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ABSTRACT

Introduction: Strength is a key modifiable 
risk factor for hamstring strains with significant 
differences between injured and non-injured 
sides in the lengthened position. Ensuring the test-
retest reliability of measurement protocols ensures 
consistent injury prevention, rehabilitation and 
return-to-sport planning.
Objective: To evaluate the test-retest reliability of 
hamstring strength protocols in both standardized 
and lengthened positions among healthy adults.
Study Design: Test-retest reliability study

Setting: Human Performance Laboratory, Fr. 
Roque Ruano building, University of Santo Tomas, 
Espana Manila
Participants: Ten healthy adults (six males and 
four females; mean age: 26.5 ± 4.03 years)
Main Outcome Measures: Absolute and relative 
peak torque for concentric and eccentric hamstring 
and quadriceps were measured at 60°/sec, 180°/
sec and 240°/sec in the standardized position (hip 
and knee flexed at 90°). In the lengthened position 
(hip flexed at 85° and knee at 30°), isometric knee 
flexion and peak torque for concentric and eccentric 
hamstring and quadriceps were assessed at 60°/
sec and 180°/sec. Strength ratios were calculated 
for both positions.
Results: Intraclass Correlation Coefficient (ICC) 
values demonstrated good to excellent reliability for 
peak torque measurements, with higher reliability in 
the standardized position (ICC 0.83-0.94) than in the 
lengthened position (ICC 0.79-0.96). Conventional 
and functional ratios varied, with lower ICCs for 
the right leg in the standardized position (ICC 
0.32-0.92) and moderate to good reliability in the 
lengthened position (ICC 0.63-0.87).
Conclusion: Standardized and lengthened 
positions provide reliable assessments of absolute and 
relative peak torque for hamstring and quadriceps 
muscles during concentric and eccentric contractions 
across all speeds, including conventional and 
functional strength ratios.
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INTRODUCTION

There is currently no consensus within literature on the 
etiological factors contributing to hamstring injuries.
[1] Strength is among the most extensively studied 
modifiable risk factors for hamstring strain injuries, 
particularly emphasizing imbalances between the 
quadriceps and hamstrings as potential contributors.
[2] Isokinetic dynamometers are widely recognized 
for their reliability and validity in assessing muscle 
strength,[3,4] making them the “gold standard” 
for comparison with other measurement tools.[5] 
However, research on isokinetic strength testing for 
predicting future hamstring strain injuries has yielded 
differing conclusions.

One commonly used measure is the conventional 
hamstring-to-quadriceps (H:Q) strength ratio, which 
compares concentric hamstring to concentric 
quadriceps strength. However, research on this 
ratio has produced conflicting results. For instance, 
Yeung, et al. (2009) found that a conventional H:Q 
ratio below 0.6 at 180°/sec resulted in a 17-fold 
increase in injury risk. [6]. In contrast, Van Dyk, et 
al. (2016) found no significant difference in this 
ratio between injured and uninjured limbs in a 
cohort of 614 elite soccer players. [7] The functional 
H:Q ratio, which compares eccentric hamstring to 
concentric quadriceps strength and aligns more 
closely with the hamstring’s role in decelerating 
knee extension during running, also presents mixed 
evidence. Croisier, et al. (2002) identified significant 
imbalance in the functional H:Q ratio between 
injured and uninjured limbs in participants with a 
history of prior injury. [8] Conversely, Van Dyk, et al. 
(2016) found no predictive value for this ratio. [7]

Interlimb strength comparisons, which assess 
differences between the injured and uninjured limbs, 
have produced more consistent findings. Suguira, 
et al. (2008) reported that eccentric hamstring 
peak torque was significantly lower in the injured 
limb compared to the uninjured limb. [9] Similarly, 
Croisier, et al. (2008) found that bilateral asymmetry 
greater than 15% in concentric or eccentric 
hamstring torque was associated with 4-5 times 
higher risk of injury, which reduces significantly 
when the asymmetry is less than 5%. [10] Green, 

et al. (2018) also found that lower absolute and 
relative eccentric knee flexor torque at 60°/sec 
significantly predicted future hamstring strain injuries 
in sprint-related athletes. [11] In contrast, Green, 
et al. (2020) meta-analysis reported no significant 
association between isokinetic testing and hamstring 
strain injury risk. [12]

