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Abstract 

Objective: The aim of this study was to determine the relationship between core endurance and physical activity level in healthy young adults.  
Methods: This study was conducted with 310 university students [male=154 (49.7%) and female=156 (50.3%)] aged between 17 and 28 who 
attended Dokuz Eylul University. A sociodemographic data form was filled by all participants. Physical activity levels of the students were evaluated 
using the International Physical Activity Questionnaire (IPAQ). Core endurance was measured using anterior and right/left plank tests. 
Results: The average anterior plank test period of the participants was 77.0±43.8 sec. and the average lateral plank test period was 43.9±28.0 sec. 
We found that 14.8% (n=46) of the participants were inactive, 48.1% (n=149) were minimally active, and 37.1% (n=115) were very active, 
according to the IPAQ. According to the IPAQ data, vigorous physical activity, moderate physical activity, and walking variables in male 
participants were significantly higher than female participants (p<0.05). Plank test periods (anterior and lateral) of participant which have vigorous 
and moderate physical activity was significantly higher (p<0.05). 
Conclusion: There was no statistically significant relationship between core endurance and physical activity level. According to this study, physical 
activity is not influenced by core endurance. Particularly, in order to protect or increase the endurance of the core muscles, which have an important 
role in the prevention of mechanical lumbar problems, it was thought that only physical exercises would not be sufficient and it should be performed 
special exercises for these muscles. 

Keywords: Core stability, core endurance, physical activity, students, physical endurance 

Öz 

Amaç: Bu çalışmanın amacı, sağlıklı genç erişkinlerde kor enduransı ile fiziksel aktivite seviyesi arasındaki ilişkiyi belirlemekti. 
Yöntem: Bu çalışma, Dokuz Eylül Üniversitesi'nde okuyan yaşları 17 ile 28 arasında değişen 310 üniversite öğrencisiyle [erkek=154 (%49,7) ve 

kadın=156 (%50,3)] yapılmıştır. Sosyodemografik veri formu tüm katılımcılar tarafından doldurulmuştur. Öğrencilerin fiziksel aktivite düzeyleri 

Uluslararası Fiziksel Aktivite Anketi (UFAA) kullanılarak değerlendirildi. Kor enduransı ise anterior ve lateral plank testleri ile ölçüldü. 
Bulgular: Katılımcıların ortalama plank test süresi 77,0±43,8 sn, ortalama yan plank test süresi ise 43,9±28,0 sn'dir. UFAA'ya göre, katılımcıların 

%14,8'i (n=46) inaktif, %48,1 (n=149) minimal aktif ve %37,1 (n=115) çok aktifti. UFAA verilerine göre erkek ve kız öğrenciler arasında şiddetli 

fiziksel aktivite, orta şiddetli fiziksel aktivite ve yürüme değişkenlerinde erkek katılımcıların skoru anlamlı olarak daha yüksekti (p<0,05). Şiddetli 

ve orta şiddetli fiziksel aktivite yapan katılımcıların plank test süreleri anlamlı olarak daha fazlaydı (p<0,05). 
Sonuç: Yapılan analizler sonucunda fiziksel aktivite seviyesi ile kor kasların enduransı arasında ilişki bulunamadı. Özellikle mekanik bel 

problemlerinin önlenmesinde önemli yeri olan kor kaslarının enduransının korunması veya artırılması için sadece fiziksel olarak aktif olmanın 

yetmeyeceği, bu kaslara yönelik özel egzersizlerin yapılması gerektiği düşünmüştür. 

