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Abstract: Some knee strength measuring devices have an anterior cushioning area but 

relies on a belt for the posterior pad adjustment, creating an uneven force distribution. 

This study analyzed whether the distal pad position affects knee strength measurements. 

Eleven professional basketball players participated in this study, with a total of 22 knees 

evaluated. Knee flexion and extension dynamometric measurements were performed at 

different angular velocities: 30°/s, 120°/s, and 240°/s. For each angular velocity, two meas-

urements were performed with varying positions of the measuring tool pad at the anterior 

and posterior aspects (AA and PA). The hamstring/quadriceps (H/Q) ratio was calculated 

by dividing the hamstring musculature’s maximum peak strength by the quadricep mus-

culature’s maximum peak strength at each measurement. The knee work was extracted 

from the device after finishing the measurements. Significant differences were found be-

tween measurement positions in the knee flexion force at 30°/s (p < 0.001) and 120°/s (p = 

0.027). No differences were found for the extension forces. As for the H/Q ratio, significant 

differences were found between positions at 30°/s (p < 0.001). Furthermore, significant dif-

ferences between positions were found for the knee work at 120°/s (p = 0.019). These find-

ings suggest that the positioning of the pad on the leg directly influences knee flexor 

strength measurements, which in turn impacts critical parameters, such as the H/Q ratio 

and knee work. Given the importance of these variables in injury prevention, particularly 

for conditions such as anterior cruciate ligament (ACL) injuries, ensuring precise and re-

liable measurement methods is essential. We recommend using the PA position because 

it increases knee flexion strength values, potentially leading to more accurate assessments 

of the muscle function and balance. 

Keywords: anterior cruciate ligament injury; strength ratio; hamstrings; isokinetic;  

measurement position 

 

  

Academic Editor: Mark King 

Received: 14 March 2025 

Revised: 31 March 2025 

Accepted: 2 April 2025 

Published: 4 April 2025 

Citation: Coto Martín, R.;  

Martínez Beltrán, M.J.;  

Pérez Mallada, N.; Cuéllar Marín, L.; 

Arroyo, O.O.; Borrás Luján, P.J.;  

Arribas-Marín, J.M. Dynamometer 

Resistance Pad Position Influences 

Knee Strength and  

Hamstring/Quadriceps Ratio in  

Professional Basketball Players:  

Retrospective Observational Study. 

Appl. Sci. 2025, 15, 4000. 

https://doi.org/10.3390/app15074000 

Copyright: © 2025 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 



Appl. Sci. 2025, 15, 4000 2 of 13 
 

1. Introduction 

The force that a muscle group can generate can indicate an athlete’s physical condi-

tion and, in turn, serves as a criterion for returning to competition after an injury. The 

quadriceps and hamstring muscle strength provide information about the athlete’s func-

tion [1]. High levels of strength in the knee flexor/extensor musculature may prevent 

lower limb injuries in the athlete population, specifically anterior cruciate ligament (ACL) 

injuries [2], since the strength relationship between the quadriceps and the hamstring 

musculature is considered a relevant factor in knee stability [3–5]. It is important to high-

light that the assessment of knee strength is critical in both sports medicine and rehabili-

tation settings, where accurate measurements of muscle function are essential to evaluate 

the effectiveness of interventions and prevent injuries. Therefore, alterations in this mus-

culature may increase the risk of lower limb injuries [1]. 

It is estimated that among the sports population there is one ACL injury for every 

3500 athletes. The sports with the highest incidence of ACL injury are basketball and soc-

cer. Additionally, in men’s sports, there are a greater number of cases of ACL injuries due 

to direct trauma, unlike in women’s sports, where a greater number of non-contact ACL 

injuries occur [6]. Notably, ACL injuries (by direct or indirect mechanisms) occur three to 

six times more frequently in female athletes than in male athletes [7]. One study even 

reported an incidence up to ten times higher in female athletes [8]. 

The dynamometer is considered the gold standard tool for measuring muscle 

strength [2]. This device analyzes the athlete’s performance and evaluates medical or 

physiotherapy interventions and/or injury processes [8]. Different options are used to as-

sess the strength ratio of the knee flexor/extensor musculature. The most common is the 

conventional hamstring/quadriceps (H/Q) ratio [3]. The conventional ratio is between 0.52 

and 0.67 and positively correlates with the test’s angular velocity. There is also the func-

tional ratio, which has values around 0.79 at low speeds (60°/s) and can exceed the value 

of 1.00 at high speeds (240°/s) [9]. While a conventional H/Q ratio of less than 0.47 indi-

cates an imbalance of strength and, therefore, an increased risk of lower limb injury [10], 

there is no consensus on the H/Q ratio at which point the risk of injury increases [4]. 

