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Abstract

Background: The hamstring-to-quadriceps (H:Q) strength ratio is a critical determinant of
knee stability, functional performance, and injury prevention. Optimizing this ratio is essential
for reducing injury risk, particularly among athletes and physically active individuals. Isometric
training, characterized by pushing and holding exercises, is commonly used to enhance strength.
However, the comparative effects of these two methods at different joint angles, particularly within
the framework of time under tension (TUT), remain underexplored.

Objective: To compare the effects of pushing versus holding isometric exercises at varying knee joint
angles on H:Q strength ratio, functional performance, time under tension (TUT), and perceived
exertion among recreational athletes.

Methods: Thirty participants were randomly allocated into two groups—pushing or holding
isometrics—and trained for six weeks using a time-under-tension protocol. Pre- and post-
intervention assessments included the H:Q ratio (via hand-held dynamometry), Single-Leg Hop
Test, Star Excursion Balance Test (SEBT), TUT, and Rate of Perceived Exertion (RPE).

Results: Both groups demonstrated significant improvements in H:Q ratio, hop performance, and
SEBT scores (p < 0.05). The pushing group showed greater gains in H:Q ratio and hop distance,
while the holding group exhibited longer TUT and enhanced balance control. RPE scores were
higher in the pushing group, indicating greater exertion demands.

Conclusion: Both pushing and holding isometric protocols effectively enhanced lower limb
strength and function. Pushing isometrics were more effective for improving the H:Q ratio and
explosive performance, whereas holding isometrics better enhanced dynamic balance and muscular
endurance. Incorporating joint angle-specific isometric training may serve as a strategic tool for
tailored rehabilitation and injury prevention.

Keywords: Isometric Exercise; Hamstring-Quadriceps Ratio; Dynamic Balance; Time Under
Tension; Rehabilitation; Athletic Performance

Introduction

The hamstring-to-quadriceps (H:Q) strength ratio is a critical factor influencing lower limb
biomechanics, injury prevention, and athletic performance. An imbalance in this ratio, where
quadriceps strength significantly exceeds hamstring strength, has been associated with an increased
risk of anterior cruciate ligament (ACL) injuries, hamstring strains, and patellofemoral dysfunction,
particularly in sports requiring explosive movements and rapid directional changes [2, 18]. Various
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training methodologies have been employed to optimize the H:Q
balance, with a strong emphasis on isotonic and eccentric exercises.
However, recent studies suggest that isometric training may offer
distinct neuromuscular and mechanical advantages, particularly
in enhancing joint stability and injury resilience [15, 37]. Despite
the growing interest in isometric training, there is limited evidence
comparing the effects of different isometric contraction types on H:Q
ratio and functional performance [29].

Isometric contractions can be classified into pushing (active
force production) and holding (static resistance) types, both of which
elicit different neuromuscular responses [37]. Holding isometric
contractions involve sustained force without movement, emphasizing
joint stabilization, prolonged time under tension (TUT), and
muscle endurance [5]. In contrast, pushing isometric contractions
require active force generation, which may lead to greater muscle
recruitment, increased rate of force development, and higher torque
production [29, 38]. While these mechanisms have been explored in
isolated settings, direct comparisons between pushing and holding
isometrics in relation to H:Q balance remain limited [1, 4].

Additionally, joint angle specificity plays a crucial role in muscle
recruitment, torque generation, and neuromuscular adaptation.
Studies suggest that quadriceps activation is higher at extended
knee angles (30°), while hamstring dominance increases at deeper
flexion angles (90°), thereby influencing the overall strength ratio
[13, 20]. Despite these findings, there is no standardized method
for determining the optimal knee joint angle for isometric training
interventions to enhance H:Q balance [15, 23].

Furthermore, time under tension (TUT) has been identified as a
key determinant of strength adaptation, with prolonged TUT shown
to improve muscle hypertrophy, neuromuscular efficiency, and
endurance [3, 22]. However, its role in isometric training settings has
not been fully explored, particularly in relation to joint angles and
contraction types [14, 16].

Despite the recognized importance of H:Q balance in sports
performance and rehabilitation, research comparing pushing versus
holding isometric contractions at different knee joint angles remains
scarce. Given the angle-specific nature of strength adaptations, it
is critical to investigate how different isometric contraction types
influence the H:Q ratio and functional performance across various
joint angles [13, 26]. While TUT has been widely studied in dynamic
resistance training, its application in isometric protocols remains
unclear, further justifying the need for a systematic analysis of its
impact [3, 22].

This study aims to compare the effects of pushing versus holding
isometric exercises performed at different knee joint angles (30°, 60°,
and 90°) on the H:Q strength ratio and functional performance, with
a focus on injury risk mitigation and rehabilitation techniques using a
TUT-based approach. By addressing this research gap, the study seeks
to provide evidence-based recommendations for optimizing strength
training and rehabilitation strategies aimed at improving muscle
balance, reducing injury risk, and enhancing athletic performance.

Methods
Study Design and Ethical Approval

This randomized comparative experimental study investigated
the effects of pushing versus holding isometric exercises performed
at multiple knee joint angles (30°, 60°, and 90°) on the hamstring-to-

quadriceps (H:Q) strength ratio and functional performance, using
a time-under-tension (TUT)-based approach. Ethical clearance
was obtained from the Institutional Scientific Review Board (SRB)
of Meenakshi Academy of Higher Education and Research (Ref.
No: MAHER/FOP/SRB/2025/12). All participants provided written
informed consent prior to participation.

Participants

Thirty recreational and sub-elite athletes (male and female;
age 18-35 years) were recruited. Inclusion criteria included being
physically active, pain-free, and engaged in sports participation for at
least one year. Exclusion criteria included current lower-limb injury,
major surgery within the past 12 months, neuromuscular or systemic
disorders, or inability to perform isometric exercises. Participants
with fully rehabilitated prior injuries were permitted.

Study Procedure

Participants were randomly allocated into two groups: a pushing
isometric contraction group and a holding isometric contraction
group (n = 15 per group). Both groups performed isometric exercises
at knee flexion angles of 30°, 60°, and 90°.

Training sessions were conducted three to five times per week
for six weeks under physiotherapist supervision to ensure proper
execution and participant safety. Warm-up and cool-down activities
were included to prevent fatigue and injury.

Outcome Measures

Hamstring—Quadriceps (H:Q) Strength Ratio

The H:Qratio was assessed usinga handheld dynamometer (HHD)
to evaluate muscle balance and injury risk potential. Participants were
seated with the knee flexed at 60°, a position known to yield reliable
maximal isometric contractions. For quadriceps assessment, the
HHD was placed just above the ankle on the anterior surface, and
participants were instructed to extend maximally against resistance.
For hamstring measurement, the HHD was placed posteriorly, and
participants performed maximal knee flexion (Figure 1). The higher
of two trials was recorded for each muscle, and the H:Q ratio was
calculated as:

Hamswing Peak Force

HQ Ratio = Quadriceps Peak Force x 100

This ratio expressed as a percentage reflects lower-limb muscle
balance and injury susceptibility [13, 38].

Functional Performance Tests

Functional capacity was measured using the Single-Leg Hop Test

Figure 1: Assessment of quadriceps and hamstring strength using a
handheld dynamometer.

(A) Quadriceps strength assessment at 60° knee flexion (seated position).
(B) Hamstring strength assessment at 30° knee flexion (prone position).
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Figure 2: Single-leg hop test for measuring functional lower-limb power and
symmetry.

Figure 3: Star Excursion Balance Test (SEBT) for evaluating dynamic
balance and reach distance in anterior, posteromedial, and posterolateral
directions.

(SLHT) and the Star Excursion Balance Test (SEBT).

In the SLHT, participants performed maximal single-leg forward
hops, landing on the same leg without losing balance (Figure 2). The
best distance from three trials was recorded.

In the SEBT, participants reached in three directions (anterior,
posteromedial, and posterolateral) while balancing on one leg (Figure
3). The mean reach distance across three trials was used as the
composite SEBT score.

