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Abstract
Aim: To determine the relationship between the Dynamometer muscle test and Flamingo balance test in sedentary young adults aged 
between 19-22 years old and to investigate the differences between the genders.

Material And Method: A total of 95 volunteer individuals participated in the study who were aged between 19-22 years old and 
freshmen and sophomores in Faculty of Medicine at Cukurova University. Takei back leg dynamometer muscle test and Flamingo 
balance test were applied to the participants.

Results: While mean of age, body weight and height in 43 male population included in the study were 19,95±0,51 years, 76,51 ± 13,69 
kg and 177,6 ± 6,07 cm, respectively; same parameters for 52 female population were 20,10±0,91 years, 56,15 ± 7,47 kg and 162,48 ± 
6,04 cm, respectively. While the dynamometer muscle test mean value was 84,30 ± 29,3 kg in males, 30,69 ± 22,63 sec for standing on 
right foot and 28,73 ± 24,03 sec for left foot, same parameters for females were 37,35 ± 13,70 kg, 13,84 ± 16,88 sec and 12,81 ± 13,69 sec, 
respectively.

Conclusion: Dynamometer muscle test, Flamingo balance test, height and weight measurements of the young adult males were found 
to be statistically significant different from the females (p<0,05). A significant positive correlation in favor of male was found between 
age and right and left balance, between muscle strength and height and weight, between length and right and left balance.

Introduction
Muscle strength and balance are significant parameters determining 
performance and injury risk in many sport activities as well as routine 
activities such as walking and running. Weak balance and muscle 
strength derived poor posture control may be related with injury risks 
that can affect both athletic performance and daily life activities (1). 
Muscle strength can be defined as the strength against the resistance 
with a maximal effort of a muscle or muscle group. While many factors 
such as muscle fiber cross sectional area and muscle fiber types 
affect the muscle strength, it is regarded that gender factor is also an 
important determinant. Women tend have weaker muscle strength 
since they have less muscle mass compared to men. Muscle strength 
is affected by physical conditions of muscle (2). The function of muscle 
strength testing is to evaluate the functional strength of muscle and 
muscle groups and their stability and supporting skills. Many methods 
such as tensiometer, dynamometer and manual muscle strength test 
is used in the assessment of muscle strength test (3). The balance is 
defined as the ability of maintaining the position of the body during 
movement and while changing the movements (4). Balance is also used 
as a measurement of lower extremity function and is defined as the 
process of maintaining the line of gravity within the base of support 
(5). In the anatomical position, the center of gravity of the human body 
lies approximately anterior to the second sacral vertebra. On the other 
hand, the line of gravity lies posterior to the hip joint cross sectional 
area, anterior to the knee joint cross sectional area and anterior to 
ankle joint cross sectional area. In that case, body weight tends to 
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cause extension in hip joint, extension in knee joint and dorsiflexion in 
ankle joint. These functions are the essential of the anatomical position. 
In single leg stance, on the other hand, entire weight and balance of 
the body is loaded on this extremity since the other extremity swings. 
In such a case, body weight tends to tilt the pelvis to the swing 
extremity. In other words, it forces the hip joint on the side of stance 
leg to adduction. Two strong hip abductors (m. gluteus medius and m. 
gluteus minimus) on the side of stance leg prevent adduction through 
contraction. When pelvic tilt is fixed, center of gravity of the human 
body slightly swings to stance leg extremity. This is performed by 
tendency of columna vertebra to slightly increase of lateral flexion on 
stance leg. This tendency is prevented by opposite m. erector spinae 
(6). Raising both arms provides center and line of gravity staying stable 
(7). Balance is also a significant factor of performance and injury risk in 
many sport activities. Lower extremity acute musculoskeletal system 
injuries account for about 40% of injuries of sport activities. Static 
and dynamic balance lies at the root of all movements (1). Static and 
dynamic balance or postural stabilization is defined as the control skill 
of center of gravity of the human body on the base of support. Static 
balance is the skill to maintain the position of the center of gravity in 
slightly dynamic positions. Dynamic balance, on the other hand, can 
be considered as bringing into balance or maintaining balance in some 
movements or unstable surfaces. Dynamic balance becomes important 
for sport activities particularly necessitating movement, while static 
balance for those who lead sedentary lives. The relationship between 
strength and balance has an important role for the function of 
muscles in the upper body. In this context, our study aims to examine 
the relationship between the leg-back muscle strength and balance 
skill on the basis of gender variable by using objective measurement 
methods such as dynamometer muscle test and flamingo balance test 
in nonathletic young healthy population who lead sedentary lives.