Previous work by the authorship team includes an 
umbrella review regarding the association between 
isokinetic strength and risk of hamstring strain 
injuries among running-related athletes (Fidel, et al., 
2024). This work identified a small but significant 
association between reduced hamstring strength 
during lengthening contractions and increased risk of 
future hamstring injuries. However, a comprehensive 
review of the evidence found no clear link between 
general hamstring and quadriceps strength, their 
ratios and injury risk when tested in the traditional 
seated position with both hip and knee joints flexed 
at 90° using isokinetic dynamometers. Notably, 
we found that hamstring strength measurements 
significantly differ between injured and non-injured 
sides when tested in a lengthened position only, 
underscoring the impact of testing position on 
isokinetic strength outcomes. Consequently, the 
lengthened hamstring position, with the hip flexed at 
85° and the knee at 30°, has gained recent attention 
for its potential relevance in hamstring assessment.
[13-15]

Consistency in testing protocols is critical to 
ensuring that observed differences are due to actual 
participant variations rather than measurement 
inconsistencies. Test-retest reliability is vital for 
confirming that protocols can be consistently used in 
clinical or sports settings to allow clinicians, sports 
medicine professionals and trainers to make informed 
decisions regarding injury prevention, rehabilitation 
and return-to-sports planning. Therefore, this study 
aims to evaluate hamstring strength measurement 
protocols’ test-retest reliability in standardized and 
lengthened positions over time.

MATERIALS AND METHODS

Study Design

This was a test-retest reliability study to assess the 
stability of measurement protocols (standardized and 
lengthened positions) over time. All tests were conducted 
by one rater (BF), who performed the test and checked 
all settings before the initiation of the test. A research 
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assistant was present to help with the computer setup 
and positioning of participants. The rater and research 
assistant completed a training program to become 
familiar with the testing device and procedures (eg, set 
up of the equipment and positioning of participants) 
before the study commenced.

Ethical Considerations

This study was approved by the Faculty of Pharmacy 
Research Ethics Committee at the University of 
Santo Tomas (FOPREC-2122-157). All participants 
provided written informed consent, and informed 
that they could withdraw from the study without 
consequences.

Study Site and Setting

All tests were performed at the Human Performance 
Laboratory on the fifth floor of the Fr. Roque Ruano 
building of the University of Santo Tomas, Espana 
Manila.

Outcome Measures of Interest

Table 1 summarizes the outcome measures for 
standardized (Figure 1. A) and lengthened 
(Figure  1.  B) positions. The speeds of 60°/sec, 
180°/sec and 240°/sec were chosen based on the 
umbrella review of systematic reviews as having the 
best evidence in predicting injury risk among athletes.

A Biodex (System 4, Biodex Medical Systems, 
Shirley, New York, USA) isokinetic dynamometer 
was used for all testing. A lower extremity cycle 
ergometer (SportsArt C55R Recumbent Bike) was 
used for warm-up and cool-down procedures.

Since assessments were conducted in 
standardized and lengthened hamstring positions, a 
sequential approach was implemented to minimize 
setup time, reduce the need for frequent adjustments 
in participant positioning and enhance overall 
efficiency of testing procedure (see section below). 
Assessment in the standardized position was initially 
done for one leg, followed by the lengthened 
position. Subsequently, the sequence was reversed 
for the opposite leg, with the lengthened position 
followed by standardized position.

Participants

The study included healthy adult male and female 
participants aged 18 to 35 years. Participants 
were recruited through advertisements at the 
research center using convenience sampling. This 
approach selected readily available individuals 
who met the inclusion criteria of having no history 
of musculoskeletal conditions, injuries, or surgeries 
affecting the lower extremities. Individuals were 
excluded if they had any medical conditions or 
injuries that could interfere with isokinetic strength 
testing procedures.

Table 1. Outcome variables assessed in standardized and lengthened positions

Position Assessment Type Angular Velocities Outcome Variables

Standardized (hip flexed at 
90°, knee flexed at 90°)

Concentric hamstring strength 60°/sec, 240°/sec Absolute and relative peak torques

  Eccentric hamstring strength 30°/sec Absolute and relative peak torques

  Concentric hamstring-to-
concentric quadriceps ratios

60:60, 240:240 Conventional H:Q ratio

  Eccentric hamstring-to-concentric 
quadriceps ratio

30:240 Functional H:Q ratio

Lengthened position (hip flexed 
at 85°, knee flexed at 30°)

Isometric contraction At 30° knee flexion Absolute peak torque

  Concentric hamstring strength 60°/sec, 180°/sec Absolute and relative peak torques

  Eccentric hamstring strength 60°/sec, 180°/sec Absolute and relative peak torques

  Concentric hamstring-to-
concentric quadriceps ratios

60:60, 180:180 Conventional H:Q ratio

  Eccentric hamstring-to-concentric 
quadriceps ratio

60:60, 180:180 Functional H:Q ratio

Sec = second, H:Q = hamstring-to-quadriceps
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Sample Size Computation

The sample size was computed based on the sample 
size calculator of Won Nar Arifin [15] using the 
hypothesis testing method, with a minimum acceptable 

ICC (ρ0) of 0.7, expected ICC (ρ1) of 0.95 based 
on the study of Feiring, et al.[16], α = 0.05, power 
of 80% and number of repetitions per subject = 2, a 
total of 10 participants had to be included.

