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Summary

Study aim: To assess body posture of young female volleyball players in relation to their untrained mates.

Material and methods: A group of 42 volleyball players and another of 43 untrained girls, all aged 13 — 16 years
were studied with respect to their body posture indices by using computer posturography. Spinal angles and curva-
tures were measured, and asymmetry and body posture type were assessed. Body height and mass, BMI and body
fat content (by bioimpedance technique) were determined.

Results: As compared with untrained girls, the volleyball players were more slender, the positions of shoulders and
pelvis being more symmetrical, and shoulder blades and waist triangles were more asymmetrical. Volleyball players
were predominantly kyphotic, their lumbar lordosis was flattened and head protruded, especially in those having
longer training experience.

Conclusions: The observed asymmetries brought about by unilateral training loads and progressing thoracic kypho-

sis call for applying corrective and/or yoga exercises to adolescent female volleyball players.
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Introduction

The degree of physical activity is related to that of
somatic development and, thus, to the postural devel-
opment. Sport exercises, often asymmetric or performed
under high loads and aimed at shaping specific skills, may
lead to postural disorders especially when applied to very
young subjects [16]. In many sports, including team games,
disproportional body mass and muscle strength, spine
statics disorders and/or trunk asymmetries are often
noted; these may result from non-uniform loads applied
to the spine and/or sport-specific unilateral muscle work
[1,8,18].

Since the sport-specific asymmetric work combined
with an existing body asymmetry may bring about pos-
tural disorders [18], posture monitoring ought to become
an important element of training and selection. The aim of
this study was thus to assess body posture of young female
volleyball players in relation to their untrained mates.

Material and Methods

Two groups of girls aged 13 — 16 years were studied:
volleyball players (Voll.; n = 42) and untrained ones
(Contr.; n = 43), all attending the same school in a Sile-

sian town, their social and living conditions being alike.
Volleyball players trained 2 — 3 h daily, 5 days a week,
their training experience amounting to 3 — 5 years; all but
one were right-handed. Postural disorders were previously
detected in 2 younger and 7 older volleyball players, and
in 7 younger and 10 older control girls. No ailments
which might induce postural disorders were reported.

Body height was measured using a posturometer (1 mm
accuracy), body mass — using a medical electronic bal-
ance (0.1 kg accuracy). Percentile values for body height,
body mass and BMI reference percentile graphs for War-
saw children [14] were used with an accuracy of 6 months
of age.

Body posture (in backward position) was assessed
by a device employing the Mora projection technique
(MORA 4, CQ Elektronik System, Poland) and very
short exposition (5 s). Spinous processes (C;-S;), ante-
rior superior iliac spines (M, M,) and inferior scapular
angles were marked prior to the recording. The follow-
ing variables were recorded in the frontal and transver-
sal planes:

— Trunk angle (TA), i.e. that between the C;-S; line and
vertical axis;

— Deviations (mm) of spinous processes from the straight
line (SPD);
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— Symmetry of shoulders (mm; SS);

— Symmetry of shoulder blades (mm): horizontal (HSB),
vertical (VSB) and versus spine (SSB);

— Symmetry of waist triangles (mm): horizontal (HWT)
and vertical (VWT);

— Pelvic alignment (mm), which includes pelvic deflec-

tion in frontal position (PA) and pelvic torsion in the

transversal plane (PT).

Asymmetries up to 5 mm were considered none, be-
tween 5 and 10 mm — as negligible, above 10 mm as
marked. The following measurements were recorded in
the sagittal plane:

— Trunk tilt angle (TTA), i.e. that between the C;-S; line
and vertical axis;

— Deviation of the upper thoracic spine (o angle);

— Deviation of the thoraco-lumbar spine (3 angle);

— Deviation of the lumbo-sacral spine (y angle).

Spinal angles and other criteria [21] served to clas-
sify subjects into postural types: kyphotic (K), lordotic
(L) and balanced (B), each containing 3 subcategories —
slight (1), medium (,) and pronounced (s) curvatures.
Next, 4 postural categories were established: optimal
(Ry), good (R, Ky, L;), defective (K,, L) and abnormal
(Rs, K3, Lg). In addition to the computer-aided assess-
ment, the alignement of head, shoulders, abdomen (in
the sagittal plane), chest arch and alignment of knees
were point-rated [10].

