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 abstract 
 Background   The aim of the present study was to assess the posture and somatic parameters in 

adolescent male handball players compared to non-athletes and determine whether a 
relationship exists between the posture and the volume of training and/or its frequency.

 Material/Methods  Sixty-eight adolescent male handball players and sixty-nine non-athletes aged 15–18 were 
examined. The posture was evaluated by the moiré method.

 Results  Handball players exhibited smaller and less frequent asymmetries compared to the non-
athletes. Statistically significant differences were found in the position of shoulder blades 
(p < 0.05) and pelvic alignment in the frontal (p < 0.001) and transverse (p < 0.05) planes. 
The spinal shape in the sagittal plane did not differentiate the training subjects from non-
athletes. The study also revealed weak correlations between the training period and a 
deviation of the spinous processes (r = 0.25), a symmetry of the shoulder blades (r = 
0.25), and an inclination angle of the thoracolumbar segment (r = -0.26). No correlations 
were observed between the training frequency and posture parameters.

 Conclusions   It can be concluded that despite the predominance of asymmetric elements, handball 
training does not negatively affect the posture in the frontal and transverse planes.

 Key words  postural defects, asymmetries, moiré technique, athletes, handball training
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introduction 
Sports practice shapes the character of a young person, improves physical 
fitness and considerably affects the physical development and posture. The 
positive impact of physical activity on all aspects of health and fitness in 
children and adolescents has been demonstrated in previous studies [1, 2, 
3]. The study of Vicente-Rodríguez et al. [4] revealed that physical activity in 
the form of handball practice not only enhanced physical fitness of the young 
female subjects, but also increased bone mass and improved bone density [4].

Unfortunately, training loads, which are specific to a given sport, may put 
strain on passive and active elements of the spine, leading to the development 
of postural asymmetries and affecting the shape of anteroposterior (AP) spinal 
curvatures. Intensive exercises causing spinal strain from the earliest years 
may increase the risk of developing musculoskeletal disorders and affect the 
process of growth [5, 6]. Moreover, participation in sports activities is related 
to the risk of injuries. Asymmetric tilt and shift patterns in the shoulder girdle 
cause muscle imbalance and weakness, thus increasing the risk of shoulder 
injuries [7]. According to the studies from Scandinavia, sports injuries account 
for 10–19% of all severe injuries, and teenagers who play football, basketball 
and handball are especially prone to these injuries [8].

Handball is a team game, in which asymmetric elements of play prevail. 
Handball players make passes and throw the ball into the goal with one, 
dominant upper limb. It is estimated that, in a season, each player performs 
about 48,000 throws, during which the ball reaches the speed of up to 130 
km/h [9]. Such heavy, one-sided overload may lead to chronic shoulder pain 
and instability [9] but also cause asymmetries of the shoulder girdle and affect 
the posture.

The posture of athletes has been the focus of interest of many researchers 
[10–19]. Most of them point out that sports training tends to affect posture 
of athletes [13, 14, 15, 20, 21, 22, 23, 24]. Some authors claim that many 
sports, especially those of an asymmetric nature, may contribute to the 
development of static disorders of the vertebral column, postural asymmetry, 
as well as disbalances in muscle mass among the training individuals [16, 22, 
25, 26]. Many researchers have demonstrated that asymmetry, defined as the 
difference between the right and the left sides of the body, does exist in sport 
[7, 22, 27, 28, 29, 30]. It is important to quickly recognize the signs of this 
phenomenon and try to eliminate it, if necessary. Previous studies have also 
shown positive effects of sports training on the body posture in terms of its 
symmetry [20, 31, 32]. 

Due to considerable training loads, there is definitely a need for posture 
monitoring in athletes of all ages [33], and especially in children and 
adolescents.

