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Abstract  This study aimed to investigate the variation 
in the H:Q ratio by comparing two trunk angles during the 
Bulgarian Split Squat (BSS) exercise. It has been shown 
that the ratio of quadriceps muscle activity to hamstring 
muscle activity is important, affecting knee joint function 
and injury risk. Twenty-one healthy male participants were 
recruited in this study. The participants were guided to 
repeat the BSS three times at normal posture and 30° trunk 
anterior tilt. The surface electromyography (EMG) activity 
was measured for 5 sec on the rectus femoris and hamstring 
muscles during a phase of BSS when the participant’s knee 
touched the mat to be lifted again. The EMG activity was 
normalized via the maximal voluntary isometric 
contraction (MVIC) estimated using the manual muscle 
test. To examine the variation in the H:Q ratio, the paired 
sample t-test was used and the significance level was set 
to .05. The result showed that the H:Q ratio was higher at 
30° trunk anterior tilt. The findings of this study indicate 
that the 30° trunk anterior tilt during the BSS could 
increase the H:Q ratio and positively control the stress on 
the anterior cruciate ligament (ACL), compared to the 
normal posture. It is suggested that experts should always 
evaluate the relative muscle strength of the femoral 
quadriceps and hamstrings in addition to H:Q RATIO for 
injury prevention purposes. 

Keywords  Bulgarian Split Squat, H:Q Ratio, 
Hamstring, Rectus Femoris 

1. Introduction
Squat is a well-known exercise widely used by 

professional athletes and non-athletes for its effectiveness 
in strengthening [1,2] and building of lower extremity 
muscle. Moreover, squat is also frequently recommended 
to patients in rehabilitation [3,4]. However, a drawback of 
this exercise is the potential pain that it causes in athletes 
and non-athletes with trunk or knee problems [4]. It is not 
effective in sport situations requiring weight support on 
one side of the lower extremity either transiently or during 
a set period of time (such as sprint running, jumping or 
directional shift) [5,6], therefore, in such situations, 
unilateral exercises (such as lunge, single-leg squat, split 
squat, Bulgarian split squat (BSS) and step up) have been 
introduced as an alternative [4,7]. 

Unilateral exercises of the lower extremity are widely 
used for muscle strengthening and rehabilitation [8,9], 
based on the characteristics of closed chain exercise and 
similarities of movement patterns to daily activities [10,11]. 
These exercises not only enhance athletic performance but 
also prevent injuries caused by a muscle imbalance 
between the two sides of the lower extremity. Hence, they 
may be useful in improving muscle strength [9,12]. 
Bulgarian Split Squat is a unilateral exercise for muscle 
strengthening in the lower extremity with similarities to 
Split Squat (SS). To perform the BSS, the posterior foot 
gains support from a stable structure positioned at the back 
of the body and the anterior foot moves to a comfortable 
position to achieve balance, and the methods similar to that 
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in SS are followed [6,13]. According to a previous study 
[5], BSS allows 85% of power on the anterior lower 
extremity because of which it can be used as an alternative 
to the conventional squat exercise. In another study that 
compared BSS and squat exercises [14], the agonistic and 
erector spinae muscles’ activities were high during the 
squat exercise, while the antagonistic and external 
abdominal oblique muscles’ activities were high during the 
BSS, and the hamstring muscle displayed a higher muscle 
activity than the quadriceps femoris muscle [4]. The 
moderate instability in BSS may provide the basis for 
neuromuscular adaptation and muscle strengthening, and 
the enhanced muscle strength may increase the muscle 
cross-sectional area and neuromuscular coordination 
[14,15]. 

From the perspective of rehabilitation, the maximum 
anterior cruciate ligament (ACL) strain during a unilateral 
exercise of the lower extremity is 2.5–4% and the predicted 
maximum ACL force is 59–200 N, which are far lower 
than the strain (~28%) and force (1,300–2,100 N) that are 
known to cause ACL injuries and thus regarded as safe [16]. 
Therefore, choosing BSS with a high H:Q ratio may 
prevent the imbalance of muscle strength and injury, and 
BSS is recommended in early rehabilitation after an ACL 
injury or reconstruction as it reduces the ACL load through 
simultaneous hamstring activation [9]. The trunk posture 
flexion in a unilateral exercise of the lower extremity not 
only reduces the ACL strain by altering the hamstring 
muscle strength but also increases the extension moment in 
the hip joint compared to that in the knee joint [17–19]. In 
addition, Farrokhi et al. reported an increase in the 
stimulation and recruitment of hip joint extensor muscles 
during the forward lean of the trunk in step forward lunge 
compared to that during the straight posture of the trunk 
[19]. 

