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Summary

Study aim: We examine the body sway differences between a) pistol and rifle and b) elite and national level senior male Olym-
pic shooters, as well as the possible relation between body sway and performance at competition in Olympic shooting.
Material and methods: Two body sway tests (feet together and feet apart) were performed by 28 Spanish male senior Olympic
shooters just before competition. Performance was measured as the actual score at competition. Total center of mass (COM)
areas and average/maximum COM velocities were calculated from force platform data. ANCOVA tests were implemented with
age as a covariable. The non-parametric test U of Mann Whitney was used to study the differences between national and elite
shooters. Pearson correlations were used to examine the relation between performance and total COM area.

Results: At the feet apart position, rifle and elite shooters were found to have statistically less body sway than pistol and na-
tional level shooters respectively (total COM areas: F, ,; = 6.7, p < 0.05, and Z = 2.36; p < 0.01). No statistically significant
differences were found regarding the feet together position, regardless the level or discipline (total COM areas: F,,.=1.49 ;
p>0.05; 1 —p=0.22, average COM velocities: Flv25 =0.58; p>0.05; 1 — B =0.11, maximum COM velocities: F;,zs =0.03;
p>0.05; 1 — B =0.05). No significant relation was found between body sway and performance at competition (feet together:

r=0.13, feet apart: r = 0.14, p > 0.05). Age and body sway were not found to be significantly correlated (F

1-B=0.08).

=0.23;p>0.05;

1,25

Conclusions: Easy to carry out, non-specific body sway tests can be used for the selection of novice shooters.
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Introduction

Olympic shooting requires maximum precision and
control [8, 25] as any involuntary or uncontrolled move-
ment can easily cause failure. According to the experience
of the coaches, one of the main factors that determine per-
formance in Olympic shooting is body sway (see [21] for
pistol and [28] for rifle shooting respectively). Higher level
shooters are assumed to have less body sway [1, 11, 13],
even though the motor strategy is thought to be similar in
all levels [9]. It seems logical to assume that athletes with
less body sway have an inherent advantage to become bet-
ter shooters [2]. If this hypothesis was to be confirmed,
then body sway measurements could be included as diag-
nostic tests of performance in Olympic shooting.

A consensus seems to exist in the literature regarding
the influence of body sway in the movements of the gun

barrel. A direct correlation has been found using in rifle
specific tests [16] between body sway and movements of
the gun barrel, while other authors [3] found the same di-
rect correlation in pistol specific tests in 80% of the cases.
The movement in the COP (Center of Pressure) of a pistol
shooter determines the movement of the gun-body sys-
tem in the horizontal axis [19]. Other rifle specific tests
revealed a direct association between COP movements on
the anterio-posterior axis and vertical movements of the
rifle barrel [18].

No consensus exists, however, regarding the influence
of body sway on performance. It has been reported that
body sway in running target shooting can predict perfor-
mance with an accuracy of 75% [24]. Other studies showed
that the body sway results to a variability in performance
of 53% amongst elite pistol shooters [15] and report the
association of increased body sway with increases in the
movement of the gun barrel in rifle shooting [4]. Other
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researchers obtained a correlation of 26% between bal-
ance and shooting accuracy and performance in novice
rifle shooters [16]. In other studies, however, a correlation
was found between performance and body sway in only
the 1/5 of the pistol shooters [3] or only in novice rifle
shooters [8].

It should be noted that the existing studies on Olym-
pic shooting are based on data recorded under laboratory
during shooting simulations [3,4,17,28] or during training
[14, 23]. The most reliable measurement of performance
is, however, the score obtained at competition. Moreover,
the reliability of opto-electronic training systems [17] is
under question [28]. As long as performance is measured
outside competition conditions, its exact relation with
body sway is therefore bound to be unknown.

When examining body sway or performance in Olym-
pic shooting, one should also take into account that there
exist technical differences between the two disciplines
(different placement of the body's segments, different
position and weights of the gun), different balance con-
trol requirements (a score of 10 points refers to a target of
11.5 mm + — 0.1mm diameter in pistol shooting in contrast
to a target of 0.5 mm + — 0.1mm diameter in rifle shooting
[22]) and the effect of supportive clothing. Regarding dif-
ferences in performance, a limited amount of studies can
be found in the literature: it has been reported [1] that the
supporting jackets, trousers and shoes used in rifle shoot-
ing can increase performance up to 20%. Regarding body
sway differences, no studies exist that compare between
the disciplines.

The present study is based on body sway and perfor-
mance data that were measured under competition condi-
tions. The objectives were to a) compare the body sway
between rifle and pistol Olympic shooters as well as be-
tween elite and national level Olympic shooters and b) ex-
amine the correlation between body sway and performance
at competition in Olympic shooting.