The aim of the present study was to assess the posture of adolescent male 
handball players compared to non-athletes and to determine any possible 
relationships between the posture, training experience and/or training 
frequency.
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material and methods 
subjects 
The study group included 68 adolescent male handball players (H), aged 
15–18 years (x̄̄ = 16.2 ±0.86). The length of the training experience and the 
frequency of trainings to a large extent depended on the age and varied from 
3 to 9 years (x̄̄ = 4.68) and 3 to 7 times a week (x̄̄ = 5.05), respectively. The 
control group (C) consisted of 69 male teenagers at a similar age (x̄̄ = 16.4 
±0.91) who had not been engaged in any regular physical activities apart 
from the obligatory 45-minute physical education classes, 4 times a week. The 
athletes and control participants were divided into 3 age groups: 15-year-olds, 
16-year-olds and 17- and 18-year-olds. Seven handball players (approx. 10%) 
and 6 non-athletes (9%) were left-handed.

Based somatic parameters of the studied groups are presented in Table 2.

procedures 
The study was approved by the Bioethics Committee for Scientific Research 
at the Jerzy Kukuczka Academy of Physical Education in Katowice, Poland. 
Prior to the study, all participants filled in specially devised questionnaires. 
Written consent was obtained from all parents, who had also completed a 
questionnaire to provide information on their children’s dominant hand, 
training experience, and other forms of physical activity, participation in 
Physical Education classes, locomotor organ pathologies or other obstacles 
to physical activity. A separate questionnaire was devised for the handball 
players and non-athletes. Information concerning the frequency of training 
sessions and players’ attendance was also obtained from handball coaches. 

The inclusion criteria were: 1) parental consent to participate in the study, 
2) minimum three years of handball training, without any pauses (handball 
players) or non-engagement in any sports or other physical activities on a 
regular basis (the control group), 3) participation in mandatory physical 
education classes, 4) age 15–18 years. 

Candidates were excluded from the study in case of incomplete application 
forms, motor organs pathologies, lack of written consent from their parents 
or non-submission of the questionnaire. All subjects were evaluated in the 
morning or early afternoon, before training or physical exercise class.

methods 
Body height (BH) and body weight (BW) were measured with medical scales 
and a height meter (with an accuracy of 0.1 kg and 5 mm, respectively). The 
body max index (BMI) was calculated based on body height and body weight 
measurements.

The posture was assessed using a specialised apparatus which utilizes the 
Shadow moiré technique. This method is recommended as a measurement 
tool in physical therapy; it is a non-invasive, inexpensive and easily available 
screening test. The moiré method provides a 3-dimensional picture of the back 
and allows an analysis of over 50 parameters describing the posture with an 
accuracy of 1 mm and 1° [16, 17, 25, 32, 34, 35]. In the present study, the 
MORA System was used, manufactured by CQ Elektronik System, Poland.
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Prior to the recording, the following structures were marked on the body: 
spinous processes (C7–S1), posterior superior iliac spines, and inferior angles of 
the shoulder blades. The examined person was instructed to adopt a habitual 
posture. Each subject stood barefoot, at a certain distance and with his 
back to the camera, which recorded the posture for about 5 seconds. Quick 
examination eliminated the risk of postural muscle fatigue. 

In the frontal and transverse planes, the analysis included:
 - the torso lateral inclination angle, defined by the deflection of the C7–S1 

line from the vertical axis inserting the S1 vertebra in the frontal plane 
(TLA) [o];

 - the maximum deviation of the spinous processes from the C7–S1 line (DSP) 
[mm];

 - the pelvic position in the frontal plane defined by the value of its lateral 
inclination (PL) and the pelvic position in the transverse plane defined by 
the value of its torsion (PT), [mm];

 - symmetry of the shoulders (inclination angle of the shoulder line) (IS) 
[mm];

 - symmetry of the shoulder blades: height difference of the inferior angles of 
scapulae inclination, frontal plane (HSB); in protrusion, transverse plane 
(PSB) and the difference in the distance of scapulae inferior angles from 
the spine (SSB) [mm];

 - the outline of the trunk and hips (“waist triangles”) as determined by the 
HWT and WWT indices; the HWT parameter specifies the height difference 
of the waist triangles and is calculated in the vertical axis [mm] while the 
WWT parameter specifies the width difference of the waist triangles and 
is calculated in the horizontal axis [mm].