While previous studies have explored the relationship between muscle strength and 

injury risk, little attention has been given to the impact of measurement protocols, such as 

the positioning of the dynamometer pads, on the accuracy of these assessments. The meas-

urement protocol for obtaining hamstring and quadricep strength values is established in 

angular velocities between 30°/s and 360°/s, with the patient in a seated position with the 

hip flexion between 80° and 100° [11]. The knee’s range of motion goes from full extension 

(0°) to 90° flexion [2,10,12]. The axis of the dynamometer should always be aligned with 

the axis of the motion of the knee joint (i.e., external femoral condyle) [2,12,13]. It has been 

reported that a misalignment, with a difference of 6 to 12 cm between the two structures, 

causes muscle strength alterations of up to 14% [14]. Fixation straps are placed on the 

trunk, hip, and thigh to attenuate compensatory movements with the body [2,4]. The 

placement of straps increases the fixed points for generating muscle strength, with in-

creases of 5.84% in the knee flexor strength and 1.59% in the extensor strength [15]. Some 

authors seem to agree on the placement of the distal tibial fixation (pad against which the 

subject will perform the force) between 2 and 3 cm above the malleolus [2–4,12]. However, 

it has been found that lower strength values are obtained with a more proximal pad, with 

24 cm of lever arm from the lateral condyle [15]. Despite the widespread use of dynamom-

eters, there is limited research on how variations in the position of the measurement pad, 

whether anterior or posterior, affect knee strength outcomes, particularly in athletes. This 

gap in the literature highlights the need for studies that investigate the effect of pad posi-

tioning on the accuracy and consistency of knee strength measurements. 
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Some devices, such as the Byodex 3, utilize distal fixation, where the force is exerted 

against a pad at the anterior and posterior parts, as shown in the study by Perkins and 

Canavan [10]. Other devices, such as the Isomed 2000 [12], the PRIMUS RS [8], and the 

HUMAC NORM [5], only have cushioned areas in the anterior part of the fixation, and 

the posterior part simply has a belt to adjust the pad. Consequently, the support surface 

on which the anterior aspect of the leg has to exert the knee extension force on the device 

differs from the one on which the posterior aspect has to exert the flexion force. 

In the 1940s, Dr. Herman Kabat described proprioceptive neuromuscular facilitation 

as a set of methods to promote neuromuscular response by stimulating receptors [16]. 

This method uses the body’s receptors (including skin pressure and tactile exteroceptors) 

to inhibit or facilitate muscle contraction [17]. Visual, auditory, somatosensory, and pro-

prioceptive information are necessary to plan a movement. If the brain receives sufficient 

afferents, the movement will be more coordinated. Therefore, a deficit of the above infor-

mation may cause functional alterations [18]. In addition, a larger fixed point to exert force 

will increase the force generated [15]. 

Therefore, when measuring with the pad placed on the anterior aspect of the leg, 

theoretically, the quadricep musculature will be capable of generating a greater force than 

the hamstring musculature because it has a larger contact surface and, therefore, will re-

ceive a greater tactile and pressure stimulus and have a greater fixed point of support. As 

a result, it is plausible that the muscular force generated could vary depending on where 

we place the pad (anterior or posterior aspect of the leg). 

Thus, the main objective of this study is to analyze whether the position of the pad 

in distal fixation influences knee flexion/extension strength values, addressing the gap in 

the existing literature and providing valuable insights into the optimization of dynamom-

eter use in sports and rehabilitation settings. 

It is hypothesized that the position of the pad in distal fixation (anterior versus pos-

terior) significantly affects knee flexion and extension strength measurements, with the 

posterior pad position resulting in higher knee flexion strength values compared to the 

anterior pad position. 

2. Materials and Methods 

2.1. Experimental Design 

A retrospective observational study was conducted, and data were collected from 

clinical reports of biomechanical tests performed on professional basketball players for 

injury prevention purposes. The sample was defined by including reports from players 

who were medically discharged at the time of the measurement. Specific inclusion criteria 

were players with no previous knee injuries, while exclusion criteria consisted of reports 

from players who were on medical leave at the time of measurement or had a history of 

knee injuries. Participants were selected using a purposive sampling method to ensure 

the inclusion of relevant cases for the study’s objectives. 

Informed consent was obtained prior to data collection. This study was conducted in 

accordance with the ethical principles for medical research involving human subjects out-

lined in the Declaration of Helsinki (1964) and its most recent update in 2013 (Brazil). Ad-

ditionally, the principles of the Taipei Declaration were considered regarding the use of 

databases. This study received approval from the Clinical Research Ethics Committee of 

Hospital San Carlos in Madrid, Spain, under approval number C.P-C.I. 23/704-E in De-

cember 2023. 

Isokinetic strength measurement tests were carried out at the Biomechanics Labora-

tory of the San Juan de Dios School of Nursing and Physiotherapy, part of Comillas Pon-

tifical University. At the beginning of the session, data on weight, height (later used to 
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calculate body mass index—BMI), gender, playing position, and dominance were rec-

orded. 

2.2. Subjects 

Twenty-two knees of professional basketball players were evaluated, of which six-

teen belonged to males and six to females. The sample had a mean weight, height, and 

BMI of 88.09 ± 17.26 kg, 1.93 ± 0.17 m, and 23.35 ± 1.38, respectively. 

The sample size was determined by analyzing means relative to a reference. An alpha 

risk of 0.05 and a beta risk of 0.20 were established. To define the standard deviation and 

the minimum detectable difference (set at 10% of the mean), data from the study by Ris-

berg et al. [1] were used, specifically the maximum knee flexion strength in the dominant 

leg of soccer players (87.4 ± 13.6 N). An additional 10% was included to account for po-

tential losses, leading to a final sample size of n = 22. 

