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Abstract  
 

Background: This study aimed to investigate the relationship between trunk endurance and func-

tional tests related to lower limb injury in students of Imam Ali (AS) Military University. Methods: 

For this study, 90 students of the officer university with average age: 20.86 ± 1.56 year, height: 

1.78 ± 0.05 meters, weight: 72.76 ± 8.46 kg and BMI: 22.73 ± 2.30 kg/m2 were selected by avail-

ability. In this study, Core endurance was assessed with the McGill test set. The Static and dynamic 

balance were also assessed by stork and Y balance tests, respectively. Single leg hop, triple cross-

over hop for distance and timed single leg hop tests were used to assess lower limb function. Since 

the number of subjects was 90, Kolmogorov-Smirnov test was used to assess the normality of data 

distribution; Due to the normality of data distribution to investigate the relationship between pre-

dictor variables and criterion variable, Pearson correlation coefficient method was used with a sig-

nificance level of 0.05. Results: The results of Pearson statistical test showed that there is a signif-

icant relationship between McGill endurance tests and also the total endurance score with static 

balance (p=0.008), total dynamic balance score (p=0.003), single leg hop test (p=0.001), triple 

crossover hop for distance test (p=0.005). But the relationship between endurance and timed single 

leg hop test was not significant (p <0.05). In general, the results of this study showed that there is 

a relationship between postural stability, muscle endurance and functional tests related to lower 

limb injury in officer University students. Conclusions: It can be interpreted that the injury-related 

functional tests such as single leg hop test and triple crossover hop for distance test of the students 

who can take their body Move forward in a controlled way are better. Moreover, it can be consid-

ered that the postural stability of the students with high core muscle endurance is higher. Therefore, 

it is important to apply exercise programs that enhance postural stability and increase core muscle 

endurance to improve functional success. 
 

Keywords: Static Balance, Dynamic Balance, Endurance, Injury-related Functional Tests. 

 

1. Introduction 

The lower limbs are one of the most common anatomical locations of injuries in the military 

(1, 2), with the ankle/foot and knee injuries reported as one of the most frequent injuries impact-

ing the entire scope of military readiness (1, 2). The Israeli Defense Forces (IDF) manifested that 

43% of all medical dropouts from basic training in the infantry were due to orthopedic reasons 

(3), with lower limb and low back injuries accounting for 71.5% of all orthopedic injuries (4). 

Nye et al (2016) showed that in Air Force basic military trainees the majority of all musculoskele-

tal injuries involved the lower limbs (78.4%) (5). Factors related to injuries, such as body mor-

phology, reduced postural control and proprioception deficits, have been widely reported among 

athletes (6). In the military literature, musculoskeletal injuries may be related to training loads 
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and regimens (7, 8); however, very little is known about specific injury-related factors among 

soldiers (8, 9). Deficits in or a reduction of postural balance and hopping abilities were reported 

to be related to injuries both in athletes and among military soldiers (1). When it comes to pre-

dicting injury risk in athletes, functional movement tests that include dynamic postural balance 

and hopping tests hopping were found to have a substantial benefit (10). Furthermore, soldiers 

who developed an injury within a year following baseline tests were found to have significantly 

lower baseline balance and were found to be at higher risk of further musculoskeletal injuries 

(11).  

Moreover, it expressed that good postural stability can contribute to successful performance 

and plays a major role in many Functional activities as well as specific postural control (12, 13). 

Postural stability is the ability to maintain the center of gravity of the body on the support surface 

with minimal postural sway. The maintenance of the balance takes place through the interaction 

of three systems. The first input is the vestibular system. The second, balance coordinator is a 

proprioceptive system originating from somatosensory receptors found in tendons and muscles in 

joints related to spatial awareness, body posture and kinesthetic sensation. The last one is a visual 

system that sends signals about body position (14). Maintaining postural stability depends on a 

complex relationship between visual, vestibular and sematosensorial systems to keep the center of 

gravity of the body in control over the base of support. The ability of maintaining of postural sta-

bility has a significant influence on sports performance. Optimal core stability is also important 

for the performance of movements resulting in body oscillations outside the support surfaces of 

the individual (15).  

