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Background: Due to the crucial nature of knee joint stability in basketball
players and the possible role of the rate of torque development hamstrings to
quadriceps ratio for determining knee joint stability in the early phase of
explosive movements, the purpose of this cross-sectional study was to explore the
relationship between the rate of torque development hamstrings to quadriceps
ratio and biomechanical parameters of hip and knee joints in the sagittal and
frontal planes during the drop vertical jump test.
Methods: Twenty healthy male recreational basketball players (aged 15-18) were
recruited for this cross-sectional study. After measuring anthropometric data,
the rate of torque development hamstrings to quadriceps ratio was assessed
using an isokinetic Biodex system. Biomechanical variables were measured
using a motion analysis system during the drop vertical jump test.
Results: The rate of torque development hamstrings to quadriceps ratio (0-50
milliseconds) was negatively correlated with knee abduction angle (P=0.028),
knee adduction angle (P=0.003), knee abduction moment (P=0.023), and knee
joint range of motion in the frontal plane (P=0.01) during 17-50 ms after initial
contact. Other biomechanical parameters did not significantly correlate with
the rate of torque development hamstrings to quadriceps ratio.
Conclusion: This study’s results revealed that the torque development rate
hamstrings to quadriceps ratio was negatively associated with knee kinematic and
kinetic parameters. Based on the outcomes of this study and previous investigations,
it can be acknowledged that the rate of torque development hamstrings to
quadriceps ratio might be a useful tool to add to athlete injury screening.

2024© The Authors. Published by JRSR. All rights reserved.

Introduction

than the other two joints in the lower limb, particularly
in athletes. Knee joint instability is an issue that affects

The knee, as a joint between two of the body’s longest
lever arms, plays a key role in lower limb function;
hence, the knee joint’s stability is emphasized more
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both athletic and non-athletic populations. It leads to
severe consequences such as a higher risk of falling,
a protracted period of rehabilitation, and decreased
performance in athletes [1, 2]. Consequently, this results
in increased economic burdens on the healthcare system,
sports teams, and players [3, 4].

Since the knee joint articular surfaces are not congruent,
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the stability of this joint, unlike the other two joints of the
lower limb, is provided by ligaments and muscles [5].
The anterior cruciate ligament (ACL), due to its anatomy
and function, is regarded as one of the primary knee
stabilizers and contributes significantly to knee stability
by controlling flexion and internal rotation in the knee
joint [6].

A systematic review in 2021 revealed that landing with
a heel strike, poor core stability, weak hip abduction
strength, increased knee valgus, and decreased hip and
knee flexion may all contribute to an increased risk of
ACL injury [7]. ACL injuries have severe psychological,
health, and financial consequences [3]. These injuries are
often followed by a slew of complications, such as knee
instability, osteoarthritis, performance deficiencies, and
a shortening of one’s athletic career [8, 9]. ACL injuries
account for roughly halfofall knee injuries [ 10]. Moreover,
ACL injuries among athletes are reported to occur at a rate
of between 100,000 and 200,000 per year [11].

Given the severe consequences of ACL injuries, the high
costs of surgery, and the prolonged rehabilitation period,
the best way to reduce the risk of this injury is to address
modifiable risk factors. Video analysis has greatly aided
in determining high-risk situations for ACL injury, which
in ball sports can include landing after a jump, abrupt
stopping, and sudden changes in direction [11, 12].

Due to the fast pace of basketball games, resulting in
unpredictable landings and quick cutting, remarkable
stresses are placed on the players’ knee joints, exposing
them to injuries such as ACL tears [13]. A high incidence of
ACL injury is reported for basketball players, specifically
inrecreational competitions [11]. According to a systematic
review based on video analysis and prescreening studies
conducted by Lawra et al. [11], basketball players have the
highest prevalence of ACL injuries.

The prevalence of ACL injuries in basketball players has
been estimated to be approximately 2.5 injuries per year
in the National Basketball Association (NBA) [14, 15].
Moreover, after returning to the court, their performance,
particularly in the first season after returning to the
field, drops significantly in comparison to their pre-
injury level [16-18]. As a result, basketball teams will
not only be unable to use their player, but some NBA
teams have agreed to pay the injured players during their
absence from the team. Thus, an ACL injury can impose
a significant financial burden on teams and players [19].

