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Muscular strength of 9-18-year old volleyball
athletes through computational dynamometry”
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ABSTRACT

The objective of this work was to describe and to com-
pare the isometric and isokinetic muscular strength at dif-
ferent maturational degree of boys and girlsvolleyball ath-
letes. 66 healthy children and youth participated in the study
in a competitive sportive training. From the 37 boys, 10
were prepubescent (PP), 15 pubescent (PU) and 12 postpu-
bescent (PO). From the girls, 11 were PP, 13 PU and 5 PO. A
computational dynamometer (Cybex Norm) was used to
measure the isokinetic strength of the elbow flexion (FC)
and the knee extension (EJ) at speeds of 60 and 90°.s. The
isometric strength was measured in the same exercises at
angles of 60 and 90° (FC), and 45 and 60° (EJ). The analysis
of variance ANOVA and the post hoc Tuckey test were used
for the comparisons between gender and maturational de-
grees. The significance level was considered as p < 0.05.
Among the maturational degrees, the older groups were
always stronger than the younger groups for both genders.
Among genders, the boys were stronger than girls only for
group PO, at both angles of the isometric test of FC and in
theisokinetic test at 90°.s*. In the isometric tests of EJ, the
values were not significantly different for boys and girls,
regardless the maturational degree. In the isokinetic tests,
the boyswere stronger than girlsin groups PP and PO, at 60
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and 90°.s. These results suggest that the maturational de-
gree is more determinant of muscular strength of volley-
ball young athletes than the gender.

Key words: Child. Youth. Sports. Anthropometric evaluation.

INTRODUCTION

The muscular strength may both reflect the health status
and to predict the performance for a given sportive modal-
ity. Also for children and youth, this component has been
emphasized, reflecting the large number of studies on the
trainability of strength in children®.

The muscular strength is important in many sports®®
and, specifically in volleyball, it is widely used?>9, Vol-
leyball is a sportive modality that requires power in the
upper members (especially shoulders), lower members
(jumps) and trunk, besides aerobic conditioning in order
to stay inagamethat could last for aslong asthree hours®.
The improvement of these abilitiesis quite important for a
volleyball player, being the muscular strength many times
the priority for the young athlete®.

The muscular strength in the lower members is indis-
pensable in volleyball, once without it the athlete runs the
risk of lesions and low power jumps. Also due to the hun-
dreds of jumps, the ligaments and the connective tissue
may be injured, as well as the articulations, especialy the
knees. With regard to the upper members, the strength seems
to be determinant for the team performance®.

The muscular strength isimportant for the basic training
of the volleyball athlete due to the future training overload
and to the lesion prevention. Although traumatic lesions
such as bone fractures and dislocations are not usual, there
are a large number of lesions by overload due to jumps,
attack jumps and defense jumps (“little fish”). These mi-
crolesions may lead to chronic problems that could last for
the lifetime of athletes; thus, a training adequate program
to reduce the risk of lesions becomes necessary.

The field tests are practical to evaluate the strength in
children®1D, however showing some disadvantages, once
they disable the control of factors that may influence the
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strength measure such as movement speed, articular angle
and the environmental conditions. The control of these fac-
torsisimportant due to the specificity of the sportive move-
ment, being controlled in laboratory with the use of com-
putational dynamometersin order to evaluate the different
types of strength (isometric and isokinetic). The applica-
bility of the Cybex Norm measure in the sportive perfor-
mance field, health and rehabilitation may present some
advantages such as to test different types of strength (iso-
metric and isokinetic). Despite the high cost, this equip-
ment is already used at the main exercise laboratories for
extended use in different groups®?.

The specific speed of the competitive volleyball move-
ments has guided the development of isokinetic training
programs addressed for the production of muscular con-
traction at specific speed at both muscular and neural lev-
els, reason why the isokinetic muscular strength measur-
ing appears to be so important.

Systematic studies using computational isokinetic dy-
namometers on the strength evaluationin children and youth
volleyball athletes are unknown. The first objective of this
study wasto describe and to compare the muscular strength
(isometric and isokinetic) with the use of the computation-
a dynamometry in healthy children and youth volleyball
athletes, from both genders at different maturational de-
grees.

MATERIAL AND METHODS

Design

The descriptive and transversal study evaluated the mus-
cular strength in children and youth volleyball athletesfrom

both genders, divided into three groups according to the
maturational degree.

Sample

The sample was composed of children and youth from
both genders and volleyball athletesin acompetitive sport-
ive training from a sports club.

66 volunteers participated on this study: 37 boys and 29
girls. Thetable 1 shows the sampling size and the physical
characteristics of age, body mass, size, body mass index,
body fatness percentile, triceps cutaneous skinfold, sub-
scapula, suprailiac, abdomen and thigh, and thigh and arm
circumference of each group. All white (except for two
black) healthy individuals participated on the competitive
sportive volleyball training, according to anamnesis super-
vised by pediatric physician®?.