Many studies have found that the ratio of quadriceps 
muscle activity to hamstring muscle activity is important, 
affecting knee joint function and injury risk [9,20,21]. 
Previous studies have investigated the influence of the 
trunk posture on the lower extremity muscles during 
forwarding lunges and single-leg squats [16,19,22]. 
However, to our knowledge, none have reported the 
variation in the Hamstring: Quadriceps ratio (H:Q ratio) 
according to the change of the upper body angle during 
BSS. Thus, the purpose of this study was to determine the 
effect of the upper body angle on the H:Q ratio during BSS 
through comparative analyses. 

2. Methods 

2.1. Participants 

The participants in this study were 24 healthy male 
adults who satisfied the selection criteria and had two or 
more years of weight training career following a previous 
study. All participants were given adequate explanations 

of the purpose and procedures of the experiment and 
voluntarily agreed to participate and signed the consent 
form. The inclusion criteria were individuals without any 
restriction to the hip and knee joint angles and those 
without neurological damage, while the exclusion criteria 
were individuals who had undergone surgery in the hip 
joint, knee joint or inguinal canal in the recent past six 
months, those who had an injury or pain in the lower 
extremity in the past three months, and those showing 
pain or discomfort during the experiment. Table 1 
presents the general characteristics of the participants. In 
accordance with a previous study, the sample size in this 
study was estimated using the G power 3.1.5 program at 
effect size .3, significance level .05 and testing power .80, 
which produced the minimum sample size of n=20. 
Considering a drop-out rate of 20%, the estimated sample 
size was n=24 [23], and a final number of 21 participants 
took part in the experiment. The present study was 
reviewed and approved by the Institutional Review Board 
(IRB) of Daegu University (1040621-202205-HR-043). 

Table 1.  General characteristics of the subjects 

  Mean±SD Range 

Age (year)  24.90±3.73 20 ∼ 33 

Height (cm)  176.90±8.47 166 ∼ 189 

Weight(kg)  74.20±9.37 61 ∼ 90 

Mean ± standard deviation 

2.2. Instruments 

To estimate the muscle activity in the rectus femoris and 
hamstring muscles, the surface EMG was measured using 
the Noraxon DTS 2400 system (Noraxon Inc, Scottsdale, 
AZ, USA), and the Noraxon Myo Research XP 1.06 
software was used to collect and analyze the data of each 
muscle. The sampling rate for the EMG signals was set to 
1,500 Hz.[24] The intra-rater reliability for the surface 
EMG was high (ICC=0.75–0.98)[25]. 

2.3. Experimental Procedures 

In this cross-sectional study, participants took part in the 
experiment via three separate sessions. Prior to the practice 
in each session, the participants were instructed to perform 
adequate warm-up exercises of 5 min spinning cycling and 
10 min dynamic stretching to ensure safety during the 
experiment. In the first session, the participants were given 
adequate explanations on the study purpose and procedures 
and time to practice for 30 min. After 48 hours, the second 
session involved 30 min practice. The third session, after 
48 hours, involved 10 min practice and 30 min rest, after 
which the measurements were taken. To minimize personal 
judgments or bias across the participants, the Normal 
Posture BSS (NPBSS) and the Forward Lean BSS (FLBSS) 
were performed once and twice, respectively, in a 
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randomized order. To assign the posture, the participants 
chose a card marked with a number between 1 and 2[26]. 
The measurements were taken from the foot on the lead 
side of the lower extremity to prevent confounding bias 
[27], while the leg on the lead side was set as the 
ball-kicking leg. To standardize the speed, a metronome set 
to 60 bpm (Pro Metronome app, Ver. 3.13.2; EUM 
Lab-Xannin Technology Gmbh., Hangzhou, CHN) was 
used [9]. The forward-to-back strode at 80% of the leg 
length from the anterior superior iliac spine (ASIS) to the 
medial malleolus, while the foot clearance was set to 75% 
of the hip width that was measured as the distance between 
the left and right ASIS [9]. The experiment was led by a 
rater and a researcher with three or more years of clinical 
experience in physiotherapy. The rater measured and 
analyzed the EMG, and the researcher controlled the 
participant’s posture and the experimental flow. To 
measure the lower extremity muscle activities at each 
posture, an electrode was attached to a part of the 
participant’s skin that was cleaned with an alcohol swab, 
shaved and scrubbed. The distance between electrodes was 
set to 2 cm and the surface EMG electrodes were arranged 

according to the recommendations in Criswell E 
(2010)[28]. 

