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Abstract: Evaluating maximal strength, inter-limb asymmetries, and the hamstring-to-quadriceps
(HQ) ratio is essential for identifying strength deficits in athletes. This cross-sectional study assessed
the test–retest (inter-visit) reliability of the EasyForce dynamometer for knee extension and flexion
strength in 21 young healthy participants (11 women and 10 men; age = 19.4 ± 0.7 years). The
dynamometer demonstrated excellent relative reliability, with ICC values of 0.99 for knee extension
and 0.95–0.98 for knee flexion. Absolute reliability was also acceptable (typical error = 5.63–16.44 N;
coefficient of variation = 3.94–6.80%). Reliability for inter-limb asymmetries (ICC = 0.90) and HQ ratios
(ICC = 0.91–0.92) was good to excellent. Agreement for inter-limb asymmetry direction between visits
was excellent for knee extension (κ = 0.90) and substantial for knee flexion (κ = 0.71). These findings
suggest that EasyForce is reliable for assessing muscle strength, inter-limb asymmetries, and HQ ratios
in physically active adults. Future research should explore the broader applicability of EasyForce in
muscle strength assessment, particularly for professional athletes and during rehabilitation.

Keywords: knee joint strength; reliability; injury prevention; symmetry

1. Introduction

Strength measurements are essential in both clinical and athletic settings as they
offer critical insights into an individual’s muscle function, injury risk, and rehabilitation
progress [1–3]. Among these measurements, knee strength is frequently evaluated, likely
due to the knee’s critical role in athletic activities like decelerating the body’s center of mass
during movements like jumping and landing or daily functions like climbing stairs [4–7].
In addition to assessing maximal strength (peak force or peak torque during maximal
voluntary contraction), understanding inter-limb asymmetries and, in the case of the knee
joint, the hamstring-to-quadriceps (HQ) ratio is essential for identifying strength imbalances
that could potentially lead to injuries in athletes. Recent evidence indicates a strong interest
in inter-limb asymmetry assessment because of its potential connection with both injury
and performance [8–10]. However, there is a need to standardize methodology and analysis
to improve the interpretation, adoption, and implementation of inter-limb asymmetry
testing and related interventions that may be required for athlete populations [9].

To facilitate the effective use of strength measurements in athletic and clinical settings,
reliable assessment procedures are needed. Various methods, such as isokinetic dynamom-
etry, isometric testing, and hand-held dynamometry (HHD), are employed to measure
muscle strength [11,12]. HHD is particularly valued for its convenience and portability.
While studies generally support the reliability of HHD for muscle strength assessments,
inconsistencies remain, especially when measuring stronger muscle groups like knee ex-
tensors and flexors, where examiner strength can influence results [13,14]. Considering
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the substantial influence of belt stabilization on the mean values and reliability of knee
strength assessments [15], further research is essential to compare different applications of
belt stabilization.

The EasyForce dynamometer is an innovative dynamometer equipped with a belt-
stabilized design, known for its reliability, user-friendly interface, and affordability. Previ-
ous studies on EasyForce, such as those by Kozinc et al. [16] and Trajković et al. [17], have
provided valuable insights into its functionality and reported moderate-to-good reliability
and validity scores. Specifically, Trajković et al. [17] found inter-rater reliability for knee
tasks to be moderate to good, with intraclass correlation coefficient (ICC) values ranging
from 0.65 to 0.83. Kozinc et al. [16] demonstrated excellent relative test–retest reliability for
knee joint measurements, with ICC values greater than 0.90; however, the absolute relia-
bility was not acceptable with an error exceeding 10% of the mean value. These findings
suggest that despite the stabilization provided by the belt, significant variation across raters
and visits may be present. To address this variation, the authors of some previous studies
have suggested attaching the dynamometer to an immovable anchor instead of having the
examiner hold it [18].

