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Dual Energy X-Ray Absorptiometry in Morphological Asymmetry
Assessment among Field Hockey Players

by

Magdalena Krzykala’

Every sports discipline is characterized by specific movements which are symmetric or asymmetric. Field hockey
belongs to a asymmetric activity. There is suspicion that players, who use more frequently one side of the body dur-
ing training or the game, have also side-to-side morphological diversification. The main aim of the study is to deter-
mine the degree of asymmetry which manifests itself in somatic characteristics. The analysis was done among
twenty competitive Polish male field hockey players. All athletes undertook total body Dual X-Ray Absorptiometry
(DXA) scans, which divided the body into anatomic segments: arms, trunk, and legs. Professional field hockey par-
ticipation showed significantly enhanced muscle mass and higher bone mineral density on the left side of the body.
The present data should help better understand complicated morphology of highly trained athletes with more com-
prehensive and accurate approach to their anthropometrical description.

Key words: side-to-side morphological diversification, sport, body components.

Introduction

It is well known that physical exercises play very
important roles in gaining body mass and increasing
bone mineral density. It was shown that bones with
higher density are stronger, so small reductions in
bone density may be associated with large reduc-
tions in bone strength, which could be connected
with developing stress fracture (Alho et al., 1986).
Additionally, as stated by some authors (Bennell et
al.,, 1999), stress fractures could also be a result of
body size and composition, including total and re-
gional lean and fat mass. Bone tissue causes changes
in mass and strength. This process is connected with
physical loading and frequency of loading which is
applied (Chilibecks et al., 1995). Wolman (1990) has
shown that exercise produces a local effect on the
skeleton (at the site of maximum stress). The differ-
ences in physical activity could, thereby, affect an-
thropometric asymmetry (Shell et al., 1985).

Morphological asymmetry — the difference be-
tween the right and left sides of the body is not well
understood, yet. Asymmetry in body dimensions are
often rather the norm than the exception for humans.
On the other hand, it is unlikely that organisms will
attain perfect symmetry in all traits. As stated by
some authors (Al-Eisa et al., 2004), the amount of
asymmetry that can be tolerated in a bilateral trait
would relate to the functionality of the trait. Bussey
(2010) suggested that there is a link between asym-
metric lower body movement patterns in some sport
disciplines, such as field hockey and pelvic asym-
metry. It could be connected with adaptation to the
asymmetrical loading demands of the sport in order
to decrease strain in some tissues. Also, lower limb
asymmetry was connected with LBP (low back pain)
by some authors (Al-Eisa et al., 2004).

Some deviations from perfect symmetry in hu-
mans in morphologically bilateral traits are referred
to as fluctuating asymmetry. Many anthropometric
characteristics show a consistent side bias. Level of
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asymmetry in not constant. As was stated by Man-
ning et al. (2002), asymmetries are in the order of 1%
of some trait’s total size, so small percentage changes
in left and/or right traits may result in large percent-
age changes in asymmetries.

Some studies stated that morphological asym-
metry tend to be greater in upper than in lower
limbs, and show a right side bias in the upper limbs
(Munter, 1936; Tomkinson et al., 2003; Ulijaszek and
Mascie-Taylor, 2005). In sport there is a need to seek
certain solutions to achieve the highest results. It is
quite important with elite athletes. Those solutions
are concentrated among training methods modifica-
tion or biological regeneration. Also, having a certain
level of morphological parameters is very important
and differs in accordance to the sport discipline or
position on the field. Many researches proved that
morphological asymmetry exist in sport (Dorado et
al.,, 2002; Auerbach and Ruff, 2006; Starosta, 1990).
Moreover, it was stated that asymmetry is negatively
correlated with physical performance (Manning and
Pickupk, 1998) and body size (Manning, 1995) in
males. Observation of the scale of this phenomenon
is very important in case its elimination is necessary.
It could have different values and it is stated that
when it access some level, it may hinder some
special activity practice, could negatively affect the
health (being connected with functional asymmetry
and some changes for example in the area of spine)
and impede optimal sport performance. So deep
asymmetry could have multiple consequences. In
this case it is very important to take action and
compensate for this pathology.

