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ABSTRACT

Mattes, K, Wollesen, B, and Manzer, S. Asymmetries of maximum

trunk, hand, and leg strength in comparison to volleyball and

fitness athletes. J Strength Cond Res 32(1): 57–65, 2018—

Playing volleyball and corresponding training loads lead to spe-

cific strains and might result in asymmetric muscle pattern. The

study aimed to identify volleyball-specific maximum bilateral

strength asymmetries in comparison to fitness athletes. The

cross-sectional study design compared an age-matched male vol-

leyball group (n = 23; 27.9 6 5 years) with a fitness group (n =

30; 26.3 6 3 years). The participants performed an isometric

maximum handgrip strength test followed by 2 isokinetic concen-

tric maximum strength tests to determine the performance capac-

ity of the axial trunk rotators (left-right) and bilateral leg extensors.

Differences between groups and left-right side (within group) were

proven by variance analysis with repeated measurements. There

was a left-right difference with higher maximum forces for the

rotation in the right direction in the volleyball group (p = 0.0058)

but the group interaction effect was not significant after alpha error

accumulation. The results of the leg press indicated a stronger left

leg in the fitness group (nonsignificant) in comparison to the vol-

leyball group. Overall, the volleyball group displayed symmetry in

maximum handgrip and leg strength and asymmetry in trunk rota-

tion with higher strength in right rotation. This asymmetry for the

right trunk rotation showed a small effect size. The resulting asym-

metry might be an adaptation to the volleyball techniques, but it

remains unclear if this is a cause for or of injury. As a practical

implication, the asymmetries should be examined to develop indi-

vidualized strength training programs for both groups.

KEY WORDS trunk rotation, isometric maximum handgrip

strength, strength, asymmetry, sport-specific muscle patterns,

leg press

INTRODUCTION

S
everal sport activities require asymmetric move-
ments (e.g., volleyball) to gain a high level of
sport-specific performance. This is associated with
specific muscular adaptations. Although required

for optimum performance, these asymmetries in strength
could also lead to pain (38) and subsequently to reduced
performance (3,4). Left-right differences of 10% or above
are considered as risk factors for injuries (6,17,45). Therefore
the assessment of muscular asymmetries is becoming
increasingly important in the clinical field as well as for
strength and conditioning of practitioners (3).

Volleyball is a sport with a distinct profile. As shown in
a review by Seminati andMinetti (37), 250–300 highly explosive
actions take place over a period of 5 sets in high-level volleyball
matches. These can be divided into jumps (50–60%), attacks
(27–33%), and ground moves, such as diving for the ball (12–
16%). According to Hadzic et al. (15), the specific movements
of volleyball athletes result in an asymmetric dominant side.
Serving and smashing techniques are characterized by a hyper-
lordosis of the lower back in combination with lateral flexion
before hitting the ball and thoracic kyphosis and side bending as
well as shoulder hitching during and after hitting the ball (31),
resulting in strength asymmetries of the upper body, especially
for the shoulder girdle and for trunk rotation.

The lower extremities are challenged due to jumps and
attacks: Both techniques are performed with a sequenced
step approach to alleviate the forward impulse of movement
(horizontal speed) across the weight-bearing leg in a vertical
direction related to jumping height (18,41). The take-off
technique requires increased leg loading which determines
the vertical height due to the foot position, which is situated
closer to the vertical projection of the body’s center of mass
(5,44). Individuals who are right-hand dominant usually use
their left leg to gain vertical height (44). Another example of
unbalanced movements is the spike movement, which is
linked to unilateral trunk rotation to facilitate higher speeds
for hitting the ball. This movement comprises the back
swing of the spiking arm in combination with rotation of
the trunk (7), although the trunk muscles are first pre-
stretched and then concentrically contracted.
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A study by Miltner et al. (32) examined trunk strength of
12 professional volleyball athletes in comparison to nonvol-
leyball players to identify predisposing factors and create
a corresponding prevention program to avoid overuse inju-
ries. The volleyball players showed less muscle strength for
the left trunk rotation compared with right trunk rotation.
The individual analysis of each player revealed distinct mus-
cle imbalances in 5 of the 12 players. Overall, these results
cannot be generalized because of the small sample size.