Core muscles play an important role in providing primary stability and protection to the spine 

during static and dynamic phasic alteration. Core made up of several muscles of group the rectus 

abdominis (abs) at the front of abdomen; the internal and external oblique’s, in front and side of 

abdomen; the transvers muscles that run horizontally across your lower abdomen; the erector spine 

the large muscles on either side of spinal cord; the muscles surrounding scapulae; the gluteus mus-

cles and the iliopsoas and quadratus lumbar muscles (16). These muscles provide stability to trunk. 

They link our upper and lower body and enable to move in any direction or stand in one spot without 

losing balance of the body. Weakness of core can affect daily activities. If core isn’t strong or stable, 

it will be impossible for the arms and legs to move well. for dynamic upper and lower extremity 

dominant tasks such as kicking and throwing a ball we need good core musculature which deter-

mines how far the ball can be thrown or kicked, proper utilization of the kinetic chain allows max-

imal force to be developed in the core which can then be efficiently transferred to the upper limb 

and lower limb during these actions; For the tasks to be effective. A decrease the strength of core 

musculature which affects the postural stability and it leads to hamper the balance of the body. A 

disturbance in balance system can affect day to day activities, thus core muscle endurance and 

balance goes hand in hand (17, 18). Other injury prediction tests include the single-leg hop test, 

which examines neuromuscular function (19). In many studies, the performance of this test in pre-

dicting injuries such as hamstring, knee and wrist injuries has been investigated (20) and it seems 

that trunk endurance has a significant effect on the performance of people in these tests. Due to the 

high risk of injury in the military and the importance of the core region in lower limb function, in 

this study, we hypothesized that there is a relationship between trunk endurance and functional tests 

related to lower limb injury in students of Imam Ali (AS) Military University. 

2. Materials and Methods 

This research was a correlation study, the statistical population of this study was the students 

of Imam Ali (AS) Military University. 90 of them were selected by availability. One of the exclu-

sion criteria was the presence of a previous injury in the last 6 months in the trunk and lower limbs, 

which was examined and confirmed by asking the subject. Measurements were performed for 15 

days in the sports hall of Imam Ali University (AS) and the period of 9 to 13 noon. Before the tests, 

the subjects were given the necessary explanations about the evaluations and all subjects partici-
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pated in the study with satisfaction. Before the measurements, none of the subjects did any strenu-

ous exercise. A tape measure was used to measure height and a digital scale was used to measure 

weight. Body mass index was also calculated using the weight formula in kilograms divided by the 

height squared in meters. In this study, ethical considerations were observed and the code of ethics 

with the ID IR.SSRI.140011261 was received from the Institute of Physical Education and Sports 

Sciences. The interval between the evaluation of each test was 10 minutes in this study so that the 

fatigue caused by the evaluation of each test did not negatively affect the next test. 

 

Core Muscles Endurance Measurement Test 

For this task, the reliable McGill protocol was used to determine the endurance of trunk stabi-

lizer muscles. This protocol is comprised of 5 tests that explore the endurance of all trunk muscles. 

Prone bridge, right-side bridge as well as left-side bridge, biering-sorensen test, trunk flexion test 

at an angle of 60 degrees according to the previous references (21, 22). A stopwatch was used to 

record the duration of subject’s isometric contraction maintenance. After each test, five minutes of 

rest were accorded to subjects. The results of the previous studies indicate that these tests have great 

validity coefficients (22) (figure 1-a). 

 

Trunk flexion test: The flexion endurance test was originally described in an article by McGill 

in 1999 (22). The test required subjects to sit on the test bench and place their upper body against 

a support with an angle of 60 degrees from the test bed. Both the knees and hips were flexed to 90 

degrees. The arms were folded across the chest with the hands placed on the opposite shoulder and 

toes were placed under the toe strap. Subjects were instructed to maintain the body position while 

the supporting wedge was pulled back 10 centimeters to begin the test. The test ended when the 

upper body fell below the 60-degree angle. Test re-test reliability was found to have ICC scores of 

0.95-0.98 was reliability (21, 22) (figure 1-b). 