Anahtar Kelimeler: Kor stabilitesi, kor enduransı, fiziksel aktivite, öğrenciler, fiziksel endurans 
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Introduction 
 
The term “core” is described as a box that comprise the 
abdominal muscles in the front, paraspinal and gluteal 
muscles in the back, the diaphragm as the roof, and the pelvic 
floor and hip muscles as the bottom.1 Core refers to the 
lumbopelvic-hip complex, including deep muscles such as the 
internal oblique, transversus abdominis, transversospinalis, 
quadratus lumborum, and psoas major/minor and also 
superficial muscles such as the rectus abdominis, external 
oblique, erector spinae, latissimus dorsi, gluteus maximus-
medius, hamstrings, and rectus femoris.2 It is reported that a 
single muscle is not responsible for maintaining stability in 
the lumbar region and 29 muscles are responsible for 
stabilizing the spine and pelvis during functional 
movements.3 Therefore, most of the muscles that stabilize the 
upper and lower limbs are attached to the core. Without the 
core muscles, the spine cannot maintain its stability against 
even the slightest compressive forces.4 Willardson stated that 
the core muscles must maintain balance in the spine to 
produce force in the lower and upper extremities and 
maintain desired movement.5 Many studies have 
demonstrated that the core muscles are important in providing 
stability of the abdomen, back, spine, and hip and creating the 
force required for trunk rotation.5,6 
The term “core stability” has become particularly important 
in recent years. Core stability is a general term used for the 
training of abdominal and lumbopelvic regions. A 
combination of local and global stability systems is used to 
describe core stability.7 Global muscles (erector spinae, rectus 
abdominis, quadratus lumborum, and transversus abdominis) 
are ideal for creating rotation and trunk movement owing to 
the long moment arms that extend from the pelvis to the 
thorax.8 The local muscles (multifidi, rotators, and 
diaphragm) are short muscles that are directly attached to the 
vertebrae and are primarily responsible for producing 
sufficient strength for the segmental stability of the spine.9 
Coordinated working of these muscles is important for spinal 
stability.4  
However, core strength and core endurance are not the same. 
Core strength is defined as the resistance of the core muscles 
during any movement. Individuals must have the right 
posture and a sufficient level of core strength to maintain this 
balance. Another benefit of the core strength and correct 
posture is the therapeutic role they provide for individuals 
with chronic back pain.10 Core endurance, or stabilization, is 
defined as the ability of the core muscles to sustain this 
resistance.11 Kibler et al. stated that core stability is the ability 
to control the movement and position of the trunk over the 
pelvis and that it helps an individual to maintain their 
balance.12 Studies have also shown that decreased endurance 
of the back muscles is strongly associated with lumbar disc 
hernia.13,14 
Movements such as running and bouncing are often unstable 
and require neuromuscular control to improve performance 
and maintain stability.15 Disorders in neuromuscular control 
of the core muscles may cause injury, as well as unstable 
behavior, throughout all segments of the kinetic chain16. 
Proprioceptive disorder of the core may cause a reduction in 
active neuromuscular control of the lower and upper 
extremities.14,16 Durability/stabilization and the strengthening 
and training of the thigh, trunk, and hip are also important for 
preventing athletic injuries. For this reason, core stability is 
important for individuals engaged in any sport.17  
Body movement that increases energy expenditure at the 
 

 
 
basal level by skeletal muscle contraction is called “physical  
activity”.18 In summary, any activity that increases energy 
expenditure is called physical activity.19 Muscle strength, 
body balance, aerobic capacity, and metabolic and 
immunological functions have been observed to develop in 
individuals with regular physical activity (Task Force on 
Community Preventive Services); these attributes, as well as 
physical activity, were found to have the following positive 
effects in these individuals: increased endurance, strength and 
flexibility, strengthened bones and muscles, improved social 
relations, and increased self-confidence.20 Given the benefits 
of physical activity, individuals and communities must be 
encouraged to be involved with an appropriate level of 
physical activity in order to achieve maximum health 
benefits. It is clear that physical activity is necessary for 
increasing quality of life and extending life span.21 
A single session of physical activity is expressed as the 
duration of physical activity. The data for the duration of 
personal training sessions can be used to determine the total 
minutes of activity with frequency data. For example, if the 
absolute intensity of physical activity is estimated in an 
ordinary week, the weekly clear or gross energy expenditure 
can be expressed as kJ (kilojoule) or MET (Metabolic 
Equivalent of Task). The number of physical activities 
performed at a given time is referred to as the “physical 
activity frequency”.22 The most useful physical activity 
frequency for an individual is spread over 5 days, and 
physical activity should be lifelong in order to be beneficial to 
health.23 Physical activity done regular and quality is more 
important than severe physical activity.24 For this reason, 
physical activity must be performed in a proper and 
controlled manner. Many studies have indicated that physical 
activity of the core muscles provides core stabilization, which 
reduces injuries of the lower and upper extremities. An 
individual’s early health-related behaviour will influence 
future lifestyle, and, for this reason, it is important to 
investigate health behaviours of young individuals.25 
This study aimed to determine physical activity levels in 
young individuals, the effect of physical activity on core 
endurance and effect of gender on these parameters. 
 