In addition, previous studies have not fully explored all aspects of belt-stabilized
dynamometer (such as EasyForce) performance, particularly the reliability of measuring
inter-limb asymmetry or the HQ ratio. Previous findings indicate that inter-limb asym-
metry scores for muscle strength and power exhibit lower reliability compared to raw
values [9,19,20], highlighting the critical importance of establishing reliable methods for
assessing inter-limb asymmetries, if the data are to be usable to help guide decision-making.
A study by Bishop et al. [21] has already demonstrated that isokinetic assessments, includ-
ing peak torque of knee extensors and flexors, intra-limb ratio, and inter-limb asymmetry,
can distinguish between professional and academy soccer players. Also, it is likely that uni-
lateral tasks offer a more accurate measure of force generation, as the load is not distributed
or compensated across both limbs [22]. Inter-limb asymmetries and HQ ratio can be applied
in sports training to spot and address strength imbalances, allowing practitioners to create
targeted programs that help reduce injury risk, while in rehabilitation, tracking inter-limb
asymmetry over time can ensure balanced strength development, supporting safer and
more effective recovery [23–25].

This study aimed to evaluate the reliability of the EasyForce dynamometer in measur-
ing knee extension and flexion, both within a single visit and across multiple visits. We
hypothesized that EasyForce would demonstrate excellent reliability for measuring force,
good reliability for assessing inter-limb asymmetries, and good reliability for assessing the
hamstrings-to-quadriceps (HQ) ratio. The findings of this study are crucial as they will
help establish the belt-stabilized HHD as a reliable tool for both clinical assessments and
research, ensuring accurate detection of strength imbalances and potential injury risks.

2. Materials and Methods
2.1. Participants

The required sample size was determined based on a previous study assessing
knee extensor and flexor force [16] in which all test–retest ICC coefficients were greater
than 0.90. A priori power analysis indicated that for an expected ICC of 0.90, with a
desired precision of 0.2, an alpha level of 0.05, and a statistical power of 0.90, a mini-
mum of 15 participants was required [26]. To ensure even greater robustness of the re-
sults and account for possibly lower reliability in the case of inter-limb asymmetry and
HQ ratios, we recruited 21 participants (11 women and 10 men; age = 19.4 ± 0.7 years;
body height = 177.8 ± 8.6 cm; body mass = 71.0 ± 14.2 kg).

The participants were students of physiotherapy and were recruited as a convenience
sample through social media, emailing, and personal networking. Participants were
excluded from the study if they reported any pain in the knee, restrictions in active range of
motion at the knee or hip range of motion (assessed visually by a physical therapist; at least
90◦ of flexion for both), or prior injury in the lower limb. Participants gave their informed
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consent before the experiment by signing consent forms. The study was approved by the
Ethics Board of the Academy of Applied Studies Belgrade, College of Health Sciences.

2.2. Study Design

We conducted a repeated measures study to evaluate the test–retest reliability of the
EasyForce dynamometer for assessing knee flexion and knee extension muscle strength
(force), as well as HQ ratio and inter-limb asymmetries. The measurements were the
same for both visits, which were spaced 5–7 days apart. Participants performed a 15 min
warm-up, guided by a physical therapist. The warm-up included 5 min of light-intensity
cycling on an indoor ergometer, followed by 5 min of static stretching and bodyweight
resistance exercises such as lunges and squats.

Strength assessments were performed for each leg separately, while the order of tasks
(knee extension and knee flexion) was randomly determined for each participant and
maintained on the second visit. Participants performed 3 submaximal warm-up trials
before each task, progressing from 50 to 90% of maximal effort. During the main trials,
the participants were instructed to gradually reach maximal force over about 1–2 s and
then maintain it for an additional 3–4 s, with verbal encouragement given throughout the
tasks. A single examiner with a physiotherapy and kinesiology background conducted
the assessments, while a second examiner recorded the values and managed the computer.
The first examiner was blinded to the results during and between visits.

2.3. Measurement Procedures

Measurements using the EasyForce dynamometer were conducted in accordance
with the manufacturer’s guidelines. The dynamometer is a stand-alone device (no link to
computer software), with the results displayed on the screen after the measurement.