 
The values of all the above parameters are shown as absolute values, and 
deviations are given from the normal value of 0, regardless of their direction 
(right-left, front-back deviations).

In order to calculate the total value of all the deviations from symmetry in the 
frontal and transverse planes (i.e., the 0 value), a synthetic index of postural 
symmetry (SIPS) was devised reflecting the position of individual posture 
components (Table 1) [17, 32]. While assessing the alignment of the shoulder 
blades (HSB, PSB, SSB) and waist triangles (HWT, WWT), maximum 3 points 
were assigned to the greatest deviation from symmetry, without summing up 
the points for individual deflections.
 
Table 1. The criteria for assigning point values to the various postural elements of the body 
based on the synthetic index of postural symmetry (SIPS)

Calculated 
parameters

Number of points for the deflections mentioned below
< 1 1-2 2.01-3 3.01-5 5.01-10 10.01-15 >15

TLA 0 1 2 3
DSP 0 1 2 3 4
PL 0 1 2 3
PT 0 1 2 3
IS 0 1 2 3

HSB*
0 1 2 3PSB*

SSB*
HWT**

0 1 2 3WWT**
*, ** – parameters for the placement of which there are maximum 3 points for the highest-assessed index
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Deviations to which 1 point was assigned were considered minor asymmetries, 
moderate asymmetries were given 2 points, whereas considerable asymmetries 
– 3 points. In the case of spinous processes deviation, apart from the above 
mentioned score, 4 points were assigned to a deviation of over 15 mm, which is 
a serious asymmetry capable of compromising the body balance and indicating 
lateral curvatures of the spine (scoliosis).

The analysis of the sagittal plane included: 
 - the torso forward inclination angle, defined by the deflection of the C7–S1 

line from the vertical axis inserting the S1 vertebra in the sagittal plane 
(TFA) [o];

 - angular disposition of the upper thoracic curve – angle ∝ [o],
 - angular disposition of the thoracolumbar curve – angle β [o],
 - angular disposition of the lumbosacral curve – angle γ [o],

statistical analysis  
The results are presented as means and standard deviations (x̄̄ ±SD). Posture 
and anthropometric parameters of the handball players and non-athletes 
were compared using the independent samples t-test or U Mann-Whitney 
test (for non-normal distribution) at a 5% level of significance. The normality 
of distributions was verified by the Chi-square test. Pearson’s r correlation 
coefficient (linear correlation coefficient) between the length of the training 
period, the frequency of trainings and posture parameters was also calculated. 
The correlation coefficient was significant at p ≤ 0.05. Intergroup analysis 
of posture parameters of the handball players was performed using ANOVA 
Kruskal-Wallis test at a 5% level of significance. All calculations were done 
with the “STATISTICA” version 10 software (StatSoft Inc. USA).

results 
Body height in the 17–18-year-old group and body height and weight in general 
were greater in the handball players compared to non-athletes (Table 2).

A comparison of spinal curvatures in the sagittal plane did not reveal differences 
between the handball players and non-athletes (Table 2).
 
Table 2. Average values (±SD) of anthropometric parameters and postural indices in sagittal 
plane among handball players (H) and the non-athletes (N)

Age group 15-year-olds 16-year-olds 17-18-years-olds All groups
Parameters H (n = 18) N (n = 18) H (n = 29) N (n = 25) H (n = 21) C (n = 26) H (n = 68) N (n = 69)

BH [cm] 175.11 ±10.5 170.28 ±7.14 179.34 ±6.69 177.1 ±5.84 182.29 ±5.68* 178 ±5.23 179.1 ±7.98** 175.66 ±6.74
BW [kg] 62.85 ±13.39 56.48 ±9.09 66.91 ±6.78 63.74 ±6.94 73.61 ±7.92 68.87 ±9.92 67.91 ±10.05* 63.94 ±9.88

BMI [kg/m2] 20.3 ±2.73 19.41 ±1.99 20.81 ±1.87 20.34 ±2.25 22.13 ±1.9 21.71 ±2.81 21.08 ±2.23 20.65 ±2.57
TFA [o] 1.92 ±1.8 2.27 ±1.68 1.87 ±1.36 2.09 ±1.4 1.52 ±0.99 1.77 ±1.36 1.77 ±1.38 2.02 ±1.45