There are different methods which could be used
to analyze side-to-side morphological differences.
One such method is dual energy x-ray absorptiome-
try (DXA). Each method has its own advantages and
disadvantages. As stated by some authors (Calbet et
al.,, 1998), this method gives a general idea about the
specific sport loading influence on bone mineral
content (BMC). On the other hand, it is not possible
to assess the effect of sport participation to individ-
ual bones during DXA analysis, because this exam
involves all bone structures simultaneously. There
are also some concerns about measurement biases
related to the impact of a significant change in lean
tissue hydration. Some studies, however, showed no
significant alterations in the estimates for bone,, lean
and fat mass (Pietrobelli et al., 1998). Despite all of
the mentioned limitations, DXA is a widely used
method, owing to its ease of use, availability, low-
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radiation exposure, good accuracy and reproduci-
bility for the assessment of regional body composi-
tion. It was, thereby, our rationale for its use in the
present study. There is limited data about morpho-
logical asymmetry in men’s field hockey, which is an
internationally popular sport. Therefore, the aims of
this study were to determine if values for analyzing
morphological parameters differ significantly be-
tween sides, and then assess the degree of right and
left body morphological asymmetry among Polish
elite male field hockey players.

Materials and methods

Twenty competitive male field hockey players
were included in this study. The mean age of ath-
letes was 24,4 (SD= 4,93 years). The range of age was
18-34 years. All athletes had played organized com-
petitive hockey at a senior (national) Polish level.
Average training years of all competitors was 17 y
and ranged between 13 y and 24 y. The research was
obtained in December 2008 y, during the competitive
period for indoor hockey. All athletes were ques-
tioned to determine hand preference during manual
activities. It was established that all analyzed field
hockey players were right-handed.

Ethical approval was provided by a local medical
university ethics committee and individual consent
was provided.

Body measurements were taken using standard-
ized procedures (Martin, 1928). Stature was meas-
ured to the nearest 0.1 cm with a stadiometer.
Weight was measured to the nearest 0.1 kg with a
beam-balance scale.

Total body DXA scans were done using LUNAR
PRODIGY ADVANCE (GE, Madison, WI, USA) den-
sitometer with enCORE software (GE Helthcare
v.10.50.086) among all field hockey players involved
in this study. Body composition analysis, including
fat tissue (g), percent fat, lean tissue (g), total mass
(kg) and bone mineral density (BMD) (g/cm2) was
determined for right and left sides of the body. All
subjects were measured while wearing standard
light shirts to minimize clothing absorption, with all
metallic objects removed before assessment. Meas-
urements were performed by a trained radiology
technician. Total body scanning area was divided
into anatomic segments: arms, trunk and legs.

For all researched parameters, subjects’ homoge-
neity with normal distribution was checked. The
Shapiro-Wilk test was used to check homogeneity
estimation. Statistical values of p< 0.05 were consid-
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Table 1

Anthropometric characteristic of athletes
Parameters X+8D
Anthropometry
Weight, kg 77.53 +9.34
Height, cm 178.22 + 6.40
Age, yr 2441 +4.93
DXA
Whole body lean, g 61651.50 + 5457.04
Whole body fat, g 12897.35 + 6533.50
% body fat 16.7 £7.02
BMD, g/cm? 1.33+0.073

ered significant. For BMD, lean and fat tissue, values

of mean (X*) and standard deviation (SD) were
calculated. The significant differences in mean body
values between right and left body segments for
variables with normal distribution were checked
with Students t-test. The significant differences in
mean body values between right and left body seg-
ments for variables with distribution variances from
normal were checked with the Wilcoxon test. All
statistical procedures were carried out using Statis-
tica 8.0 software.