Time-Under-Tension (TUT)

TUT represented the total time (in seconds) that muscles
sustained contraction. In the holding group, TUT reflected the
duration of sustained static contractions until fatigue; in the pushing
group, it represented the total contraction time across repetitions.

Rate of Perceived Exertion (RPE)

Perceived effort was evaluated using the Borg CR10 scale, where
0 indicated “no exertion” and 10 indicated “maximum exertion.”
Average RPE values were calculated for each session to determine
subjective exercise intensity [1, 2].

Exercise Protocols

Pushing Isometric Training

The pushing isometric training focused on maximal voluntary
effort (MVE) against resistance without visible joint movement,
targeting force production and motor recruitment.
Participants performed three to four sets of three to five repetitions
per session at each joint angle (30°, 60°, and 90°), maintaining

unit

contractions until voluntary fatigue. The total contraction duration
per repetition was recorded as TUT.

1. Supine Resistance Band Leg Press

. This exercise primarily targeted the quadriceps and gluteal
muscles. Participants lay supine and pushed a resistance band fixed at
the foot away from the trunk.

o The angle-specific setup allowed measurement of torque
differences between early (30°) and deep (90°) flexion angles,
simulating multi-angle quadriceps recruitment.

. The posture ensured low compressive stress on the knee
joint, making it safe for progressive strengthening .

2. Standing Resistance Band Hamstring Curl

. The exercise isolated the hamstrings, performed in a
standing position with the band fixed to an anchor point.

. The motion emphasized concentric activation at the
initiation of the curl and static force maintenance at terminal flexion.

o The upright posture activated hip stabilizers, enhancing
proximal stability during distal isometric effort .

3. Seated Isometric Knee Extension (with Strap/Band)

. A resistance strap or band was used to restrict motion while
the participant exerted forward force.

o The seated position minimized compensations and
provided consistent lever arm length for torque measurement.

. This exercise allowed precise control of knee angle and
direct quantification of joint-angle-specific strength .

4. Banded Bird-Dog Leg Curl

. This multi-joint exercise engaged the hamstrings and core
simultaneously.
. The isometric contraction at 30°, 60°, and 90° activated

both posterior chain and trunk stabilizers, improving kinetic chain
integration.

. The posture minimized lumbar strain while improving
neuromuscular coordination .

Across all pushing isometrics, rest intervals were 30-60 seconds
between sets and 2-3 minutes between exercises. This ensured
adequate phosphagen recovery while maintaining neural drive.

The complete sequence and technique of the pushing isometric
exercises are illustrated in Figures 4-7.

Holding Isometric Training

The holding isometric protocol emphasized static endurance,
postural stability, and sustained muscle activation at submaximal
intensity (70-80% of MVC). Each contraction was maintained until
fatigue, and the total duration was recorded as TUT.

1. Wall Squat Hold

. Performed with the back against a wall, the exercise targeted
the quadriceps and core stabilizers.

. Angles of 30°, 60°, and 90° were used to assess quadriceps
endurance at different muscle lengths.
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FIGURE 4. SUPINE BANDED LEG PRESS EXERCISE
(PUSHING ISOMETRICS)

FIGURE §: STANDING BANGED HAMSTRING CURL
[PUSHING ISOMETRICS)

FIGURE 7: BANDED BIRD-DOG LEG CURL
(PUSHING ISOMETRICS)

FIGURE 6: SEATED BANDED KNEE EXTENSION
(PUSHING ISOMETRICS]

Figures 4-7: Pushing Isometric Exercise Series.

Demonstration of the exercises included in the pushing isometric training
protocol. Each exercise was performed at 30°, 60°, and 90° knee flexion
angles emphasizing maximal voluntary contraction (MVC) and time under
tension (TUT).

Figure 4: Supine banded leg press exercise.

Figure 5: Standing banded hamstring curl.

Figure 6: Seated banded knee extension.

Figure 7: Banded bird-dog leg curl.

. The neutral spine posture minimized lumbar loading and
improved control over knee flexion .

2. Prone Hamstring Dumbbell Hold

. Participants held a dumbbell between their ankles while
lying prone, maintaining static knee flexion.

. This position isolated the hamstrings and minimized
compensatory hip activation.

. The exercise enhanced endurance at mid-range hamstring
lengths.

3. Single-Leg Hamstring Bridge Hold

. Performed in a supine bridge position, this exercise
emphasized unilateral posterior chain stability.

. It improved pelvic alignment, hamstring endurance, and
core synergy .

4. Front Squat Isometric Hold

. Using a light barbell or crossed-arm position, participants

FIGURE % :PRONE HAMSTRING ISOMETRIC CURL
HOLD WITH DUMBBELL
[HOLDING ISOMETRICS)

FIGURE 8: WALL SQUAT HOLD
AT VARIABLE ANGLES

FIGURE 10:FRONT SQUAT ISOMETRIC HOLD
(HOLDING ISOMETRICS)

FIGURE 11: SINGLE-LEG HAMSTRING
BRIDGE HOLD

Figures 8-11: Holding Isometric Exercise Series.

lllustration of the exercises performed in the holding isometric training
protocol. All exercises were executed at 30°, 60°, and 90° knee flexion
angles, emphasizing sustained isometric contraction, stability, and endurance
through time under tension (TUT).

Figure 8: Wall squat isometric hold — static quadriceps activation for
endurance and joint stabilization.

Figure 9: Prone hamstring dumbbell hold — sustained contraction targeting
hamstring strength at varied flexion angles.

Figure 10: Front squat isometric hold — upright position emphasizing
quadriceps and core stability (as shown).

Figure 11: Single-leg hamstring bridge hold — unilateral posterior-chain

activation improving balance and hip control.

maintained a front squat at 30°, 60°, or 90°.

. The anterior load promoted core engagement and balanced
anterior—posterior muscle coactivation.

All exercises were performed with controlled breathing and
neutral alignment to avoid compensations. Sessions were terminated
upon fatigue or form deterioration.

The detailed positions and execution of the holding isometric
exercises are demonstrated in Figures 8-11.

Statistical Analysis

Data were analyzed using JASP software. Descriptive statistics
(mean + SD) were used for all outcomes. Paired ¢-tests compared pre-
and post-intervention scores within groups, and independent ¢-tests
compared between-group means. Repeated-measures ANOVA
evaluated multi-angle variables (TUT and RPE). Significance was
set at p < 0.05. Cohen’s d effect sizes were interpreted as small (0.2),
medium (0.5), or large (=0.8).

Results
Hamstring—Quadriceps Strength Ratio

Both intervention groups demonstrated improved H:Q
ratios following six weeks of isometric training. The pushing
group exhibited a larger improvement (86.15 + 26.04% to 92.94
+ 10.50%) compared to the holding group (83.92 + 13.96% to
85.63 + 11.56%), reaching statistical significance (p < 0.05).
These results suggest that the pushing protocol more effectively
enhanced hamstring recruitment relative to quadriceps, promoting
muscular balance and potentially lowering injury risk (Table 1)
(Figure 12).
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Table 1: Presents the pre- and post-test mean H/Q ratio values for both groups.
Figure 12: lllustrates the comparative gains in H/Q strength ratio, showing
greater improvement in the pushing group.

Table 1: Pre- and Post-Test Mean H/Q Ratio (%) by Group.

Table 3: Summarizes composite reach distances for each group.

Figure 14: Visualizes SEBT performance before and after training, highlighting
balanced gains across both groups.

Figure 15: Boxplot showing the distribution of SEBT composite scores pre-

60

HIQ Ratio (%)

40

20

Holding Pushing

Group

Figure 12: Comparison of Pre- and Post-Test H/Q Ratios Between Holding
and Pushing Groups.

Functional Performance

Both groups improved significantly in functional performance.
The SLHT distance increased from 159.40 + 32.75 cm to
166.37 + 30.33 c¢cm in the holding group and from 171.00
+ 21.73 cm to 183.53 + 21.07 cm in the pushing group.
The greater increase in the pushing group suggests enhanced
neuromuscular efficiency and explosive force generation.