2.3. Measurements 

Measurements were conducted using the PRIMUS RS dynamometer from BTE Tech-

nologies (Hanover, MD, USA), a validated and verified device [19]. The participants were 

placed in a seated position with the hip flexed at 110°. No support straps were placed on 

the trunk, hip, or thigh to avoid additional fixed support points other than the pad itself. 

The axis of the dynamometer was correctly aligned with the axis of motion of the knee 

joint. The pad was positioned with a 30 cm lever arm on all subjects. Six measurements 

were performed on each knee: three with the pad on the anterior aspect (AA) and three 

on the posterior aspect (PA) of the tibia (Figure 1). Measurements were performed at three 

different angular velocities: at 30°/s, three flexion/extension repetitions were performed; 

at 120°/s, five repetitions were performed; and at 180°/s, ten repetitions were performed. 

Before the measurements, ten submaximal repetitions at 180°/s were performed as a 

warm-up to familiarize the athletes with the device. A 2 min rest period was allowed be-

tween each measurement. The measurements were first taken with the pad on the AA 

position, followed by the PA position. 

 

Figure 1. Measurement positions: anterior aspect (left) and posterior aspect (right). 
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The H/Q ratio was determined by dividing the hamstrings’ maximum peak strength 

by the quadriceps’ maximum peak strength for each measurement. Additionally, the 

value of the joint work was extracted from the device after finishing the measurements. 

2.4. Statistical Analysis 

Statistical analysis was conducted using SPSS® software (version 23; IBM Corp., Ar-

monk, NY, USA). Given that the sample size was fewer than 30 participants, the results 

were presented as the median and interquartile range (Q1–Q3). Additionally, the mean 

and standard deviation (SD) are presented to allow for comparison and discussion with 

studies that report data in this manner. The Wilcoxon nonparametric test was used to an-

alyze whether there are significant differences between the AA and PA positions (n < 30). 

A comparison was performed for each angular velocity in terms of peak knee flexion 

strength, peak knee extension strength, H/Q ratio, and joint work. 

The Friedmann nonparametric test was used to analyze whether there are statistically 

significant differences in knee extension and flexion strength between the different meas-

ured angular velocities (30, 120, and 240°/s). The comparison was performed for each 

measurement position (pad in AA and PA). 

A significance level (p) of 0.05 was chosen for all statistical analyses. The effect size 

(d) was calculated by performing the appropriate parametric tests (i.e., Student’s t-test for 

related samples and ANOVA for repeated measures). 

3. Results 

Regarding the maximum knee flexion strength at 30°/s, the median value was 25.36% 

lower with the AA pad position compared to the PA position (p < 0.001 and d = −0.908); at 

120°/s this difference decreased 5.88%, and these differences are statistically significant (p 

= 0.027 and d = −0.478). No statistically significant differences were obtained in the other 

strength values measured between the different measurement positions (p > 0.05) (Table 

1 and Figure 2). 

 

Figure 2. The box-and-whisker plot for the maximum knee flexion strength at 30°/s, 120°/s, and 

240°/s in the anterior aspect (AA) and posterior aspect (PA) positions. 
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These changes affect the strength H/Q ratio. In this study, significant differences were 

obtained between the AA and PA positions (p < 0.001 and d = −1.087) in the H/Q ratio at 30°/s 

[0.554 (0.436–0.644) and 0.622 (0.52–0.712), respectively]. No statistically significant differ-

ences were found in the H/Q ratios at 120°/s nor 240°/s (p > 0.005) (Table 1 and Figure 3). 

 

Figure 3. The box-and-whisker plot for the H/Q ratios at 30°/s, 120°/s, and 240°/s in the anterior 

aspect (AA) and posterior aspect (PA) positions. 

Additionally, Table 1 shows the differences obtained between the AA and PA posi-

tions in terms of knee work. Statistically significant differences were found in terms of the 

work between the different AA and PA positions. The work performed in the PA position 

is 9% higher than in the AA position at 120°/s (p = 0.019 and d = −0.518). In the case of the 

work at 30°/s, despite not having statistically significant differences (p > 0.05; d = −0.404), 

there is a tendency at the clinical level to have a significant difference since more than 66% 

of the values obtained with the pad in the PA are above the mean value of the work in the 

AA (Figure 4). 

 

Figure 4. The box-and-whisker plot for knee work at 30°/s, 120°/s, and 240°/s in the anterior aspect 

(AA) and posterior aspect (PA) positions. 
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Finally, we analyzed the differences in the knee flexion–extension forces in the different 

pad positions between different angular velocities. In both positions, the knee extension 

force decreases as the angular velocity increases (Figure 5), with statistically significant dif-

ferences (p < 0.001) and an effect size of 0.654 in the AA position and 0.699 in the PA position. 

However, the flexion force values increase as the speed increases when the pad is positioned 

in the AA (Figure 2), with an effect size of 0.281 and p = 0.005. No significant differences in 

the flexion force values (p > 0.05) were found with the pad in the PA (Table 2). 

 

Figure 5. The box-and-whisker plot for the maximum knee extension strength at 30°/s, 120°/s, and 

240°/s in the anterior aspect (AA) and posterior aspect (PA) positions. 