Results

The mean body height of field hockey players
was 178.22 + 6.40 cm and body weight was 77.53 +
9.34 kg (Table 1). The anthropometric characteristics
on both sides of the body, done by dual energy x-ray
absorptiometry, are described in Table 2. There are
significant differences in body mass density of the
right and left legs (1.576 + 0.0909 g/cm2 vs. 1.611 *
0.1062 g/cm?2, respectively (to use “respectively’, the
reader must know what it's in reference to. You
must denote which value is the right and which is
the left leg): p= 0.0086) and of the right and left trunk
(1.111 + 0.0609 g/cm2 vs. 1.137 + 0.0729 g/cm?2,
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respectively: p=0.0008). In turn, there were no
differences between right arm (1.017 g/cm2) and left
arm (1.014 g/cm2), as well as between total bone
mineral density on the right and left sides of the
body (1.326 + 0.0741 g/cm?2 vs. 1.338 + 0.0754 g/cm?2,
respectively: p=0.1310). The larger values in body
density were in the left legs, left trunk and total body
of athletes. The individual differences between the
left and right sides of a particularly body segment
were shown in Figure 1. The biggest diversity
between left and right sides were seen in the legs.
Other body segments proved to have much smaller,
if not very similar, levels between the opposing
sides.

Significant differences in side-to-side lean tissue
morphology were observed in every measured pa-
rameter. The lean tissue of the arms, legs, trunk and
total body were higher on the left side of the body.
The lean tissue of the right and left arm was 3738 +
4549 g and. 4046 + 420.7 g, respectively (p=0.0000),
whereas lean tissue of the right and left leg was
10578 + 1050.9 g and. 10904 + 1054.5 g, respectively
(p=0.0000). Lean tissue was also larger in the left side
of trunk in comparison to the right (14371 + 1580.6 g
and 13996 + 1436.7 g, respectively). Significant dif-
ferences were observed for total right and left lean
tissue (30444 + 2759.5 g and 31208 + 2814.5 g, respec-
tively: p=0.0073).

Figure 2 shows the diversification among all
athletes in lean tissue morphology of every analyzed
part of the body. There is clear similarity in arms and
legs among field hockey players, as opposed to the
trunk and total lean body tissue.

Similar findings were observed with body fat
analysis. Across all body segments, the amount of
morphological asymmetry was significantly greater
in the left side of the body. Individual analysis
(Figure 3) shows significant diversity in fat mass,
mainly in the trunk and total body.

Table 2
Morphological parameter comparisons between right and left body segments using DXA analysis
BMD (g/cm?) FAT (g) LBM (g)
X +SD X +SD X +SD
ARM right 1.017 £ 0.0674 522.30 +290.562 3738 £454.9
left 1.014 + 0.0642 569.20 + 3149.761 4046 +420.7
LEG right 1.576 +0.0909 2021.45 +945.400 10578 +1050.9
left 1.611 +0.1062 2077.45 + 961.829 10904 + 1054.5
TRUNK right 1.111 + 0.0609 3581.25 + 2020.187 13996 + 1436.7
left 1.137 £ 0.0729 3658.10 +1988.681 14371 + 1580.6
TOTAL right 1.326 +0.0741 6321.75 + 3314.446 30444 + 2759.5
left 1.338 + 0.0754 6525.70 £3277.620 31208 + 2814.5
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mright mleft
total 0,5% ™
trunk 12% 4+
leg 1,1%
arm 0,1% "
49,0% 49,5% 50,0% 50,5% 5L0% 51.5%

Figure 1
Assymmetrical percentage differences in side-to-side
BMD (g/cm?) morphology between analyzed body

segments
Eright M left
total 1,2% %
trunk 1,3%*
leg 5%
arm 4,0%
47,5% 48,0% 48,5% 49,0% 49,5% 50,0%

Figure 2
Asymmetrical percentage differences in side-to-side
LEAN (g) morphology between analyzed body segments

Hright M left
total 1,55 **
trunk 1,1%*
leg 4%
arm 4,3%
47,5% 48,0% 48,5% 49,0% 49,5% 50,0%

Figure 2
Asymmetrical percentage differences in side-to-side FAT
(g) morphology between analyzed body segments
*p<0.05, ¥**p<0.01, ns - not significant