In the SEBT, both groups improved their composite scores
(holding: 90.41 + 9.21 to 95.48 + 8.55; pushing: 90.26 + 6.59 to 95.90
+ 6.94), reflecting enhanced dynamic balance and postural control
(Table 2 and Figure 13) and (Table 3 and Figures 14, 15).

Time-Under-Tension (TUT)

The holding group maintained longer contraction durations at all
angles (27.19 + 3.47 s at 30°, 25.25 £ 3.52 s at 60°, 24.11 + 4.06 s at 90°)

Table 2: Displays the pre- and post-test hop distances by group.

Figure 13: Provides a graphical comparison of performance improvement, with
higher gains observed in the pushing group.

Table 2: Pre- and Post-Test Single-Leg Hop Distance (CM).

Grou Pre-Test Post-Test Absolute
P (Mean * SD) (Mean * SD) Change

Holding 159.4 + 32.75 166.37 + 30.33 +6.97 cm

Pushing 171.0 £21.73 183.53 + 21.07 +12.54 cm

Single Leg Hop Distance Pre vs Post by Group

Mo Distance (om)

Holding Pushing
Group

Figure 13: Single-Leg Hop Distance Improvements in Both Groups.

Group Pre H/Q (%) (Mean + SD) Post HIQ (%) (Mean + SD) ?nq .post-lnterventlon for each group. Whiskers indicate score variability and
individual outliers.
Holding 83.92 + 13.96 85.63 + 11.56 Table 3: Composite SEBT Score Pre- and Post-Test.
Pushing 86.15 + 26.04 92.94 £ 10.50 Group Pre-Test Post-Test Absolute
(Mean + SD) (Mean + SD) Change
Holding 90.41 £9.21 95.48 + 8.55 +5.08
e Pushing 90.26 + 6.59 95.90 + 6.94 +5.64
= Pre H/Q (%)
100 mm= Post H/Q (%)

SEBT Composite Scores: Pre vs Post Intervention

SEBT Compasite Score

Huolding Punhing
Group

Figure 14: Bar Chart Comparing Pre- and Post-Intervention SEBT Composite
Scores in Holding and Pushing Groups.

SEBT Composite Score Distribution by Group

SERT Composie Score
B

Hokteg Aatig

Figure 15: Boxplot Showing the Distribution of SEBT Composite Scores Pre-
and Post-Intervention for Each Group. Whiskers Indicate Score Variability
and Individual Outliers.

compared to the pushing group (17.89 + 3.33 s, 15.68 + 3.25 s, and
14.18 + 3.41 s, respectively; p < 0.001).

This finding confirmed the endurance bias of holding isometrics,
emphasizing sustained motor unit activation and oxidative capacity
enhancement (Table 4 and Figure 16).

Rate of Perceived Exertion (RPE)

The pushing group reported higher exertion levels (mean RPE
7.02 + 0.75) compared to the holding group (5.87 + 0.84), indicating
greater perceived effort during forceful contractions (p < 0.001).
This suggests that pushing isometrics demand higher motor drive and
metabolic activation than holding tasks (Table 5 and Figure 17).

Results Summary

The results of this study revealed that both pushing and
holding isometric interventions led to measurable improvements in
hamstring-quadriceps (H/Q) strength ratio, functional performance,
time under tension (TUT), and perceived exertion levels. In terms of
H/Q ratio, the holding group improved from 83.92 + 13.96% to 85.63
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Table 4: Presents the TUT averages at different angles.
Figure 16: Compares holding vs. pushing durations across the three joint angles.
Table 4: Time Under Tension (Seconds) at Each Joint.

Group 30° (Mean * SD) 60° (Mean = SD) | 90° (Mean * SD)
Holding 27.19 £ 3.47 25.25+3.52 24.11 £ 4.06
Pushing 17.89 + 3.33 15.68 + 3.25 14.18 £ 3.41

Tierve Under Tersion at Different Angles by Group

T T e
dogle

Figure 16: TUT Comparison Across Joint Angles.

Table 5: Details the RPE scores between groups.

Figure 17: Graphically represents perceived exertion differences across
interventions.

Table 5. Mean RPE Scores at Each Angle (30°, 60°, 90°).

Group | 30° (Mean + SD) 60° (Mean + SD) 90° (Mean + SD) Average RPE
Holding 5.33+1.05 5.93+0.70 6.33+1.11 5.87 +0.84
Pushing| 6.27 £0.80 7.07 £ 0.80 7.73+0.80 7.02+0.75

RPE at Different Angles by Greup

RPE 20° BPE 60
Arge

Figure 17: Average RPE Across Groups.

* 11.56%, while the pushing group demonstrated a greater increase
from 86.15 + 26.04% to 92.94 + 10.50%, suggesting enhanced muscle
balance, particularly in the pushing group.

Functional performance assessed through the Single-Leg Hop Test
showed significant improvements, with the holding group increasing
from 159.40 + 32.75 cm to 166.37 + 30.33 cm, and the pushing group
from 171.00 + 21.73 cm to 183.53 + 21.07 cm. Similarly, the SEBT
composite score improved in both groups, with the holding group
rising from 90.41 + 9.21 to 95.48 + 8.55 and the pushing group from
90.26 + 6.59 t0 95.90 * 6.94, reflecting enhanced dynamic balance.

Regarding TUT, the holding group exhibited significantly longer
muscle engagement durations at all angles, while the pushing group
showed shorter but more intense bursts. Lastly, the Rate of Perceived
Exertion (RPE) was higher in the pushing group (7.02 + 0.75)
compared to the holding group (5.87 + 0.84), indicating a greater
intensity perception during pushing tasks.

Collectively, these findings suggest that while both interventions
were effective, pushing isometrics yielded greater strength and power
gains, whereas holding isometrics favored muscular endurance and
control.

Discussion

The present study investigated the comparative effects of
pushing and holding isometric exercises performed at different knee
joint angles on the hamstring-to-quadriceps (H:Q) strength ratio,
functional performance, time-under-tension (TUT), and perceived
exertion in recreational athletes. The findings demonstrate that both
isometric training modes can improve muscle balance and functional
outcomes, though each offers distinct advantages in terms of strength,
endurance, and neuromuscular control.

Hamstring—Quadriceps Ratio and Muscle Balance

Improvement in the H:Q ratio was observed in both groups,
with the pushing group showing a more substantial increase (from
86.15% to 92.94%) than the holding group (from 83.92% to 85.63%).
A balanced H:Q ratio is essential for dynamic knee stability, especially
in activities requiring sprinting, deceleration, or directional changes.
Ratios close to or exceeding 0.6 (60%) are considered protective
against hamstring strains and anterior cruciate ligament (ACL)
injuries [10, 13].

The greater improvement in the pushing group likely reflects
higher motor unit recruitment and force generation due to maximal
voluntary isometric contraction against resistance. This aligns with
previous findings suggesting that isometric exercises performed
with maximal intent can enhance joint torque, intramuscular
coordination, and neural drive [8, 37]. The pushing mode, involving
force application against external resistance, induces greater
neuromuscular adaptation compared to holding positions that
emphasize static tension maintenance.

Functional Performance: Hop and SEBT Tests

Functional performance, measured through the Single-Leg Hop
Test (SLHT) and Star Excursion Balance Test (SEBT), improved
significantly in both groups. The pushing group achieved greater
improvements in SLHT distance, suggesting superior gains in
explosive power and dynamic strength. Such findings are consistent
with studies demonstrating that maximal isometric efforts at joint-
specific angles can enhance force transmission and sport-related
movements [4, 20].

Conversely, the SEBT performance improvements were more
pronounced in the holding group. The prolonged contraction
durations in holding isometrics likely promoted proprioceptive
adaptation and enhanced neuromuscular control, leading to better
balance performance. The improvements observed in both tests
reaffirm that isometric training, regardless of type, contributes
significantly to lower-limb functional stability, which is a key
determinant of return-to-sport readiness [14, 38].