In contrast to volleyball practice, fitness training is
commonly associated with a symmetric movement pattern
as the goal of the exercise is to train symmetric strength. In
case of asymmetric movement patterns, the work load is
controlled to avoid dysfunctional asymmetries. However, if
asymmetries are identified, the training of weak muscles
gains priority (26).

Previous research on muscular imbalance and dependent
force data for left and right rotations focused on various
isometric and isokinetic measurement protocols, used dif-
ferent athlete groups and measuring instruments, and
therefore led to contradictory results. Some studies showed
significant left-right-differences of trunk rotational strength
(2,8,20,23,29), whereas other studies reported symmetric
strength (14,21,29,34,39). Furthermore, axial movements of
the trunk are related to spine and back pain (19,20,23,24,32)
and the bilateral asymmetric strength to trunk rotation
(13,19–21,23,27,28,37). However, these studies did not take
the handedness and footedness into account and did not
have an appropriate control condition.

In summary, it is important for the prevention of injuries
and for the rehabilitation after injuries to recognize the
optimal balance between asymmetric strength required by
the sport-specific techniques and asymmetries that increase
the risk of (re-)injury (16,31). Therefore, the awareness of
this sport-specific asymmetry is important for the assessment
of muscular imbalances and their detraining during rehabil-
itation. Especially after being injured, it is essential to regain
strength, with an important criterion being the bilateral
adjustment of strength imbalances in the lower limb. How-
ever, it should be considered that for volleyball athletes, the
forces, which are required for take-off, have to be produced
asymmetrically by the take-off leg.

Moreover, the handedness and footedness influence
muscular strength symmetries (10), because the dominant
side is usually stronger. To describe the handedness and foot-
edness, there is a distinction between the preferred hand or
leg during activities and the performance of the dominant
hand or leg. The preferred limb will be used frequently in
everyday movements such as using a tool or manipulating
objects such as throwing a ball. In contrast, the dominant
limb shows higher forces in strength tests (e.g., handgrip
tests, unilateral strength, or jump tests).

The middle part of Europe is dominated by right-handed
persons. The right hand is therefore used more frequently
and has a higher grip strength. This handedness could be

associated with 1 dominant take-off leg (left or right). For
right-handed persons, the most frequent combination is the
right hand with a left take-off leg (33).

Overall, it seems to be important to analyze sport-specific
aspects of symmetry and asymmetry concerning the whole
body movement. For the volleyball movements, there might
be an association of handgrip forces, trunk rotation, and leg
strength with resulting asymmetries, whereas these specific
asymmetries might not occur for fitness athletes with no
sport-specific movement patterns.

Therefore, the aim of this study is to compare the muscle
strength profiles of maximum isometric handgrip strength,
isokinetic concentric trunk rotation strength, and bilateral
leg extension strength in the closed chain of volleyball
players and fitness athletes, and furthermore to assess
possible strength asymmetries between the left and right
side. Our hypothesis is that volleyball athletes show a left/
right asymmetry in trunk rotation and leg strength but not
for handgrip strength. For the group of fitness athletes, no
asymmetry is expected because of their training goal of
muscular symmetry.

METHODS

Experimental Approach to the Problem

This cross-sectional study design compared 2 groups of
volunteers who participated in 2 different sports (volleyball
and fitness group). The participants performed an isometric
maximum handgrip strength test followed by 2 maximum
isokinetic concentric strength tests to determine the perfor-
mance capacity of the axial trunk rotators to the left and
right side in addition to bilateral closed-chain leg extension
(leg press).

