position and two in the SL 
position against gravity. A rest period of 2 minutes was given between each trial 
to ensure maximum muscle recovery [1]. Each participant was cycled through a 
randomized pairing of participants to researchers for each trial day, ensuring that 
each participant was measured at least once by each researcher. The participants 
were measured a total of three times and given at least a 24-hour rest period be-
tween trial dates to give their muscles time to recover for the next trial day. The 
interval between trials ranged from 24 to 72 hours. 

Each participant was assessed in the seated and SL positions, with both lower 
extremities being individually tested twice per trial date in each testing position. 
For each participant on a single trial date, the left leg was assessed twice in the SL 
position and twice in the seated position, and the right leg was assessed twice in 
the SL position and twice in the seated position. One examiner performed all 
seated measurements for both attempts on each lower extremity during a single 
trial date, and a different examiner assessed the participant in the SL position on 
that same trial date for an equivalent number of trials. ICC values pertaining to 
Inter-rater Reliability were based on ratings collected across different trial dates 
(for performing the same test position on the same limb). ICC values pertaining 
to Intra-rater Reliability were based on measurements collected by the same ex-
aminer across seated and SL assessments for the same limb. This occurred across 
multiple trial dates, as each examiner only performed two measurements for each 
position on each limb. Therefore, intra-rater reliability is reflective of the con-
sistency within each examiner to perform the strength assessment in both test po-
sitions. 

The test table height was standardized for each examiner. Table height was ad-
justed to be level with the fingertips of the examiner, while the examiner stood 
erect with a neutral spine and arms at their side. Standardizing the table height 
was intended to allow for greater inter-rater reliability by to provide consistency 
when applying break force in attempts to account for height and mass differences. 
Maintaining this line of force allows each examiner to apply a similar break force 
[1] [14]. This is important as height and strength differences of the examiners 
could influence reliability of participant strength results. Participants’ ER strength 
was assessed in the seated and SL positions. For the SL position, the bottom leg 
was tested with the hip and pelvis neutral in the sagittal plane and the knee flexed 
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to 90 degrees with the joint line positioned at the edge of the table (see Figure 1). 
The top leg rested in approximately 45 degrees of hip flexion for participant com-
fort. Examiners applied a stabilizing force with the cephalic hand on the pelvis 
during measurement to avoid pelvic rotation. Participants were instructed to hold 
on to the table for stability. Each examiner applied a downward perpendicular 
force toward the floor with a handheld dynamometer (HHD) placed 3 cm above 
the medial malleolus and attempted to push until the participant’s ankle moved 
downward, indicating a proper break force was applied [14]. In the seated testing 
position, the participants’ hips and knees were flexed to 90 degrees with a towel 
roll under the knee tested, promoting optimal alignment (see Figure 2) [1] [4] 
[11] [12] [15]. The HHD was placed 3 cm above the medial malleolus, and the 
examiner applied a lateral force until the ankle moved laterally, indicating that a 
proper break force was applied [14]. Participants were randomly assigned on the 
trial day to begin in either the seated or SL positions, and starting positions alter-
nated at subsequent data collection dates to minimize potential order effects. All 
three examiners performed this protocol on each participant during each session. 

 

 
Figure 1. SL hip ER MMT position. 

 

 
Figure 2. Seated hip ER MMT position. 
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2.4. Calculation of Strength-Torque 

The strength values for both seated and SL positions were determined by calcu-
lating torque [1] with the following formula: τ = rF sin(θ). In this formula, “r” 
represents the distance from the axis of rotation, also known as the lever arm. “θ” 
represents the angle from the hip axis to where the force is being applied at the 
medial malleolus. This was measured in centimeters and then converted into me-
ters. For the seated position, the lever arm consisted of the tibia length, [1] meas-
ured from the medial joint line to 3 cm above the medial malleolus, where the 
HHD was placed. The SL position utilized the length of the femur, measured from 
the greater trochanter to the lateral femoral condyle. “F” represents the force pro-
duced by the participants in joules (later converted into newtons) and was meas-
ured using a handheld dynamometer (HHD) [16]. The force was applied perpen-
dicular to the lever arm, resulting in an angle (θ) of 90˚, for maximal torque pro-
duction. With these variables applied, the final unit to perform calculations and 
data analysis is the newton-meter (N·m). 