Methods 
 
Samples 
This study comprised 377 students aged 17-28 years studying 
at Dokuz Eylul University, and these students agreed to 
participate in the study. Due to the inability to complete the 
test part of the study and missing data due to the absence of 
67 participants, 310 participants completed the study. Of 
these participants, 154 (49.7%) were male and 156 (50.3%) 
were female. Inclusion criteria were as follows: to be a 
university student, signature on a consent form confirming 
voluntary participation in the research, and no any physical 
therapy and/or rehabilitation treatment within the last 6 
months.  Exclusion criteria were as follows: any physical 
condition obstructing walking; pulmonary, cardiovascular, 
and neurological disabilities; and pregnancy. The 
demographic characteristics of the participants are shown in 
Table 1. 
After the approval of the Ethics Committee of Sifa 
University, the research was applied to the participant 
(Reference No: 268-71) and the study was conducted in 
compliance with the Helsinki Declaration. 
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Data collection tools 
Sociodemographic data form 
A form was prepared by the authors to assess 
sociodemographic characteristics such as age, gender, 
characteristics related to smoking and non-alcohol use, 
known physical illnesses and medications used. In addition, 
the participant’s body weight, height and body mass index 

(BMI) was calculated and recorded. 
 
Endurance tests 
We assessed core endurance via plank tests. Plank tests 
provide an endurance assessment during an activity that is 
applied as anterior and right and left lateral plank tests and 
simulate muscles1. McGill et al. reported that there was no 
difference in the right and left lateral plank tests, and 
therefore we tested the lateral plank position only on the 
dominant side of the participants.26  
Core endurance was measured using plank tests in two 
positions (anterior and lateral) using procedures previously 
described.27,28 Participants first performed a single practice 
trial for a few seconds to confirm ability to successfully attain 
the test position. Later, the participants performed a recorded 
test. The maximum time -second (s)- that the participants 
were able to take and maintain the correct test position was 
recorded. The same examiner recorded the result of all tests 
by observation. For the anterior plank test, the participants 
performed a pushup: legs together, with the lower leg in 
contact with the floor mat; ankles with plantar flexion, back 
in a straight position; the shoulder width apart; and the head 
upwards (Figure 1). When any part of the participant’s body 

was not parallel to the floor, the time was stopped as 
previously described.27  
 

 
 

Figure 1. Anterior plank test 
 
To perform the lateral plank test, participants placed one foot 
on top of the other, with the right arm perpendicular to the 
floor; the elbow was placed on the mat, with the arm across 
the chest; and the left hand was placed on the right shoulder 
(Figure 2).  
 

 
 

Figure 2. Lateral plank test 

 

The researcher recorded the instance when the participants 
were unable to maintain a straight line between the trunk or 
lower body (thigh or shank) segments in the visual 
observation.28 
 
International Physical Activity Questionnaire short form  
The International Physical Activity Questionnaire (IPAQ) 
short form was used to determine the physical activity levels 
of the participants. The IPAQ short form comprises seven 
questions measuring physical activity level. Participants were 
questioned whether they had performed severe, moderate, or 
low physical activity in the last 7 days, as well as walking and 
sitting. The total weekly physical activity level of participants 
(MET/h/week) from these data was classified as inactive 
(<600 MET min/week), minimally active (>600-3000 
MET/week), or active (<3000 MET/week). One MET is 
approximately equal to 3.5 ml/kg/min in adults, which is 
equal to energy expenditure during rest.29 
 