Homogeneity of variances of every variable was veri-
fied by Snedecor’s F-test. For variables with homogenous
variances ANOVA with the post-hoc Student’s t-test
was used, otherwise the Cochran-Cox’s test was applied
[11], the level of p<0.05 being considered significant.

Results

The percentile distribution of body height, body mass
and BMI in volleyball players and untrained girls is shown
in Fig. 1. As expected, high girls predominated in the
Voll. group: the percentages of the short (below Percen-
tile 25) or high (above Percentile 75) subjects signifi-
cantly (p<0.01 and 0.05, respectively) differed from the
expected ones. In the Contr. group, significantly (p<0.05)
fewer tall girls were noted. Regarding BMI, signifi-
cantly (p<0.05) less underweight or overweight volley-
ball players than those of normal weight were noted; no
deviations from the expected percentages were noted in
the untrained girls.
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Fig. 1. Percentages of volleyball players (Voll.; n = 42)
and untrained girls (Contr.; n = 43) aged 13 — 16 years
in various percentile categories of body height (BH),
body mass (BM) or BMI

Significantly different from the respective percentage in the
control group: * p<0.05; ** p<0.01; *** p<0.001

Table 1. Mean values (£SD) of body posture indices in girls practicing volleyball (V) and in untrained ones (C)

Age 13- 14 years 15 - 16 years
variable P Voll.(1=21)  Conr.(n=21)  Voll.(1=21)  Contr.(1=22)
TA (deg) 1.01+0.71 0.97 +0.78 1.04 + 0.55 1.13+0.95
SPD (mm) 359 +1.99 422+2.14 4.63+2.67 4.63+2.36
PA (mm) 3.39+255 2.88 +2.25 2,52 +2.47 259 +231
HWT (mm) 152498 107+7.1 13.2+10.4 13.0+8.3
VWT (mm)  14.4+10.4% 83465 155+ 8.4 11.6 + 10.0
HSB (mm) 7.23 +6.88 5.66 + 5.11 777 +7.32 717 +4.84
SSB (mm) 6.03+4.2 517+371  897+614°  6.75+526
SS (mm) 7.28 + 6.69 516+424  464+445%  813+573
PT (mm) 718+35 6.74+3.7 76+53 9.84+5.91
VSB (mm) 127463 9.2+5.1 124+79 137+87

Legend: TA - Trunk angle; SPD - Deviations (mm) of spinous processes from the straight line; PA - Pelvic angle in frontal posi-
tion; HWT - Horizontal symmetry of waist triangles (mm); VWT - Vertical symmetry of waist triangles (mm); HSB - Horizontal
symmetry of shoulder blades (mm); SSB - Symmetry of shoulder blades (mm) vs. spine; SS - Symmetry of shoulders (mm); PT -
Pelvic angle in transversal plane; VSB — Vertical symmetry of shoulder blades (mm); * Significantly (p<0.05) different from the
control group; © Tendency (p=0.08) to differ from younger players; All mean values significantly (p<0.01 — 0.001) differed from

the expected zero value
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Table 2. Mean values (+SD) of spinal angles in the sagittal plane in girls practicing volleyball (V) and in untrained

ones (C)
Age 13 - 14 years 15 - 16 years
Group _ _ _ _
Variable Voll. (n=21)  Contr.(n=21) Voll. (n=21)  Contr. (n=22)
TTA (deg) 2.96 £ 2.53 3.20+221 331+195 3.17+1.46
a—Angle (deg) 129+4.7 13.7+45 139+4.6 146+£25
B-Angle (deg) 143+22 153+3.1 15.7 +2.3* 13.9+2.7
v-Angle (deg) 13.7+6.8 153+5.9 9.8+5.8* 155+74
Kyphosis (a+p) 27.2+5.0 29.0+£6.0 29.6£5.9 285+4.2
Lordosis (B+vy) 28.0+£6.6 30.5+6.2 255+6.9 29.3+8.3