2.5. Statistical Analysis 

Intraclass correlation coefficients were calculated using IBM SPSS Statistics (Ver-
sion 29). Average torque values across three trials were used for analysis. Intra-rater 
reliability was assessed using a two-way mixed-effects model with absolute agree-
ment for single measures (ICC [3, 1]), and inter-rater reliability was assessed using 
a two-way random-effects model with absolute agreement for single measures (ICC 
[2, 1]). ICC reliability was classified as poor (<0.50), moderate (0.5 - 0.75), good 
(0.75 - 0.90), and excellent (>0.90) [17]. As explained above, ER torque output was 
calculated for both hips on every participant. Calculated torque measurements were 
then compared to one another using ICC to assess intra-rater reliability across re-
peated trials conducted by the same examiner and inter-rater reliability between 
measurements obtained by different examiners on separate testing days. 

3. Results 

Across data collection, all participants completed the testing procedures as in-
structed and attended their three allotted trial dates. Few adverse events were 
noted among participants, including intense muscle soreness in the hip external 
rotators lasting two days or less and proximal ankle discomfort, likely from HHD 
placement. 

ICC values for intra-rater reliability varied across examiners and positions. In 
the seated position, examiner one demonstrated poor reliability ICC = 0.187 (95% 
CI [−0.101, 0.463]), examiner two demonstrated moderate reliability ICC = 0.739 
(95% CI [0.387, 0.881]), and examiner three demonstrated fair reliability ICC = 
0.555 (95% CI [0.271, 0.747]). Across all three examiners, intra-rater reliability 
was higher in the SL position than in the seated position. However, only one ex-
aminer’s ICCs demonstrated non-overlapping 95% confidence intervals as illus-
trated in Figure 3. For the SL position, examiner one demonstrated poor reliabil-
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ity ICC = 0.229 (95% CI [−0.72, 0.503]), examiner two demonstrated excellent 
reliability ICC = 0.942 (95% CI [0.889, 0.970]) and examiner three demonstrated 
good reliability ICC = 0.811(95% CI [0.594, 0.909]) (Figure 4). 

 

 
Figure 3. Intra-rater reliability among examiners for each testing position. 

 

 
Figure 4. Comparison of intra-rater and inter-rater reliability for hip ER strength for the SL and seated MMT positions. 
 

Inter-rater reliability ICC values were consistently low for both seated and SL 
positions, which indicates poor agreement between examiners ICC = 0.240 and 
ICC = 0.234, respectively. Inter-rater reliability was similar in the seated position 
for time 1 ICC = 0.066 (95% CI [−0.32, 0.213]) and time 2 ICC = 0.207 (95% CI 
[−0.002, 0.508]) when compared to SL time 1 ICC = 0.095 (95% CI [−0.32; 0.27]) 
and time 2 ICC = 0.233 (95% CI [0.000, 0.548]) (Figure 5). Although ICC values 
were similar in the seated position compared to the SL position, all estimates fell 
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within the range of poor reliability. 
 

 
Figure 5. Intra-rater reliability among examiners for each testing position. 

4. Discussion 

Overall, these findings suggest that testing position influenced the intra-rater 
measurement of hip ER strength, indicating that positioning may affect the con-
sistency of strength assessments. These results contribute to the understanding of 
how alternative testing positions may influence the reliability of the differing test-
ing position. However, these results should be interpreted in light of several limi-
tations. Additional methodological constraints also became apparent during data 
collection and statistical analysis involving both participant performance and ex-
aminer-related factors. 

Primary limitations with participants included positional compensations ob-
served in the seated hip ER testing position and insufficient protocol addressing 
preferred physical activity levels of participants between trials. When hip ER mus-
cle strength was tested in the seated position, examiners noted that some partici-
pants slightly flexed their working hip as the test was initiated. This could have 
potentially impacted test results to yield higher force values, due to the additional 
muscle recruitment of sartorius and iliopsoas when the hips were at 90 degrees of 
flexion. A small portion of participants, noting performance of a “heavy leg day 
workout” within one to two days of their trial date, reported hip discomfort during 
their involvement in this study. Future studies may want to implement activity 
restrictions during the trial period to prevent participants from overusing their 
hip ER musculature or exerting force at high intensity between trial dates. 