Statistical Analysis 
The normal distribution suitability of the variables was 
examined using statistical analysis (Kolmogorov–Smirnov 
test). Descriptive statistics (minimum, maximum, and 
average) were calculated for demographic variables as well as 
the IPAQ and the plank/lateral plank measurements. The 
relationship between independent groups was analyzed using 
independent sample t-test. Multivariate analysis of variance 
test was used to analyze the differences among IPAQ groups. 
The relationship between the quantitative parameters was 
calculated using Pearson’s correlation test (r≥0.50 and p≤0.05 

was accepted as the level of statistical significance for the 
correlation data). All test results were analyzed using 
Statistical Package for the Social Sciences 17.0 (SPSS Inc; 
Chicago, IL, USA) statistical software. The level of 
significance was set at p<0.05 for all analyses.  
 
Results 
 
The average age was 19.8±1.9 years, the average body height 
was 171.8±9.3 cm, the average body weight was 66.3±13.4 

kg, and the average BMI was 22.3±3.2 kg/m2 (Table 1).  
 
Table 1. Demographic and anthropometric characteristics of 
participants 
 

Variable Minimum Maximum Mean±SD 

Age (year) 

Height (cm) 

Weight (kg) 

BMI (kg/m2) 

17 

151 

40 

15.6 

28 

203 

110 

34.3 

19.8±1.9 

171.8±9.3 

66.3±13.4 

22.3±3.2 

Descriptive analysis was performed. BMI: Body Mass Index 

 
Participants' smoking rate was 26.5% while alcohol use was 
36.8%. Table 2 shows average vigorous physical activity 
(IPAQ 1), moderate physical activity (IPAQ 3), walking 
(IPAQ 5), sitting (IPAQ 7), and the total IPAQ score as MET. 
Accordingly, the average total IPAQ score is 2548.2±1920.3 

MET, with a minimum of 300 MET and a maximum of 8648 
MET. The participants’ mean plank test duration was 

77.0±43.8 s, whereas the mean lateral plank test duration was 

43.9±28.0 s. 
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Table 2. Mean of participants' IPAQ variables and plank tests 
 

IPAQ Accounts and Plank tests Minimum Maximum Mean±SD 

Vigorous physical activity (MET) 

Moderate physical activity (MET) 

Walking (MET) 

Sitting (MET) 

Total IPAQ (MET) 

Plank (s) 

Lateral Plank (s) 

0 

0 

0 

300 

300 

12 

5 

7200 

4320 

4851 

800 

8648 

258 

180 

958.8±1,386.2 

359.6±633.9 

1,231.4±896.4 

474.5±119.7 

2,548.2±1,920.3 

77.0±43.8 

43.9±28.0 

Descriptive analysis was performed. IPAQ: International Physical Activity 
Questionnaire; IPAQ I: Vigorous Physical Activity; IPAQ III: Moderate 
Physical Activity; IPAQ V: Walking; IPAQ VII: Sitting; MET: Metabolic 
Equivalent of Task 
 
There was a statistically significant difference between male 
and female participants with respect to BMI, plank test durati- 
on, lateral plank test duration, severe physical activity (IPAQ 
1), moderate physical activity (IPAQ 3), walking (IPAQ 5), 
and total IPAQ score (Table 3). 
 