The prepubescent (PP) participants trained about 4.5
weekly hours for at least one year; the pubescent (PU)
trained about 7.7 weekly hours with 1-3 years of training
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and the postpubescent (PO) trained about 12 weekly hours
with 2-6 years of training. All participated on physical ed-
ucation classes in school, twice a week.

Asinclusion criterion, the athletes could not present any
preceding muscular disease, chronic disease or obesity,
being expected to cooperate with the procedures. No vol-
unteer was excluded.

Procedures

An invitation was sent to the coaches with the purpose
of informing the objectives of this study and the coaches
in turn indicated the telephone number of the athletes in-
terested in participating on this study. Their parents were
contacted for elucidation and for tests scheduling. Only
those who agreed with all study procedures participated in
this study after their parents signed up an approval written
form. The project was approved by the Research Ethics
Committee from the Rio Grande do Sul Federal Universi-
ty. Each evaluation was performed by the same investiga-
tor for a better standardization and tests controlling. Each
athlete attended once the Exercise Research Laboratory (La
pex) accompanied by one parent for the following proce-
dures: 1) selection and elucidation; 2) maturity and body
composition evaluations; and 3) strength evaluation.

The participants were self-evaluated for PP, PU and PO
degrees of maturation, according to the maturational clas-
sification of Tanner (1962)4. One female appraiser ex-
plained the self-evaluation for the girlsand amale apprais-
er, for the boys. This self-evaluation has shown to be valid,
strongly correlating with the direct observation®,

The body mass and the size were measured in electronic
bal ance and estadiometer label Filizola, and the body mass
index (IMC) was calculated. The fatness percentile was cal -
culated by means of the Slaughter et al. (1988)19 equation
in which parameters such as gender, race and maturational
degree are taken into consideration. In order to evaluate
the fatness, the cutaneous skinfold was measured always
on the right side, with the use of the Lange compass and
following the Lohman et al. (1991)@7 standards. The arm
and thigh circumference (medial) were measured with the
Lufkin metric tape.

Theisokinetic (concentric) and isometric strengths were
evaluated in a computational dynamometer (Cybex Norm),
always calibrated before the beginning of tests. The move-
ments performed were the knee extension (EJ) and the el-
bow flexion (FC), using the torque peak as measure.

For all participants tested, for both knee extension and
elbow flexion, there was afamiliarization with three move-
ments for each speed; and after a 30-second rest, the test-
ing started.
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For the EJ measure, the individuals remained comfort-
ably seated at the equipment’s chair, holding the side sup-
port. Their backs were rested against the back of the chair,
which was adjusted for the fossa poplitea to be rested on
the anterior part of the seat and for the central point of the
knee articulation to be aligned to the dynamometer rota-
tion axis. The hands were holding the side support. For a
better thigh fixation, a belt was fastened above the knee
articulation such as a seat belt in order to adjust trunk to
the back of the chair.

For the FC measure, the individuals remained at decum-
bent position with knees bent and feet rested on a specific
support. The trunk was fixed with a seat belt and the left
hand holding the side of the equipment. The center of the

elbow articulation was aligned to the dynamometer rota-
tion axis. The shoulder was fixed with a belt, fastened di-
agonally from the right shoulder to the left elbow. This
belt was fixed to the equipment with the objective of min-
imi zing the movement and avoi ding the compensation with
the shoulder musculature.

Firstly, the isokinetic strength was evaluated at speeds
of 60 and 90°.s?, with three replicates for each speed with
a 90-minute interval between them. The strength highest
peak was considered as resullt.

After 120 seconds, the isometric strength was evaluated
at angles of 45 and 60° of EJ (total extension = 0°) and 60
and 90° of Fc (total flexion = 180°), always in this order
and at the right side, with a 120-second interval between

TABLE 1
Physical characteristics of sampled children and youth (mean + standard deviation)