Material and methods

Participants

The participants of this study competed at the Spanish
national pistol and air rifle championships that took place
in Madrid, Spain, in December 2010. According to the
regulations of the Spanish Federation of Olympic shooting
(2010) eligibility to compete required a minimum score
of 510 points in air pistol and 530 points in air rifle in
other previous national competitions (maximum score =
600 points [22]). The participation to the study was volun-
tary and open to all competing shooters of the senior male
category during the limited official training time before
competition (4 testing days in total). The participants in-
cluded shooters who had a minimum shooting experience

of 10 years and had not suffered any injuries during one
year previous to the competition.

A total of 28 Spanish male senior shooters aged 41.83
+ 9.22 years old participated in this study. Of the 28 partic-
ipants, 22 were pistol shooters (78.57%), with a mean age
of 43.74 + 7.51 years old, 2 of whom belonged to the elite
Spanish team, and 6 were rifle shooters (21.43%), with
a mean age of 34.50 + 12.11 years old, 2 of whom were
elite shooters of the Spanish team. A shooter was consid-
ered to be of elite level if they had participated in the finals
of World championships, World cups, European champi-
onships, or had participated in any Olympic Games. The
senior category is referred to the age of the shooters and
included shooters between 21 and 54 years old.

Measures and Procedures

The protocol consisted of two non-specific and sim-
ple to carry out body sway tests that were performed
with eyes open in a static bipodal position, barefoot and
with hands on hips. The tests were performed just before
competition (either the day of the competition just be-
fore competing, or one day before competition, during
training time). To minimize the possible effects of stress
differences due to the difference in time between test-
ing and competition, a homogeneous distribution of the
number shooters of both disciplines that were tested was
assured: 15 shooters (11 pistol and 4 rifle) were tested
on the day of competition, just before competing and
13 shooters (11 pistol and 2 rifle) were tested one day
before competing. Regarding the level, 14 national level
shooters and only 1 elite shooter were tested on the day
of competition.

A portable force platform (Kistler 9286AA) and its cor-
responding software and hardware were placed at one of
the official competition stands to record the time series da-
ta of the three components (antero-posterior, medio-lateral
and vertical) of the ground reaction force exerted by the
shooters with a recording frequency of 100 Hz. During the
first test the shooters were asked to remain in quiet upright
position on the force platform during 20 seconds with feet
together. During the second test (which also lasted 20 sec-
onds) the participants were asked to place their feet apart
in the position that felt more stable and comfortable. In or-
der to minimize the body sway during the tests, the partici-
pants were advised to stand “as still as possible” [20, 31]
and to remain in apnea [6, 21]. Arest of 1 to 3 minutes was
allowed between both tests.

The local ethics committee provided an approval for
the present study and an informed consent was signed by
all the participants before data collection. We confirm that
our research meets the highest ethical standards for au-
thors and co-authors. The study was performed following
the guidelines of the Declaration of Helsinki, last modified
in 2008.
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Statistical analysis

The present study is based on the kinematic data of the
COM (Center of Mass) of the shooters. According to the
scientific literature, it is misleading to refer to the move-
ments of COP as “sway”, a term which should actually
refer to the COM [26]. In addition, while the COP is the
neuromuscular response to the body’s COM, both signals
are virtually in phase but the COP oscillates around the
COM in order to decelerate and reverse its direction [26].

The COM time series were obtained from the record-
ed time series data, by use of basic Newtonian mechan-
ics [7, 30]. The (relative) change of the movement of
the COM on the horizontal plane (the plane of the force
platform) was numerically determined by calculation of
a double time integral of the total horizontal normalized
ground reaction force [7]. For the numerical integration
Simpson’s rule [5] was implemented by use of the math-
ematical package Matlab R2009a.

The total area of the body sway, in terms of movements
of the COM on the horizontal plane, was calculated using
Matlab R2009a [27]. Maximum and average values of the
COM velocity have also been calculated. The time series
of the velocity of the COM were obtained by the time se-
ries of the recorded forces by use of Newton’s central dif-
ference differentiation algorithm [5] for the calculation of
the derivative in respect to time.

The shooters’ official score obtained at competition
was measured by use of official paper targets [22]. The
maximum points at competition were normalized before
analysis.