Time-Under-Tension (TUT) and Neuromuscular Endurance

The holding group demonstrated longer TUT values at all joint
angles, reflecting the endurance benefits of sustained contractions.
This adaptation supports the hypothesis that longer TUT stimulates
Type I muscle fiber adaptation and enhances postural stability [16,
22]. The pushing group, in contrast, generated shorter but higher-
intensity contractions, consistent with maximal force recruitment
patterns.
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These findings corroborate evidence that isometric contraction
type determines physiological adaptation: pushing contractions
optimize torque and strength development, while holding
contractions improve endurance and stability [1, 6, 44]. Hence,
both modalities can be periodized strategically depending on the
rehabilitation or performance goal.

Rate of Perceived Exertion (RPE)

RPE scores were higher in the pushing group (mean 7.02 + 0.75)
than in the holding group (5.87 + 0.84), indicating that pushing
tasks were perceived as more demanding. This is consistent with
their higher metabolic cost and motor unit activation, resulting from
sustained maximal contractions. Despite the elevated exertion, no
adverse effects or overtraining symptoms were reported. Monitoring
RPE provided a valuable indicator of internal load and subjective
fatigue, supporting its utility in field-based strength programs [1, 2].

Implications for Injury Prevention and Rehabilitation

The study findings have significant implications for both athletic
conditioning and clinical rehabilitation. Enhancing the H:Q ratio,
dynamic balance, and neuromuscular endurance directly contributes
to reducing lower-limb injury risk, particularly in hamstring and
ACL injuries [10, 13, 38].

Holding isometrics may be prioritized during early rehabilitation
phases, focusing on stability and controlled activation without joint
movement. In contrast, pushing isometrics may be emphasized
during performance enhancement or late-stage rehabilitation, when
higher force output and power restoration are desired. Incorporating
both forms within a multiphase or angle-specific training program
ensures comprehensive adaptation across muscle fibers, angles, and
functions.

These findings underscore the importance of individualized
exercise prescription based on the athlete’s sport, training phase,
and biomechanical profile. Integrating both isometric strategies can
yield complementary benefits—maximal strength through pushing
and endurance through holding—thereby improving performance
efficiency and long-term joint stability.

Conclusion of Discussion

In summary, both pushing and holding isometric exercises
performed at multiple joint angles produced significant improvements
in H:Q ratio, functional performance, TUT, and perceived exertion
among recreational athletes.

Pushing isometrics led to greater increases in strength balance
and power output, while holding isometrics enhanced endurance,
stability, and neuromuscular control. These results validate the
integration of both contraction types within sports conditioning and
rehabilitation frameworks to promote optimal strength ratios and
minimize injury risk.

From a clinical perspective, pushing isometrics can be applied
for strength restoration and late-stage return-to-sport, whereas
holding isometrics are ideal for early-phase rehabilitation and motor
control retraining. Future studies could expand upon these findings
by exploring electromyographic activation patterns and long-term
adaptation responses across diverse athletic populations.

Conclusion

This study examined the comparative effects of pushing versus
holding isometric exercises performed at different knee joint angles

(30°, 60°, and 90°) on the hamstring-quadriceps (H:Q) strength ratio,
functional performance, time under tension (TUT), and perceived
exertion in recreational and sub-elite athletes. Both isometric
modalities effectively enhanced muscle balance, neuromuscular
control, and athletic performance, with each demonstrating distinct
advantages.

The primary outcome, the H:Q ratio, improved in both groups;
however, a greater increase was observed in the pushing isometric
group, indicating superior gains in strength balance. This suggests
that pushing isometrics are more effective for enhancing hamstring—
quadriceps strength symmetry, thereby potentially reducing the risk
of hamstring and anterior cruciate ligament (ACL) injuries [4, 45].
The higher motor unit recruitment and force output during maximal
voluntary contractions likely explain this improvement, consistent
with earlier studies emphasizing the superior torque benefits of high-
intent isometric training [23, 38].

Functional performance also improved significantly in both
groups. The Single-Leg Hop Test (SLHT) gains were greater in the
pushing group, highlighting improvements in explosive strength and
lower-limb power. In contrast, the Star Excursion Balance Test (SEBT)
improved more in the holding group, demonstrating enhanced
postural stability, proprioceptive control, and neuromuscular
coordination—attributes essential for athletes recovering from injury
and performing in multidirectional sports. These findings are in
agreement with previous research suggesting that isometric training
enhances both force generation and stability mechanisms [14, 26, 38].

Time-under-tension (TUT) analysis revealed
higher durations in the holding group across all knee flexion angles,
confirming the endurance-enhancing effect of sustained isometric
holds. Conversely, the Rate of Perceived Exertion (RPE) was higher
in the pushing group, reflecting the increased physiological demand

associated with maximal effort contractions.

significantly

Collectively, these results suggest that pushing and holding
isometric exercises serve complementary purposes in sports
training and rehabilitation. Pushing isometrics can be prioritized
during strength and power development phases, while holding
isometrics may be emphasized during early-stage rehabilitation or
neuromuscular endurance training.

Integrating both forms of isometric training across multiple joint
angles provides a comprehensive, time-efficient, and equipment-
accessible approach to improving muscle balance, functional capacity,
and injury resilience in athletes [29]. Future research may explore
long-term adaptations, electromyographic activation patterns, and
sport-specific applications of angle-specific isometric training in elite
populations.

Limitations and Recommendations

Limitations

Despite the promising findings, several limitations should be
acknowledged:

1. Sample Specificity

The participants were limited to recreational and sub-elite
athletes, which restricts the generalizability of results to elite-level
professionals or sedentary populations. Future studies should include
a broader athletic and clinical population to strengthen external
validity.
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2. Short Intervention Duration

The study duration was confined to four to six weeks. While this
period demonstrated significant improvements, it may not reflect
long-term neuromuscular adaptations or retention of performance
gains.

3. Lack of Electromyographic (EMG) Analysis

Muscle activation patterns were not assessed, limiting the
ability to explain underlying neuromuscular recruitment differences
between pushing and holding contractions. The inclusion of EMG in
future studies would provide deeper mechanistic insight.

4. Uncontrolled Training History

Although participants with recent injuries were excluded,
variations in prior training exposure, sport background, and
conditioning levels were not fully standardized. These factors could
have subtly influenced performance outcomes.

5. Complexity in TUT Measurement for Pushing Isometrics

Measuring time-under-tension (TUT) was straightforward in
the holding group but more challenging in the pushing group, where
maximal effort was prioritized over duration. This may have affected
TUT accuracy between groups.

6.  Absence of Long-Term Follow-Up

The study did not include a follow-up period to determine
whether gains in H/Q ratio, balance, and strength were maintained or
transferred to real-world sports activities.

Recommendations for Future Research

1.  Incorporate EMG or Motion Analysis Tools

Future studies should employ electromyography (EMG) or
motion capture systems to quantify neuromuscular activation and

joint movement patterns, enhancing understanding of contraction-
specific adaptations.

2. Expand the Sample Population

Including elite athletes, sedentary individuals, and clinical
groups such as post-ACL reconstruction patients would improve
generalizability and clinical relevance.

3. Compare with Other Training Modalities

Combining or comparing pushing and holding isometrics with
dynamic, eccentric, or plyometric training could identify optimal
programming strategies for performance and rehabilitation.

4.  Examine Long-Term Outcomes

Conducting longitudinal studies with follow-up assessments
would help determine the sustainability and sport-transferability of
strength and balance improvements.

5. Standardize TUT Metrics for Pushing Isometrics

Developing reliable methods to monitor TUT in maximal pushing
conditions—potentially through digital force sensors or wearable
tracking tools—would improve consistency in future research.

6.  Include Psychological and Subjective Measures

Assessing athlete-reported factors such as confidence, motivation,
and fatigue could provide a more holistic understanding of how
isometric training influences performance, recovery, and adherence.