Anterior tibial translation, high knee valgus, and
external rotation angles and torques that cause these
movements are biomechanical factors that can
compromise knee stability and increase the load on the
ACL[11]. Moreover, hip biomechanics, such as a greater
hip adduction angle and the torques that contribute to this
movement, enhance the likelihood of an ACL injury by
putting the knee in a more valgus position and raising the
risk of valgus collapse [11, 20].

For many years, the hamstring-to-quadriceps strength
ratio has been measured and implemented to assess knee
stability, neuromuscular imbalance, and performance
[21]. There are numerous approaches to calculate this
ratio [22]. The conventional ratio is determined by
calculating the peak torque produced during concentric
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hamstring: concentric quadriceps maximal voluntary
contraction, and the functional ratio is determined by
calculating the peak torque produced during eccentric
hamstring: concentric quadriceps maximal voluntary
contraction.

However, previous studies have revealed that maximal
voluntary contraction is developed in 500ms and due
to the explosive nature of sports like basketball and
the timing of explosive movements (50-250ms) [23],
it appears that the maximum amount of force is not
developed in the traditional hamstring-to-quadriceps
ratio [12, 24]. Furthermore, there is a time limit (50ms)
for knee stabilization in match-play situations, and most
ACL injuries and knee instability occur 17-50ms after
initial contact [12].

As a result, Zebis et al. introduced the rate of torque
development ratio (RTD: Atorque/Atime), which seems
to be a more accurate measure for evaluating knee
joint stability in the early phase and can be measured
in different time intervals such as 0-50ms, 50-100ms,
100-150ms, and 150-200ms [24]. This ratio describes
how fast the hamstring muscle can produce a counter
torque against the quadriceps muscle, highlighting
the importance of rapidly activating the hamstrings
relative to the quadriceps [24]. As this ratio cannot be
investigated during closed kinetic chain actions like
landing, it provides the best-standardized measure of
the capability for dynamic knee joint stabilization [24].
Moreover, previous studies discovered that the isometric
rate of force development correlates with dynamic
functional performance [25, 26]. Therefore, Zebis et al.
hypothesized that this ratio could be employed to identify
athletes at high risk for knee injury.

Following the introduction of this ratio as a possible
index for knee stability in the early phase of explosive
movements, many studies have assessed the relationship
between the RTD ratio and the conventional ratio, the
functional ratio, performance, age, and power [23, 27-30].
However, to the author, no study has assessed the
relationship between the hamstring to quadriceps RTD
ratio (H/Q RTD ratio) and lower limb kinematics and
kinetics effective in knee joint stability. Therefore,
the current study aimed to investigate the relationship
between the H/Q RTD_,, ratio and biomechanical
parameters associated with knee injury (knee and hip
angles and moments in frontal and sagittal planes) during
a vertical drop jump test, 17-50ms after initial contact.

Methods

Participants

Twenty healthy male recreational basketball players,
aged between 15 and 18, were recruited for this cross-
sectional study using a convenience sampling method.
The participants played basketball at least three times
a week, with each session lasting 90 minutes or more,
and had no reported history of knee injury. Players
were excluded if they had a history of ACL injury and
reconstruction surgery, hip injury, fractures with lower
limb deformities, hamstring or quadriceps strains in the
past six months, cardiovascular problems, or neurological
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conditions preventing them from performing sports
maneuvers. Additionally, those reporting pain in their
lower limbs on the test day were excluded from the study.
The subjects received detailed information about the
study before participation and provided written informed
consent approved by the SUMS ethics committee (No:
IR.SUMS.REHAB.REC.1401.005).

Procedure

To minimize the learning effect, participants attended
the biomechanics and motion analysis laboratory on two
separate days within 48 hours. On the first visit, they
were familiarized with the tests.