Subjects

Participants (Table 1) were recruited by online advertise-
ments targeting fitness groups. In addition, personal contact
was made with 2 semi-professional male volleyball teams
(third division German league). Participants in the volleyball
group had trained for 136 5 years (practicing 3 times a week
in addition to in-season matches). The fitness group had
trained for 10 6 6 years with an average of 4 times per week
(fitness, handball, martial arts, gymnastics, and other sports).
The volleyball athletes were on an average 6.5 cm taller and
7.2 kg heavier than the fitness group. At the time of mea-
surement, all participants were free of any orthopedic diag-
nostic finding and had no previous episodes of back pain. We
did not include any person younger than 18 years. The range
of age in the groups was from 19 to 45 years. All subjects
were informed of the risks and benefits of the study and then
gave written informed consent to participate. We did not
account for nutritional intake, hydration status, and time of
testing due to logistics and availability of participants to per-
form tests and their participation in our study. However,
most, if not all, of the participants were acutely aware of
their nutritional and hydration intake during testing and
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did not seem to deviate from their usual nutritional and
hydration status. The institutional local ethics committee
of the University of Hamburg approved this study.

Procedures

Participants were introduced and familiarized with the tests
and asked about their dominant hand and leg. All athletes
completed a 10-minute warm-up, running on the treadmill at
a preferred speed.

Assessment of Handgrip Strength. The Jamar Hydraulic hand
dynamometer (Model 5030J1; J. A. Preston Corporation,
Clifton, NJ, USA) was used to measure the maximum
handgrip strength. The instrument has previously shown
excellent reliability (intraclass correlation coefficient [ICC]
(1,3) = 0.98) and validity (ICC (2,K) = 0.99) (16). The hand
dynamometer was adjusted to the individual’s hand size. Max-
imum handgrip strength was measured to identify the stron-

ger hand. The handgrip strength test was conducted in
a randomized order (starting with the left or right hand). Each
hand was tested twice with a 1-minute rest between trials.
The test took place in a standing position with extended arms
perpendicular to the body. If required, the participants could
use magnesium carbonate (chalk) for the hands to ensure grip.
The mean value of both tests served as the result.

Assessment of Trunk and Leg Strength. The isokinetic tests for
maximum strength of trunk rotation and bilateral leg
extension were carried out with the IsoMed 2000 (D&R
Ferstl/GmbH, Henau, Germany) using the adapters pro-
duced by the manufacturer. The torque and rotation angle
were measured in each direction of axial trunk rotation. The
footrest of the leg press was equipped with 2 strain gauges
to measure the force of the left and right leg separately.
This allowed the measurement of extension strength

Figure 1. Positioning of the participants on the IsoMed 2000-Dynamometer.

TABLE 1. Age and anthropometric data (N = 53).*†

Group N Age (y) BM (kg) BH (cm)

Hand dominance

Right Left

Fitness 30 26.3 6 3 78.5 6 8.9 180.1 6 5.6 26 4
Volleyball 23 27.9 6 5 85.7 6 11.1 186.6 6 6.2 21 2
Total 53 27.0 6 4 81.6 6 10.4 182.9 6 6.7 47 6

*BM = body mass; BH = body height.
†Values are mean 6 SD.
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TABLE 2. Comparison between left and right side and between fitness and volleyball; analysis of variance, main effects (ME), interaction side 3 group (IA), and
between-subject effect groups (BE) (N = 53).*†

Test Variables

Fitness (N = 30) Volleyball (N = 23) ME IA BE

Left Right Left Right p h2
p p h2

p

Hand grip Max force/body mass (N$kg21) 0.53 6 0.13 0.56 6 0.13 0.44 6 0.1 0.43 6 0.09 0.1736 0.036 0.031 0.0006
Max force (N) 41.4 6 10.3 43.6 6 9.7 37 6 7.1 36.3 6 6.4

Trunk rotation Mean torque/body mass (Nm$kg21) 1.17 6 0.35 1.17 6 0.34 1.20 6 0.31 1.33 6 0.31 0.0053 0.142 0.0058 0.2878
Mean torque (Nm) 105.1 6 31.9 105.3 6 31.1 108 6 27.7 119.7 6 28.1
Mean power (W) 220.1 6 66.7 220.1 6 64.9 225.9 6 57.9 250.5 6 58.9
Mean work (J) 102.5 6 29.6 104.2 6 31 104.9 6 29.2 120 6 28.2
Mean ROM (8) 55.8 6 3.2 55.9 6 3.9 55.3 6 3.2 56.5 6 2.2