The statistical analysis of the variables was performed
using SPSS Statistics 17. Since a statistically significant

difference exists regarding age between pistol and rifle
shooters, ANCOVA tests were implemented with age as
a covariable. The non-parametric test U of Mann Whitney
was used to study the differences between national shoot-
ers and elite shooters. The Kolmogorov-Smirnov was used
to determine goodness of fit to the normal distribution of
the variables. The level of significance was set at 0.05 and
power (1 — ) was calculated for not significant results. To
examine the relation between performance and total COM
area of the shooters, Pearson correlations were used.

Results

The values of the total COM areas calculated from
the data recorded during the first test (feet together) were
found to be statistically correlated with their respective
values calculated from the data recorded during the sec-
ond test (feet apart): a statistically significant linear rela-
tion was found for the total group of participants (r>= 0.35;
p <0.01).

A statistically significant negative linear relation
was found between age and performance at competition
(r>=0.18; p < 0.05) for the total group of participants.

Comparison between rifle and pistol shooters
—Table 1

The senior rifle group obtained significantly higher
points at competition (Z = 3.63; p < 0.001).

First test (feet together)

No significant differences were found between rifle and

pistol shooters regarding a) total COM areas (F, ,; = 1.49;

Table 1. Score obtained at competition, body sway velocity and total COM areas during the tests of feet together and feet
apart (20 seconds): groups of pistol and rifle Olympic shooters. N: number of participants. The results are expressed as mean

+ standard deviation

pistol (N =22) rifle (N = 6)
Score at competition (points) 549.17 + 14.96 581.33 £8.62
2 -6
Total COM Area (m*x 10°) 119.31 +47.02 96.70 = 46.73
feet together
2 -6
Total COM Area (m"x 10) 61.08 =27.36 33.52+17.89
feet apart
; -3
Average COM Velocity (m/sec x 107) 99.82 + 11.05 96.73 + 8.99
feet together
: -3
Average COM Velocity (m/sec x 10™) 96.66 + 13.97 93.42 + 7.4
feet apart
: 3
Max. COM Velocity (m/sec x 10) 32531 + 3924 318.87 £ 398

feet together

Max. COM Velocity (m/sec x 107%)
feet apart

314.65 + 38.12

281.62 £23.32
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p>0.05; 1 — B =0.22), with the covariable of age not hav-
ing a statistically significant effect (F, ,; = 0.45; p > 0.05;
1-B = 0.09) b) average COM velocities (F ,; = 0.58;
p > 0.05; 1 — B = 0.11), with the covariable of age not
having a statistically significant effect (F ,5 = 0.23;
p > 0.05; 1 — B = 0.08) and ¢) maximum COM veloci-
ties (FL25 =0.03; p > 0.05; 1 — B = 0.05), with the co-
variable of age not having a statistically significant effect
(F,,5=10.00; p>0.05; 1 - =10.05).

Second test (feet apart)

The total COM areas were found to be significantly
less in the rifle group (F, ,5 = 6.7; p < 0.05), with the co-
variable of age not having a statistically significant effect
(F,,5=13;p>0.05,1-p=0.19).

No significant differences were found regarding a) av-
erage COM velocities (F ,;=0.41; p>0.05; 1 - =0.10),
with the covariable of age not having a statistically signifi-
cant effect (F]’25 =0.14; p>0.05; 1 —=0.07) and b) maxi-
mum COM velocities (F, ,;=2.88; p>0.05; 1 - B =0.37),
with the covariable of age not having a statistically signifi-
cant effect (F, ,5=0.03; p>0.05; 1B =0.05).
Comparison between elite and national level shooters
—Table 2

The elite group obtained significantly higher points at
competition (Z =1.93; p < 0.05).

First test (feet together)

The average COM velocity of the elite group was found
to be significantly inferior (Z =1.97; p < 0.05).

No significant differences were found regarding a) total
COM areas (Z=0.26; p>0.05; 1 — = 0.09) and b) maxi-
mum COM velocities (Z=1.38; p>0.05; 1 — = 0.32).

Second test (feet apart)

Significant differences were found, with the elite group
having a) less values of the total COM areas (Z = 2.36;
p < 0.01) b) less average COM velocities (Z = 2.06;
p <0.05) and ¢) less maximum COM velocities (Z = 2.17;
p< 0.05).

Taking into account that only one elite shooter was
tested on the same day of competition, and in order to
assure that the differences found were not related to the
differences in the stress levels before competition, the
analysis of the total COM area was repeated including
only the shooters tested on the day just before compe-
tition. As before, no significant differences were found
for the first test (Z = 0.70; p > 0.05) while significant
differences were found for the second test (Z = 2.45;
p <0.01).

Finally, for the pistol shooters only, no significant re-
lation was found between the calculated total COM ar-
eas and score obtained at competition, neither during the
first test (r = 0.13; p > 0.05) nor during the second test
(r=0.14; p> 0.05).