Table 1. Statistical analysis of maximum knee flexion and extension strength, H/Q ratio, and knee 

work at 30°/s, 120°/s, and 240°/s between different pad placement positions (anterior and posterior 

aspects—AA and PA, respectively). Results are expressed in Newtons (N). 

Variable 1 Position 
Mean 

(±SD) 
Median 

25th 

Percentile 

75th 

Percentile 
p-Value Cohen d 

Flexion peak 

strength at 30°/s 

AA 244 ± 78 212 195 301 
<0.001 * −0.908 

PA 277 ± 78 284 210 323 

Flexion peak 

strength at 120°/s 

AA 270 ± 70 272 208 332 
0.027 * −0.478 

PA 296 ± 82 289 235 355 

Flexion peak 

strength at 240°/s 

AA 287 ± 76 289 221 329 
0.602 −0.114 

PA 291 ± 86 275 231 329 

Extension peak 

strength at 30°/s 

AA 449 ± 75 451 388 518 
0.702 0.102 

PA 445 ± 71 445 398 469 

Extension peak 

strength at 120°/s 

AA 375 ± 85 352 327 450 
0.948 0.070 

PA 371 ± 82 349 320 431 

Extension peak 

strength at 240°/s 

AA 350 ± 90 327 302 438 
0.06 0.315 

PA 335 ± 98 313 278 420 

H/Q ratio at 30°/s 
AA 0.54 ± 0.14 0.554 0.436 0.644 

<0.001 * −1.087 
PA 0.62 ± 0.12 0.622 0.52 0.712 

H/Q ratio at 120°/s 
AA 0.75 ± 0.22 0.709 0.579 0.954 

0.115 −0.338 
PA 0.81 ± 0.19 0.789 0.667 0.918 

H/Q ratio at 240°/s 
AA 0.84 ± 0.2 0.792 0.703 0.985 

0.181 −0.287 
PA 0.89 ± 0.17 0.923 0.727 1.023 

Work at 30°/s 
AA 663 ± 224 581 464 832 

0.074 −0.404 
PA 691 ± 240 621 536 844 
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Work at 120°/s 
AA 940 ± 339 886 700 1029 

0.019 * −0.518 
PA 990 ± 362 973 697 1034 

Work at 240°/s 
AA 1323 ± 557 1195 974 1586 

0.702 −0.287 
PA 1377 ± 607 1227 969 1576 

1 Peak strength refers to the highest value recorded during the repetitions; * Significant differences 

(p < 0.05). 

Table 2. Statistical analysis of maximum knee flexion and extension strength at different measure-

ment velocities (30°/s, 120°/s, and 240°/s) in both placement positions (anterior and posterior as-

pects—AA and PA, respectively). Results are expressed in Newtons (N). 

Variable 1 Position 
Angular 

Velocity 

Mean 

(±SD) 
Median 

25th Per-

centile 

75th Per-

centile 
p-Value Post hoc p-Value 

Cohen 

d 

Flexion 

peak 

strength 

AA 

30°/s 244 ± 78 212 195 301 

0.005 * 

30–120 0.495 

0.281 120°/s 270 ± 70 272 208 332 120–240 0.192 

240°/s 287 ± 76 289 221 329 240–30 0.004 * 

PA 

30°/s 277 ± 78 284 210 323 

0.53 

30–120 0.84 

0.123 120°/s 296 ± 82 289 235 355 120–240 1 

240°/s 291 ± 86 275 231 329 240–30 1 

Extension 

peak 

strength 

AA 

30°/s 449 ± 75 451 388 518 

<0.001 * 

30–120 <0.001 * 

0.654 120°/s 375 ± 85 352 327 450 120–240 0.192 

240°/s 350 ± 90 327 302 438 240–30 <0.001 * 

PA 

30°/s 445 ± 71 445 398 469 

<0.001 * 

30–120 0.002* 

0.699 120°/s 371 ± 82 349 320 431 120–240 0.135 

240°/s 335 ± 98 313 278 420 240–30 <0.001 * 

1 Peak strength refers to the highest value recorded during the repetitions; * Significant differences 

(p < 0.05). 

4. Discussion 

The results obtained in this study indicate that the isokinetic knee flexion strength 

values at low and medium angular velocities (30°/s and 120°/s) vary according to the po-

sition in which the fixation pad is placed on the leg. For example, when the pad is placed 

on an anterior aspect of the leg, the strength exerted by the hamstring musculature is 

lower than that exerted if the pad is placed posteriorly. In contrast, the strength values in 

the quadriceps are not altered. This discrepancy may be due to the patient not being 

strapped during flexion. As a result, there is no fixed point of support when the pad is 

placed in the AA position, and less strength is generated. 

The aforementioned result coincides with the data obtained in the study by Otten et 

al. [15], who conclude that more force will be developed if the subject is strapped than if 

they are not (i.e., has more support points to exert force). By placing the pad in the PA 

position, the ischiocrural musculature has a fixed point where it can exert greater force. 