1) (A) The participants in the NPBSS group were guided 
to place the anterior leg at a position distanced from the 
box by the length of the leg and place the posterior foot on 
top of the box at the height of the tibias. With the posterior 
foot on the box, the upper body was slightly tilted forward, 
but the participants were guided not to forcefully straighten 
the upper body, while placing the hand on the iliac crest to 
maintain the upper body angle. The measurements were 
taken with the verbal instruction from the rater, the start of 
EMG measurements, and the start of metronome. The 
participants repeated the lowering and lifting of the 
posterior knee to and from the pad according to the speed 
three times (Fig. 1) with an adequate 3 min rest between 
each set. 

2) (B) The participants in the FLBSS group were guided 
to place the anterior and posterior foot as that in the NPBSS 
group, while positioning the upper body at 30° forward 
lean from the hip joint. The upper body angle was 
maintained using a goniometer by the researcher during the 
movement. (Fig. 2) 

  

Figure 1.  Measurement of muscle activity of Ham, and Rf during NBSS. Abbreviation; Ham: hamstring, Rf: rectus femoris 

  

Figure 2.  Measurement of muscle activity of Ham, and Rf during FBSS. Abbreviation; Ham: hamstring, Rf: rectus femoris 
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Table 2.  H:Q ratio in Bulgarian split squat for two trunk postures 

Category 

Descriptive Statistics 

t(p) 
N Mean (M) Standard Deviation 

(SD) 

H:Q ratio 
NPBSS 21 1.1879 .52557 

-5.759(.000)*** 
FLBSS 21 1.8369 .83745 

NPBSS: Normal Posture Bulgarian Split Squat 
FLBSS: Forward Lean Bulgarian Split Squat 

2.4. Data Collection and Treatment 

To distinguish between the eccentric and concentric 
phases during the movement, the phase with an increased 
activity of the rectus femoris muscle was defined as the 
concentric phase, while the muscle activity in this study 
was measured only during the concentric phase. As the 
concentric phase was repeated, the peak EMG values of the 
rectus femoris and hamstring muscles were identified, and 
the mean peak values were used for 1 sec.[8] The 
dependent variables analyzed were the mean peak EMG 
levels of the quadriceps (separation of rectus femoris), and 
hamstrings (separation of biceps femoris) and the mean H: 
Q ratio [6]. 

Using the manual muscle test of the rectus femoris and 
biceps femoris muscles, as suggested by Kendall et al. 
(2005),[29] the muscle activity was analyzed at maximal 
voluntary isometric contraction (MVIC) and the %MVIC 
was analyzed for the muscle activity according to the 
movement being measured. For muscle strength, the mean 
values were obtained by measuring the maximum values 
thrice during the 5 sec isometric contraction in each posture. 
Simultaneously, the signal from each muscle was analyzed 
as root means square, and after excluding the first and last 1 
sec from the 5 sec measurement, the mean values of the 
middle 3 sec were used. To minimize the muscle fatigue 
between the measurements, the participants were given an 
approximately 3 min rest. 

2.5. Statistical Analysis 

The data collected from the experiment were analyzed 
using the SPSS ver. 26 for Windows. To examine the 
change in the H:Q ratio during BSS between normal trunk 
posture and 30° forward lean trunk posture, the paired 
sample t-test was used with a significance level of .05. 

3. Results 
Table 2 shows the HQ ratio measured during the BSS at 

Normal Posture and at Forward Lean. The result indicated 
that the HQ ratio varied significantly according to the trunk 
position during the BSS between the two trunk postures at 
Normal Posture and Forward Lean (p<.05). 

4. Discussion 
This study was conducted on 21 healthy individuals with 

two or more years of weight training career to examine the 
variation in the H:Q ratio of the lead lower extremity 
during the BSS according to two trunk positions. The 
findings of this study showed that the H:Q ratio varied 
significantly according to the trunk tilt. The H:Q ratio was 
calculated by dividing the concentric mean peak value of 
hamstrings by that of rectus femoris during the same 
contraction speed. 