Key Points
Findings

Pushing isometric exercises produced greater improvements in
the hamstring-quadriceps (H:Q) strength ratio and single-leg hop
performance, while holding isometrics enhanced time-under-tension

and dynamic balance. Both modes improved muscle balance, control,
and functional performance across multiple joint angles.

Implications

Integrating both pushing and holding isometrics into
rehabilitation and conditioning programs provides a balanced
approach to improving lower-limb strength, stability, and injury
resilience. Pushing isometrics can be emphasized during strength and
power phases, whereas holding isometrics may be prioritized during

endurance or neuromuscular retraining phases.

Caution

The findings are based on short-term training (4-6 weeks) among
recreational athletes. Long-term adaptations, EMG activation data,
and results in elite populations require further investigation before
broader application.

Ethical Approval

Ethical approval was granted by the Institutional Scientific
Review Board / Ethics Committee, Meenakshi Academy of Higher
Education and Research, Chennai, India.

Approval Reference Number: MAHER/MCPT/SRB/001.
Date of Approval: 10 January 2025.

Source of Funding

No external funding was received for this research.

Conflict of Interest

The authors declare no conflicts of interest related to this study.

Author Contributions

All authors contributed to the conception, design, data collection,
analysis, and manuscript preparation. All authors read and approved
the final version of the manuscript and agree to be accountable for all
aspects of the work.

Patient Involvement Statement

Study participants were not involved in the design, conduct,
interpretation, or translation of the current research.

Data Sharing Statement

Data are available upon reasonable request. De-identified
participant-level datasets and analytic code are available from the
corresponding author (kumra292000@gmail.com) for researchers
who provide a methodologically sound proposal and agree to reuse
conditions.

References

1. Arney BE, Glover R, Fusco A, Cortis C. Comparison of RPE (rating of
perceived exertion) scales for session RPE. Int J Sports Physiol Perform.
2019; 14(7): 994-996. https://doi.org/10.1123/ijspp.2018-0637

2. Babakhani F, Hatefi M, Balochi R. Is there a relationship between
isometric hamstrings-to-quadriceps torque ratio and athletes’ plyometric
performance? PLoS One. 2023; 18(11): €0294274. https://doi.org/10.1371/
journal.pone.0294274

WebLog Open Access Publications

wjsmp.2025.k0501


http://www.weblogoa.com
https://journals.humankinetics.com/view/journals/ijspp/14/7/article-p994.xml
https://journals.humankinetics.com/view/journals/ijspp/14/7/article-p994.xml
https://journals.humankinetics.com/view/journals/ijspp/14/7/article-p994.xml
https://doi.org/10.1123/ijspp.2018-0637
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0294274
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0294274
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0294274
https://doi.org/10.1371/journal.pone.0294274
https://doi.org/10.1371/journal.pone.0294274

Ram Kumar E, et al.,

WebLog Journal of Sports Medicine and Physiotherapy

10.

1

—

12.

13.

14.

15.

16.

17.

Burd NA, Andrews RJ. Muscle time under tension during resistance
exercise stimulates differential muscle protein sub-fractional synthetic
responses in men. ] Physiol. 2012; 590(2): 351-362. https://doi.org/10.1113/
jphysiol.2011.221200

Cadeo GM, Fujita RA, Villalba MM. Myoelectric activity and improvements
in strength and hypertrophy are unaffected by ankle position during prone
leg curl exercise — a within-person randomized trial. Eur J Sport Sci. 2023;
23(11): 2200-2209. https://doi.org/10.1080/17461391.2023.2214794

Dech S, Bittmann FN, Schaefer LV. Muscle oxygenation and time to task
failure of submaximal holding and pulling isometric muscle actions and
influence of intermittent voluntary muscle twitches. BMC Sports Sci Med
Rehabil. 2022; 14(1): 55. https://doi.org/10.1186/s13102-022-00447-9

Dominguez-Navarro F, Casafa J, Perez-Dominguez B. Dynamic balance
and explosive strength better explain single-leg hop test results among
young elite female basketball athletes. Sci Rep. 2023; 13(1): 1-9. doi:
10.1038/s41598-023-31178-7

Elias G, Jerez-Mayorga D, Intelangelo L. Does the position of the
ankle matter during the single gluteal bridge in futsal players? An
electromyographic analysis. J Sport Rehabil. 2024; 33(2): 73-78. doi:
10.1123/jsr.2022-0425

Escamilla RF, Zheng N, MacLeod TD. Patellofemoral joint loading during
the performance of the wall squat and ball squat with heel-to-wall-distance
variations. Med Sci Sports Exerc. 2023; 55(9): 1592-1600. https://doi.
org/10.1249/MSS.0000000000003155

Ferreira MCN, Pedrosa GF, Dos Santos MA. Comparison of knee
extension torque in maximum voluntary isometric contraction and one-
repetition maximum tests at equivalent angles. Muscles Ligaments Tendons
J. 2023; 13(4): 574-577. https://doi.org/10.32098/mltj.04.2023.08

Foldager FN, Aslerin S, Beekdahl S, Tonning LU, Mechlenburg I. Interrater,
test-retest reliability of the Y balance test: a reliability study including 51
healthy participants. Int ] Exerc Sci. 2023; 16(4): 182-192. https://pubmed.
ncbi.nlm.nih.gov/37113507/

. Gonzélez-Rosalén ], Medina-Mirapeix F. Analysis of compliance with

time under tension and force during strengthening exercises with elastic
bands. Diagnostics (Basel). 2021; 11(11): 2061. https://doi.org/10.3390/
diagnostics11112061

Grazioli R, Indcio M, Lopez P, Freitas CD. Effects of eccentric-emphasized
leg curl intervention on muscle strength imbalance markers in professional
soccer players during pre-season. ] Bodyw Mov Ther. 2023; 35: 28-32. doi:
10.1016/j.jbmt.2023.04.012

Huang C, Ye J, Song Y, Kovécs B, Baker JS, Mao Z, Gu Y. The effects of
fatigue on lower limb biomechanics of amateur athletes during a Y-balance
test. Healthcare (Basel). 2023; 11(18): 2601. https://doi.org/10.3390/
healthcare11182601

{licepinar OF, Imir M, Cengiz BC. Can kinetics and kinematics of single-
leg forward and crossover triple hop tests determine recreational male
athletes’ return to sports after ACL reconstruction? Orthop Proc. 2024;
106-B(Suppl 1): 54. https://www.researchgate.net/publication/377100602

Ishaq MS, De A. Functional hamstring-to-quadriceps strength ratio (H:Q)
and hamstrings injury of soccer players: a qualitative analysis. Orthop
Sports Med Open Access J. 2018; 2(2): 126-131. https://doi.org/10.32474/
OSMOAJ.2018.02.000133

Jakobsen TL, Jakobsen MD, Andersen LL, Husted H, Kehlet H, Bandholm
T. Quadriceps muscle activity during commonly used strength training
exercises shortly after total knee arthroplasty: implications for home-based
exercise selection. J Exp Orthop. 2019; 6(1): 29. https://doi.org/10.1186/
540634-019-0193-5

Kamandulis S, JanuSevic¢ius D, Snieckus A. High-velocity elastic-band
training improves hamstring muscle activation and strength in basketball
players. J Sports Med Phys Fitness. 2020; 60(3): 380-387. https://doi.
org/10.23736/50022-4707.19.10244-7

18.

1

Nel

20.

2

—_

2

[\

2

w

24.

25.

26.

27.

28.

2

Ne)

30.

3

—

32.

33.