Discussion

The overload principle suggests that there is a
possibility to see physical changes in biological tis-
sue when stress is imposed that is greater than tasks
of everyday living (Bussey, 2010). The important
question is what scale of asymmetry is acceptable for
athletes and non-athletes in morphological traits? In
young non-active subjects, the dominant arms have
1-2 % greater BMC than the contrateral arm, while
typical inter-arm muscle mass differences are 4-5 %
(Calbet et al, 2001). According to Palmer (1994), the
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differences between both sides of a bilateral trait are
often very small, usually around 1% of mean trait
size. But the level of asymmetry is dependent on size
of the trait, because the same value of asymmetry for
smaller and larger dimensions will delineate the dif-
ference (Auerbach and Ruff, 2006). Participation in
sport activity, especially over the long term, will
broadened this difference. It is particularly common
in one-sided dominate sports (Ducher et al., 2005).
Grace et al. (1984) showed that asymmetry exists if
there is greater than 10 % difference for a specific
quality between limbs (e.g., muscle girth). This influ-
ences the overall laterality of the athlete, which is the
preference of one side of the body over the other
during specific tasks. It is stated that the lifelong
preference for one extremity (e.g., the left arm or the
left leg), as well as a predilection for a certain direc-
tion when turning around or rotating about one's
longitudinal axis, could lead to asymmetry which
are seen in morphological characteristics, and which
can even influence the bone matrix in competitive
athletes. The present study shows that differences
between both sides of the body in morphological pa-
rameters were significant in most cases among field
hockey players. It could be a result of specific,
asymmetrical training in this discipline. Leg and
trunk bone mineral density were significantly
asymmetric, in favor of the left side. Exceptions were
with arm and total bone mineral density, which were
not significantly asymmetric. By contrast, Nevill et
al. (2003) detected no differences in leg BMD be-
tween right and left extremities in athletes of 10
various sport disciplines, and significantly greater
BMD of the dominant compared with non-dominant
arm, only with racket players. Field hockey players
in the present study revealed some muscle hyper-
trophy in the left compared with the right side of the
body among arms (4,7%), legs (0,8 %), trunk (2,5%)
and total body (2,3%). Some authors (Calbet et al.,
2001; Dorado et al., 2002) also observed similar
findings, but with golfers, muscle hypertrophy was
observed in the dominant compared with nondomi-
nant arm. Greater hypertrophy in the musculature of
the dominant side in athletes was also seen by Ma-
lina and Buschang (2004). Roi and Bianchedi (2008)
observed greater cross-sectional area of the domi-
nant forearm, arm, thigh and calf among interna-
tional level Italian fencers. Krahl et al. showed (1994)
significant differences in bone density of the domi-
nant arm in tennis players, which was due to in-
creased mechanical stimulation on the implement
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limb through its respected usage. Maughan et al.
(1986) observed that the dominant arm of tennis
players had greater proportion of muscle and
smaller proportion of fat than their non- dominant
limb. A significant side-to-side difference was also
observed in every measured site among tennis and
squash Finnish national-level players (Kannus et al.,
1995). As stated by Lucki and Nicolay (2007), male
tennis players had dominant forearm circumferences
of approximately 7.4% greater than the opposite
limb. Jones et al., (1977) examined site-specific accre-
tion of bone in professional tennis players, with dif-
ferences being up to 30 % between extremities.
Similar finding were later done on baseball players
(Komi, 1996; Bubanj and Obradovic, 2002). Numer-
ous studies confirmed increased bone density in the
dominant limb among tennis players (Ruff et al.,
1994; Ducher et al., 2005; Lucki and Nicolay, 2007).
The right-left differences in morphological pa-
rameters were observed in athletes engaged in many
different asymmetric movement sports. Krawczyk et
al. (1998) reported the most pronounced asymmetry
in tennis players in forearm, arm girth and elbow
width, but he also observed significant asymmetry
among kayakers, canoeists, rowers and skaters.
Krawczyk concluded that the side-to-side differences
in anthropometric measurements of athletes engaged
in symmetric movements were lower than in athletes
representing one-sided dominated sports. One limb
performance during certain activities results in
higher limb fitness levels than the opposing limb.
Thus, the training limb becomes the dominate limb,
in spite of athlete’s predisposition to right handed-
ness, left handedness or ambidextratity (Starosta,
1990). According to some authors (Chilibeck et al.,
2000), bone mineral density is higher in dominant vs.
nondominant arms because of greater use of the
dominant arm in everyday activities, which influ-
ences osteoblastic bone activity. It was additionally
postulated that genetic predispositions towards en-
hanced BMD are predetermining elements of seg-
mental girth. Increased BMD in the dominant arm
was also observed in our study, but the difference
was small and not statistically important. When one
considers that carrying loads with the preferred
hand means a stress on the arm muscles of the same
side and a simultaneous activation of the contra-lat-
eral muscles for the stabilization of one's balance,
these functional asymmetries become plausible. It is
also remarkable that hurdlers, high jumpers and
pole vaulters exhibit higher muscle contractility in