Thus, this study aimed to determine the trunk tilt for an 
ideal H:Q ratio during the BSS. As a result, a higher H:Q 
ratio at 30° trunk anterior tilt was observed in this study 
(Table 2). The most severe problem in the weakening of 
hamstring muscle is an imbalance of H:Q ratio that 
increases the hamstring muscle tension and susceptibility 
to ACL injuries [30], [31]. The H:Q ratio is critical in 
providing the muscle stability to the knee and preventing 
ACL injuries [32,33]. The measurements in this study 
suggested that the minimum H:Q ratio should be 0.6 to 
prevent ACL and hamstring injuries, which is consistent 
with or slightly higher than the results of previous studies 
reporting that the functional H:Q ratio should be 
approximately 1.0 or higher [32,34,35]. The slightly higher 
H:Q ratio in this study, compared to that in the previous 
studies, may be due to the trunk anterior tilt. The trunk 
position was reported in a previous study to control the 
knee and hip joint biomechanics in various conditions. 
Another study reported that an increase in trunk flexion in a 
static standing position resulted in an increase in the 
hamstring muscle activity and the posterior knee shear 
force [36]. This may be due to the lengthening of the 
leverage between the center of gravity and the hip joint by 
the trunk anterior tilt, which is presumed to cause a greater 
level of torque in the gluteus maximus and hamstring 
muscles compared to that by normal tilt of the trunk 
posture. This increased force in the hamstring muscles 
reduces the ACL strain so that the 30° forward lean of the 
trunk is predicted to be a critical factor to alleviating the 
ACL strain [17,18]. Therefore, the findings of this study 
indicated that, compared to the normal posture of the trunk, 
the trunk posture at 30° anterior tilt during BSS would 
increase the H: Q ratio and positively control the ACL 
strain. Besides being a known closed chain exercise, the 
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BSS is also a functional multi-joint exercise that recruits a 
familiar pattern of muscles [37,38]. Theoretically, this has 
been reported to reduce the time of initial learning phase of 
muscle strengthening to facilitate the onset of the muscle 
strengthening phase during the muscle strength training 
[39–41]. In addition, the muscle recruitment and activation 
in such functional patterns could lower the rate of injury by 
enhancing the proprioception and coordination [42,43]. 
Moreover, the balance required for performing a one-leg 
exercise can further improve the regulatory and 
proprioceptive perspectives in rehabilitation. Therefore, 
this study suggests that the BSS performed with the upper 
body at 30° forward lean position can be applied as an 
intervention in the early ACL rehabilitation. In addition, 
for the purpose of injury prevention, the coaches, trainers, 
physiotherapists, and sports medicine specialists are 
suggested to continuously assess the relative strengths of 
the quadriceps femoris and hamstring muscles [21]. 

This study had some limitations. First, all participants 
were male adults with two or more years of weight training 
career and having no pain in the hip or knee joint. It is 
uncertain whether a patient group would exhibit an 
identical level of muscle activity during BSS, and it should 
be noted that the H: Q ratio may vary in each patient. Thus, 
a follow-up study should be conducted to determine the 
influence on each patient. Second, the contributions from 
other muscles such as the erector spinae and gluteus 
maximus muscles were not taken into account. 
Nevertheless, the functions of these muscles should be 
considered simultaneously rather than independently as 
related muscles produce synergistic effects. Third, the 
range of trunk tilt could not be examined in this study. In 
other words, the ratios across the muscles at other tilt 
angles were not evaluated. In the future, varied ranges of 
trunk anterior tilt such as from 10° to 20°, 40°, and so on, 
should be considered to identify the most efficient and 
selective angle for a generalized protocol through 
continuous studies. 

5. Conclusion 
This study was conducted to investigate the influence of 

the trunk tilt during the BSS on the H:Q ratio of the lead 
lower extremity. The results indicated that the H:Q ratio 
was higher at 30° anterior tilt of the trunk compared to that 
in normal posture. Although numerous studies currently 
suggest a variety of exercises to enhance the muscle 
strength or increase the muscle activity of a single muscle 
type, the findings of this study that are in accordance with 
that of a few previous studies implicate that a therapeutic 
goal in ACL rehabilitation should be the balanced recovery 
of the muscle activity across different types of muscles. 
Further studies should develop the exercise prescriptions 
towards the recovery of the balance across erector spinae 
muscle and lower extremity muscles, while the influence of 
a range of tilts should be compared and the balanced 

co-activation with other muscles should also be 
investigated. 