Table 3. Comparison of gender and evaluation parameters 
 

Scores Male 

(n= 154) 

Female 

(n= 156) 

p value 

BMI 

Plank (s) 

Lateral Plank (s) 

Vigorous physical activity (IPAQ 1) 

Moderate physical activity (IPAQ 3) 

Walking (IPAQ 5) 

Total IPAQ 

23.3±3.7 

94.9±47.6 

53.9±32.7 

1,430.1±1,552.6 

466.2±743.4 

1340.7±902.9 

3,237.0±2,044.0 

21.1±3.0 

59.4±32.1 

34.2±18.3 

493.6±1,006.4 

254.5±482.9 

1,120.8±881.5 

1,868.8±1511.0 

<0.001* 

<0.001 

<0.001 

<0.001 

0.003 

0.003 

<0.001 

Independent sample t-test was performed. * p<0.05 was statistically 
significant. BMI: Body Mass Index; IPAQ: International Physical Activity 
Questionnaire 
 
Severe and moderate physical activities and plank test time 
parameters of male participants were found to be significantly 
higher than women (p<0.05).  
There was no statistically significant difference between 
physical activity levels and plank and lateral plank test times 
(p=0.406 and p=0.455, respectively) (Table 4). 
 
Table 4. Comparison of plank and lateral plank test durations and 
participants’ physical activity levels 
 

Core endurance tests 
Inactive 

(n= 46) 

Minimally 

active (n=149) 

Very active 

(n=115) 

p 

value 

Plank test time (s) 

Lateral plank test time(s) 

68.9±35.8 

41.6±23.9 

77.7±39.4 

42.5±23.8 

79.0±52.4 

46.5±34.3 

0.406 

0.455 

One-way Anova test was performed. * p<0.05 was statistically significant. 
 
A statistically significant negative correlation (p=0.004, 
rs=−0.163) was observed between the age and anterior plank 

test periods, whereas there was a statistically significant 
positive correlation between body weight and the anterior 
plank period (p=0.021, rs=0.132). There was no significant 
correlation between age and body weight and lateral plank 
test duration (p>0.05). In addition, there was a moderate 
positive correlation between body height and plank and 
lateral plank periods (p=0.0001, rs=0.332; p=0.0001, 
rs=0.283, respectively) (Table 5).  
There was a statistically significant positive strong correlation 
between plank test time and lateral plank test time (p=0.0001, 
rs=0.654). There was also a statistically significant positive 
correlation between the anterior plank test and lateral plank 
tests, severe physical activity, moderate physical activity, and 
total IPAQ values (Table 6). 
 

Table 5. Comparison of plank and lateral plank test durations and 
participants’ age, body weight and body height 
 

Core endurance 

tests 

Statistic Age Body 

weight 

Body 

height 

Plank test time (s) 
r 

p-value 

-0.163* 

0.004 

0.132 

0.021 

0.332 

<0.001 

Lateral plank test 

time(s) 

r 

p-value 

0,045 

0,430 

0,095 

0,094 

0.283 

<0.001 

Pearson Correlation test was performed. *p<0.05 was statistically significant. 
 
Table 6. Relationship between participants' evaluation parameters 
 

Variables Statistic Plan

k (s) 

Lateral 

Plank 

(s) 

IPAQ 

I 

IPAQ 

III 

IPAQ 

V 

IPAQ Total 

Plank (s) 
r  0.654 0.305 0.145* 0.061 0.269 

P-value  1E-04 1E-04 0.011 0.283 <0.001 

Lateral Plank 

(s) 

r   0.214 0.143 0.074 0.195 

P-value   1E-04 0.012 0.193 0.001 

Vigorous 

Physical 

Activity  

r    0.309 0.092 0.751 

P-value    <0.001  0.106 <0.001 

Moderate 

Physical 

Activity  

r     0.041 0.504 

P-value     0.470 <0.001 

Walking  
r      0.586 

P-value      <0.001 

Pearson Correlation test was performed. *p<0.05 was statistically significant. 
mIPAQ I: Vigorous Physical Activity; IPAQ III: Moderate Physical Activity; 
IPAQ V: Walking. 