 

Biering-Sorensen test: For the trunk extension test, also known as the biering-sorensen test, 

participants were instructed to lie prone off the edge of a plinth with all body parts above their 

anterior superior iliac spines hanging off the table. Three straps were used to hold lower extremities 

onto the table: one at gluteal fold, one just above the knee joints, and one just above the ankles. 

Participants were allowed to rest their upper extremities on a chair before starting. They were then 

instructed to cross their arms in front of their chest and to lift their upper body until their trunk was 

horizontal to the ground. Time started when the subject achieved the starting position. This position 

was held until fatigue or until their body deviated from horizontal, ending the test. The biering-

sorensen test has been found to have good reliability with ICC scores greater than or equal to 0.77 

(21, 22) (figure 1-c). 

 

Prone and side bridge tests: Before beginning the timed prone bridge, participants were shown 

a picture of the proper technique. This test required the participant to be in a side-lying position 

with her body in a straight line. The lower foot was positioned behind the top foot for support. The 

participant was directed to elevate the hips above the mat to uphold a straight line along the entire 

body length and to hold the position on one elbow and both feet. The top arm was placed along the 

chest with hand located on the opposing shoulder. The test was terminated when the hips were no 

longer able to be held in line with the trunk. (Figure 1). Subjects were shown how to position 

themselves prone with only their forearms and toes in contact with a table’s surface. They were 

then told that after the command “go” they were to assume a position with their head, neck, back, 

and hips in the neutral position and to hold the position for as long as possible. If they deviated 

from this neutral posture they were warned up to 3 times. Timing with a stopwatch commenced 

when the position was first assumed and ended when participants voluntarily stopped or were not 

able to maintain the required neutral position despite three warnings (21, 22) (figure 1-d).  
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Static balance assessment 

In this study, the stork balance test was used for the evaluation of static balance. In this test, the 

time was recorded that the subject was capable to stand on toes without touching the ground. The 

test was performed on the dominant foot three times, and the best result was considered as the score 

of the static balance test (23) (figure 1-e). 

 

Dynamic balance assessment 

The Y-balance Test was used to measure the dynamic balance. Y-balance validity in assessing 

the balance of 88 to 99 % was reported (24). To do this, the subject stood in the center of directions, 

the achievement action on a single foot, and returned to the normal mood on both feet. The subject 

touched the farthest point possible by toe in each direction. The distance from the contact point to 

the center was the achievement distance, which was measured per cm. to minimize the learning 

effects, every subject did the test 6 times in triple directions (25). The dominant leg test was done, 

which was determined by kicking a soccer ball (25). The length of the lower limb from the anterior-

upper iliac spine to the inner ankle was measured to normalize the data and to compare the subjects. 

To obtain the dynamic balance value in any direction, the following formula was used inde-

pendently: (figure 1-f). 

Score= Reach distance÷ Length limb×100 

 

Single-leg hopping test 

This test requires a narrow measuring tape of 3 meters in length, which is securely positioned 

on the ground. The subject on the test foot (in this dominant leg research) stood that the tip of the 

toe was precisely placed behind the starting point of the narrow strip. The test procedure involves 

performing hopping forward with the maximum possible distance and landing on the same foot, 

and finally keeping the landing for at least 2 seconds. The subject in this test could use their hands 

to maintain balance if necessary. The subject performed two times the single-leg hopping with each 

leg and the recorded distance as a function in this test (26) (figure 1-g). 

 

Timed single-leg hopping test 

This test requires a narrow measuring tape of 6 meters long, which is securely positioned on the 

ground. The subject stood on the test foot so that the tip of the toe was precisely placed behind the 

starting point of the narrow strip. The test procedure included hopping forward as fast as possible 

and the total distance traveled to reach the endpoint on the ground with hopping and without losing 

balance. The subject could if it was necessary to use hand movements to maintain balance. The 

subject conducted a timed single-leg hopping two times hopping at a distance of 6 meters for the 

dominant leg, the time recorded for the foot and evaluation of the function of the subject (26) (fig-

ure 1-h). 