Data Collection

On the second visit, the test day, anthropometric
data (age, height, and weight) were collected from the
participants. The dominant limb was determined based
on the limb they preferred to kick a ball [31]. Participants
then warmed up on a stationary bike (Bodyguard 990,
Canada) at their preferred pace before being randomly
assigned to the isokinetic system or the motion analysis
laboratory via a coin flip.

The H/Q RTD, ,, ratio was measured using an isokinetic
Biodex dynamometer (Biodex System Pro 4, Biodex
Medical Systems, Shirley, NY). The Biodex system was
calibrated before the participant’s assessment. The trunk
was set at an angle of 85 degrees [24], and secured with
three straps while participants were instructed to cross
their arms over their chest. Another strap secured the
dominant limb. The dynamometer was aligned with the
lateral femoral condyle, and the distal limb attachment
was positioned above the lateral malleolus. The leg was
fixed at 70° [22], and three isometric trials for knee
flexion and extension were performed, each lasting 8
seconds, with a 45-second rest in between. Participants
were instructed to extend and flex their knees as quickly
and powerfully as possible. They were also instructed to
monitor the force plot on a screen and to maximize the
force exerted, with both visual and auditory feedback
provided.

Motion analysis data were recorded using an eight-
camera Qualisys system (Proreflex, Qualisys Track
Manager Ltd., Gothenburg, Sweden), with kinematic
data collected at a sampling frequency of 120 Hz. Kinetic
data were recorded at a sampling rate of 1000 Hz using
an embedded force plate (AG Instrument Kistler, AG,
Type 9286AA, Winterthur, Switzerland).

Twenty-two reflective markers, each 19 mm diameter,
were attached to the participants’ bony anatomical
landmarks using hypoallergenic double-sided tape. The
markers were applied directly to the skin to avoid biases
in data collection. Based on the visual 3D model, markers
were placed over the iliac crest, posterior superior iliac
spine, second sacral vertebra, anterior superior iliac spine,
greater trochanter, medial and lateral femoral condyles,
medial and lateral malleoli, cluster markers in the middle
of the thigh, and cluster markers at the junction of the
distal one-third and proximal two-thirds of the tibia on
the dominant limb.

After calibrating the motion analysis system, the
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markers were affixed to the participants. All eight
cameras and the force plate were synchronized with
the lab computer system. The Qualisys Track Manager
(QTM) software (version 2.17) was used to record static
and dynamic trials.

The landing biomechanics in this study were evaluated
using the drop vertical jump test, a simple, clinically
feasible method for assessing landing mechanics in
athletes. This test is known for its high inter- and intra-
rater reliability, as well as its sensitivity in both field and
laboratory conditions [32, 33]. A customized box with a
height of 30 cm was used for the drop vertical jump test.

During the test, participants stood barefoot in the
middle of the laboratory on the force plate, with their
arms crossed over their trunks and their gaze directed
straight ahead. A 5-second static trial was recorded to
capture baseline data. The 30 cm box was then positioned
10 cm behind the force plate. Participants were instructed
to stand on the box with their feet shoulder-width apart,
shoulders abducted at 45 degrees, and elbows flexed
at 90 degrees. They were then required to perform a
drop vertical jump. Each participant completed three
successful dynamic trials.

Data Processing
Isokinetic Trial

The isokinetic data were processed using MATLAB
(The MathWorks, Natick, Massachusetts, USA) with
custom MATLAB codes. Torque values were filtered
using a low-pass 4th-order Butterworth filter with a cutoff
frequency of 10 Hz [23]. The Rate of Torque Development
(RTD) was defined as the slope of the torque-time curve
within defined intervals of 0-50 ms from the onset [34].
Muscle contraction onset was determined as the time
when torque exceeded 7.5 N-m from baseline [23].

Motion Analysis Data

Data were recorded using QTM software (version
2.17) and exported to a Visual 3D-compatible format
after marker labeling. Dynamic trials were assigned to
the static model created in Visual 3D software (version
5). Initial contact, 17 ms after initial contact, and 50
ms after initial contact were labeled for analysis. To
minimize bias, kinematic and kinetic data were filtered
using a low-pass 4th order Butterworth filter with a
cutoff frequency of 12 Hz [35]. During the 17-50 ms
following initial ground contact, peak hip and knee joint
angles and internal moments in the sagittal and frontal
planes, as well as the range of motion (ROM) of the
hip and knee joints in both planes and the peak vertical
ground reaction force, were measured and averaged
across three trials.