However, in our study, the difference in the strength between the AA and PA was 25.25%, 

much higher than the difference found in the study above between strapping and not 

strapping the patient in the thigh, pelvis, and trunk (5.84%). This result suggests that there 

may be other factors, in addition to fixed points of support, such as tactile and pressure 

stimuli, that facilitate neuromuscular activation and develop more strength, as Dr. Kabat 

stated in his method [16–18]. In the study by Nunes et al. [20], the authors found that the 

difference between having one more fixed point during the isokinetic knee test (hand grip 

or not) was 5.2% in the knee extension strength and 3% in the flexion strength. These dif-

ferences are much smaller than in our study (a 25.25% difference in the flexion strength 

between the pad in AA and PA positions). Stumbo et al. [21] found no significant 
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differences in the knee flexor strength between stabilizing by hand or not. Guenzkofer et 

al. [22] stated in their study that using any type of stabilizer increases the strength values 

in the knee flexion–extension regardless of its kind (e.g., hand grip, pelvic strap, or trunk 

strap). 

At higher angular velocities, the maximal strength of the quadricep musculature de-

creases to a greater degree than the maximal strength of the ischiocrural musculature [23]. 

The attenuated loss of strength of the knee flexor musculature at high velocities, with re-

spect to the extensor musculature, could indicate the high capacity that this muscle group 

has to provide for knee stability in rapid movements [24,25]. It could be concluded that 

an increase in the angular velocity affects the quadricep musculature more than the ischi-

ocrural musculature [26]. The data obtained in the present study are related to the state-

ments mentioned above if we focus on the extensor musculature. Interestingly, the ham-

string strength increased when the pad was placed in the AA position, but no differences 

were detected with the pad positioned in the PA. 

Comparisons with other studies regarding the strength data cannot be made. They 

would be methodologically incorrect because the lengths of the lever arm were not re-

ported (in the present study, they are 30 cm), which would be methodologically incorrect. 

The force generated has a positive correlation with respect to the lever arm length; when 

one of the two variables increases, the other also increases [15]. Therefore, we focused on 

the H/Q ratios that were not influenced by the lever arm length. 

In the study by Brígido-Fernández et al. [2], at low velocities (60°/s) the authors ob-

tained a mean force ratio of 0.54 ± 0.07. In our study, at low velocities (30°/s), the mean 

force ratio was very similar (0.54 ± 0.14) at the AA position but significantly higher at the 

PA position (0.62 ± 0.12). At medium velocities (180°/s) in the study described above, an 

average H/Q ratio of 0.57 ± 0.09 was obtained, which is relatively lower than that obtained 

in our study at 120°/s, where a value for the H/Q ratio at the AA position of 0.75 ± 0.22 

was obtained, with no significant differences with the PA position (0.80 ± 0.19). The same 

occurs at high velocities (240°/s) where a mean H/Q ratio of 0.62 ± 0.09 was obtained, much 

lower than that obtained in our study, as well as 0.84 ± 0.2 in the AA and 0.89 ± 0.17 in the 

PA with no significant differences between the two positions. It should be noted that in 

that study, professional female soccer players were measured, and professional male and 

female basketball players were measured in the present study. 

In the systematic review carried out by Baroni et al. [27], the values of the H/Q ratios 

were as follows: 0.52 ± 0.08 at 30º/s, 0.65 ± 0.16 at 120º/s, and 0.80 ± 0.40 at 240º/s. These 

values are similar to those obtained at 30°/s and 240°/s in our study. In turn, this systematic 

review states that the cut-off point for the H/Q ratio should be 0.60. Below this value, the 

risk of suffering a knee joint injury increases. If we consider the value of 0.60, the values 

obtained in the present study at 30°/s would be within the safety range if we take the value 

of the PA position; however, if we consider the value of the AA position, we could conclude 

that there is a greater risk of knee injury. Therefore, it is necessary to determine the correct 

way to position the pad to detect possible injury risks more accurately. For ischiocrural mus-

cle injuries, the cut-off point is set at 0.47 [28], although Dauty et al. [29] state that this point 

should not be taken as a reference since, in their study, only 2.7% of the athletes who sus-

tained a muscle injury were below this value. 

Grygorowicz et al. [30] determined that, in terms of the conventional ratio, taking a 

value of 0.658 as a cut-off point has a greater sensitivity (and therefore fewer false nega-

tives) than a value of 0.47. However, taking 0.47 as the cut-off point has a higher specificity 

than taking a value of 0.658 (and therefore fewer false positives). Thus, it is difficult to 

determine what cut-off point to set. All these discrepancies may have something to do 

with the measurement protocol and positioning of the measuring tool, so it is essential to 

determine the correct approach. 
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In this sense, it is advisable to perform the measurements with the pad in the PA 

position since higher strength values are obtained in the hamstring muscles as well as a 

higher H/Q ratio because the quadricep strength does not vary with the change in position 

of the strap. By putting the pad in the AA position, the ratio values are lower, and there 

will be a greater number of patients who obtain values related to injury risk without hav-

ing a real risk, which is simply a measurement error. This situation may be one of the 

problems for the current low injury prediction rate with the H/Q ratio value. 