Material and Methods
A total of 95 participants (52 females and 43 males) took part in this 
study. The participants were freshmen and sophomores in 2018-2019 
academic year in Faculty of Medicine at Cukurova University and 
satisfied the inclusion criteria: healthy young adults, aged between 
19-22 years old and with a Body Mass Index (BMI) of 30 or less. Those 
with a fracture in lower extremity (foot, ankle, knee and hip joint) 
and in columna vertebra, and those having a surgical operation 
in these areas and having medical history of neurological disease 
were excluded. The research protocol was approved by the Clinic 
Ethical Committee of the Medical Faculty at Cukurova University. All 
participants understood the study protocols as explained and they all 
signed an informed consent form before participating in the study. All 
participants were right-handed people. In the collection of data, Takei 
brand (Takei Instruments Ltd, Tokyo, Japan) portable dynamometer 
was used as leg-back muscle strength measurement instrument and 
the results were recorded in terms of kg. In the phase of dynamometer 
muscle strength implementation, subjects were asked to place their 
feet on the dynamometer and keeping their arms to the sides of their 
body, flat back and slightly forward body, however, they were asked 
to pull the dynamometer bar, which they grasped with their hands, 
at a maximum rate, using only their legs, without using their back, 
until bringing their knees to the extension. After placing their feet 
on the dynamometer plate with stretched knees and keeping their 
arms to the sides of their body, flat back and slightly forward body, 
the subjects were asked to pull up the dynamometer bar, which they 
grasped with their hands, vertically, using only their legs without using 
their back, until their knees were extended to the maximum extent; 
thus, activation of the back muscles was eliminated (Figure 1).

Figure 1: Takei Back-leg dynamometer test measurement method
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The test was performed three times and the highest value was 
recorded. Static postural balance was assessed using a stable 
Flamingo balance platform and the results were recorded in terms 
of seconds. The balance test was performed to determine how many 
seconds the subject's static balance lasted in one minute. In Flamingo 
balance test, a timber board with 50 cm length, 4 cm height and 3 cm 
width and a balance board with 15 cm length and 2 cm width were 
used. Balance board was placed on the ground and the researcher sat 
on a chair with a stopwatch in his hand. One another person stood 
next to the balance board to ensure the subject's balance and to 
count the number of errors. While performing the test, the subjects 
were instructed to stand on the foot they select with their eyes open 

keeping their balance. They were instructed to place one of their foot 
in front of the other and bending their other leg and foot and to stand 
as a Flamingo with their bending foot and arm. The stopwatch was 
started after the participant stood on balance. It was measured how 
many seconds they stood on balance within one minute. Once their 
swinging foot touch on the ground or they felt losing their balance, 
the stopwatch was stopped and when they stood on balance it was 
restarted. The test was repeated three times, and the best timing of 
standing on the balancing platform was recorded in seconds as the 
test score. Test was performed both for right and left leg (Figure 2). 
While collection data, their body weight were measured using a digital 
weighing scales and height with a Seca brand (Seca stadiometer) 
measurement tool.

Figure 2: Flamingo test measurement method

Statistical analysis
Statistical analyses were performed using SPSS version 24 () for 
Windows. Compatibility of data to normal distribution was tested 
with Shapiro-Wilk method, while analysis of data with a normal 
distribution was made with Paired t-test, measurements of non-
normal distributions were performed with Wilcoxon signed-rank 
test. While comparing two independent groups, Student t-test was 
used for the measurements with normal distribution and Mann 
Whitney U test for non-normal distributions. For the comparison of 
the balance measurements, they were examined with Bland Altman 
plot method (mean differences ±1,96 (SD)) within the limits. The 
relationships between numerical variables were tested with Pearson 
correlation coefficient. In our study, descriptive statistics methods 
were presented as numbers and % values for categorical variables and 
as mean ± standard deviation for quantitative variables.
Results
The mean age of participants recruited in the study aged between 19-
22 years old was 19.93±1.86. The mean height was 169.33 ± 9.67 cm, in 
terms of gender distribution, it was 177,6 ± 6,07 cm for males and 162,48 
± 6,04 cm for females (Table 1). The mean weight was 65.37 ± 14.76 kg, 
in terms of gender distribution, it was 76,51 ± 13,69 kg for males and 

56,15 ± 7,47 kg for females (Table 2). The mean dynamometer muscle 
strength was 58.60 ± 32.21 kg, in terms of gender distribution, it was 
84,30 ± 29,3 kg for males and 37,35 ± 13,70 kg for females (Table 1-2). 
The mean values of balance test, it was 21.46 ± 21.32 sec for right and 
20.02 ± 20.57 sec for left side (Table 3). In the distribution analysis of 
the balance test according to gender, right balance in males was 30,69 
± 22,63 sec and 13,84 ± 16,88 sec in females, while it was 28,73 ± 24,03 
sec in males and 12,81 ± 13,69 sec in females for left balance. There 
was a statistically significant difference in the comparison of Flamingo 
balance test for right leg and left leg. Right leg balance test values 
were higher than left leg balance test values (p=0.043) (Table 3).
It was found that the Dynamometer muscle test and the Flamingo 
balance test were statistically significantly different for females and 
males in terms of height and weight measurements (p<0,05). Based 
on these evaluations, it was found that Dynamometer muscle test 
values of males (84,30±29,30) were higher than females (37,35±13,70). 
In the Flamingo balance test analysis, right balance values of males 
(30,69±22,63) were found to be higher than the values of females 
(13,84±16,88). Likewise, left balance values of males (28,73±24,03) 
were found to be higher than the values of females (12,81±13,69). 
Similar differences were found in height and weight measurements in 
the assessments of gender differences (Table 4).
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Count Mean SD Minimum Maximum