Statistical Analysis

All statistical analyses were conducted using IBM
SPSS Statistics v.26.0 (SPSS Inc., Chicago, IL, USA).
The Kolmogorov-Smirnov test was used to evaluate
kinematic and kinetic data distribution, the RTD_, H/Q
ratio, and anthropometric data. The correlation between
the H/Q RTD,, ratio and biomechanical parameters
was assessed based on the results of the Kolmogorov-
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Smirnov test. Pearson correlation was applied if
both wvariables’ distributions were normal; otherwise,
Spearman correlation was used. Statistical significance
was set at <0.05.

Results

Table 1 presents the participants’ descriptive data.

The Pearson and Spearman correlation coefficients
between the H/Q RTD_, ratio and the following
parameters were calculated and are detailed in Table 2:
peak hip abduction/adduction angle, peak hip flexion
angle, peak knee abduction/adduction angle, peak knee
flexion angle, peak hip abduction/adduction moment,
peak knee abduction/adduction moment, peak hip
extension moment, and peak knee extension moment.

As shown in Table 2, basketball players with a higher
H/Q RTD, ,, ratio tend to have smaller knee abduction
and adduction angles, reflecting a significant relationship
between the H/Q RTD , ratio and peak knee abduction

Table 2: The correlation between hamstring to quadriceps rate of torque development (H/Q RTD

Table 1: The participants’ descriptive data

Variable (n=20) Mean+SD
Age (y) 16.75£1.33
Height (cm) 180.05+11.59
Weight (kg) 73.25+12.69
Basketball player experience (y) 4.45+3.83
H/Q RTD, , ratio 0.6977+0.27

n: Number; SD: Standard deviation; y: Year; cm: Centimeter;
kg: Kilogram; H/Q RTD: Hamstring to quadriceps rate of torque
development

and adduction angles (Figure 1 A, B). Additionally, Table 3
reveals a significant negative correlation between the
knee abduction moment and the H/Q RTD , ratio; thus,
players with a higher H/Q RTD_ , ratio exhibit a lower
knee abduction moment (Figure 1C).

Furthermore, the significant correlation between the knee
joint frontal ROM and the H/Q RTD ratio (Tables 3, 4)
suggests that basketball players with a lower H/Q RTD ratio
may be more likely to show a greater ROM in the knee joint’s

frontal plane (Figure 1D).

..-,) ratio and hip and knee joint angles

H/Q RTD, ratio
Variable PHFA PHABA PHADDA PKFA PKABA PKADDA
P value 0.550 0.849 0.697 0.212 0.028* 0.003*
coefficient correlation -0.142 -0.054 0.240 0.292 -0.657 -0.862
Mean+SD 12.79+7.39 6.95+3.96 2.81+1.47 50.52+8.01 6.24+4.51 6.95+4.91

Bolded* demonstrates a significant correlation. PHFA: Peak hip flexion angle; PHABA: Peak hip abduction angle; PHADDA: Peak hip adduction

angle; PKFA: Peak knee flexion angle; PKABA: Peak knee abduction angle;

Table 3: The correlation between hamstring to quadriceps rate of torque development (H/Q RTD,

vertical ground reaction force (VGRF)

PKADDA: Peak knee adduction angle; SD: Standard deviation

.50) Tatio and hip and knee joint moments and peak

H/Q RTD,, ratio
Variable PHEM PHADDM PKEM PKABM PKADDM PVGRF
P value 0.938 0.350 0.576 0.023* 0.764 0.645
Coefficient correlation -0.018 0.250 0.764 -0.821* 0.092 0.110
Mean+SD 1.294+0.69 0.71+0.58 1.15+0.52 0.61+0.54 0.52+0.24 832.18+163.74

Bolded* demonstrates a significant correlation. PHEM: Peak hip extension

moment; PHADDM: Peak hip adduction moment; PKEM: Peak knee

extension moment; PKABM: Peak knee abduction moment; PRADDM: Peak knee adduction moment; PVGRF: Peak vertical ground reaction force;