 

REFERENCES 
[1] R. F. Escamilla, G. S. Fleisig, T. M. Lowry, S. W. 

Barrentine, and J. R. Andrews, “A three-dimensional 
biomechanical analysis of the squat during varying stance 
widths,” Med. Sci. Sports Exerc., vol. 33, no. 6, pp. 984–
998, 2001, doi: 10.1097/00005768-200106000-00019. 

[2] Caterisano et al., “The effect of back squat depth on the 
EMG activity of 4 superficial hip and thigh muscles,” J. 
Strength Cond. Res., vol. 16, no. 3, pp. 428–432, 2002, doi: 
10.1519/1533-4287(2002)016<0428:TEOBSD>2.0.CO;2. 

[3] C.-H. Chang, C.-Y. Chang, K.-C. Lin, and C.-S. Ho, “Effect 
of Different Tibia Angles to Loading of Knee during Split 
Squat,” 2016. 

[4] A. Deforest, G. S. Cantrell, and B. K. Schilling, “Muscle 
Activity in Single-vs. Double-Leg Squats,” 2014. [Online]. 
Available: http://www.intjexersci.com 

[5] E. Speirs, M. A. Bennett, C. V Finn, and A. P. Turner, 
“Unilateral vs. bilateral squat training for strength, sprints, 
and agility in academy rugby players,” J. Strength Cond. 
Res., vol. 30, no. 2, pp. 386–392, 2016. 

[6] K. McCurdy, E. O’Kelley, M. Kutz, G. Langford, J. Ernest, 
and M. Torres, “Comparison of lower extremity EMG 
between the 2-leg squat and modified single-leg squat in 
female athletes,” J. Sport Rehabil., vol. 19, no. 1, pp. 57–70, 
2010, doi: 10.1123/jsr.19.1.57. 

[7] J. C. Santana, “SPORTS-SPECIFIC CONDITIONING: 
Single-Leg Training for 2-Legged Sports: Efficacy of 
Strength Development in Athletic Performance,” Strength 
Cond. J., vol. 23, no. 3, p. 35, 2001, doi: 
10.1519/1533-4295(2001)023<0035:sltfls>2.0.co;2. 

[8] A. Krause, J. J. Elliott, D. F. Fraboni, T. J. McWilliams, R. 
L. Rebhan, and J. H. Hollman, “Electromyography of the 
Hip and Thigh Muscles During Two Variations of the 
Lunge Exercise: a Cross-Sectional Study,” Int. J. Sports 
Phys. Ther., vol. 13, no. 2, pp. 137–142, 2018, doi: 
10.26603/ijspt20180137. 

[9] L. Mausehund, A. E. Skard, and T. Krosshaug, “Muscle 
activation in unilateral barbell exercises: Implications for 
strength training and rehabilitation,” J. Strength Cond. Res., 
vol. 33, pp. S85–S94, 2019,  
doi:10.1519/JSC.0000000000002617. 

[10] C. J. Bishop, J. Tarrant, P. T. Jarvis, and A. N. Turner, 
“Using the split squat to potentiate bilateral and unilateral 
jump performance,” J. Strength Cond. Res., vol. 31, no. 8, 
pp. 2216–2222, 2017, doi: 10.1519/JSC.000000000000169
6. 

[11] R. G. Lockie et al., “Between-Leg Mechanical Differences 
as Measured by the Bulgarian Split-Squat : Exploring 
Asymmetries and Relationships with Sprint Acceleration,” 
pp. 9–11, doi: 10.3390/sports5030065. 

[12] A. N. Turner and P. F. Stewart, “Strength and conditioning 
for soccer players,” Strength Cond. J., vol. 36, no. 4, pp. 1–
13, 2014, doi: 10.1519/SSC.0000000000000054. 



1364 Trunk Position Influence H:Q RATIO of Lead Lower Extremity During Bulgarian Split Squat Exercise  
 

[13] K. McCurdy, G. A. Langford, A. L. Cline, M. Doscher, and 
R. Hoff, “The reliability of 1- and 3RM tests of unilateral 
strength in trained and untrained men and women,” J. Sport. 
Sci. Med., vol. 3, no. 3, pp. 190–196, 2004. 