The dynamometer records tension force continuously to the nearest 1 N, with the
maximal capacity at 150 kg (1471 N). Measurement will automatically start when the force
reaches 5 N for more than 0.5 s and end when the force drops to zero, displaying peak and
average force values. The device must be reset before a new measurement, preventing
small movements from affecting the results. For knee extension assessments (Figure 1A),
participants sat on a table with their knees bent at 90◦, hands resting on their thighs, and
torso upright. The dynamometer was positioned 2 cm above the malleolus. For knee
flexion assessments (Figure 1B), the participants were prone with their knees flexed at 90◦,
and the dynamometer was positioned similarly. The dynamometer was fixed with a belt to
immovable wooden bars secured to the wall. Results for raw strength scores are presented
in newtons (N) and the mean value from the two repetitions was considered. The results
represent peak force, which is readily displayed on the device when the measurement is
ended. Inter-limb asymmetries were calculated by calculating the difference between the
left and right sides and dividing it by the mean value. HQ ratio was calculated as the ratio
between knee flexion and knee extension force.

2.4. Statistical Analysis

The data are presented as means ± standard deviations. Reliability was assessed
through a single-measures ICC with absolute agreement, accompanied by 95% confi-
dence intervals (CI). The ICC values were interpreted as follows: values below 0.5 in-
dicate poor reliability, values between 0.5 and 0.75 indicate moderate reliability, values
between 0.75 and 0.9 indicate good reliability, and values above 0.90 indicate excellent
reliability [27]. Absolute reliability was also evaluated by calculating the typical error
(TE) and coefficient of variation (CV), with the following interpretations: poor reliability
(CV > 10%), moderate reliability (CV = 5–10%), and good reliability (CV < 5%) [28]. To
assess the agreement level for the direction of asymmetries across sessions and testing
conditions, kappa coefficients were calculated. Agreement levels were interpreted as fol-
lows: 0.01–0.20 = slight; 0.21–0.40 = fair; 0.41–0.60 = moderate; 0.61–0.80 = substantial; and
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0.81–0.99 = nearly perfect [29]. All analyses were carried out using SPSS statistical software
(version 25.0, IBM: Armonk, NY, USA).
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Figure 1. Participant position and dynamometer fixation for knee extension (A) and knee flexion
(B) strength measurements.

3. Results

Table 1 contains all reliability analyses. Knee extension force demonstrated excellent
reliability for both limbs. For the right knee extension, the ICC was 0.99 (95% CI: 0.97–0.99),
with a TE of 12.98 N (95% CI: 9.93–18.74) and a CV of 3.94% (95% CI: 3.01–5.69). For the
left knee extension, the ICC was 0.99 (95% CI: 0.97–0.99), with a TE of 16.44 N (95% CI:
12.58–23.74) and a CV of 4.82% (95% CI: 3.69–6.96). Inter-limb asymmetry in knee extension
showed good-to-excellent relative reliability, with an ICC of 0.90 (95% CI: 0.78–0.96) and a
TE of 6.44% (95% CI: 4.92–9.29).

Table 1. Test–retest reliability of all outcome measures.

Outcome Measure
Visit 1 Visit 2 Relative Reliability Absolute Reliability

Mean SD Mean SD ICC 95% CI TE 95% CI CV 95% CI

Knee extension, Right (N) 327.6 108.75 331.12 103.55 0.99 0.97 0.99 12.98 9.93 18.74 3.94 3.01 5.69
Knee extension, Left (N) 345.4 140.04 336.64 138.13 0.99 0.97 0.99 16.44 12.58 23.74 4.82 3.69 6.96

Asymmetry (%) −3.03 19.84 0.53 19.66 0.90 0.78 0.96 6.44 4.92 9.29 / / /

Knee flexion, Right (N) 140.5 39.79 143.17 42.80 0.95 0.88 0.98 9.65 7.38 13.94 6.80 5.21 9.83
Knee flexion, Left (N) 138.3 42.32 140.81 44.17 0.98 0.96 0.99 5.63 4.31 8.14 4.04 3.09 5.83