Figure 1. A. Standardized position; B. Lengthened position.

Figure 2. Warm-up phase 
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Test Protocol

The study involved two identical testing sessions 
conducted three days apart. The tests were 
scheduled at similar times of the day to minimize 
potential effects of diurnal variations on participants’ 
performance. Participants were also instructed to 
maintain their regular physical activity schedule 
throughout the study period.

A warm-up phase consisting of a 5-minute cycle 
ergometer with target revolutions per minute between 
50 and 60 was completed by each participant.

The participants were seated and stabilized using 
dual cross-over straps over the trunk, waist strap and 
a thigh strap on the test leg to restrict any lateral 
movement at the knee, allowing only flexion and 
extension movements. They were asked to grip the 
side handles of the chair to stabilize their upper body 
during the testing procedure. The lateral epicondyle 
of the femur was aligned with the fulcrum of the 
dynamometer. The tested leg was attached to the 
lever of the dynamometer with a Velcro strap placed 
2 cm above the lateral malleolus. Each participant 
completed three submaximal trials of knee flexion and 
extension at each velocity, followed by two maximal 
contractions for familiarization with the task. They 
were given a 60-second rest before actual testing. 
Five maximal concentric isokinetic repetitions were 
used for data collection at all speeds. A 90-second 

rest period was given in between the protocols and 
a 180-second break between the standardized and 
lengthened positions.

Prior to the start of the test and during rest 
intervals preceding each protocol, participants 
received instructions to exert maximum force rapidly 
against the shin pad (“to push as hard and as fast 
as possible”) throughout the entire movement, with 
additional verbal countdown given (3—2—1—go). 
Throughout the test, no verbal encouragement was 
provided; however, the dynamometer computer 
screen was positioned to allow participants to 
observe real-time feedback on their exertion.

All contractions were executed within a 
standardized range of knee motion. Torques were 
adjusted to account for the effects of gravity. 
Participants engaged in a cool-down session of a 
5-minute leg ergometer following the test. Tables 2 
and 3 summarize the protocols used in isokinetic 
strength measurement in the standardized and 
lengthened positions.

Data Management

To ensure blinding, the rater conducted all testing 
but was blinded to measured outcomes, a research 
assistant calculated all outcomes but was blinded 
to the condition when measured. Each participant 

Table 3. Summarized protocol lengthened position

Variable Speed (°/sec) per set Repetitions Rest between 
sets

Practice trial Rest after 
practice1 2

Isometric Q/
Isometric H

30° knee flexion 3 seconds hold 4 sets 30 seconds 1st set 30 seconds

Concentric Q/
Concentric H

60/60 180/180 5 90 seconds 5 repetitions  
(3 submaximal, 
2 maximal)

60 seconds

Eccentric H/
Concentric H

60/60 180/180 5 90 seconds 5 repetitions 60 seconds

Q = quadriceps; H = hamstring

Table 2. Summarized protocol standardized position

Variable Speed (°/sec) per set Repetitions Rest between sets Practice trial Rest after practice

1 2

Concentric Q/
Concentric H

60/60 240/240 5 90 seconds 5 repetitions (3 
submaximal, 2 maximal)

60 seconds

Eccentric H/
Concentric H

30/30 240/240 5 90 seconds 5 repetitions 60 seconds

Q = quadriceps; H = hamstring
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was assigned a unique identification code; no 
personally identifiable information was stored with 
the measurement data.

The data were recorded and organized in a 
Microsoft Excel spreadsheet, including participant 
codes, demographic information (age, sex, height, 
weight) and isokinetic strength measurements 
(concentric and eccentric peak torque, conventional 
and functional strength ratios). The Excel spreadsheet 
was stored securely on a password-protected 
dedicated computer, with a backup copy saved on 
an external hard drive to prevent data loss.