Age 95 19,93 1,86 18,00 30,00

Dynamometer test (kg) 95 58,60 32,21 15,00 140,00

Right Balance (sec) 95 21,46 21,32 1,89 101,00

Left Balance (sec) 95 20,02 20,57 1,72 85,00

Body height (cm) 95 169,33 9,67 150,00 190,00

Weight (kg) 95 65,37 14,76 40,00 113,00

SD: Standard Deviation

Variables Male  (n=43)
Mean±SD

Female  
(n=52)
Mean±SD

Test Statistics P

Dynamometer test 
(kg)

84,30 ± 29,3 37,35 ± 13,70 t=10,289 <0,001

Right Balance (sec) 30,69 ± 22,63 13,84 ± 16,88 z=-4,002 <0,001

Left Balance (sec) 28,73 ± 24,03 12,81 ± 13,69 z=-2,701 0,007

Body height (cm) 177,6 ± 6,07 162,48 ± 6,04 t=12,118 <0,001

Weight (kg) 76,51 ± 13,69 56,15 ± 7,47 t=9,201 <0,001

Mean SD Minimum Maximum z p

Right Balance (sec) 21,46 21,32 1,89 101,00 -2,025 0,043

Left Balance (sec) 20,02 20,57 1,72 85,00

Z value was obtained Mann Whitney U test, t value was obtained Student test

Dynamometer 
test (kg)

Right Balance 
(sec)

Left Balance 
(sec)

Body height 
(cm)

Weight 
(kg)

Age r 0,086 -0,280* -0,304* -0,006 0,331**

p 0,405 0,006 0,003 0,956 <0,001

n 95 95 95 95 95

Dynamometer 
test (kg)

r 0,078 0,012 0,739*** 0,630**

p 0,452 0.325 <0,001 <0,001

n 95 95 95 95

Right Balance 
(sec)

r 0,729** 0,270* 0,087

p <0,001 0,008 0,401

n 95 95 95

Left Balance 
(sec)

r 0,221* 0,012

p 0,031 0,911

n 95 95

Body height 
(cm)

r 0,722**

p <0,001

n 95

**. Correlation is significant at the 0.01 level (2-tailed)
*. Correlation is significant at the 0.05 level (2-tailed)

Table 1: Descriptive statistics of numerical variables and statistics (t-test)

Table 2: Gender-based Analyses

Table 3: Gender-based Flamingo Test Analysis

Table 4: Relationship analysis between quantitative variables
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The mean difference of measurement between right and left balance 
was found to be 1,45 and mean differences were ±1,96 (Standard 
Deviation), it was observed that values changed between a 95% 

confidence interval (-28,79; 31,68). In addition, it was observed that 
the two measurements showed an accumulation between 0 and 20 as 
the mean value (Graph 1).

Graph 1: Bland Altman Graph of Balance Measurements

Discussion
In our study, the relationship of the muscle strength and static balance 
parameters with gender factor in non-athlete healthy young adults 
was examined. Previous studied showed that static and dynamic 
balance in highly trained dancers, gymnasts and soccer players was 
significantly better than untrained people (8). In our study, according to 
the postural balance control results obtained by the Flamingo balance 
test, ignoring the gender factor, semi-tandem standing period in 
general distribution, 21.46 ± 21.32 sec for right and 20.02 ± 20.57 sec for 
left. There was a statistically significant difference in the comparison 
of right leg-left leg via Flamingo balance test. Right leg balance 
test values were higher than left leg balance test values (p=0,043). 
Since the left extremity was non-dominant, values were found to be 
relatively less. In the Flamingo balance test conducted by Bressel et al. 
(2007), those following results were found: in soccer players, 13,3 sec 
for dominant foot and 11,6 sec for non-dominant foot; in basketball 
players, 13,6 sec for dominant foot and 14.5 sec for non-dominant foot; 
in gymnasts, 8,8 sec for dominant foot and 9,3 sec for non-dominant 
foot (9). In their study, for a 12-week period, examined the effect of 
regular exercises in the untrained males, such as soccer practice and 
running, on the static balance, Jakobsen et al. (2011), reported that 
Flamingo balance test results relatively decreased after exercises and 
this improved the postural control. While the durations were 16.5 ± 
6.0 sec prior to soccer practices, at the end of the 12-week practices, 
those periods decreased to 9.7 ± 4.4 sec. When compared with the 
individuals having a past sport activity but no regular practices for two 
years, balance times were found shorter in sedentary individuals who 
have never done sports and it was found that this duration shortens 
with practice (10). In the examination gender-based distribution of static 
balance test, right balance in males were found to be 30,69 ± 22,63 sec 
and 13,84 ± 16,88 sec in females; on the other hand, in terms of left 
balance values, 28,73 ± 24,03 sec for males and 12,81 ± 13,69 sec for 
females. The duration of balance in females was found to be shorter.
Neuromuscular system control is important in maintaining proper 