[14] V. Andersen et al., “Muscle activation and strength in squat 
and bulgarian squat on stable and unstable surface,” Int. J. 
Sports Med., vol. 35, no. 14, pp. 1196–1202, 2014, doi: 
10.1055/s-0034-1382016. 

[15] D. G. Behm, “Neuromuscular implications and applications 
of resistance training,” J. Strength Cond. Res., vol. 9, no. 4, 
pp. 264–274, 1995, doi: 10.1519/00124278-199511000-00
014. 

[16] A. S. Kulas, T. Hortobágyi, and P. Devita, “Trunk position 
modulates anterior cruciate ligament forces and strains 
during a single-leg squat,” Clin. Biomech., vol. 27, no. 1, pp. 
16–21, 2012, doi: 10.1016/j.clinbiomech.2011.07.009. 

[17] P. Kousa, E. C. Argentieri, and B. D. Beynnon, “Anterior 
Cruciate Ligament Strain Behavior during Rehabilitation 
Exercises,” Anterior Cruciate Ligament Reconstr. Basic Sci. 
Second Ed., pp. 440-444.e2, 2018, doi: 
10.1016/B978-0-323-38962-4.00108-9. 

[18] P. Renström, S. W. Arms, T. S. Stanwyck, R. J. Johnson, 
and M. H. Pope, “Strain within the anterior cruciate 
ligament during hamstring and quadriceps activity,” Am. J. 
Sports Med., vol. 14, no. 1, pp. 83–87, 1986, doi: 
10.1177/036354658601400114. 

[19] S. Farrokhi, C. D. Pollard, R. B. Souza, Y. J. Chen, S. 
Reischl, and C. M. Powers, “Trunk position influences the 
kinematics, kinetics, and muscle activity of the lead lower 
extremity during the forward lunge exercise,” J. Orthop. 
Sports Phys. Ther., vol. 38, no. 7, pp. 403–409, 2008, doi: 
10.2519/jospt.2008.2634. 

[20] H. J. Kim, J. H. Lee, S. E. Ahn, M. J. Park, and D. H. Lee, 
“Influence of anterior cruciate ligament tear on thigh 
muscle strength and hamstring-to-quadriceps ratio: A 
meta-analysis,” PLoS One, vol. 11, no. 1, pp. 1–11, 2016, 
doi: 10.1371/journal.pone.0146234. 

[21] S. Dorgo, P. Edupuganti, D. R. Smith, and M. Ortiz, 
“Comparison of lower body specific resistance training on 
the hamstring to quadriceps strength ratios in men and 
women,” Res. Q. Exerc. Sport, vol. 83, no. 2, pp. 143–151, 
2012, doi: 10.1080/02701367.2012.10599844. 

[22] D. S. Bezerra et al., “Influence of trunk position during 
three lunge exercises on muscular activation in trained 
women,” Int. J. Exerc. Sci., vol. 14, no. 1, pp. 202–210, 
2021. 

[23] Faul, E. Erdfelder, A.-G. Lang, and A. Buchner, “G* Power 
3: A flexible statistical power analysis program for the 
social, behavioral, and biomedical sciences,” Behav. Res. 
Methods, vol. 39, no. 2, pp. 175–191, 2007. 

[24] G. Lu et al., “Removing ECG noise from surface EMG 
signals using adaptive filtering,” Neurosci. Lett., vol. 462, 
no. 1, pp. 14–19, 2009. 

[25] C.-Y. Kim, J.-D. Choi, S.-Y. Kim, D.-W. Oh, and J.-K. Kim, 
“Reliability and validity of ultrasound imaging and sEMG 
measurement to external abdominal oblique and lumbar 
multifidus muscles,” Phys. Ther. Korea, vol. 18, no. 1, pp. 
37–46, 2011. 

[26] D. H. Park and S. K. Baik, “Design and Conduct of 
Randomized Controlled Trials (RCTs).,” Korean J. 
Hepatol., vol. 12, no. 3, pp. 309–314, 2006. 

[27] J.-K. Seo and S.-Y. Kim, “The relationship between hip 
abductor muscle strength and lumbar instability in patients 
with chronic low back pain,” J. Korean Phys. Ther., vol. 23, 
no. 4, pp. 15–22, 2011. 