The athlete’s competitive level should also be considered when interpreting the 

strength and H/Q ratio data. Carvalho et al. [31] evaluated first and second division Por-

tuguese soccer players in their study. At low velocities (60°/s), the second division players 

had a lower concentric hamstring peak strength than the first division players (234 ± 37 

vs. 258 ± 49, respectively) and a lower conventional H/Q ratio at 60°/s (0.59 ± 0.1 vs. 0.62 ± 

0.1). With the data obtained in our study, we can establish that the strength value with the 

pad in AA position (244 ± 78) would be closer to the strength values of second division 

soccer players. However, if we take the strength data of the PA position (277 ± 78), it would 

be closer to the values of first division players. Although this statement has the limitation 

of the lever arm, as mentioned above, the present study’s sample comprises basketball 

players. The same is true for the H/Q ratio at low velocities. The value of the ratio with 

the pad in the PA position (0.62 ± 0.12) is similar to the value of the ratio of first division 

soccer players, and the value of the AA ratio (0.54 ± 0.14) is more similar to the values of 

second division soccer players. 

The values of the ratios obtained in the present study are lower at a low angular ve-

locity, with 0.54 ± 0.14 and 0.62 ± 0.12 at 30°/s, and increase as the velocity increases, 0.75 

± 0.22 and 0.80 ± 0.19 at 120°/s and 0.84 ± 0.2 and 0.89 ± 0.17 at 240°/s. These data are in 

accordance with the study by Esmaeili et al. [32], in which the authors measured profes-

sional basketball players and observed that the H/Q ratio increases as the angular velocity 

of the test increases. However, they disagree with the study by Yoon et al. [33], in which 

no differences were found between the ratios at different angular velocities. It should be 

noted that the study was performed in a non-athlete population. 

Finally, concerning the muscular work, in addition to a small amount of literature on 

the subject [2], the same occurs as with strength. Thus, we cannot compare studies because 

no study describes the length of the lever arm. 

5. Conclusions 

The pad’s position on the leg for assessing the muscle strength at the knee joint influ-

ences the strength data of the knee flexor musculature obtained during the test. The same 

does not occur with the extensor musculature, in which no significant changes have been 

found between the different measurement positions. We recommend that the measure-

ment be performed with the pad in the PA position to obtain greater hamstring strength 

data that corresponds to reality, identifies athletes with a real strength deficit, and better 

predict injuries. 

In turn, studying the muscle forces, H/Q ratios, and total work performed is essential 

to assessing an athlete’s functionality. 

6. Limitations and Future Lines of Research 

Despite calculating the sample size and carrying out the study with this sample, we 

believe the present study’s sample is too small to extrapolate the results to the general 

population. Studies similar to the present one with a larger sample size are recommended. 

The gender variable could have influenced the results. Future studies should focus 

on analyzing the data segmented by sex to better understand potential gender differences 
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in the findings. Further research could investigate how gender-specific factors might affect 

the outcomes and whether interventions need to be tailored differently for male and fe-

male athletes. 

Author Contributions: Conceptualization, R.C.M. and N.P.M.; methodology, R.C.M. and J.M.A.-M.; 

software, R.C.M.; validation, R.C.M., N.P.M., J.M.A.-M. and M.J.M.B.; formal analysis, M.J.M.B.; in-

vestigation, R.C.M., N.P.M., M.J.M.B., L.C.M. and J.M.A.-M., P.J.B.L.; resources, L.C.M. and 

M.J.M.B.; data curation, R.C.M. and M.J.M.B.; writing—original draft preparation, R.C.M., N.P.M., 

M.J.M.B., J.M.A.-M. and O.O.A.; writing—review and editing, L.C.M. visualization, R.C.M., N.P.M., 

M.J.M.B., L.C.M., P.J.B.L. and O.O.A.; supervision, N.P.M.; project administration, R.C.M.; funding 

acquisition, L.C.M. All authors have read and agreed to the published version of the manuscript. 

Funding: This research did not receive external funding. 

Institutional Review Board Statement: This study was conducted in accordance with the Declara-

tion of Helsinki and approved by the Clinical Research Ethics Committee of the Hospital Clínico 

San Carlos of Madrid (C.P.-C.I. 23/704-E in December 2023). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in this 

study. 

Data Availability Statement: The original contributions presented in this study are included in the 

article, further inquiries can be directed to the corresponding author. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Risberg, M.A.; Steffen, K.; Nilstad, A.; Myklebust, G.; Kristianslund, E.; Moltubakk, M.M.; Krosshaug, T. Normative quadriceps 

and hamstring muscle strength values for female, healthy, elite handball and football players. J. Strength Cond. Res. 2018, 32, 

2314–2323. https://doi.org/10.1519/JSC.0000000000002579. 

2. Brígido-Fernández, I.; José, F.G.-M.S.; Charneco-Salguero, G.; Cárdenas-Rebollo, J.M.; Ortega-Latorre, Y.; Carrión-Otero, O.; 

Fernández-Rosa, L. Knee isokinetic profiles and reference values of professional female soccer players. Sports 2022, 10, 204. 

https://doi.org/10.3390/sports10120204. 

3. Alt, T.; Knicker, A.J.; Strüder, H.K. Assessing thigh muscle balance of male athletes with special emphasis on eccentric ham-

string strength. Physician Sportsmed. 2020, 48, 327–334. https://doi.org/10.1080/00913847.2019.1705934. 