∝ angle [o] 16.12 ±6.11 14.36 ±3.65 15.46 ±5.14 16.04 ±3.71 16.36 ±3.78 15.82 ±3.03 15.91 ±4.74 15.52 ±3.48
β angle [o] 14.75 ±2.71 13.37 ±2.58 13.36 ±2.8 13.94 ±2.66 12.24 ±1.94 11.65 ±303 13.38 ±2.68 12.93 ±2.93
γ angle [o] 10.58 ±6.11 12.75 ±5.65 9.72 ±5.08 10.26 ±4.07 9.62 ±4.45 10.72 ±5.18 9.92 ±13 11.08 ±4.97

Legend: TFA – torso forward inclination angle; *significantly (p < 0.05) different from the non-athletes, **significantly 
(p < 0.01) different from the non-athletes, ***significantly (p < 0.001) different from the non-athletes. 

Posture assessment with respect to potential asymmetries in the frontal and 
transverse planes indicated more frequent and greater asymmetries in the 
non-athletes. Those asymmetries concerned pelvic alignment in the frontal 
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and transverse planes (PL, PT), the width of waist triangles (WWT), and the 
position of the shoulder blades in the transverse plane (PSB). Furthermore, 
lower indices of postural symmetry (SIPS) were noted in the handball players 
compared to non-athletes (Tab. 3).
 
Table 3. Average values (±SD) of postural indices in frontal and transverse planes among 
handball players (H) and the non-athletes (N)

Age group 15-year-olds 16-year-olds 17–18-years-olds All groups
Parameters H (n = 18) N (n = 18) H (n = 29) N (n = 25) H (n = 21) C (n = 26) H (n = 68) N (n = 69)

TLA[o] 1.34 ±0.85 1.03 ±0.66 1.03 ±0.71 1.03 ±0.77 1.08 ±0.75 0.95 ±0.81 1.13 ±0.76 1 ±0.75
DSP [mm] 5.48 ±2.43 4.87 ±2.86 5.4 ±4.16 4.65 ±3.37 4.61 ±3.07 6.01 ±3.39 5.18 ±3.52 5.22 ±3.27
PL [mm] 2.41 ±1.39*** 7.93 ±5.83 2.46 ±2.73*** 9.82 ±4.83 2.21 ±1.8 3.76 ±4.03 2.37 ±2.14*** 7.23 ±5.97
PT [mm] 7.25 ±5.01 7.93 ±5.83 6.51 ±4.82* 10.34 ±6.03 8.25 ±6.29 10.1 ±6.13 7.24 ±5.33* 9.62 ±6.02
IS [mm] 9.55 ±9.38 7.02 ±4.38 7.53 ±5.56 7.32 ±5.42 6.74 ±6.45 9.68 ±6.8 7.82 ±6.99 8.13 ±5.8

HSB [mm] 10.28 ±8.31 9.71 ±8.49 7.11 ±4.33 10.35 ±9.69 7.41 ±6.82 8.7 ±7.57 8.04 ±6.41 9.56 ±8.53
SSB [mm] 9.09 ±6.49 5.73 ±5.06 7.02 ±5.58 5.86 ±5.79 11.63 ±6.3 11.81 ±10.4 8.99 ±6.29 8.07 ±8.16
PSB [mm] 14.7 ±10.89 18.38 ±9.55 13.48 ±8.43* 19.08 ±9.1 15 ±10.21 19.07 ±11.59 14.27 ±9.56** 19.91 ±11.46
HWT [mm] 10.57 ±7.88 13.17 ±8.37 9.32 ±6.72 7.55 ±6.59 9.11 ±7.22 14.2 ±10.65 9.59 ±7.11 11.67 ±9.42
WWT [mm] 10.28 ±8 7.4 ±5.84 10.15 ±6.39 10.54 ±7.41 8.32 ±5.9** 16.92 ±12.51 9.62 ±6.59 12.27 ±10.3
SIPS [pts] 10.11 ±1.97 10.78 ±3.43 9.21 ±2.64** 11.48 ±3.55 9.42 ±2.99* 11.46 ±2.37 9.51 ±2.59*** 11.29 ±3.09