[28] E. Criswell, Cram’s introduction to surface 
electromyography. Jones & Bartlett Publishers, 2010. 

[29] F. P. Kendall, E. K. McCreary, P. G. Provance, M. M. 
Rodgers, and W. A. Romani, “Muscles: Testing and 
function, with posture and pain (Kendall, Muscles),” Fifth 
nort. LWW, 2005. 

[30] W. R. Holcomb, M. D. Rubley, H. J. Lee, and M. A. 
Guadagnoli, “Effect of hamstring-emphasized resistance 
training on hamstring: quadriceps strength ratios,” J. 
strength Cond. Res., vol. 21, no. 1, p. 41, 2007. 

[31] G. B. Wilkerson, M. A. Colston, N. I. Short, K. L. Neal, P. 
E. Hoewischer, and J. J. Pixley, “Neuromuscular changes in 
female collegiate athletes resulting from a plyometric 
jump-training program,” J. Athl. Train., vol. 39, no. 1, p. 17, 
2004. 

[32] P. Aagaard, E. B. Simonsen, S. P. Magnusson, B. Larsson, 
and P. Dyhre-Poulsen, “A new concept for isokinetic 
hamstring: quadriceps muscle strength ratio,” Am. J. Sports 
Med., vol. 26, no. 2, pp. 231–237, 1998. 

[33] C. S. Ahmad, A. M. Clark, N. Heilmann, J. S. Schoeb, T. R. 
Gardner, and W. N. Levine, “Effect of gender and maturity 
on quadriceps-to-hamstring strength ratio and anterior 
cruciate ligament laxity,” Am. J. Sports Med., vol. 34, no. 3, 
pp. 370–374, 2006. 

[34] T. O. Clanton and K. J. Coupe, “Hamstring strains in 
athletes: diagnosis and treatment,” JAAOS-Journal Am. 
Acad. Orthop. Surg., vol. 6, no. 4, pp. 237–248, 1998. 

[35] R. Coombs and G. Garbutt, “Developments in the use of the 
hamstring/quadriceps ratio for the assessment of muscle 
balance,” J. Sports Sci. Med., vol. 1, no. 3, p. 56, 2002. 

[36] Y. Ohkoshi, K. Yasuda, K. Kaneda, T. Wada, and M. 
Yamanaka, “Biomechanical analysis of rehabilitation in the 
standing position,” Am. J. Sports Med., vol. 19, no. 6, pp. 
605–611, 1991. 

[37] A. Isear Jr, J. C. Erickson, and T. W. Worrell, “EMG 
analysis of lower extremity muscle recruitment patterns 
during an unloaded squat.,” Med. Sci. Sports Exerc., vol. 29, 
no. 4, pp. 532–539, 1997. 

[38] D. Shelbourne and P. Nitz, “Accelerated rehabilitation after 
anterior cruciate ligament reconstruction,” Am. J. Sports 
Med., vol. 18, no. 3, pp. 292–299, 1990. 

[39] K. E. Wilk, R. F. Escamilla, G. S. Fleisig, S. W. Barrentine, 
J. R. Andrews, and M. L. Boyd, “A comparison of 
tibiofemoral joint forces and electromyographic activity 
during open and closed kinetic chain exercises,” Am. J. 
Sports Med., vol. 24, no. 4, pp. 518–527, 1996. 

[40] S. J. Fleck and W. Kraemer, Designing resistance training 
programs, 4E. Human Kinetics, 2014. 



 International Journal of Human Movement and Sports Sciences 10(6): 1359-1365, 2022 1365 
 

[41] K. Häkkinen, “Research overview: Factors influencing 
trainability of muscular strength during short term and 
prolonged training,” Strength Cond. J., vol. 7, no. 2, pp. 32–
37, 1985. 

[42] T. E. Hewett, T. N. Lindenfeld, J. V Riccobene, and F. R. 
Noyes, “The effect of neuromuscular training on the 

incidence of knee injury in female athletes,” Am. J. Sports 
Med., vol. 27, no. 6, pp. 699–706, 1999. 

[43] T. E. Hewett, A. L. Stroupe, T. A. Nance, and F. R. Noyes, 
“Plyometric training in female athletes: decreased impact 
forces and increased hamstring torques,” Am. J. Sports 
Med., vol. 24, no. 6, pp. 765–773, 1996.

 


	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	5. Conclusion
	REFERENCES
	Untitled