4. Andrade, M.S.; Junqueira, M.S.; De Lira, C.A.B.; Vancini, R.L.; Seffrin, A.; Nikolaidis, P.T.; Rosemann, T.; Knechtle, B. Age-

related differences in torque in angle-specific and peak torque hamstring to quadriceps ratios in female soccer players from 11 

to 18 years old: Α cross-sectional study. Res. Sports Med. 2020, 29, 77–89. https://doi.org/10.1080/15438627.2020.1742713. 

5. Heinert, B.L.; Collins, T.; Tehan, C.; Ragan, R.; Kernozek, T.W. Effect of hamstring-to-quadriceps ratio on knee forces in females 

during landing. Int. J. Sports Med. 2021, 42, 264–269. https://doi.org/10.1055/a-1128-6995. 

6. Larwa, J.; Stoy, C.; Chafetz, R.S.; Boniello, M.; Franklin, C. Stiff landings, core stability, and dynamic knee valgus: A systematic 

review on documented anterior cruciate ligament ruptures in male and female athletes. Int. J. Environ. Res. Public Health 2021, 

18, 3826. https://doi.org/10.3390/ijerph18073826. 

7. Collings, T.J.; Diamond, L.E.; Barrett, R.S.; Timmins, R.G.; Hickey, J.T.; DU Moulin, W.S.; Williams, M.D.; Beerworth, K.A.; 

Bourne, M.N. Strength and biomechanical risk factors for noncontact ACL injury in elite female footballers: A prospective study. 

Med. Sci. Sports Exerc. 2022, 54, 1242–1251. https://doi.org/10.1249/MSS.0000000000002908. 

8. Törpel, A.; Becker, T.; Thiers, A.; Hamacher, D.; Schega, L. Intersession reliability of isokinetic strength testing in knee and 

elbow extension and flexion using the BTE PrimusRS. J. Sport Rehabilit. 2017, 26, 1–14. https://doi.org/10.1123/jsr.2016-0209. 

9. Kellis, E.; Sahinis, C.; Baltzopoulos, V. Is hamstrings-to-quadriceps torque ratio useful for predicting anterior cruciate ligament 

and hamstring injuries? A systematic and critical review. J. Sport Health Sci. 2023, 12, 343–358. 

https://doi.org/10.1016/j.jshs.2022.01.002. 

10. Perkins, S.; Canavan, P. Isokinetic assessment of knee flexor and extensor strength and lower extremity flexibility assessment 

of an NCAA Division III men's soccer team. Int. J. Sports Phys. Ther. 2023, 18, 626–635. https://doi.org/10.26603/001c.74971. 



Appl. Sci. 2025, 15, 4000 12 of 13 
 

11. Watson, M.D.; Collins, B.K.; Davies, G.J.; Riemann, B.L. The influence of hip flexion and isokinetic velocity on hamstrings-quadriceps 

strength ratios in healthy females. Res. Q. Exerc. Sport 2022, 93, 695–701. https://doi.org/10.1080/02701367.2021.1908508. 

12. Kolodziej, M.; Nolte, K.; Schmidt, M.; Alt, T.; Jaitner, T. Identification of neuromuscular performance parameters as risk factors 

of non-contact injuries in male elite youth soccer players: A preliminary study on 62 players with 25 non-contact injuries. Front. 

Sports Act. Living 2021, 3, 615330. https://doi.org/10.3389/fspor.2021.615330. 

13. Sun, K.; Pan, D. Analysis on the characteristics and relationships of lower limbs strength and power of sailors in different posi-

tions and levels. PLoS ONE 2023, 18, e0289273. https://doi.org/10.1371/journal.pone.0289273. 

14. Croisier, J.; Ciavatta, P.; Forthomme, B. Influence of the dynamometer and knee joint axis of rotation alignment on the isokinetic 

measurements. Isokinet. Exerc. Sci. 2005, 13, 3–48. https://doi.org/10.3233/IES-2005-0196. 

15. Otten, R.; Whiteley, R.; Mitchell, T. Effect of subject restraint and resistance pad placement on isokinetic knee flexor and extensor 

strength: Implications for testing and rehabilitation. Sports Health 2013, 5, 137–142. https://doi.org/10.1177/1941738112467424. 

16. Westwater-Wood, S.; Adams, N.; Kerry, R. The use of proprioceptive neuromuscular facilitation in physiotherapy practice. 

Phys. Ther. Rev. 2010, 15, 23–28. https://doi.org/10.1179/174328810X12647087218677. 

17. Guiu-Tula, F.X.; Cabanas-Valdés, R.; Sitjà-Rabert, M.; Urrútia, G.; Gómara-Toldrà, N. The efficacy of the proprioceptive neuro-

muscular facilitation (PNF) approach in stroke rehabilitation to improve basic activities of daily living and quality of life: A 

systematic review and meta-analysis protocol. BMJ Open 2017, 7, e016739. https://doi.org/10.1136/bmjopen-2017-016739. 

18. Bertinchamp, U. Concepto FNP: Facilitación neuromuscular propioceptiva (método Kabat-Knott-Voss) [PNF concept: Proprio-

ceptive neuromuscular facilitation (Kabat-Knott-Voss method).]. EMC Kinesiterapia Med. FÍSica 2017, 38, 1–13. 

https://doi.org/10.1016/S1293-2965(17)87223-6. 