balance. Factors affecting balance include somatosensorial 
stimulations and other proprioceptors from Golgi tendon organs in the 
lower extremity tendons, sensory information and motor coordination 
obtained from visual and vestibular systems, joint range of motion 
(ROM) and endurance (9). With experiencing sensations obtained from 
the Golgi tendon organs in the joint and muscle tendons, the muscles 
necessary to determine and maintain the spatial position become 
functional through vestibular system and motor stimuli. Visual systems, 
on the other hand, take an active role in ensuring the motor control 
of environmental inputs by engaging in the maintenance of balance 
(4). Therefore, in balance practices, it was reported that the balance 
maintained with the eyes open were longer and controlled. For this 
reason, the balance test in our study was performed with eyes open. 
The dominant hand, arm and leg is controlled by left hemisphere. The 
left hemisphere is the dominant hemisphere that controls the motor 
movements and spatial positioning of the body and extremities and 
performs tasks such as cognitive functions.
Muscle strength measurements performed by muscle isometric 
contraction and tension are particularly important in terms of skills 
to be achieved by increasing muscle strength in athletes. While the 
force increases in the first 20 years of life, it stays at the same level 
for 5-10 years after this age and then decreases gradually (2,11,12). In their 
study examining the reliability of the method with Lido dynamometer 
which provides digital representation of the forces generated by a 
microprocessor with Takei dynamometer, Coldwells et al. (1994), 
reported that the Takei portable dynamometer can be used reliably 
in large groups (13). Takei hand held dynamometer, which is an 
objective and reliable method, is preferred for many muscle strength 
measurements. Ocak et al. (2014), found back and leg strength values 
as to be 185,50±35,13 kg with Takei dynamometer. On the other hand, 
while Karadenizli et al. (2014), found leg force 180.17±5.98 kg in Soccer 
players and 179.84 kg in Handball players, Duncan et al. (2006), found 
that Leg strength (kg) had the highest value in hitters with 182.2 (22.7) 
kg. Nikolaidis et al. (2018), found 104.9 ± 26.4 kg in marathon runners 
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at the lowest speed (14, 15, 16, 17). Atakan et al. (2018), reported that leg 
strength in female futsal players was 106.2 ± 13.0 kg prior to creatin 
practice (18).
In our study, again among the young adults having no sport activity 
history, in terms of back leg dynamometer test results, it was found 
84,30 ± 29,3 kg in males and 37,35 ± 13,70 kg in females. When muscle 
strength results compared to athletes, sedentary group muscle 
strength results in our study were found to be quite low. Females, on 
the other hand, were found to have lower values. In sports activities 
requiring dynamic balance, muscle strength is observed to increase 
relatively.
There is a lifelong need to improve the body's balancing functions in 
daily life through walking, exercise and sport. Therefore, the effect 
of the factors that keep the body in a stable position is important. 
General and physical activities increase muscle strength but shorten 
the maintaining of balance durations. While sport activities shorten 
the balance time, it is thought that prolonged periods may cause 
lower extremity injuries in sedentary people. Dynamometer and 
flamingo assessment of muscle strength and balance can be used 
as a valid, reliable and inexpensive method for screening fitness for 
sports activities and determining muscle weakness due to trauma or 
disease. Failure to compare with an appropriate control subject was 
the limitation of this study. In terms of following studies, it is thought 
that comparative studies will be more appropriate with the selection 
of a suitable variable group of subjects in similar physical condition and 
performing various professional sporting activities.
Conclusion
In terms of healthy adults, a very high correlation between muscle 
strength and gender, a moderate correlation between right balance 
and left balance and a weak positive correlation with muscle strength 
right and left balance were found in our study. Factors such as age, 
gender, race, socio-economic status, participation in sports activities, 
geographical conditions, nutrition and health are thought to have 
an effect on the measurement results. Furthermore, we hope that 
this study will contribute to revealing the data of our society and we 
believe that these data will shed light on the normal values of healthy 
young adults who do not exercise regularly.
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