Max torque/body mass (Nm$kg21) 1.78 6 0.46 1.77 6 0.45 1.81 6 0.42 1.98 6 0.36
Max torque (Nm) 160.2 6 41.2 158.9 6 40.4 163.1 6 37.5 178.5 6 32.4
Max power (W) 335.1 6 85.6 332.7 6 84.3 341.3 6 78.6 374 6 67.7
Max work (J) 114.6 6 33.6 113.3 6 31.5 115 6 29.5 128.9 6 28.3

Leg press Mean force/body mass (N$kg21) 14.9 6 2.4 14.4 6 2.5 14.7 6 2.2 14.5 6 1.8 0.0187 0.104 0.419 0.899
Mean force (N) 1,170 6 217 1,132 6 227 1,250 6 176 1,234 6 173
Mean power (W) 211 6 39 204 6 41 225 6 32 222 6 31
Mean work (J) 333 6 68 322 6 69 368 6 55 363 6 55
ROM (mm) 282 6 17 — 292 6 13 —

Max force (N) 1,673 6 331 1,654 6 343 1,815 6 291 1,806 6 271
Max force/body mass (N$kg21) 21.4 6 3.8 21.1 6 3.8 21.5 6 4.0 21.3 6 3.4

Max power (W) 302 6 60 298 6 62 327 6 53 326 6 49
Max work (J) 345 6 69 334 6 71 382 6 56 376 6 55

Max ROM (mm) 283 6 17 – 293 6 13 —

*ROM = range of motion expressed in degrees and millimeters.
†Values are mean 6 SD.
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independently for each of the left and right side during the
bilateral movement. The accuracy of the measurement for
the torque of the trunk rotation was 0.25% and for the
stretcher force 2% with a measuring frequency of 200 Hz.
Test results were generated by the computer software Iso-
Med analyze 2008. For the isokinetic maximum strength
tests, the average and maximum values were derived from
the values of work and power.

The participants performed an isokinetic maximum
strength test of the trunk muscles in a sitting position with
a hip and knee angle of 908 during an angular velocity of
1208$s21. The test instructor fixated the test person with cush-
ions alongside the pelvis, anteriorly and laterally on the tibia
and frontally along the shoulders to keep knees, hip, and
shoulders in position during testing. The hands were kept
on gripped bars to the side at the height of the chin (Figure 1).

For familiarization to the test conditions and to warm-up
the analyzed muscles, 2 submaximal contractions were
performed as trial-runs before the actual test. Data collection
took place during maximum concentric contraction in 2 sets
with 3 repetitions and a 3-minute rest between sets. The
potential range of movement was 468 in both directions. The
2 test-sets started with left rotation (movement to the left).
The medial torque, power, and work ICC (3.1)-values 0.94–
0.98 of the left rotation and 0.97–0.98 of the right rotation
have been calculated as measuring accuracy for the test pro-
tocol. The limits of agreement were located at 20.7 or 20.5
Nm for the average torque, 43.5 or 42.7 W for the power,
and 27.9 or 27.2 years for the work to the left and right side of
rotation (26).

After testing trunk rotation, the IsoMed was converted to
the leg press test. The participant had 5 minutes to recover
between the 2 exercises. The participant sat on the leg
training machine with his feet on the footrest with a defined
distance between the heel and buttock. The angle of the

footrest was inclined forward to 158 (second hole as shown
in Figure 1). The position of the footrest depended on the
individual leg length. The angle of the backrest was on a 788
incline to the horizontal. Again, the participant completed 2
submaximal contractions to become accustomed to the test-
ing conditions. After 3 minutes of rest, the bilateral isokinetic
maximum strength test started with 2 sets, each with 3 rep-
etitions at a speed of 180 mm$s21 and a 3-minute break
between the sets. A relative reproducibility could be deter-
mined for the average of strength, work, and power with
ICC(3.1)-values $0.9 for the test protocol to determine the
bilateral maximal strength being achieved with the leg train-
ing machine (25).

The entire testing procedure was supervised by an
experienced test instructor. The test instructor verbally
motivated the participant. During the test, the instructor
provided visual feedback to support maximal strength
development (28). The entire test took approximately 20 mi-
nutes. Out of each trunk rotation and leg press trial, the set
with the highest performance was included in the analysis as
the average of the 3 contractions performed.