Data Analysis

Data was analyzed using IBM SPSS Statistics 21 
(IBM Corp., 2012). The means and standard 
deviations were reported to summarize the data. A 
repeated measures analysis of variance was used to 
determine any significant difference in measurements 
of the same variable (day 1 vs. day 2). F-values and 
p-values were computed. For intra-rater reliability, 
the association between measurements by a single 
rater was analyzed using a two-way mixed effects 
model (with absolute agreement) where people’s 
effects are random and measures’ effects are fixed. 
ICC [2,1] (single-rater, average-measure, ICC mixed) 
with a single rater providing ratings on multiple trials 
model was used. ICC values were classified as poor 
if they were less than 0.5, moderate if they were 
between 0.5 and 0.75, good if they were between 
0.75 and 0.90 and excellent if they were greater 
than 0.90.[17]

RESULTS

Ten healthy active participants (six males and four 
females; mean age: 26.5 ± 4.03 years; height: 
1.67 ± 0.09 meters; weight: 69.9 ± 9.9 kilograms; 
BMI: 25 ± 1) with no history of lower extremity injury 
were recruited for the study.

Mean absolute and relative peak torque values 
were generally higher for the quadriceps than 
hamstrings during concentric contractions at 60°/
sec. For quadriceps, absolute and relative peak 
torque values in the concentric mode at 60°/sec 
were higher in the standardized than lengthened 
position. Conversely, for the hamstrings, both 
absolute and relative peak torque values at 60°/sec 

were higher in the lengthened position compared to 
the standardized position.

The ICC values demonstrated good to excellent 
reliability for most absolute and relative peak torque 
measurements in both positions, with generally 
higher ICC values in the standardized position 
(ICC 0.83-0.94) than in the lengthened position 
(ICC 0.79-0.96). There is some variability in the 
reliability of conventional and functional ratios, with 
slightly lower ICCs observed in the standardized 
position, particularly for the right leg (ICC 0.32-
0.92) compared to the lengthened position, which 
demonstrated moderate to good reliability (ICC 
0.63-0.87). Overall, both positions exhibit strong 
reliability for isokinetic strength measurements. 
Tables 4 and 5 summarize the descriptive and 
reliability data for standardized and lengthened 
positions.

DISCUSSION

This study provides reliable and consistent protocols 
for measuring absolute and relative peak torque 
of both hamstring and quadriceps muscles during 
concentric and eccentric contractions across slow, 
intermediate and fast speeds. It also covers the 
assessment of conventional and functional strength 
ratios in standardized and lengthened positions with 
the evaluation of isometric peak torque, specifically 
in the lengthened position. The standardized test 
had more excellent ICC values than the lengthened 
test, which was mostly good.

The excellent reliability for peak torque 
measurements in the standardized position and the 
generally good reliability in lengthened position 
indicate their effectiveness for consistent and 
reproducible results. To our knowledge, this is the 
first study to assess the test-retest reliability for knee 
flexion and extension using the lengthened position. 
The stability and reliability of both protocols for 
repeated measures are crucial for longitudinal 
studies and clinical evaluations.

The variability in reliability of conventional and 
functional ratios could reflect differences in how 
these ratios are influenced by the test position or 
by individual anatomical or functional factors. 
This suggests that while absolute and relative peak 
torque values may be reliable, ratios derived from 
these measurements might be more sensitive to the 
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position or other factors. Impellizzerri, et al. (2008) 
investigated the reliability of the conventional ratio at 
60°, 120° and 180°/sec and the functional ratio at 
60°/sec in 18 recreational adult athletes. [18] Their 
findings demonstrated low-to-moderate reliability, 
with greater reproducibility at slower speeds than 
faster ones. Specifically, the ICC for conventional 
ratio on the right side was 0.79 at 60°/sec, 0.70 
at 120°/sec and 0.34 at 180°/sec, while for the 
left side, it was 0.65, 0.55 and 0.44, respectively. 
[11] Similarly, our study examining the reliability 
of conventional ratio in the standardized position 
showed comparable results, with ICC values of 
0.48 for the right and 0.77 for the left at 60°/sec; 
0.12 for the right and 0.75 for the left at 240°/
sec. These findings align with the patterns observed 
by Impellizzerri, et al., highlighting the influence of 
speed on reliability of the conventional ratio. [18] 
There is generally better neuromuscular control at 
slower speeds, allowing for more consistent and 
reproducible contractions. As speed increases, 
muscle control and coordination may decrease, 
leading to greater variability in force production 
and lower measurement reliability.

Our study is limited by its focus on young, physically 
active and healthy adult participants, which restricts 
the generalizability of findings to other age groups or 
clinical populations. Future research should include 
a broader range of participants to determine if the 
results are consistent across different demographics 
and those with varying health conditions.

CONCLUSION

Our study demonstrates that standardized and 
lengthened positions provide reliable and stable 
assessments of absolute and relative peak torque 
for the hamstring and quadriceps muscles during 
concentric and eccentric contractions across 
slow, intermediate and fast speeds, though the 
standardized position yielded slightly higher 
reliability compared to the lengthened position. 
This includes the evaluation of conventional and 
functional strength ratios, as well as isometric knee 
flexion in the lengthened position.
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