The primary issue during data collection for the examiners was the presence of 
wrist discomfort when performing the SL hip ER test on stronger participants (re-
ported by two of the three examiners). The two examiners who reported wrist 
discomfort were also the two examiners who had the lowest intra-rater reliability. 
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Differences in the size and strength of the examiners may have contributed to the 
presence or absence of wrist discomfort, which may in turn have affected reliability. 

When performing statistical analysis, researchers also noticed that only one ex-
aminer exhibited the most reliable results, failing to support the researchers’ pre-
vious proposition that standardizing the table height would account for physical 
discrepancies between examiners, including height and mass. This finding is con-
sistent with the claims that earlier analyses indicated perceived examiner differ-
ences, which may have contributed to initial limitations in reliability. 

Despite attempts to control examiner variability in physical characteristics, these 
differences may have influenced measured strength values when testing hip ER in 
both sitting and SL. The discrepancies seen in reliability could have resulted from 
differences in each examiner’s physical ability to provide break force. Additional 
studies to examine whether strength discrepancies between examiners can be con-
trolled with a different method of standardization may be necessary to improve 
the reliability of MMT of hip ER in the SL position. Additionally, future studies 
may benefit from making alterations to the testing protocol. Researchers recog-
nized that only allotting three trial days may have been insufficient, particularly 
due to the first trial day serving as both a first point of data collection and a learn-
ing session for each participant. A designated first day of participation is recom-
mended for each participant to learn how to perform the testing protocol, without 
including these values in data analysis. Some participants demonstrated large im-
provements in strength between their first and second trial dates, and several par-
ticipants verbalized feeling that they were better able to perform the protocol on 
their second and third trial days, due to learning it on the first trial day. Although 
participants were given one attempt to perform the technique before, final strength 
results were recorded on each of the three trial days, including an additional day 
for participants to practice a full sequence (without using that data in analysis), 
which may help reduce discrepancies caused by participants’ initial difficulty in 
performing the protocol. 

The present findings support that SL hip ER MMT is a viable alternative testing 
position with similar inter-rater reliability to the seated position, as well as poten-
tially greater intra-rater reliability. Although examiner-related and methodologi-
cal factors contributed to variability, the SL position demonstrated promise as a 
clinically relevant alternative that may better reflect functional hip external rotator 
performance when standardized procedures are implemented. These results un-
derscore the need for greater protocol refinement, including examiner stabiliza-
tion and participant familiarization to improve measurement consistency. Con-
tinued investigation into methods that minimize examiner influence and enhance 
standardization is warranted to strengthen the reliability and clinical utility of hip 
ER strength assessment. 

5. Perspective 

A reliable, functional test for hip external rotation (ER) strength is essential for 
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improving orthopedic physical therapy evaluation and treatment. The side-lying 
(SL) position may better assess hip ER strength against gravity while reducing 
contributions from hip flexors such as the iliopsoas, sartorius, and rectus femoris. 
Because hip angle influences muscle function, testing position can affect strength 
measurements. Although most manual muscle tests are performed against gravity, 
hip ER is traditionally tested seated. The SL position allows for gravity-resisted test-
ing, offering a more functional assessment of strength deficits. Hip dysfunction 
often presents as pain in the knee, ankle, or lumbar spine, making accurate strength 
assessment critical for targeted rehabilitation. In athletes, hip ER strength can help 
identify deficits and predict risk for injuries such as ACL tears. Consistent screen-
ing and strengthening of hip external rotators may reduce non-contact injury risk. 
Our results demonstrate no statistically significant difference in the reliability be-
tween the SL and seated methods. Therefore, given that the SL position may pro-
vide greater functional carryover by testing against gravity, it could serve as a prac-
tical alternative for assessing hip strength as it improves muscle isolation and re-
duces compensatory movements. 
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