Prepubescent Pubescent Postpubescent
Sample size Boys 10 15 12
Girls 11 13 5
Age (years) Boys 10.2+0.8 125+2.0 170+1.1
Girls 102+1.1 122+1.4 16.8+1.5
Body mass (kg) Boys 45.6 +11.2° 53.8 +12.0° 76.9+9.6
Girls 40.7+ 9.3% 57.4 +10.3 67.6 +6.2
Size (cm) Boys 150.3 + 0.092 165.5 + 0.12° 188.2 + 0.05*
Girls 147.6 £ 0.11% 163.0 + 0.06° 178.2 £ 0.04
IMC (kg/m2) Boys 20.0+3.1 19.4+23 21.7+27
Girls 18.5+2.12 21.7+3.5 21.3+1.5
% of Fatness (Slaughter, 1988) Boys 25.4 + 5.7 21.4 + 4.6* 20.1 £ 2.5*
Girls 22.3+5.1 28.7+7.6 248+ 3.5
Triceps (mm) Boys 155+ 3.8° 125+ 4.7* 8.9+27*
Girls 149+54 20.4+6.8 16.4 + 3.8
Subscapula (mm) Boys 12.8+6.3 9.1+4.3* 10.1+2.7
Girls 8.9 +4.42 16.0+6.1 12.3+25
Suprailiac (mm) Boys 17.6 +10.1 13.4+7.7* 10.0 + 4.4*
Girls 152+ 6.6 209+7.9 16.6 +4.3
Abdomen (mm) Boys 21.0 £ 10.4° 150+ 7.7* 10.6 + 4.9*
Girls 149+ 6.62 23.9+6.3 21.4+48
Thigh (mm) Boys 22.2+6.7° 17.4 + 4.6¢c* 10.6 + 3.2*
Girls 206 +5.7 23.3+6.8 21.0+25
Arm circumference (cm) Boys 23.3+2.6° 240+ 2.1° 286+1.9
Girls 22.2+25% 257+26 27.0+1.3
Thigh circumference (cm) Boys 45.3 £ 4.5° 475 +5.2b 54.4+4.2
Girls 42.9 + 4.8 50.2+6.1 54.1+2.2

* Different from girls for the same maturational degree (p < 0.05).
2 Different from PU; ® Different from PO.
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them. The test was composed of three maximal voluntary
contractions at each angle, each onewith acontractiontime
of five seconds, with a 90-second interval between them,
considering that the contraction timein order to assure that
the maximal strength has been reached is between three
and five seconds with two up to five contractions'®. The
interval was of 120 seconds between the angles. Thetorque
highest peak from the three attempts was considered as
result.

Therest interval protocol used was based on the work of
Ramsay et al.®¥ and Hebestreit et al.?® During all evalua-
tions, the same appraiser performed a verbal stimulus. At
the end of the tests, the appraisers guided the el ongation of
the tested musculature.

Statistical analysis

The results are expressed in terms of the average and
standard deviation per group, according to maturation and
gender. The analysis of variance (ANOVA) was used for the
comparisons between gender and maturational degree. To

Angle and maturational degree

OBoys B Girls

* p < 0.05 in relation to girls
Pre-pubertal (PP) were different from pubertal (PU) and from post-pubertal (PO)
and PU were different from PO, among the same gender (p < 0.05).

Fig. 1 —Elbow flexion (EF) isometric muscular strength in Nm (average
+ standard deviation)

Angle and maturational degree

OBoys HGirls

* p < 0.05 in relation to girls
Pre-pubertal (PP) were different from pubertal (PU) and from post-pubertal (PO)
and PU were different from PO, among the same gender (p < 0.05).

investigate where significant differences between the mat-
urational degrees occurred, the post hoc Tuckey test was
used. The significance level considered was p < 0.05. The
program spss 8.0 software was used for the analyses.

RESULTS

Thefigure 1 showstheresults of the FC isometric strength
per gender and maturation. In the isometric strength, boys
were stronger than girls only for group PO, for both angles.
Thefigure 2 shows the results of the FC isokinetic strength
per gender and maturation. In the isokinetic strength, boys
were stronger than girls only for group PO and at speed of
90°.s. In both the FC isometric and isokinetic strengths,
the older groups were always stronger than the younger
ones, for both genders.

Thefigure 3 showstheresults of the EJisometric strength
per gender and maturation. Boys and girls presented simi-
lar results in the isometric strength tests, regardless the
maturational degree. Figure 4 shows the result of the EJ

Speed and maturational degree

OBoys W Girls

* p < 0.05 in relation to girls
Pre-pubertal (PP) were different from pubertal (PU) and from post-pubertal (PO)
and PU were different from PO, among the same gender (p < 0.05).

Fig. 2 — Elbow flexion (EF) isokinetic muscular strength in Nm (aver-
age + standard deviation)

Speed and maturational degree

OBoys W Girls

* p < 0.05 in relation to girls
Pre-pubertal (PP) were different from pubertal (PU) and from post-pubertal (PO)

and PU were different from PO, among the same gender (p < 0.05).

Fig. 3 — Knee extension (KE) isometric muscular strength in Nm (aver-
age + standard deviation)
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Fig. 4 — Knee extension (KE) isokinetic muscular strength in Nm (aver-
age + standard deviation)
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isokinetic strength by gender and maturational degree. In
the isokinetic strength, boys were stronger than girls for
groups PP and PO at both speeds tested (60 and 90°.s%). For
both isometric and isokinetic strengths, the older groups
were always stronger than the younger ones, for both gen-
ders.