SD: Standard deviation
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Table 4: The correlation between hip and knee range of motions and hamstring to quadriceps rate of torque development H/Q RTD ratio

H/Q RTD, ratio

Variable HSROM HFROM KSROM KFROM
P value 0.586 0.850 0.711 0.01*
Coefficient correlation 0.129 0.045 -0.088 -0.561*
Mean+SD 7.43+2.56 1.70£1.02 17.07+£2.57 3.19+1.74

Bolded** demonstrates a significant correlation. HSROM: Hip joint range of motion in sagittal plane; HFROM: Hip joint range of motion in frontal
plane; KSROM: Knee joint range of motion in sagittal plane; KFROM: Knee joint range of motion in frontal plane; SD: Standard deviation

Discussion

The present study aimed to explore the relationship
between the H/Q RTD, , ratio and sagittal and frontal
knee and hip kinematics and kinetics in recreational
basketball players. We hypothesized that there might
be a relationship between biomechanical parameters
contributing to knee stability and the H/Q RTD_ , ratio
based on the results of previous studies.

The findings of this study (Tables 2, 3, and 4) revealed
significant relationships between the H/Q RTD ratio
and peak internal knee abduction moment, peak knee
abduction angle, peak knee adduction angle, and knee
frontal range of motion.

Our results demonstrate a significant relationship
between the H/Q RTD , ratio and peak knee abduction
moment and angle (Table 3). Specifically, athletes with a
lower H/Q RTD_  ratio exhibited greater knee abduction
moments and angles. As the H/Q RTD_ ratio increases,
the knee abduction moment and knee abduction angle
decrease (Figure 1 A, C).

Previous studies have explored the role of hamstrings
and quadriceps muscles in controlling knee joint
movement in the frontal plane [36, 37]. It has been
shown that these muscles, particularly their medial and
lateral parts, can provide support against abduction and
adduction forces and moments imposed on the knee joint.
Arnold et al. [37] noted that the impact of each hamstring
muscle on ACL loading could vary in the frontal plane
due to differences in their attachment sites and moment
arms relative to the knee joint.

According to Maniar et al., the vasti muscles are key
generators of knee abduction moments during single-leg
landing. In contrast, the hamstring muscle contributes to
knee adduction moments during the early phase and the
first 30% of the landing phase [38]. Consequently, the
crucial ability of the hamstrings to produce a counter-
torque against quadriceps muscle torque in both the
sagittal and frontal planes, particularly within the first 50
ms when knee stability is compromised.The findings of
the present study support this hypothesis, indicating that
the H/Q RTD, , ratio could serve as an effective index
for knee stabilization in the early phase of explosive
movements such as landing.

The quadriceps is a major muscle group that can
compromise knee stability, increase the load on the
knee, and contribute to ACL injuries [39, 40]. However,
previous research has shown that the degree of knee
flexion influences the quadriceps’ potential to increase
the load and strain on the ACL. When the knee is more
flexed, the quadriceps exerts less load on the ACL,
resulting in a decreased abduction angle in the frontal
plane of the knee [41, 42].
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As shown in Table 2, the knee flexion angle remains
below 70° during the critical period for knee stabilization
in landing after a jump (17-50 milliseconds after initial
ground contact) in recreational basketball players. The
quadriceps muscle’s mechanical advantage diminishes
in knee flexion beyond 80°; however, it retains the
capacity to increase the load on the knee and ACL during
this specific period [20, 43, 44]. This study’s findings
align with those of other studies. Basketball players
with a lower H/Q RTDO0-50 ratio exhibited higher knee
abduction moments and angles within 17-50 milliseconds
after initial ground contact.

Numerous studies have investigated the ability of
hamstring muscles to mitigate the loads imposed by
quadriceps muscles on the knee joint and ACL and whether
co-contraction of the hamstrings with the quadriceps can
counterbalance quadriceps torque. These studies have
demonstrated that hamstring muscle contraction can
protect the knee and ACL [45-48]. In vitro research has
shown that maximum strain on the ACL is higher when
the quadriceps muscle is activated alone during a bilateral
drop-jump stimulation than when all knee joint muscles or
the hamstring muscle alone are activated [49].