. Oranchuk DJ,

Kellis E, Sahinis C. Is hamstrings-to-quadriceps torque ratio useful for
predicting anterior cruciate ligament and hamstring injuries? A systematic
and critical review. ] Sport Health Sci. 2022; 12(3): 343-358. doi: 10.1016/j.
jshs.2022.01.002

.Kizilay F, Kafkas ME. Impact of differing eccentric-concentric phase

durations on muscle damage and anabolic hormones. Isokinet Exerc Sci.
2024; 32(1): 29-39. https://doi.org/10.3233/IES-220078

Komiya M, Maeda N, Nishikawa Y. Spatial distribution pattern of
electromyographic potential in the vastus medialis and lateralis muscles
for three knee flexion angles during isometric knee extension. J Mech
Med Biol. 2022; 22(5): Article 22500312. https://doi.org/10.1142/
$0219519422500312

. Krzysztofik M, Wilk M, Kolinger D, Pisz A. Acute effects of supra- and

high-loaded front squats on mechanical properties of lower-limb muscles.
Sports (Basel). 2023; 11(8): 148. https://doi.org/10.3390/sports11080148

. Lacerda LT, Marra-Lopes RO, Lanza MB, Diniz RCR, Lima RM. Resistance

training with different repetition duration to failure: effect on hypertrophy,
strength, and muscle activation. Peer]. 2021; 9: e11905. doi: 10.7717/
peerj.10909

. Leister I, Mattiassich G, Kindermann H. Reference values for fatigued

versus non-fatigued limb symmetry index measured by a newly designed
single-leg hop test battery in healthy subjects: a pilot study. Sport Sci
Health. 2018; 14(1): 105-113. doi: 10.1007/s11332-017-0410-5

Lopes TR, Pereira HM, Silva BM. Perceived exertion: revisiting the history
and updating the neurophysiology and practical applications. Int ] Environ
Res Public Health. 2022; 19(1): 115. doi: 10.3390/ijerph192114439

Martins-Costa HC, Lanza MB, Diniz RC, et al. The effect of different
resistance training protocols equalized by time under tension on the force-
position relationship after 10 weeks of training. Eur J Sport Sci. 2022; 22(6):
846-856. doi: 10.1080/17461391.2021.1910346

Methenitis S, Theodorou AA, Chatzinikolaou A. The effects of chronic
concentric and eccentric training on position sense and joint reaction
angle of the knee extensors. Eur ] Sport Sci. 2023; 23(7): 1164-1174. https://
doi.org/10.1080/17461391.2023.2184726

Mohammadi H, Ghaffari R, Kazemi A, Bennett H, Hosseinzadeh M.
Evaluation of the value of the Y-balance test to predict lower limb injuries
in professional male footballers. J Sport Rehabil. 2024; 33(2): e101-e108.
doi: 10.1123/jsr.2023-0139

Nimphius JM, et al. Comparison of quadriceps and hamstring muscle
activity during an isometric squat between strength-matched men and
women. ] Sports Sci Med. 2019; 18(1): 101-108.

Nelson AR. ‘Pushing’ versus ‘holding’ isometric
muscle actions: what we know and where to go - a systematic
review with meta-analyses. medRxiv [Preprint]. 2024. https://doi.
org/10.1101/2024.11.04.24316609

Owoeye O, Mulenga D, Kim J, Breitbach A, Neme J. Normative hamstrings
and quadriceps isometric strength values and hamstrings-quadriceps
asymmetry in healthy collegiate soccer and basketball players. Int ] Exerc
Sci. 2024; 17(4): 768-778. doi: 10.70252/KOZ05621

. Rahmani A, Minoonejad H, Seidi F, Tabrizi YM. Comparison of the effect

and durability of lumbar stabilization and global postural reeducation
exercises on movement control, pain, and disability in men with lumbar
movement control dysfunction. J Rehabil Sci Res. 2021; 8(1): 3-9. https://
www.researchgate.net/publication/353779733

Rajesh S, et al. Comparison of ratio of isometric strength in hamstring
and quadriceps at different knee angles in normal healthy individuals aged
20-40 years. Int ] Health Sci Res. 2017; 7(1): 154-162.

Rebelo A, Pereira JR, Martinho DV, Valente-Dos-Santos J. Rating of
perceived exertion in professional volleyball: a systematic review. ] Hum
Kinet. 2023;87:143-155. doi: 10.5114/jhk/161614