 

Single-leg triple cross hopping test 

This test requires a narrow measuring tape of 6 meters long, which is securely positioned on the 

ground. The subject stood on the test foot so that the tip of the toe was precisely placed behind the 

starting point of the narrow strip. The test procedure included the implementation of three forward 

consecutive crossings hopping with the maximum possible distance, passing the narrow strip on 

the ground and landing on the same leg per hopping and finally maintaining the landing mode for 

at least 3 seconds (Fig. 4). The subject could if it was necessary to use hand movements to maintain 

balance. The subjects performed a single-leg triple cross hopping 2 times with the dominant leg 

and the total distance traveled was recorded and evaluated for the subject's performance  (26) (fig-

ure 1-i). 
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a. Trunk flexion test 
 

b. Biering-Sorensen test 
 

c. Prone bridge tests 

 

d. Side bridge tests 
 

e. Static balance test 
 

f. Dynamic balance test 

 

g. Single-leg hopping test 

 

h. Timed single-leg hopping test 

 

 

i. Single-leg triple cross hopping test 

Figure 1. Images related to the evaluation of variables 

 
Statistical method 

Data analysis was performed with SPSS24; since the number of subjects was 90, the Kolmogo-

rov-Smirnov test was used to assess the normality of data distribution; Due to the normality of data 

distribution to investigate the relationship between predictor variables and criterion variable, the 

Pearson correlation coefficient method was used with a significance level of 0.05. 
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3. Results 

Descriptive statistics of each group including age, weight, and height and body mass index were 

measured before the test, the results of which are summarized by the tests evaluated in this study 

in Table 1: 

 

Table 1: Descriptive statistics of research variables 

variables number M±SD Minimum Maximum 

Age (year) 90 20.86 ± 1.56 18.00 26.00 

Weight (kg) 90 1.78 ± 0.05 1.65 1.94 

Height(m) 90 72.76 ± 8.46 54.00 8.46 

Body mass index 

(kg/m2) 
90 22.73 ± 2.30 18.33 2.30 

Trunk flexion endurance (s) 90 77.56 ± 23.07 23.00 138.00 

Biering-sorensen (s) 90 54.97 ± 12.56 25.00 83.00 

Prone bridge (s) 90 75.15 ± 20.29 27.00 121.00 

Right-side bridge (s) 90 68.22 ± 14.84 40.12 104.00 

Left-side bridge (s) 90 61.31 ± 13.70 37.12 96.00 

Total endurance score (s) 90 67.28 ± 9.66 46.26 89.09 

Static balance (s) 90 12.70 ± 5.87 4.06 28.54 

Dynamic Balance Total Score (cm/) 90 88.61 ± 8.91 65.65 106.58 

Single-leg hopping test (cm) 90 193.18 ± 23.59 144.33 255.95 

Single-leg triple cross hopping test (cm) 90 479.48 ± 60.18 359.22 631.87 

Timed single-leg hopping test (s) 90 2.08 ± 0.27 1.13 3.27 

:D; Standard deviation, m: Medium, Kg: Kilogram, m: meter, kg/m2: Kilograms/square meter, s: Secods, cm: centimeter  

 
Firstly, the distribution of the data set was evaluated with statistical testing, including the Kol-

mogorov-Smirnov test. The results of the analysis indicated that the data were normal in group 

which because of the extensiveness of the results, is not presented in the findings section. In addi-

tion, the Pearson correlation test results of investigating the relationship between trunk endurance 

and functional tests related to lower limb injury are reported in Table 2. 