Although the knee flexion angle influences hamstring
activity, unlike the quadriceps, the hamstrings cannot
effectively counteract the high torques imposed on
the knee and ACL by the quadriceps at lower flexion
angles (near extension). However, hamstring muscle
contraction can impact the reduction of knee and ACL
loading at greater flexion angles [50]. Prior EMG-based
studies [51] have also indicated that excessive valgus and
varus forces may be mitigated by co-contraction of the
hamstrings and quadriceps.

The high risk of knee instability during landing,
particularly within 17-50 milliseconds after initial ground
contact, can be attributed to the lower flexion angle
during this period, as well as the diminished mechanical
advantage of the hamstring muscle compared to the high
mechanical advantage of the quadriceps muscle at low
flexion angles [12, 50]. Furthermore, the present study’s
findings suggest that a lower H/Q RTD ratio, negatively
correlated with knee abduction moment and knee
abduction angle, may contribute to knee instability in the
early phase of landing in recreational basketball players.

Contrary to our hypothesis, the knee adduction angle
was found to be correlated with the H/Q RTD, , ratio. As
shown in Table 4, the H/Q RTD, ratio also correlates
with knee joint ROM in the frontal plane, suggesting that
this ratio is associated with knee joint movement in the
frontal plane (Figure 1.D).

Therefore, basketball players with a lower H/Q RTD,,
ratio tend to exhibit a higher knee abduction angle, knee
abduction moment, knee adduction angle, and knee joint
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frontal range of motion. In other words, players with
a higher H/Q RTD, ratio are likelier to demonstrate
better knee joint stability in the frontal plane.

As the H/Q RTD,, ratio negatively correlates with knee
joint ROM in the frontal plane (Table 4, Figure 1.D), the
results of this study are consistent with previous research
indicating that knee abduction during functional activity
can place additional frontal plane strain on the knee joint
and passive tissues that contribute to knee stability. This
underscores the importance of controlling frontal plane
knee motion [52-54].

The findings of this study support previous research
showing that knee abduction during functional activity can
impose extra load on the knee joint and passive tissues,
emphasizing the need for effective control of frontal plane
knee motion [55, 56].

Given the inadequacy of the traditional hamstring-to-
quadriceps ratio, which measures hamstring strength
through concentric and eccentric peak torque, the H/Q
RTD ratio provides a more accurate assessment of
hamstring strength by evaluating how quickly torque
is generated and how effectively it counters the torque
produced by the quadriceps. This can help reduce
the risk of knee instability and injury during high-risk
movements, such as landing and cutting, within the first
50 milliseconds.

Screening athletes” high-risk movements with 3D
biomechanical tools is expensive and time-consuming.
However, since this study demonstrates a correlation
between the H/Q RTD, ratio and knee parameters,
including knee abduction angle, knee abduction moment,
knee adduction angle, and knee joint’s frontal range of
motion, employing this ratio for screening knee injury
in basketball players may be beneficial. Players with a
higher H/Q RTD , ratio tend to exhibit lower abduction
angles, knee adduction angles, knee abduction moments,
and reduced frontal ROM in the critical 17 to 50
milliseconds after initial ground contact during landing.

Several limitations were encountered in this study.
The correlation between the H/Q RTD , ratio and hip
abduction moment could not be assessed due to the
small sample size. Future research should explore this
correlation in other sports with larger sample sizes,
including female athletes, and consider the impact of
specialized footwear. Participants performed drop vertical
jumps barefoot, which may not accurately reflect landing
mechanics during actual matches with professional shoes.

Conclusion

The H/Q RTD,_,, ratio has been found to correlate
with the knee abduction angle, knee abduction moment,
knee adduction angle, and knee joint frontal ROM in
basketball players during the drop vertical jump. These
findings suggest that the H/Q RTD  ratio, in addition to
other biomechanical measurements, may be useful as a

screening tool for assessing knee injury risk.
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