Statistical Analyses

To process and to analyze the results of the isokinetic
maximum strength tests, data were exported into a file format
compatible with Excel using the manufacturer’s software (Iso-
Med analyze, 2008). To determine the degree of symmetry
between the left and right side of the body, the index of
symmetry was calculated by the following formula (36):

SI ¼ ðXR2XLÞ
0:5ðXR þ XLÞ

3100%

For XR and XL, the corresponding data of trunk rotation
to the left and right side or the left and right side of the

extremity (hand or leg) were
used to calculate the index of
symmetry for the handgrip
strength and isokinetic maxi-
mum strength of trunk rotation
as well as for leg extensions.

The statistical analysis
included the description of
the arithmetic mean values
and SDs. For the main out-
comes (maximum handgrip
force/body mass, average
trunk rotation torque/body
mass, and average leg press
force/body mass), a variance
analysis with repeated meas-
ures based on the general lin-
ear model and the inner subject
factor “side” (left and right) as
well as between-subject factor

TABLE 3. Comparison of the symmetry index (SI) between fitness and volleyball
groups (N = 53).*†

Test SI (%) Fitness (N = 30) Volleyball (N = 23) p (sig.)

Hand grip Max force 5.5 6 13.4 20.9 6 6.6 0.0266
Trunk rotation Mean torque 0.9 6 14.2 10.6 6 14.0 0.0083

Mean power 0.9 6 14.1 10.7 6 14.2 0.0087
Mean work 2.2 6 16.8 14.0 6 17.2 0.0105
Mean ROM 0.2 6 10.3 2.3 6 7.7 0.5880
Max torque 20.3 6 13.0 10.0 6 12.5 0.0069
Max power 20.1 6 12.9 10.0 6 12.6 0.0063
Max work 20.2 6 13.9 12.0 6 15.7 0.0081
Max ROM 20.3 6 2.1 20.3 6 1.3 0.8612

Leg press Mean force 23.6 6 8.0 21.3 6 8.5 0.5780
Max force 21.3 6 7.1 20.3 6 9.0 0.8928

*ROM = range of motion.
†Values are mean 6 SD.
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“group” (volleyball and fitness) was calculated. Normal dis-
tribution and variance homogeneity was verified by the
Kolmogorov-Smirnov and the Levene’s test. To test the
paired mean differences, the least significant difference was
used. The partial Eta-square (h2

p) functioned as an indicator
for the effect size (small effect h2

p $ 0.08, moderate effect h2
p

$ 0.20, and h2
p $ 0.32 high effect, (11,12)). The p-value was

Bonferoni corrected (p = 0.05 divided by 9 tests resulted in
an accepted p-value of 0.0056) considering the alpha error
accumulation. The symmetry index was not normally dis-
tributed, therefore nonparametric tests were used (Mann-
Whitney U Test). The statistical calculations were conducted
using IBM SPSS 20.0 (Chicago, IL, USA).

RESULTS

Table 2 reports the results of the relevant statistical analyses
for the force data in relation to body mass. The fitness group
showed higher grip forces in relation to body mass than the
volleyball group. The handgrip forces were higher for the
right hand in comparison to the left hand in the fitness
group, whereas the handgrip forces for the volleyball group
showed no differences between both hands. The main effect
for the group interactions was significant (p = 0.031) after
correction for multiple testing.

A significant main effect with a small effect size (0.142)
was found for the trunk rotation strength in relation to body
mass (Table 2). This left-right-difference with higher maxi-
mum forces for the rotation in the right direction was pres-
ent in the volleyball athletes. The main effect for the group
interaction failed to be significant after correction for alpha
error accumulation (p = 0.0058).

Regarding the results of the leg press, the main effect for the
differences between the left and the right leg failed to be
significant after correcting for alpha error accumulation (p =
0.0187). Data indicate a stronger left leg in both groups (Table 2).

Table 3 shows the calculated symmetry index for handgrip
strength, trunk rotation strength, and leg press when com-
paring the volleyball and the fitness group. The fitness group
showed higher handgrip forces for the right hand (5.5 6
13.4%) and reduced right leg power (23.6 6 8%) in com-
parison to the left leg. The volleyball athletes showed higher
trunk rotation strength to the right side (10.6 6 14%).