 

Table 2. Correlation between predictor and criterion variables (P≤0.05) 

variables 
Static balance 

Dynamic Balance 

Total Score 
Single-leg hopping test 

Single-leg triple cross 

hopping test 

Timed single-leg 

hopping test 

r r2 p r r2 p r r2 p r r2 p r r2 p 

Trunk 

flexion 

endurance 

0.344 0.118 0.001 0.226 0.051 0.03 0.241 0.058 0.02 0.152 0.023 0.15 
-

0.074 
0.005 0.49 

Biering-

sorensen 
0.374 0.139 0.001 0.285 0.081 0.007 0.297 0.088 0.004 0.242 0.058 0.02 0.021 0.0004 0.84 

Prone 

bridge 
0.219 0.047 0.03 0.281 0.078 0.007 0.487 0.237 0.001 0.238 0.056 0.02 0.157 0.024 0.14 

Right-side 

bridge 
0.260 0.067 0.01 0.242 0.058 0.02 0.358 0.128 0.001 0.281 0.087 0.007 0.041 0.001 0.70 

Left-side 

bridge 
0.274 0.075 0.009 0.211 0.044 0.04 0.343 0.117 0.001 0.245 0.060 0.02 0.011 0.0001 0.92 

Total 

endurance 

score 

0.277 0.051 0.008 0.308 0.095 0.003 0.562 0.315 0.001 0.294 0.086 0.005 
-

0.046 
0.0004 0.66 

 
The results of Pearson statistical test showed that there is a significant relationship between 

McGill endurance tests and also the total endurance score with static balance (p=0.008), total dy-

namic balance score (p=0.003), single leg hop test (p=0.001), triple crossover hop for distance 

(p=0.005). But the relationship between endurance and timed single leg hop test was not significant 

(p <0.05). 
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4. Discussion 

The results of the present study showed that in general, there was a significant relationship 

between trunk endurance and static balance, dynamic balance, as well as single leg hop and triple 

crossover hop for distance. In terms of the relationship between trunk endurance and balance, the 

results of this study are consistent with the results of studies by aksen et al. (2019) who pointed to 

the relationship between trunk endurance and balance in basketball athletes (27), Mendel et al. 

(2017) who pointed out the relationship between trunk endurance and static and dynamic balance 

of female students (28) and Mohammadi and Fathi (2018) who pointed out the relationship between 

torso endurance and balance and tests of badminton athletes (29). 

Based on the results thus, it seems that by improving core muscles endurance, officer University 

students can prevent the majority of non-contact lower extremity injuries that occur due to the loss 

of balance.  

Improving core stability could lead to smaller displacement in the mediolateral center of pres-

sure and center of mass. By Improving core endurance/stability, the motion at the level of the trunk 

and hip is controlled and significantly improves balance (30). Moreover, improving core muscles, 

like other skeletal muscles, results in enhancing the ability of neuromuscular system to stabilize 

contractions in response to gravity and momentum and leads to improved synchronization of motor 

units (31). Dynamic balance is the ability of the body to maintain position after disturbances (32). 

Having a stable spinal body posture can improve neuromuscular system ability to maintain position 

and dynamic balance control. In other words, a weak core or a defect in controlling the neuromus-

cular system can lead to the loss of dynamic balance (32). 

In other words, postural stability or balance is crucial for maintaining body balance during lo-

comotion, standing and any other activities that require a high degree of stability (33). Postural 

control has a significant role in many sports, and ability in postural control may identify successful 

performance (33, 34). The ability of the athlete to move his body quickly in different directions 

without losing trunk control requires good postural stability. It has been shown that balance can 

contribute to successful performance and play a major role in many athletic activities as well as 

sport-specific postural control (13, 34). Prospective studies have shown that by enhancing balance 

and control of body positions during movement, hop test theoretically should improve (35, 36). 

When literature was looked at, many studies have shown that the performances of athletes in dif-

ferent sports are related to postural stability. Wyrick et al. (1969) emphasized in their work that 

balance skills are related to speed, agility and rhythm (37). Behm et al (2005) showed that balance 

ability is significantly related to rifle and arrow shooting accuracy and maximum skating speed in 

ice hockey (38). In the study performed by Okudur et al on tennis players, it was stated that the 

agility performance has a significant relationship with the total balance points of double leg posture, 

single leg posture and foam surface (27).  