Asymmetry (%) 1.29 14.11 1.22 13.32 0.90 0.78 0.96 4.45 3.40 6.42 / / /

HQ ratio, Right 0.43 0.10 0.44 0.10 0.92 0.82 0.97 0.03 0.02 0.04 6.90 5.28 9.97
HQ ratio, Left 0.44 0.08 0.44 0.08 0.91 0.80 0.96 0.02 0.02 0.04 5.65 4.32 8.15

SD: standard deviation; ICC: intraclass correlation coefficient; CI: confidence interval; TE: typical error; CV:
coefficient of variation.

Knee flexion force exhibited good-to-excellent reliability. For right knee flexion, the
ICC was 0.95 (95% CI: 0.88–0.98), with a TE of 9.65 N (95% CI: 7.38–13.94) and a CV of 6.80%
(95% CI: 5.21–9.83). For left knee flexion, the ICC was 0.98 (95% CI: 0.96–0.99), with a TE of
5.63 N (95% CI: 4.31–8.14) and a CV of 4.04% (95% CI: 3.09–5.83). Inter-limb asymmetry in
knee flexion showed good-to-excellent reliability, with an ICC of 0.90 (95% CI: 0.78–0.96)
and a TE of 4.45% (95% CI: 3.40–6.42).
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HQ ratios displayed good-to-excellent reliability. The ICC for the right side was 0.92
(95% CI: 0.82–0.97), with a TE of 0.03 (95% CI: 0.02–0.04) and a CV of 6.90% (95% CI:
5.28–9.97). For the left side, the ICC was 0.91 (95% CI: 0.80–0.96), with a TE of 0.02 (95% CI:
0.02–0.04) and a CV of 5.65% (95% CI: 4.32–8.15).

The agreement between inter-limb asymmetry direction was excellent for knee ex-
tension (κ = 0.90; p < 0.001) and substantial for knee flexion (κ = 0.71; p = 0.001). Figure 2
displays participant-by-participant inter-limb asymmetry scores, showing mostly consistent
direction of inter-limb asymmetries across sessions.
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4. Discussion

This study aimed to evaluate the reliability of the EasyForce dynamometer in measur-
ing knee extension and flexion strength (force), inter-limb asymmetries, and the HQ ratio.
Our findings showed that the assessments using the EasyForce dynamometer demonstrated
good-to-excellent relative and absolute reliability for both knee extension and knee flexion
force, as well as inter-limb asymmetries and HQ ratio.

Consistent with previous reports on other handheld dynamometers [11,12], we found
that the EasyForce dynamometer demonstrated high-to-excellent relative reliability for as-
sessing knee extension and flexion strength. Compared to a previous EasyForce study [16],
our absolute reliability scores (CV = 3.94–4.82%) showed a significant improvement
(CV = 10.0–10.7%). We could explain this by the fact that we stabilized the dynamometer
by fixing it to the wall, which could exclude the examiner’s strength (among other factors)
as a factor affecting the results [15]. Previous handheld dynamometers primarily measured
push force [13] and required either handheld use or being positioned between a stabilizing
belt and the participant’s skin. Previous studies have shown higher CV values for both clas-
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sic handheld dynamometers (21.3–42.5%) [30] and belt-stabilized handheld dynamometers
(12.0–22.0%) [14], when assessing knee extension and flexion strength. Therefore, the ap-
proach adopted in this study seems to represent a significant improvement in the reliability
of knee muscle strength measurements. Coupled with the findings of Kozinc et al. [16],
who reported moderate-to-high correlations (r = 0.64–0.80) between EasyForce and a rigid
isometric dynamometer with external fixation, our results suggest that EasyForce is a valid
and reliable instrument for assessing knee strength.