DISCUSSION

The aim of this cross-sectional study was to compare body
symmetry measured as maximum strength of handgrip, axial
trunk rotation, and leg extension of 2 groups of athletes of
the same age but participating in different sports (fitness vs.
volleyball). This is important for prevention and rehabilita-
tion of resulting injuries and to conduct sport-specific
athletic training. The main expectation was that both groups
do not differ in the maximum strength of handgrip.
Moreover, we supposed an asymmetric strength for trunk
rotation and leg extension for the volleyball group and no
asymmetries for the fitness group.

Handgrip Strength

Results indicated that the fitness group had strength
asymmetry of the hands and legs, but not for trunk rotation.
The fitness group was characterized by a combination of
a stronger right hand and a stronger left leg which is normal
for right-handed persons. In contrast, the volleyball group
displayed symmetry in handgrip strength.

There were more right-handed participants (N = 47) in
the sample. This explains the greater maximum handgrip
forces of the fitness group. The dominance of the right hand
reflects the normal conditions of right-handed people being
dominant in the German (European) population (30).
Because of the 7.2 kg higher average of the body mass for
the volleyball group, the difference between both groups
increased with regard to the relative grip forces. One reason
for these findings might be the fact that grip forces are not
relevant for the spike movement in volleyball. It is more
important to gain a good impulse transmission from the
hand to the ball while hitting the ball. Moreover, the direc-
tion of the speed of the departing ball determines the impact
on the ball. These aspects require a relaxed wrist and in this
instance a grasping maneuver is not required.

Overall, the first hypothesis that both groups do not differ
in handgrip strength has to be rejected. Moreover, it has to
be reflected that for this examined group a general fitness
training does not lead to symmetric handgrip strength.
Because unilateral movements in daily or sporting activities
might result in overuse or injuries as well, the individual
symmetry profile needs to be integrated into the training
routines for individualized prevention despite sport-specific
recommendations.

Isokinetic Concentric Trunk Rotation Strength

For the volleyball athletes, the results showed an asymmetry
in trunk rotation with higher strength toward right rotation,
whereas the fitness group did not show a left/right
asymmetry in trunk rotation strength. Thus, our results
confirmed previous studies which did not find asymmetry in
maximum trunk rotation strength for fitness athletes
(14,21,29,34,39).

In contrast, the volleyball group had an expected asym-
metry with stronger trunk rotation to the right side. This
finding matches the results of Miltner et al. (32), who deter-
mined a stronger rotation to the right of volleyball players at
national levels. The sports specific asymmetrical loads may
explain parts of these findings. To gain the necessary speed
for hitting the ball, the mechanisms of trunk, hip, and shoul-
der rotation are needed as explained by Brown et al. (7). To
maintain trunk stability in the air while hitting the ball, the
surrounding muscles for rotation to the right side are acti-
vated to a higher degree. Therefore, the strength training of
the volleyball players involved more practice of jumping and
trunk strength, as well as trunk stabilization without signifi-
cant additional loads which exceed barbell or machine train-
ing with submaximal to maximum loads.

Strength Asymmetries of Volleyball and Fitness Athletes
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However, the observed asymmetries for the right direc-
tion had only a small effect size. In addition, it remains
unclear whether the resulting asymmetry might be a cause of
injury or whether it might be a necessary adaption to the
requirements of the repetitive performance of volleyball
techniques. Nevertheless, as left-right differences of 10% or
above are considered as a risk factor for injuries (6,17,45), the
volleyball group might be at a higher risk for back pain. In
comparison to the fitness training group, they showed asym-
metries of 10% and higher for the trunk rotation.