19. Bonhof-Jansen, E.; van Ham, A.; Kroon, G.J.; Winter, R.W.; Brink, S.M. Validity and reliability of a portable handheld dyna-

mometer compared to a fixed isokinetic dynamometer to assess forearm torque strength. Hand Surg. Rehabilit. 2023, 42, 147–153. 

20. Nunes, J.P.; Cunha, P.M.; Mayhew, J.L.; Ribeiro, A.S.; Junior, P.S.; Fernandes, R.R.; Cyrino, E.S. Influence of handgrip stabiliza-

tion during isokinetic knee strength assessment in older women. Percept. Mot. Ski. 2020, 127, 671–683. 

https://doi.org/10.1177/0031512520914109. 

21. Stumbo, T.A.; Merriam, S.; Nies, K.; Smith, A.; Spurgeon, D.; Weir, J.P. The effect of hand-grip stabilization on isokinetic torque 

at the knee. J. Strength Cond. Res. 2001, 15, 372–377. Available online: https://journals.lww.com/nsca-jscr/ab-

stract/2001/08000/the_effect_of_hand_grip_stabilization_on.20.aspx (accessed on 18 January 2024). 

22. Guenzkofer, F.; Bubb, H.; Senner, V.; Bengler, R.K. Dependency of knee extension torque on different types of stabilization. Int. 

J. Hum. Factors Model. Simul. 2012, 3, 1–15. https://doi.org/10.1504/IJHFMS.2012.050059. 

23. Rouis, M.; Coudrat, L.; Jaafar, H.; Filliard, J.-R.; Vandewalle, H.; Barthelemy, Y.; Driss, T. Assessment of isokinetic knee strength in 

elite young female basketball players: Correlation with vertical jump. J. Sports Med. Phys. Fit. 2015, 55, 1502–1508. Available online: 

https://www.minervamedica.it/en/journals/sports-med-physical-fitness/article.php?cod=R40Y2015N12A1502 (accessed on 18 Jan-

uary 2024). 

24. Aagaard, P.; Simonsen, E.B.; Trolle, M.; Bangsbo, J.; Klausen, K. Isokinetic hamstring/quadriceps strength ratio: Influence from 

joint angular velocity, gravity correction and contraction mode. Acta Physiol. Scand. 1995, 154, 421–427. 

https://doi.org/10.1111/j.1748-1716.1995.tb09927.x. 

25. Kellis, E.; Katis, A. Quantification of functional knee flexor to extensor moment ratio using isokinetics and electromyography. 

J. Athl. Train. 2007, 42, 477–485. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2140073/ (accessed on 18 Jan-

uary 2024). 

26. Ribeiro-Alvares, J.B.; Oliveira, G.D.S.; De Lima-E-Silva, F.X.; Baroni, B.M. Eccentric knee flexor strength of professional football 

players with and without hamstring injury in the prior season. Eur. J. Sport Sci. 2021, 21, 131–139. 

https://doi.org/10.1080/17461391.2020.1743766. 

27. Baroni, B.M.; Ruas, C.V.; Ribeiro-Alvares, J.B.; Pinto, R.S. Hamstring-to-quadriceps torque ratios of professional male soccer 

players: A systematic review. J. Strength Cond. Res. 2020, 34, 281–293. https://doi.org/10.1519/JSC.0000000000002609. 

28. Dauty, M.; Menu, P.; Fouasson-Chailloux, A.; Ferréol, S.; Dubois, C. Prediction of hamstring injury in professional soccer players 

by isokinetic measurements. Muscle Ligaments Tendons J. 2016, 6, 116–123. https://doi.org/10.11138/mltj/2016.6.1.116. 

29. Dauty, M.; Menu, P.; Fouasson-Chailloux, A. Cutoffs of isokinetic strength ratio and hamstring strain prediction in professional 

soccer players. Scand. J. Med. Sci. Sports 2018, 28, 276–281. https://doi.org/10.1111/sms.12890. 

30. Grygorowicz, M.; Michałowska, M.; Walczak, T.; Owen, A.; Grabski, J.K.; Pyda, A.; Piontek, T.; Kotwicki, T. Discussion about 

different cut-off values of conventional hamstring-to-quadriceps ratio used in hamstring injury prediction among professional 

male football players. PLoS ONE 2017, 12, e0188974. https://doi.org/10.1371/journal.pone.0188974. 



Appl. Sci. 2025, 15, 4000 13 of 13 
 

31. Carvalho, A.; Brown, S.; Abade, E. Evaluating injury risk in first and second league professional Portuguese soccer: Muscular 

strength and asymmetry. J. Hum. Kinet. 2016, 51, 19–26. https://doi.org/10.1515/hukin-2015-0166. 

32. Esmaeili, H.; Sharifi, A. Bilateral asymmetry of hamstring to quadriceps isokinetic torque ratio in different angular velocities in 

professional basketball players. Knee 2022, 37, 3–9. https://doi.org/10.1016/j.knee.2022.05.007. 

33. Yoon, T.S.; Park, D.S.; Kang, S.W.; Chun, S.I.; Shin, J.S. Isometric and isokinetic torque curves at the knee joint. Yonsei Med. J. 

1991, 32, 33–43. https://doi.org/10.3349/ymj.1991.32.1.33. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