Legend: TLA – torso lateral inclination angle, DSP – maximum deflection of the spinous process from the C7–S1 line, PL 
– pelvic lateral inclination in the frontal plane, PT – pelvic torsion, HWT – height symmetry of the waist triangles, WWT 
– width symmetry of the waist triangles, HSB – height symmetry of the shoulder blades, PSB – depth symmetry of the 
shoulder blades in the transversal plane, SSB – symmetry of the shoulder blades from the spine, IS – symmetry of the 
shoulders, SIPS – synthetic index of postural symmetry, TFA – torso forward inclination angle; *significantly (p < 0.05) 
different from the non-athletes, **significantly (p < 0.01) different from the non-athletes, ***significantly (p < 0.001) 
different from the non-athletes.

Correlation analysis for the handball players (n = 68) revealed the following: 
the total length of the training period was weakly correlated with the DSP index 
(r = 0.25), the SSB index (r = 0.25) and angle β (r = -0.26). No correlations 
were observed between the frequency of trainings and postural parameters.

Intragroup analysis of the posture parameters of handball players confirmed 
the difference in SSB indices between the age groups (p < 0.05) and angle 
β (p < 0.01).

The frequency of particular asymmetries was generally greater in the non-
training individuals (Figs. 1, 2). However, spinous process deviation was 
more frequently observed in handball players than in the non-training 
group. Spinous processes deviations exceeding 15 mm were seen both in 
the handball players and non-athletes (3% of the study population). Pelvic 
alignment in the frontal plane (PL) was within the normal range (94%). Athletes 
exhibited minor asymmetries (6%) while some moderate (17%) or considerable 
(9%) asymmetries were noted in the non-training individuals. Moderate or 
considerable asymmetries in the pelvic position in the transverse plane (PT) 
were also more frequent in the non-athletes (42%) than in handball players 
(29%) (Fig. 1). Considerable asymmetries in shoulder blades position were 
more frequently noted in the non-athletes (68%) than in handball players 
(59%). Considerable asymmetries in the alignment of waist triangles were 
seen in 31% of the handball players and in 49% of the non-training subjects, 
whereas considerable asymmetries in the position of the shoulders occurred 
in 12% of the handball players and 10% of non-athletes (Fig. 2).
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Fig. 1.  The frequency of spinous processes deviations (DSP) and pelvic asymmetries in the frontal 
(PL) and transverse plane (PT) in the handball players (H) and non-athletes (N)

Fig. 2. The frequency of particular asymmetries in waist triangles (HWT, WWT), shoulder blades 
(HSB, PSB, SSB) and shoulders (IS) in the handball players (H) and non-athletes (N)

discussion 
The study demonstrated that, despite a considerable amount of asymmetric 
elements in the discussed sport discipline (e.g. a throw to the goal, passes, etc.), 
the handball players exhibited smaller deviations in body symmetry compared 
to non-training participants. Also, the assessed asymmetries were noted less 
frequently than in the non-athletes. It should be emphasized though that some 
of the handball players also exhibited substantial posture asymmetries as well 
as considerable (over 15 mm) spinous process deviations. Furthermore, the 
study revealed that the length of the period of handball practice was correlated 
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with the DSP, SSB parameters and the angle of inclination of the thoracolumbar 
segment (β). These correlations suggest that with longer training periods 
spinous processes deviations and asymmetry in shoulder blades alignment 
in relation to the spine tend to increase while the angle of inclination of the 
thoracolumbar segment decreases. 