 
Discussion 
 
Core muscles are an important muscle group used not only in 
athletic activities but also in very basic activities of daily 
living, such as sitting and walking, and therefore should be 
strengthened in order to prevent posture disorders, back pain, 
and sports-related injuries.30 Core strength is an important 
issue for the health of both the individual and community. 
Physical activity should be a daily habit and maintained 
throughout the life.31 Performing physical activity early in life 
can help prevent health problems that may occur during old 
age. University students constitute a significant part of the 
young population in our country. Furthermore, physical 
activity levels in young individuals affect the incidence of 
many preventable diseases that constitute problems in old 
age.32 
In theory, it is accepted that core stability and physical 
activity are interrelated; however, current literature does not 
support this relationship. This study aimed to examine the 
relationship between core stability (using anterior plank and 
lateral plank tests) and physical activity levels (using IPAQ) 
in male and female university students. 
According to IPAQ data of all participants, 14.8% were not 
physically active, 48.1% had low physical activity levels, and 
37.1% had adequate physical activity levels. Savcı et al. 
classified university students according to their total physical 
activity scores according to IPAQ data in 2006, 15% of 
students were not physically active, 68% of students had low 
physical activity levels, and 18% of students had sufficient 
physical activity levels to maintain health.33 In another study, 
12.6% of participants were not physically active, 57.1% of 
participants had low physical activity levels, and 30.3% of 
participants had sufficient physical activity levels.34 These 
results show that the inadequacy of physical activity in 
university students is a significant issue; however, physical 
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activity levels are annually increasing. It is thought that this 
increase may be related to a better understanding of the 
importance of physical activity for health. It was also found 
that 11% of men were not physically active, 66% had low 
physical activity levels, and 23% had adequate physical 
activity levels; whereas 17% of women were not physically 
active, 68% had low physical activity levels, and 18% had 
adequate physical activity levels.35 Our results corresponded 
with those of previous studies: male students had higher 
physical activity levels than those of female students.33,35,36 
However, in contrast to these findings, there are studies 
indicating that women's physical activity levels are more.37 
In this study, on comparing plank and lateral plank test times, 
we found isometric muscle endurance times of male students 
to be better than those of female students.38 Strand et al. 
studied isometric muscle endurance test norms in 471 
university students and found that the plank test times of male 
students were significantly longer, which were similar to 
those observed in our study.38 In our study, there was a 
statistically significant relationship between body height and 
body weight, but there was no statistically significant 
relationship between plank and lateral plank test duration and 
BMI. These findings support the possibility that body height, 
BMI, and gender are determining factors in predicting core 
endurance times. It was also noted that there was a 
relationship between BMI and lower test durations because 
males were on an average taller and heavier than females; 
separate percentiles for endurance times according to gender 
are appropriate. 
In the present study, there was no statistically significant 
difference between anterior plank and lateral plank tests. 
Similarly, in another core endurance test developed by 
McGill, including the lateral plank test, no significant 
difference was observed between the two tests.39 
There was a statistically significant correlation among plank 
and lateral plank test periods, vigorous physical activity 
levels (IPAQ 1), moderate physical activity level (IPAQ 3), 
and total physical activity scores (IPAQ Total), according to 
the IPAQ data in our study. Increased vigorous physical 
activity resulted in increased anterior plank and lateral plank 
test times. However, activities such as walking and sitting in 
the IPAQ score did not affect the plank test times. However, 
there was no statistically significant relationship between 
physical activity levels and core endurance in our study. We 
think that physical activity levels may be related to core 
strength more than core endurance. However, further studies 
are required to determine the strength of the core muscles and 
the relationship between core strength and physical activity 
levels.  
The present study has some limitations. Limited number of 
people were included in this study, since the subjects were 
recruited only from one university. In order to represent all 
the young population in the society, we believe that the 
number of samples in the design of the study should be 
increased and participants from different regions should be 
recruited. Another limitation of this study, a functional 
assessment on the physical activity levels obtained by 
objective methods would have further validated the results of 
this study. 
Considering the results of the current study, physical activity 
level is not significantly affected by core endurance. 
Therefore, exercises to increase core endurance should be 
directed to core muscles. Furthermore, we think that physical 
activity may be related to core muscle strength and in the 
future there is a need for studies to determine the relationship 
of physical activity level to core strength. 
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