Legend: TTA - Trunk tilt angle; * Significantly (p<0.05) different from the control group; ° Nearly significantly (p=0.06) differ-
ent from younger players; All mean TTA values significantly (p<0.001) differed from the expected zero value

Postural characteristics of the studied girls are shown
in Tables 1 and 2 and in Figs. 2 and 3. The expected
value for all variables from Table 1 and for TTA was
zero; all mean values significantly (p<0.01 — 0.001) dif-
fered from the expected one, the majority of all subjects
displaying some left-sided spine deflection (TA) and
some forward bend (TTA). The vertical asymmetry of
waist triangles (VWT) was significantly (p<0.05, by
two-way ANOVA) higher in volleyball players than in
untrained girls and the shoulder asymmetry (SS) was
significantly (p<0.05) lower in older Voll. group than in
the respective control one.

No significant differences between groups or age
categories were found for the o angle and for kyphosis.
Older volleyball players had significantly (p<0.05; sig-
nificant groupxage interaction) greater 3 angle than the
respective control subgroup; the Voll. group had signifi-
cantly (p<0.05; by two-way ANOVA) lower values of y
angle and of lordosis compared with the Contr. group
(Table 2).
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Fig. 1. Percentages of all subjects classified into 3 cate-
gories of asymmetry in postural variables (n = 85)

When the asymmetries were classified into 3 catego-
ries (none, negligible, marked), no significant differences

between groups or age categories were found, therefore
the frequencies of asymmetry categories were computed
for all subjects combined and presented in Fig. 1. The
highest frequency of good symmetry was found for SPD
(over 70% of subjects); highest percentage of subjects
showing marked vertical asymmetry was found for
shoulder blades (VSB; nearly 60% of subjects).
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Fig. 2. Percentages of girls from the control (n = 43) and
volleyball (n = 42) groups, aged 13 — 16 years, classi-
fied according to the quality of body posture

° Tendency towards a between-group difference (p<0.10)

Furthermore, the subjects were classified into 4 pos-
tural categories. Only a small percentage of all girls ex-
hibited optimal or good body posture, while over 70% of
untrained girls and over 50% of volleyball players were
classified as having pathological posture; that difference
tended to be significant (p<0.10) as shown in Fig. 2. No
age- or group-related differences were noted in the fre-
quencies of the kyphotic, lordotic or balanced posture
types; they were fairly evenly distributed (31, 34 and
35%, respectively). Visual assessment of body posture
revealed that about 30% of all girls had good posture,
over 30% had protruding head, 15% - shoulders and
about 25% - abdomen.
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Discussion

Like in other reports [15,17], body height of volley-
ball players was above average for age. Their engagement
in sport activity was associated with very good weight-
height proportions; BMI values of most of them was in
the percentile range 25 — 75 which is essential for a right
body posture, especially the anterior-posterior spine pro-
file [6]. The relations between motor activities and main-
tenance of appropriate body mass is well documented
[2,9,12]. On the other hand, excessive physical activities,
especially asymmetrical ones, like fencing, rowing, throws
etc., may bring about postural disorders [18]. VVolleyball
is not considered to depend much on asymmetrical train-
ing loads but it seemed interesting to clarify possible ef-
fects of such training on body posture of adolescent girls.

Trunk asymmetry was reported in students engaged
in competitive sports, especially in sprinters, middle-
distance runners, combat sports and team games; in that
latter case, negligible asymmetry (5 — 10 mm) was found
for the course of spinous processes and a marked one
(above 10 mm) for waist triangles [8]. Trunk asymmetry
was markedly expressed in Brazilian elite handball play-
ers, especially in those having long training experience
[23]. In this study, mostly negligible deviations of spi-
nous processes were observed in about 30% of both
volleyball players and untrained girls. Sport training
based on asymmetrical loads of extremities may thus
lead to postural disorders; asymmetry in the frontal plane
was twice lower in swimmers than in control subjects,
the asymmetries of shoulders, shoulder blades or hips
being not observed [4]. According to Starosta [18], asym-
metry of upper extremities may induce contralateral
scolioses, pelvic asymmetry and lowering of one shoul-
der. This explains the dominance of left-sided deflec-
tions of spinous processes in the mostly right-handed
population. In a large cohort of over 10 000 children
aged 7 — 15 years, studied by the same technique as in
this study, a very high incidence (89%) of postural dis-
orders was shown; this included left-sided scolioses
(23.8%) and rounded back (17.3%). Comparable results
were obtained in this study.