DISCUSSION

The present study described and compared the muscular
strength of boys and girls volleyball athletes from nine to
18 years of age. FC and EJ tests were performed in an isok-
inetic dynamometer, using a protocol previously applied
to groups of non-athletes children and youtht2,

We believe that the sample was representative of a com-
petitive volleyball athlete children and youth group. No
difference statistically significant was found in the body
mass, size and IMC (table 1) between genders, except for
size in the group PO in which boys were taller than girls.
With regard to the fatness, the girls demonstrated higher
values of cutaneous skinfold and fatness percentile than
boys from puberty, except for the subscapula in the group
PO. This differences standard seems not to be affected by
the practice of the physical activity, once it al'so occur in
non-athletes®?. Furthermore, part of the difference may be
due to the high calorie ingestion, as demonstrated by stud-
ies by Almeida and Soares®, when studied a group of fe-
male volleyball athletes from Rio de Janeiro with training
load equal to the present study and average age of 16 years.

Coincidently, our PO athletes presented anthropometric
values quite similar to the mentioned study (body mass of
64.35 kg; size of 1.74 m; fatness percentile of 20.51; tri-
ceps of 17.55 mm; subscapula of 13.74 mm; suprailiac of
12.95 mm; abdomen of 21.01 mm; thigh of 26.05; arm
perimeter of 26.01 cm and thigh perimeter of 52.29 cm).

With regard to the muscular strength, according to re-
sults, the study has emphasized that the maturational de-
gree strongly influences the muscular strength, and differ-
ences statistically significant were found for all groups
tested for both genders.

With regard to the prepubescent groups, the boys were
stronger than the girlsonly for the EJisokinetic test at 60°.s?.
In astudy by Schneider et al.*?, who used the same proto-
col as the present study with a non-athletes sample, it is
observed that the boys from group PP were stronger than
the girlsfor the EJisometric tests at 45 and 60°, and for the
FC isokinetic tests at 60 and 90°.s*. Thisindicates that the
girls from group PP of this study, who practice volleyball
competitively, reach strength levels similar to boys, espe-
cially at the upper members. This finding is supported by
studies®?*2 that demonstrated responses of strength in-
crease on prepubescent girls after strength training.
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In the present study, no difference was found between
gendersin none of the tests between the pubescent groups.
In the study*? with non-athl etes pubescent previously men-
tioned, the boys were stronger than the girlsin most of the
tests. This may demonstrate that the pubescent girls, who
participate on a competitive sport modality such as volley-
ball, may increase their strength in order to become as
strong as the boys. It may be discussable how much of this
strength is due to the volleyball specific training, but any-
how, theseresultsreveal theimportance of the sportive prac-
tice, especially among female youth, who belong to a risk
group for the decrease of the physical activity degree®.

In the postpubescent groups, more differenceswere found
between genders, comparing to the prepubescent and pu-
bescent groups. In this case, boys were significantly stron-
ger than girlsin three out of the four FC testsand in two out
of the four EJ tests. For the other tests, despite the higher
torque peak values presented by boys, the difference was
not statistically significant.

It is possible that the differences between genders were
even higher if a higher number of girls had participated in
this study. Thiswas not possible due to the non-attendance
of girls on tests, despite the facilities for the scheduling of
them.

The highest strength of the male PO may be explained
due to the increase on the muscular mass in this gender
and age range. The differences between genders occurred,
despite the similar physical trainings. However, these
strength differences between genders may be diminished
in the upper members if corrected by the muscular mass,
and may not exist in the lower members®). During the
growth peak, the boys tend to increase the difference of
strength gain in relation to the girls®. With the beginning
of puberty, the strength increase may be different between
genders by the testosterone androgenic action®. Even not
quite strong as the boys, the girls from the present study
presented values about 100% higher than values from a
similar group of non-athlete girls*?, indicating that the vol-
leyball practice led to an increase on the muscul ar strength.

Despite the general increase on the muscular strength
found in the present study in relation to the non-athletes,
thisincrease could be even optimized if the athletes partic-
ipated on a specific training of muscular strength. In the
study of Smith et al.(, volleyball athletes were divided into
strength-training group and control group. The strength-
training group increased significantly the vertical jump and
the knee extension at 180°.s, while the control group did
not obtain significant increase, otherwise decreasing the
power of the block jump. This jump power decrease was
positively correlated to the decrease on the knee extension
strength at 180°.s. The authors suggested that this perfor-
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mance decrease might have occurred due to the lack of
strength training, thus leading to a higher fatigue in this
muscular group.

In the present study, we did not correlate the results of
muscular strength to tests of volleyball performance. We
attempted to standardize the evaluation protocol based on
aprevious study®? in order to enable comparisons between
groups. We understand that we could include other move-
ments, angles and speeds that would reflect other game
situations and thus, to correlate them to the sport perfor-
mance. Anyway, the protocol used in laboratory with dy-
namometry allowed the control of variables that could af-
fect the strength values, enabling higher accuracy on the
selected tests.
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