Our results also indicate that the direction of inter-limb asymmetry in knee extension
demonstrated excellent consistency (κ = 0.90), indicating almost perfect agreement, whereas
the agreement was substantial for knee flexion (κ = 0.71). At the same time, the ICC for
the asymmetry data was 0.90 for both movements. This is a particularly important finding,
considering that previous studies generally report suboptimal reliability of inter-limb asym-
metry scores and poor agreement among different strength and power tests [9,19,20,31].
For example, the study by Bishop et al. [20] showed significant variation in the direction
of inter-limb asymmetry across different physical performance tests, such as the unilat-
eral isometric squat, countermovement jump, and broad jump. The kappa values ranged
from –0.34 to 0.32, indicating poor-to-fair agreement, which suggests lower reliability and
considerable variation in the direction of inter-limb asymmetry between tests. Similarly,
Bishop et al. [32] found that in adolescent female soccer players, inter-limb asymmetry in
three unilateral jump tests (single-leg countermovement jump, drop jump, and squat jump)
rarely favored the same limb, with kappa values ranging from 0.02 to 0.45. One of the
reasons could be that many of those tests are single-leg jump tests, where there are multiple
strategies that can be achieved prior to take-off, which in turn, changes the subsequent data
provided. Also, those tests are closed chain, which promotes much greater variability in
movement [22]. The high kappa value in our study highlights the dynamometer’s reliability
in measuring inter-limb asymmetry. These findings are crucial for both clinical assessments
and research, ensuring accurate detection of inter-limb asymmetry. This suggests that the
EasyForce dynamometer could be a reliable option for detecting inter-limb asymmetry in
knee strength and might be a preferable choice for such assessments.

Our study also demonstrated good-to-excellent reliability of HQ ratio assessment.
The HQ ratio has been thoroughly studied, with a recommended value typically set at
0.65 for athletes [33]. A higher HQ ratio indicates that the hamstrings have a greater
functional capacity to stabilize the knee, potentially reducing both anterior translation and
anterolateral subluxation [34]. HQ ratios calculated using peak torque are valuable for
detecting knee strength imbalances and assessing injury risk [35]. High ICC values (0.92
and 0.91 for the right and left sides, respectively), combined with low TE and moderate
CV values (5.65–6.90%), indicate reliable and consistent HQ ratio measurements with
EasyForce. The reliability of HQ assessment observed in our study was notably superior
compared to that of Miralles-Iborra et al. [36], who combined a rigid chair, strain gauge
sensor, and belt stabilization (ICC = 0.76–0.86; CV = 11.8–14.8%). Future studies may wish
to consider how participant positioning impacts the reliability of the HQ ratio. For instance,
a recent study by Baron et al. [37] reported that the reliability of HHD assessment of knee
flexion force is impacted by knee joint position, with lower reliability in an extended knee
position. In addition, our sample consisted of non-athletes who showed relatively low HQ
ratios (mean: 0.43–0.44); therefore, further research is needed to ascertain the reliability of
HQ assessment with EasyForce in athletes.

Study Limitations

This study has several limitations, including a small sample size of only 21 healthy
volunteers, which may limit the generalizability of the findings to broader populations
or individuals with different health conditions. The controlled, standardized testing en-
vironment might not accurately reflect real-world settings, although finding somewhere
to fix such a device should be feasible in most working environments. The study focused
solely on knee extension and flexion, which may not cover the full spectrum of muscle
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strength assessments needed in various scenarios. Future research should explore whether
this device can be used more broadly and effectively for ongoing monitoring of quadriceps
and hamstring strength, as these factors are considered potential risk factors for injuries.

5. Conclusions

The EasyForce dynamometer demonstrated good-to-excellent relative and absolute
reliability for measuring knee extension and flexion, both within a single visit and across
multiple visits. The study highlights the importance of device stabilization in enhancing
measurement accuracy, as evidenced by lower coefficients of variation compared to previ-
ous studies. The set-up used in this study represents a notable improvement compared with
previous studies using HHDs, particularly in terms of assessing inter-limb asymmetries
and HQ ratios. To further establish the EasyForce dynamometer’s utility, future research
should consider its application in varied clinical and athletic environments, also examining
factors such as user accessibility and performance consistency across different populations
and settings.
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