Overall, as asymmetry is associated with low back pain
(35,42) and long-term injuries of the spine are common in 8–
15% of volleyball athletes (31), this study underlines the
importance of developing training interventions for volley-
ball athletes to positively influence the illustrated effects of
physical stress and overuse. These programs for prevention
and rehabilitation may reduce unilateral overuse injuries.
Seminati and Minetti (37) recommend better proprioception
and control of trunk muscles as well as specific trunk
strength training as common strategies among these types
of interventions. Furthermore, they suggest optimization of
stroke technique, eccentric training, and core stability prac-
tice to prevent injuries of the shoulder. An improvement of
the reactive strength could be attained by plyometric train-
ing for volleyball players (22). In addition, various studies
have shown positive effects of proprioceptive training on
knee and ankle stability (1,43). However, it remains unclear,
how to gain a symmetric trunk stability that allows the trunk
rotation for the spikes speed as described above. This needs
to be examined in future training studies.

Bilateral Leg Extension Strength

Both groups achieved higher forces for the left leg during the
bilateral isokinetic contraction test. Thereby, the fitness
group showed a greater difference than the volleyball group.
However, a significant difference of the symmetry indices
was not determined. The volleyball athletes had a higher
absolute maximum strength in both legs which can be
explained by the higher body mass compared with the
fitness group or this might be explained by the nature of the
sport (i.e., jumping). Relativized by body mass, no differences
were found between both groups, neither for the mean
strength nor for the maximum strength. Small leg differences
were expected for both participating groups. Because
volleyball players take-off with 1 leg carrying the whole
body weight (44), it was presumed that the volleyball players
being right handed would display a stronger left leg.

In summary, we did not confirm our hypothesis that there
are differences for the bilateral maximum leg strength
between both groups. The training routines of the volleyball
athletes do not built up a stronger leg as expected. This
might be a result of the additional strength training in semi-
professional volleyball athletes. A second explanation could
be the block technique which needs a symmetric bilateral
strength.

In further studies, it should be examined whether or not
there are differences in bilateral strength depending on either
the athlete’s position (e.g., middle blocker vs. outside hitter)
or previous injuries of the athlete. In that way, athletic train-
ing routines could be optimized.

Limitations

This study examined a heterogeneous sample of young,
sportive, and active male persons without acute back pain.
Therefore, the results of the trunk asymmetries cannot be
correlated with injuries or low back pain. Another limitation
was the trunk test in a sitting position and only in 1 angular
velocity (120 8$s21). This position does not mimic the posi-
tions used in real volleyball competitions.

However, trunk rotation strength depends on trunk
position and angular velocity (24). The angular velocity
was chosen to generate intense resistance during the test.
The test condition was not explicitly considered as a typical
rotation speed that appears in volleyball.

Because of a fixed order of left and right rotation,
a sequence effect in favor of rotation to the right side cannot
be excluded. The first left rotation took place without
countermovement out of the starting position being prero-
tated to the right side. However, the following contractions
were performed to the left and right side after reversal of the
countermovement. The countermovement may have led to
a preload of the muscles that may have affected the
maximum strength development. Another limitation was
the leg press test in only 1 movement speed (180 mm$s21) in
a seating position bilaterally in the closed chain. Because of
their complexity, exercises in the closed kinetic chain are
described as more specific and functional (9).

PRACTICAL APPLICATIONS

This study has additional information to previous findings of
sports specific or movement-specific strength patterns which
is important for professionals and coaches. These patterns
might be asymmetric but they are necessary or might be
functional to gain success for sport-specific action goals.
Based on the results of our study, we offer the following
recommendations to strength and conditioning professionals
and coaches:

� Asymmetries should be captured and individually
described because they might be reasons for overuse
problems or injuries.

� The level of asymmetry which is adequate and tolerable
for sportive performance (e.g., Volleyball) should be
identified and, respectively, being combined with
improved injury prevention (40). Therefore, an analysis
of asymmetries for volleyball players should control if
the sport-specific asymmetries are less than 10%.

� If the individual asymmetries are higher than 10%, an
individualized training program with functional strength
exercises should be added to the strength and condi-
tioning training plans of volleyball athletes. This
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program should account for the functional movement
patterns of the asymmetries. However, it needs to be
controlled for imbalanced strength output.

The specific identification of asymmetries and resulting
recommendations of this study were designed for volleyball
athletes; however, we suggest that the practical applications
may also be very effective in an adapted form in other team
sports, e.g., basketball, handball, American football, ice
hockey, rugby, soccer, and others.
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