WebLog Open Access Publications

wjsmp.2025.k0501


http://www.weblogoa.com
https://doi.org/10.1113/jphysiol.2011.221200
https://doi.org/10.1113/jphysiol.2011.221200
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2023.2214794
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2023.2214794
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2023.2214794
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2023.2214794
https://doi.org/10.1080/17461391.2023.2214794
https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-022-00447-9
https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-022-00447-9
https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-022-00447-9
https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-022-00447-9
https://doi.org/10.1186/s13102-022-00447-9
https://pubmed.ncbi.nlm.nih.gov/37016001/
https://pubmed.ncbi.nlm.nih.gov/37016001/
https://pubmed.ncbi.nlm.nih.gov/37016001/
https://pubmed.ncbi.nlm.nih.gov/37917981/
https://pubmed.ncbi.nlm.nih.gov/37917981/
https://pubmed.ncbi.nlm.nih.gov/37917981/
https://journals.lww.com/acsm-msse/fulltext/2023/07000/froude_efficiency_and_velocity_fluctuation_in.18.aspx
https://journals.lww.com/acsm-msse/fulltext/2023/07000/froude_efficiency_and_velocity_fluctuation_in.18.aspx
https://journals.lww.com/acsm-msse/fulltext/2023/07000/froude_efficiency_and_velocity_fluctuation_in.18.aspx
https://doi.org/10.1249/MSS.0000000000003155
https://doi.org/10.1249/MSS.0000000000003155
https://www.mltj.online/comparison-of-the-knee-extension-torque-in-the-maximum-voluntary-isometric-contraction-and-in-the-one-repetition-maximum-tests-at-equivalent-angles/
https://www.mltj.online/comparison-of-the-knee-extension-torque-in-the-maximum-voluntary-isometric-contraction-and-in-the-one-repetition-maximum-tests-at-equivalent-angles/
https://www.mltj.online/comparison-of-the-knee-extension-torque-in-the-maximum-voluntary-isometric-contraction-and-in-the-one-repetition-maximum-tests-at-equivalent-angles/
https://www.mltj.online/comparison-of-the-knee-extension-torque-in-the-maximum-voluntary-isometric-contraction-and-in-the-one-repetition-maximum-tests-at-equivalent-angles/
https://doi.org/10.32098/mltj.04.2023.08
https://pubmed.ncbi.nlm.nih.gov/37113507/
https://pubmed.ncbi.nlm.nih.gov/37113507/
https://pubmed.ncbi.nlm.nih.gov/37113507/
https://pubmed.ncbi.nlm.nih.gov/37113507/
https://pubmed.ncbi.nlm.nih.gov/37113507/
https://www.mdpi.com/2075-4418/11/11/2061
https://www.mdpi.com/2075-4418/11/11/2061
https://www.mdpi.com/2075-4418/11/11/2061
https://doi.org/10.3390/diagnostics11112061
https://doi.org/10.3390/diagnostics11112061
https://pubmed.ncbi.nlm.nih.gov/37330782/
https://pubmed.ncbi.nlm.nih.gov/37330782/
https://pubmed.ncbi.nlm.nih.gov/37330782/
https://www.mdpi.com/2227-9032/11/18/2601
https://www.mdpi.com/2227-9032/11/18/2601
https://www.mdpi.com/2227-9032/11/18/2601
https://doi.org/10.3390/healthcare11182601
https://doi.org/10.3390/healthcare11182601
https://www.researchgate.net/publication/377100602_CAN_KINETICS_AND_KINEMATICS_OF_SINGLE_LEG_FORWARD_AND_CROSSOVER_TRIPLE_HOP_TESTS_DETERMINE_RECREATIONAL_MALE_ATHLETES%27_RETURN_TO_SPORTS_AFTER_ACL_RECONSTRUCTION
https://www.researchgate.net/publication/377100602_CAN_KINETICS_AND_KINEMATICS_OF_SINGLE_LEG_FORWARD_AND_CROSSOVER_TRIPLE_HOP_TESTS_DETERMINE_RECREATIONAL_MALE_ATHLETES%27_RETURN_TO_SPORTS_AFTER_ACL_RECONSTRUCTION
https://www.researchgate.net/publication/377100602_CAN_KINETICS_AND_KINEMATICS_OF_SINGLE_LEG_FORWARD_AND_CROSSOVER_TRIPLE_HOP_TESTS_DETERMINE_RECREATIONAL_MALE_ATHLETES%27_RETURN_TO_SPORTS_AFTER_ACL_RECONSTRUCTION
https://www.researchgate.net/publication/377100602_CAN_KINETICS_AND_KINEMATICS_OF_SINGLE_LEG_FORWARD_AND_CROSSOVER_TRIPLE_HOP_TESTS_DETERMINE_RECREATIONAL_MALE_ATHLETES%27_RETURN_TO_SPORTS_AFTER_ACL_RECONSTRUCTION
https://www.researchgate.net/publication/377100602
https://lupinepublishers.com/orthopedics-sportsmedicine-journal/fulltext/functional-hamstring-to-quadriceps-strength-ratio-and-hamstrings-injury-of-soccer-players-a-qualitative-analysis.ID.000133.php
https://lupinepublishers.com/orthopedics-sportsmedicine-journal/fulltext/functional-hamstring-to-quadriceps-strength-ratio-and-hamstrings-injury-of-soccer-players-a-qualitative-analysis.ID.000133.php
https://lupinepublishers.com/orthopedics-sportsmedicine-journal/fulltext/functional-hamstring-to-quadriceps-strength-ratio-and-hamstrings-injury-of-soccer-players-a-qualitative-analysis.ID.000133.php
https://doi.org/10.32474/OSMOAJ.2018.02.000133
https://doi.org/10.32474/OSMOAJ.2018.02.000133
https://esskajournals.onlinelibrary.wiley.com/doi/10.1186/s40634-019-0193-5
https://esskajournals.onlinelibrary.wiley.com/doi/10.1186/s40634-019-0193-5
https://esskajournals.onlinelibrary.wiley.com/doi/10.1186/s40634-019-0193-5
https://esskajournals.onlinelibrary.wiley.com/doi/10.1186/s40634-019-0193-5
https://doi.org/10.1186/s40634-019-0193-5
https://doi.org/10.1186/s40634-019-0193-5
https://www.minervamedica.it/en/journals/sports-med-physical-fitness/article.php?cod=R40Y2020N03A0380
https://www.minervamedica.it/en/journals/sports-med-physical-fitness/article.php?cod=R40Y2020N03A0380
https://www.minervamedica.it/en/journals/sports-med-physical-fitness/article.php?cod=R40Y2020N03A0380
https://doi.org/10.23736/S0022-4707.19.10244-7
https://doi.org/10.23736/S0022-4707.19.10244-7
https://pubmed.ncbi.nlm.nih.gov/35065297/
https://pubmed.ncbi.nlm.nih.gov/35065297/
https://pubmed.ncbi.nlm.nih.gov/35065297/
https://journals.sagepub.com/doi/10.3233/IES-220078
https://journals.sagepub.com/doi/10.3233/IES-220078
https://journals.sagepub.com/doi/10.3233/IES-220078
https://doi.org/10.3233/IES-220078
https://www.researchgate.net/publication/361352814_SPATIAL_DISTRIBUTION_PATTERN_OF_THE_ELECTROMYOGRAPHIC_POTENTIAL_IN_THE_VASTUS_MEDIALIS_AND_LATERALIS_MUSCLES_FOR_THREE_KNEE_FLEXION_ANGLES_DURING_ISOMETRIC_KNEE_EXTENSION
https://www.researchgate.net/publication/361352814_SPATIAL_DISTRIBUTION_PATTERN_OF_THE_ELECTROMYOGRAPHIC_POTENTIAL_IN_THE_VASTUS_MEDIALIS_AND_LATERALIS_MUSCLES_FOR_THREE_KNEE_FLEXION_ANGLES_DURING_ISOMETRIC_KNEE_EXTENSION
https://www.researchgate.net/publication/361352814_SPATIAL_DISTRIBUTION_PATTERN_OF_THE_ELECTROMYOGRAPHIC_POTENTIAL_IN_THE_VASTUS_MEDIALIS_AND_LATERALIS_MUSCLES_FOR_THREE_KNEE_FLEXION_ANGLES_DURING_ISOMETRIC_KNEE_EXTENSION
https://www.researchgate.net/publication/361352814_SPATIAL_DISTRIBUTION_PATTERN_OF_THE_ELECTROMYOGRAPHIC_POTENTIAL_IN_THE_VASTUS_MEDIALIS_AND_LATERALIS_MUSCLES_FOR_THREE_KNEE_FLEXION_ANGLES_DURING_ISOMETRIC_KNEE_EXTENSION
https://doi.org/10.1142/S0219519422500312
https://doi.org/10.1142/S0219519422500312
https://www.mdpi.com/2075-4663/11/8/148
https://www.mdpi.com/2075-4663/11/8/148
https://www.mdpi.com/2075-4663/11/8/148
https://doi.org/10.3390/sports11080148
https://pubmed.ncbi.nlm.nih.gov/33665031/
https://pubmed.ncbi.nlm.nih.gov/33665031/
https://pubmed.ncbi.nlm.nih.gov/33665031/
https://pubmed.ncbi.nlm.nih.gov/29599846/
https://pubmed.ncbi.nlm.nih.gov/29599846/
https://pubmed.ncbi.nlm.nih.gov/29599846/
https://pubmed.ncbi.nlm.nih.gov/29599846/
https://pubmed.ncbi.nlm.nih.gov/36361320/
https://pubmed.ncbi.nlm.nih.gov/36361320/
https://pubmed.ncbi.nlm.nih.gov/36361320/
https://pubmed.ncbi.nlm.nih.gov/33779514/
https://pubmed.ncbi.nlm.nih.gov/33779514/
https://pubmed.ncbi.nlm.nih.gov/33779514/
https://pubmed.ncbi.nlm.nih.gov/33779514/
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2023.2184726
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2023.2184726
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2023.2184726
https://doi.org/10.1080/17461391.2023.2184726
https://doi.org/10.1080/17461391.2023.2184726
https://pubmed.ncbi.nlm.nih.gov/37875255/
https://pubmed.ncbi.nlm.nih.gov/37875255/
https://pubmed.ncbi.nlm.nih.gov/37875255/
https://pubmed.ncbi.nlm.nih.gov/30787657/
https://pubmed.ncbi.nlm.nih.gov/30787657/
https://pubmed.ncbi.nlm.nih.gov/30787657/
https://www.medrxiv.org/content/10.1101/2024.11.04.24316609v3
https://www.medrxiv.org/content/10.1101/2024.11.04.24316609v3
https://www.medrxiv.org/content/10.1101/2024.11.04.24316609v3
https://doi.org/10.1101/2024.11.04.24316609
https://doi.org/10.1101/2024.11.04.24316609
https://pubmed.ncbi.nlm.nih.gov/39050401/
https://pubmed.ncbi.nlm.nih.gov/39050401/
https://pubmed.ncbi.nlm.nih.gov/39050401/
https://pubmed.ncbi.nlm.nih.gov/39050401/
https://www.researchgate.net/publication/353779733_Comparison_of_the_Effect_and_Durability_of_Lumbar_Stabilization_and_Global_Postural_Reeducation_Exercises_on_Movement_Control_Pain_and_Disability_in_Men_with_Lumbar_Movement_Control_Dysfunction
https://www.researchgate.net/publication/353779733_Comparison_of_the_Effect_and_Durability_of_Lumbar_Stabilization_and_Global_Postural_Reeducation_Exercises_on_Movement_Control_Pain_and_Disability_in_Men_with_Lumbar_Movement_Control_Dysfunction
https://www.researchgate.net/publication/353779733_Comparison_of_the_Effect_and_Durability_of_Lumbar_Stabilization_and_Global_Postural_Reeducation_Exercises_on_Movement_Control_Pain_and_Disability_in_Men_with_Lumbar_Movement_Control_Dysfunction
https://www.researchgate.net/publication/353779733_Comparison_of_the_Effect_and_Durability_of_Lumbar_Stabilization_and_Global_Postural_Reeducation_Exercises_on_Movement_Control_Pain_and_Disability_in_Men_with_Lumbar_Movement_Control_Dysfunction
https://www.researchgate.net/publication/353779733
https://www.researchgate.net/publication/353779733
https://www.ijhsr.org/IJHSR_Vol.7_Issue.1_Jan2017/23.pdf
https://www.ijhsr.org/IJHSR_Vol.7_Issue.1_Jan2017/23.pdf
https://www.ijhsr.org/IJHSR_Vol.7_Issue.1_Jan2017/23.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10203829/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10203829/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10203829/
https://doi.org/10.5114/jhk/161614