© Editorial Committee of Journal of Human Kinetics
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their swing-leg than in their take-off leg (Absauo-
mov, 1976) because of the higher mechanical load.

It is obvious that morphological side-to-side di-
versification depends on sport specificity. Field
Hockey is a one-sided dominant sport. This implies
that athletes have a preference of one side of the
body over the other. There are many different spe-
cific movements in this discipline. Many of such
movements involve rapid rotation of the hips,
shoulders and arms, such as the push-in movement
(Kerr and Ness, 2006). This movement stats with the
body counter-rotated where the right side of the
body is behind the left side (with respect to the di-
rection of ball trajectory). Kerr and Ness (2006)
found that pelvic and shoulder girdle maximum an-
gular velocities occurred concurrently from left arm
to the right arm. Similar findings were described by
Mc Laughlin (1997). Many published studies focused
on many components of field hockey, such as the hit
(Burges-Limerick et al., 1991), the push (Alexander,
1983), the slap shot (Cresswell and Elliott, 1987), and
the push-in and trap phases of the penalty corner
(Kerr and Ness, 2006), describing specificity of char-
acteristic movements, which could appeared in an
athlete’s morphology.

It is stated that body composition of athletes
should be considered with reference to regional
BMD, FFM and FM distribution (Bell et al., 2005).
Such information could be important in better un-
derstanding both their morphological characteristics
and talent development, or sports performance. Ad-
ditionally, Manning and Pickup (1998) stated that
the national league athletes would be more symmet-
ric, because symmetry is positively related with
physical performance in adult males. On the other
hand, marked structural asymmetry is usually asso-
ciated with more intensive unilateral activity in some
sport disciplines (Kannus et al., 1995; Roi and Bi-
anchedi, 2008; Lucki, 2007), especially in highly
skilled players with a long history competition,
(Tsolakis et al., 2006). Tsolakis reported significant
variances between arm asymmetries and years of
training. Further longitudinal research in this area
could provide deeper insight into specific responses
on specific training that require asymmetrical limb
use, and evaluating morphological asymmetry of
athletes. It could be important to individualized
symetrization process among the athletes, because
they do not have the same level of morphological
differences. It is obvious that this process should be
done methodologically (Starosta, 1990). After the few
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first stages, movements symetrization could be used
during training and the competitions, which could
give quite big advantage over the opponents during
the game. Regular exercises focused on body sym-
metry development could be effective for athletes in
improving sport performance. This could be a valid
argument for coaches to place emphasis on research
oriented to morphological asymmetry among players.

This study confirmed existing differences in right
and left sides of the body in most of the researched
parameters among elite athletes. It is seems that
there is a need to encourage researchers to further
seek correlations between morphological asymmetry
and many external factors, such as training years of
athletes.
particularly athlete. Individual analysis is also
important because some athletes could be more
prone to short- or long-term changes in asymmetry
than others. Because of the relatively small sample
size, the results of the present study must be

The number of training years of a
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approached cautiously and future research should
significantly expand the sample size.

Conclusions

1. The effectiveness of every part of the body
(especially those where asymmetry was ob-
served) may be improved by development of
muscle mass (lean) on the right side of the body
to decrease morphological asymmetry.

2. Morphological asymmetry could have some
consequences in sport results and could lead to
disadvantageous functional changes in the body
(for example, in the area of the spine). Hence, it
is very important to lead symetrization process
in training and regularly monitor the degree of
asymmetry in different parts of the human
body, as to maximize athletic performance and
potentially minimize injury.
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