Kyphotic posture tended to be more and the lordotic
one less frequent in volleyball players than in untrained
subjects (kyphotic: 36 and 26%, lordotic: 31 and 40%,
respectively; p<0.10). Similar results were reported for
70 male volleyball players aged 18 — 34 years [19]; the
authors attributed that finding to the typical of volleyball
posture consisting of forward bend with rounded back,
the arms and shoulders protruding. Similar posture was
also observed in hockey players [5] and in young swim-
mers [4].

Spine curvatures in the sagittal plane are affected by
the kind of motor activity and its intensity [1,7], the lum-
bar lordosis and thoracic kyphosis being interrelated [20].
The augmented a-angle, common in volleyball players,
may be related to their protruding head [22]. Some au-
thors point to the effect of body height on spinal angles;
namely, chest kyphosis may be augmented in tall people
[3]. High, positive correlations with body height were
reported for o and y angles and a negative one for 3 angle
[13]. However, Willner and Johnson [20] did not con-
firm the relation between the magnitude of lumbar lor-
dosis and body height. The sagittal spine profile may be
also affected by volleyball training since the a. angle was
nearly significantly greater and the y angle — smaller in
volleyball players with longer training experience than
in their mates of shorter experience, despite their tall
stature. Regarding the overall quality of body posture,
the frequencies of optimal and good ones (26 and 67%,
respectively) were reported to be markedly higher in
judoists than in volleyball players [24]; the author pre-
sumed that high muscle mass and strength, typical of
combat sports, may be essential in correcting postural
disorders.

Summing up, volleyball training may affect body
posture of adolescent girls. However, the sagittal spine
profile is determined also by individual features — genetic,
psychomotor, functional, habitual, etc. Yet, the asym-
metrical training loads and the seemingly progressing
thoracic kyphosis in young female volleyball players
may call for corrective or e.g. yoga exercises.

References

1. Barczyk K., T.Skolimowski, A.Hawrylak, E.Bie¢ (2005)
Sagittal spinal configuration in persons practicing selected
sport disciplines (Engl. abstr.). Pol.J.Sports Med. 21:395-400.

2. Bielec G. (2008) Influence of swimming classes to body
height, body mass and BMI in secondary school youth. Pol.J.
Sports Med. 24:285-292.

3. Charriere L., J.Roy (1963) Kinesitherapie des Deviations
Anteroposterieures du Rachis. Masson, Paris.

4. Fajdasz A., K.Zaton (2000) The spinal column formation
in young swimmers. (Engl. abstr.) Pol.J.Sports Med. 16:23-26

5. Fleck S.J., S.Case, J.Puhl, P.Van Handle (1985) Physical
and physiological characteristics of elite women volleyball
players. Can.J.Appl.Sci. 10:122-126.

6. Grabara M., D.Pstragowska (2008) Estimation of the
body posture in girls and boys related to their body mass index
(BMI). Pol.J.Sports Med. 24:231-239.

7. Hawrylak A., K.Barczyk, C.Giemza, D.Wéjtowicz, M.
Brodzinski (2008) Shaping the lordosis-kyphosis and lumbar
spine mobility in the students the University School of Physi-
cal Education in Wroctaw. Pol.J.Sports Med. 24:240-246.

8. Hawrylak A., T.Skolimowski, K.Barczyk, E.Bie¢ (2001)
Assymetry of trunk in athletes of different kind of sport. (Engl.
abstr.) Pol.J.Sports Med., 17:232-235.