The core stability minimizes the loads on the proximal joints while it activates body mecha-

nisms that allow it to maximize its power in sports. The gains in strength and endurance of the core 

muscles are important in reducing disability as they maintain and stabilize the spinal segments 

during activity as well as against external forces (39). The relationship between core muscle endur-

ance and postural stability was shown in many different studies (40, 41). In 2009, Suri et al found 

moderate correlation between trunk muscle endurance and balance in their study in which they 

evaluated the relationship between endurance and balance of trunk muscles in the elderly (40). 

Ambegaonkar et al found an insignificant positive correlation between the side bridge test and bal-

ance in the study of female athletes. In this study, the balance was evaluated by the star excursion 

balance test and the correlation only between the posteromedial direction and the side bridge test 

was determined. These results were attributed to the activation of the lower extremity muscles in 

the star excursion balance test (41). In our study, we found that those with higher core muscle 

endurance had better postural stability. A strong core structure allows less postural oscillations 

through torcholumbar fascia. The athlete has better postural stability and balance. These results are 

consistent with the findings of Barati et al obtained from male students and the results of a com-

parison of core muscle endurance and static balance (14). Many scientific data on core exercises 
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refer to similar findings (36, 42). On the other hand, in another study by Ambegaonkar et al on 

dancers, they found no relationship between balance and core muscle endurance (43). Gordon et al 

also did not find any correlation between core endurance (as measured by the Bent Knee Lowering 

test) and balance (as measured by the SEBT) in female lacrosse players (44). These differences in 

the literature may be due to the reduced use of standardized and objective measurement methods. 

In theory, it is accepted that core stability and performance are interrelated. In this study, a signifi-

cant relationship was observed between trunk endurance with single leg hop test and triple crosso-

ver hop for distance test.  

Based on the results obtained in the field of the relationship between core endurance and hop 

tests, it can be stated that improving endurance in the core area can be associated with reducing the 

risk of lower limb injuries of officer college students during military exercises. Similarly, decreased 

core endurance may contribute to injuries of the lower limb by reducing the ability to stabilize the 

lower limb (45). In the same direction and in a study that was performed on patients with low back 

pain was expressed the transversus abdominus and multifidus local stabilizer muscles display 

changes in recruitment and morphology that limit their ability to effectively stabilize the spine and 

provide accurate proprioceptive information. Hodges et al examined core muscle recruitment pat-

terns during upper (46) and lower (47) extremity movements in LBP patients compared with 

healthy controls. Consistently, the transversus abdominus was the first muscle recruited, followed 

by the multifidus, obliques, and rectus abdominus. All local stabilizer and global mobilizer core 

muscles were recruited before any extremity movement, indicating that core muscles provide prox-

imal stability for distal mobility. In the LBP patients, transversus abdominus recruitment was de-

layed in upper and lower extremity movements in all directions (flexion, extension, abduction). 

Multifidus and internal oblique recruitment in patients with sacroiliac joint pain during an active 

straight-leg raise maneuver was delayed until after the leg raise was initiated, indicating a lack of 

preparatory activation for proximal stability. The gluteus maximus activation was also delayed, 

suggesting an inability to compress and stabilize the sacroiliac joint and pelvis with associated 

lower extremity movement. Overall, these studies (46-48) illustrate alterations in muscle recruit-

ment, suggesting that deficiencies in core stabilization and load transfer muscles may be related to 

lower extremity function and injury. 

                       5. Conclusion   

This study reveals that there is a relationship between postural stability, muscle endurance 

and functional tests related to lower limb injury in officer University students. It can be interpreted 

that the injury-related functional tests such as single leg hop test and Single-leg triple cross hopping 

test of the students who can take their body farther away in a controlled way are better. Moreover, 

it can be considered that the postural stability of the students with high core muscle endurance is 

higher. Therefore, it is important to apply exercise programs that enhance postural stability and 

increase core muscle endurance to improve functional success. It should be designed exercise pro-

grams that improve endurance and subsequently balance as an integrated part of optimal perfor-

mance of athletes. In future studies, comparisons can be made by adding a control group. In addi-

tion, the research group core postural stability and muscle endurance exercise programs that in-

crease be regarded by applying the chronic effects of exercise. 
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