Comparative studies on the posture of athletes practicing various sports often 
reveal differences in the posture of the study groups compared to non-training 
control participants. Barczyk et al. [16] assessed the posture in table tennis 
players by the Moiré method and observed frequent occurrence of asymmetries 
in the frontal and transverse planes, in particular shoulder blades and waist 
triangles asymmetry. This was accounted for by one-sided very intensive work 
of the trunk muscles, which might have a negative effect since it favours the 
development of asymmetries. On the other hand, the study on the posture of 
football players and the non-training controls showed that athletes often had 
normal pelvic alignment in the frontal plane and symmetric waist triangles 
whereas some abnormalities were observed in the pelvic alignment in the 
transverse plane and in the protrusion of shoulder blades [32]. A comparison 
of football players’ posture with their peer group yielded results which are 
slightly different from those obtained in the present analysis. The fact of 
better pelvic alignment in the frontal plane in football players and handball 
players as compared to their non-training counterparts is definitely worth 
mentioning. However, another study on football players reported lateral 
deviations of the spine (i.e. scoliosis) in as many as 29% of the subjects [26]. 
Still another study carried out on athletes [25] demonstrated some minor 
differences of the posture in the frontal and transverse planes when compared 
to the non-athletes. The authors concluded that 14-year-old athletes were 
more often characterised by asymmetric waist triangles than non-training 
controls, whereas no differences were seen between the respective groups 
of the 15-year-olds and 16-year-olds [25]. 

The above mentioned results do not explicitly confirm the positive or negative 
impact of sports training on the symmetry of posture in the frontal or transverse 
planes. There is no apparent trend towards posture symmetry or asymmetry 
resulting from high levels of physical activity in children and adolescents. It 
should be noted that asymmetric spine movements associated with sports or 
everyday routines always performed in the same direction are detrimental and 
can cause postural defects [35]. Abnormalities most frequently observed in 
the present study were moderate or considerable asymmetries in the position 
of the shoulder blades and waist triangles. Since these asymmetries were 
predominantly noted in the non-athletes, their occurrence might most probably 
be accounted for by certain everyday activities (e.g. sitting, standing, carrying) 
being always performed in the same manner. This results in increased work 
load on certain muscle groups and increased tension to the ligaments of 
these muscles, which can cause a dynamic asymmetry associated with the 
difference in muscle strength or joint mobility on the right and left side of 
the body [35]. Such imbalance may lead to asymmetric alignment of various 
body structures, and, consequently, posture asymmetries. In non-training 
individuals, postural muscles may also be considerably weaker than in athletes, 
which also influences posture quality. 
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The results of this study revealed frequent asymmetries in the pelvic 
alignment in the transverse plane. This postural defect had been mentioned 
in several previous studies indicating that pelvic asymmetry is a very common 
phenomenon that also affects healthy people and need not to be associated with 
serious dysfunctions [27, 36, 37, 38]. Literature specifies two types of pelvic 
asymmetries, i.e., asymmetry related to typical everyday activities and habitual 
asymmetry, resistant to corrective interventions and often accompanied by the 
symptoms of pathological asymmetry in the pelvic position [36]. In the present 
study on healthy individuals, including those who practice sports, asymmetries 
related to typical activities were relatively common, which, according to Gnat 
et al. [36], may result from mechanical strain on the pelvis.

The assessment of posture in the sagittal plane did not show any statistically 
significant differences between the handball players and non-athletes. 
Therefore, the results of the present study do not confirm the observations of 
other authors [11, 13, 14, 15, 17, 18, 21, 23, 32] who suggested that asymmetric 
sports training had an effect on the shape of AP curvatures of the spine. There 
also studies reporting that certain sports disciplines do not affect athletes’ 
posture in the sagittal plane [39, 40]. However, the above cited authors did 
not investigate the posture of handball players. 

limitations of the study 
The non-training participants differed from the handball players with respect to 
body height and mass, but those differences were not noted between 15-year-
old and 16-year-old participants.

conclusions 
The present study indicates that adolescent handball players had smaller and 
less frequent asymmetries in the frontal and transverse plane compared to non-
athletes. The shape of anteroposterior spinal curvatures did not differentiate 
the athletes from the non-training participants.

Longer periods of handball practice seem to be associated with more frequent 
and greater deviations of the spinous processes, greater asymmetries in the 
position of the shoulder blades in relation to the spine and lower angular values 
of the inclination of the thoracolumbar segment. The frequency of trainings 
did not correlate with any of the parameters under investigation.
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