Postural variables of volleyball-training girls

71

9. Ischander M., F.Zaldivar Jr, A.Eliakim (2007) Physical
activity, growth and inflammatory mediators in BMI-matched
female adolescent. Med.Sci.Sports Exerc. 39:1131-1138.

10. Melrose D.R., F.J.Spaniol, M.E.Bohling, R.A.Bonnette
(2007) Physiological and performance characteristics of ado-
lescent club volleyball players. J.Strength Cond.Res. 21:481-
486.

11. Menschik D., A.Saifuddin, M.Alexander, R.Blum (2008)
Adolescent physical activities as predictors of young adult
weight. Arch.Pediatr.Adolesc.Med. 162:29-33.

12. Mrozkowiak M. (2007) Uwarunkowania wybranych pa-
rametrow postawy ciata dzieci i mtodziezy oraz ich zmienno$¢
w Swietle mory projekcyjnej. Zamiejscowy Wydziat Kultury
Fizycznej, Gorzow Wielkopolski.

13. Palczewska I., Z.Niedzwiedzka (2001) Somatic deve-
lopment indices in children and youth of Warsaw. Develop.
Period Med. 5(Suppl. 1):15-118.

14. Prokopec M., M.Padevetova, M.Remenar, J.Zelezny
(2003) Morpho-physiological characteristics of young female
volleyball players. Papers Anthropol. 12:202-218.

15. Selingerova M., P.Selinger, I.Hiadlovsky (2004) Physi-
cal development of pubescent male and female volleyball
players. TVS Telesnha Vychova & Sport 14(3/4):37-41.

16. Stawinska T., K.Rozek K, Z.Ignasiak (2006) Body asym-
metry within trunk at children of early sports specialization.
(Engl. abstr.) Pol.J.Sports Med. 14:97-100.

17. Stamm R., M.Stamm, S.Koskel (2005) Combined as-
sessment of proficiency in the game, anthropometric variables
and highest reach tests results in a body build classification at
girls’ youth european volleyball Championship 2005 in Tal-
linn. Papers Anthropol. 14:333-343.

18. Starosta W. (1993) Ksztatt kregostupa z punktu widzenia
motoryki cztowieka i motoryki sportowej. (Engl. abstr.) Po-
stepy Rehabilitacji 7:19-32.

19. Slezynski J., J.Rottermund. (1991) Somatic indices, body
posture and foot arch of volleyball players. (Engl. abstr.) Phys.
Educ.Sport 35(4):59-66.

20. Sliwa, W.; D.Sobczak, J.Wolniec (1995) Characteristic
of body posture of the participants of the European Junior
Volleyball Championships. In: A.Barabas, G.Fabian (eds.)
Proc. 12" Symp.Internat.Soc.Biomechanics in Sports, Buda-
pest, pp. 210-212.

21. Viera B.L., B.J.Ferguson (1996) Volleyball: Steps to
Success (2™ ed.). Human Kinetics Publishers, Champaign IL.

22. Viviani, F., F.Baldin (1993) The somatotype of "ama-
teur" Italian female volleyball players. J.Sports Med.Phys.Fitn.
33:400-404.

23. Willner S., B.Johnson (1983) Thoracic kyphosis and
lumbar lordosis during the growth-period in children. A.Paediatr.
Scand. 72:873-878.

24. Zeyland-Malawka E. (2004) Selected morphologic and
functional parameters of human body as modifiers of antero-
posterior curvatures of the vertebral column. (Engl. abstr.)
Pol.J.Sports Med. 20:289-294.

25. Zuchetto A.T. (1991) Os efeitos do treinamento no de-
senvolvimento da postura em atletas de handebol. Thesis (M.
Ed.). Santa Maria: Universidade Federal de Santa Maria.

26. Zurek G., W.Btach, Z.Ignasiak, J.Migasiewicz (2005)
The assessment of body posture in judoists in light of photo-
grammetric method and Moire phenomenon. (Engl. abstr.)
Pol.J.Sports Med. 21:303-307.

Received 16.02.2009
Accepted 21.05.2009

© University of Physical Education, Warsaw, Poland