Ram Kumar E, et al.,

WebLog Journal of Sports Medicine and Physiotherapy

34. Romero-Ramos O, Niznikowski T, Litwiniuk M. Assessment of perceived
exertion among runners: exploring the interplay of heart rate, performance,
and sports habits. ] Phys Educ Sport. 2024; 24(2): 397-406. https://doi.
org/10.7752/jpes.2024.02048

35. Ruas CV, Pinto RS. Effects of different combinations of concentric and
eccentric resistance training on hamstrings:quadriceps ratio and muscle
strength. Sports (Basel). 2019; 7(10): 221. https://doi.org/10.3390/
sports7100221

36. Sammoud S, Negra Y, Bouguezzi R, Ramirez-Campillo R. Effects of
plyometric jump training on measures of physical fitness and lower-limb
asymmetries in prepubertal male soccer players: a randomized controlled
trial. BMC Sports Sci Med Rehabil. 2024; 16(1): 742-749. doi: 10.1186/
513102-024-00821-9

3

~

. Schaefer LV, Bittmann FN. Are there two forms of isometric muscle
action? Results of an experimental study support a distinction between
holding and pushing isometric muscle function. BMC Sports Sci Med
Rehabil. 2017; 9(1): 1-11. doi: 10.1186/s13102-017-0075-z

3

o

. Schaefer LV, Bittmann FN. Paired personal interaction reveals objective
differences between pushing and holding isometric muscle action. PLoS
One. 2021; 16(5): €0251232.

39.

4

41.

42.

43.

=4

Smith CM, Housh TJ, Anders JP. Effects of 4 weeks of elastic variable
resistance training on electrochemical and mechanical components of
voluntary electromechanical delay durations. Eur J Appl Physiol. 2021;
121(12): 3313-3321. doi: 10.1007/s00421-021-04791-5

Sokulska N, Zajac B, Gaj PK. Assessing differences and implications
of two methods for calculating outcomes in the lower quarter
Y-balance test. Rehabilitacia Medyczna. 2024; 28(1): 46-50.
DOI:10.5604/01.3001.0054.2800

Tondelli E, Kenny IC, Comyns TM, Zabaloy S. Differences and correlations
between horizontal and vertical single-leg jump performance, dynamic
balance, and ankle dorsiflexion range of motion in male amateur rugby
players according to playing positions. ] Bodyw Mov Ther. 2024; 38: 281-
288. doi: 10.1016/j.jbmt.2024.01.033

Warneke K, Keiner M, Schiemann S, Lohmann L, Wirth K. Influence of
maximal strength performance in front squat and deadlift on linear sprint
and jump performance in male youth elite basketball players. Ger J Exerc
Sport Res. 2023; 53(1): 10-18.

Yang J, Xu H, Liang J, Jeong J, Xu T. Monitoring the training dose and
acute fatigue response during repeated Wingate tests in collegiate cyclists.
J Exerc Sci Fit. 2020; 18(4): 209-216.

WebLog Open Access Publications

10

wjsmp.2025.k0501


http://www.weblogoa.com
https://www.efsupit.ro/images/stories/februarie2024/Art48.pdf
https://www.efsupit.ro/images/stories/februarie2024/Art48.pdf
https://www.efsupit.ro/images/stories/februarie2024/Art48.pdf
https://doi.org/10.7752/jpes.2024.02048
https://doi.org/10.7752/jpes.2024.02048
https://www.mdpi.com/2075-4663/7/10/221
https://www.mdpi.com/2075-4663/7/10/221
https://www.mdpi.com/2075-4663/7/10/221
https://doi.org/10.3390/sports7100221
https://doi.org/10.3390/sports7100221
https://pubmed.ncbi.nlm.nih.gov/38321538/
https://pubmed.ncbi.nlm.nih.gov/38321538/
https://pubmed.ncbi.nlm.nih.gov/38321538/
https://pubmed.ncbi.nlm.nih.gov/38321538/
https://pubmed.ncbi.nlm.nih.gov/28503309/
https://pubmed.ncbi.nlm.nih.gov/28503309/
https://pubmed.ncbi.nlm.nih.gov/28503309/
https://pubmed.ncbi.nlm.nih.gov/28503309/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0238331
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0238331
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0238331
https://pubmed.ncbi.nlm.nih.gov/34432149/
https://pubmed.ncbi.nlm.nih.gov/34432149/
https://pubmed.ncbi.nlm.nih.gov/34432149/
https://pubmed.ncbi.nlm.nih.gov/34432149/
https://www.researchgate.net/publication/378151164_Assessing_Differences_and_Implications_of_Two_Methods_for_Calculating_Outcomes_in_the_Lower_Quarter_Y-Balance_Test
https://www.researchgate.net/publication/378151164_Assessing_Differences_and_Implications_of_Two_Methods_for_Calculating_Outcomes_in_the_Lower_Quarter_Y-Balance_Test
https://www.researchgate.net/publication/378151164_Assessing_Differences_and_Implications_of_Two_Methods_for_Calculating_Outcomes_in_the_Lower_Quarter_Y-Balance_Test
https://doi.org/10.5604/01.3001.0054.2800
https://pubmed.ncbi.nlm.nih.gov/38763571/
https://pubmed.ncbi.nlm.nih.gov/38763571/
https://pubmed.ncbi.nlm.nih.gov/38763571/
https://pubmed.ncbi.nlm.nih.gov/38763571/
https://pubmed.ncbi.nlm.nih.gov/38763571/
https://link.springer.com/article/10.1007/s12662-022-00863-6
https://link.springer.com/article/10.1007/s12662-022-00863-6
https://link.springer.com/article/10.1007/s12662-022-00863-6
https://link.springer.com/article/10.1007/s12662-022-00863-6
https://pmc.ncbi.nlm.nih.gov/articles/PMC7047867/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7047867/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7047867/

	Title
	Abstract
	Introduction
	Methods
	Study Design and Ethical Approval
	Participants
	Study Procedure

	Outcome Measures
	Hamstring-Quadriceps (H:Q) Strength Ratio
	Functional Performance Tests
	Time-Under-Tension (TUT)
	Rate of Perceived Exertion (RPE)

	Exercise Protocols
	Pushing Isometric Training
	Holding Isometric Training

	Statistical Analysis
	Results
	Hamstring-Quadriceps Strength Ratio
	Functional Performance
	Time-Under-Tension (TUT)
	Rate of Perceived Exertion (RPE)
	Results Summary

	Discussion
	Hamstring-Quadriceps Ratio and Muscle Balance
	Functional Performance: Hop and SEBT Tests
	Time-Under-Tension (TUT) and Neuromuscular Endurance
	Rate of Perceived Exertion (RPE)
	Implications for Injury Prevention and Rehabilitation

	Conclusion of Discussion
	Conclusion
	Limitations and Recommendations
	Limitations
	Recommendations for Future Research

	Key Points
	Findings
	Implications
	Caution

	Ethical Approval
	Source of Funding
	Conflict of Interest
	Author Contributions
	Patient Involvement Statement
	Data Sharing Statement

	References
	Figure 1
	Figure 2
	Figure 3
	Figures 4-7
	Figures 8-11
	Figure 12
	Figure 13
	Figure 14
	Figure 15
	Figure 16
	Figure 17
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