Discussion

Body sway variables have been compared between
shooters of two disciplines, rifle and pistol, in contrast to
most existing studies that examine the shooters body sway
within one discipline [3, 4, 8, 13, 16, 25]. In order to this
comparison to be achieved it was assured that the same
percentage of participants was tested in both groups on the
day of the competition and on the day before (11 pistol

Table 2. Score obtained at competition, body sway velocity and total COM areas during the tests of feet together and feet
apart (20 seconds): groups of elite and Spanish national level. N: number of participants. The results are expressed as mean +

standard deviation

Spanish national (N = 24)

Elite (N = 4)

Score at competition (points)

Total COM Area (m?x 107°)
feet together

Total COM Area (m?>x 10°°)
feet apart

Average COM Velocity (m/sec x 1073)
feet together

Average COM Velocity (m/sec x 10-)
feet apart

Max. COM Velocity (m/sec x 10-3)
feet together

Max. COM Velocity (m/sec x 1073)
feet apart

552.56 £ 17.06

313.76 £35.79

576.25 £20.76

116.55 +50.40 101.95 £ 14.02
59.41 £27.43 29.73 £13.80
100.55 +£10.17 89.7 £ 6.69
9731+ 12.71 83.68 £6.61

328.52 £37.37 295.55+39.71

270.68 £30.10
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and 4 rifle shooters were tested on the day of competition,
just before competing and 11 pistol and 2 rifle shooters
were tested one day before competing).

According to the analysis, no significant differences
exist regarding average/maximum COM velocities be-
tween the shooters of the two disciplines. Rifle shoot-
ers have been, however, shown to have significantly
less total COM areas than pistol shooters, while stand-
ing quietly with feet apart. This result can be due to the
specific (greater) necessities of the rifle discipline: the
target dimensions are much smaller and therefore their
body sway has a greater impact on the result, given the
clear link between body sway and movements of the rifle
barrel [4, 8, 16]. It can also be due to a higher ability of
the rifle shooters. These results could be important when
it comes to advise novice shooters towards one discipline
or the other.

The results of the study showed that rifle shooters per-
form better than pistol shooters. This result only serves
to confirm the known differences between performance
amongst different shooting disciplines, which are due to
the different techniques, guns and types of supportive
clothing [1]. It should be emphasized that, in order to avoid
any influence of supporting clothing on performance, the
tests of this study were performed barefoot and without
the special trousers and jackets that are officially used by
the shooters during competition.

Regarding now the comparison between elite and
national level shooters, no control of the percentage of
participants tested in both groups on the day of the com-
petition and on the day before was possible, due to the
limited number of participants. For this reason the respec-
tive analysis was repeated excluding the participants who
were tested on the exact day of competition (please refer
to the Results section).

Elite shooters have been shown to have significantly
less total COM areas and less average/maximum COM
velocities at the position of standing quietly with feet
apart. This result is in accordance with previous studies in
rifle [8], pistol, [11] and running target [17, 25] shooting,
and can be interpreted in two ways: it is either the result
of elite training or it suggests that elite shooters were ac-
tually born with higher abilities to minimize body sway.
It should be emphasized though, that, due to the limited
sample of elite shooters that participated in this study, this
is not a conclusion but a hypothesis that is to be examined
in the future.

At the position of standing quietly with feel placed
together, elite shooters have been shown to have sig-
nificantly less average COM velocities, but statistically
the same total COM areas and maximum COM veloci-
ties than national level shooters. These results can be
explained taking into account that the position with feet

apart approximates the shooting position, while the posi-
tion with feet together is unrelated. Other authors who
used testing positions similar to the shooting position
also report significant differences between shooters of
different level [10]. The statistical power of the results of
the present study is, however, relatively low, due to the
inherent limitations of the testing procedure, so it should
be noted that no concrete conclusions can be drawn re-
garding the testing positions.

No significant relation was found between performance
at competition and total COM areas. The calculations that
leaded to this conclusion were performed only on the data
of the pistol group, as such an analysis on the total group
of participants would not be statistically valid. This result
is in accordance with some existing studies [3,4] but in
contrast to others [15, 24]. As no consensus exists in the
existing literature regarding this issue, the present study
suggests that the body sway should not be used as the on-
ly variable to predict performance in Olympic shooting.
Other factors that determine the overall performance of
a shooter such as the stability of the rifle barrel [16] or the
time of the shooting decision [12, 24, 29] or the precision
in pulling the trigger, should be also taken into account
in order to make predictions of performance in Olympic
shooting. As a further result, no significant relation was
found between age and total COM areas, or average/maxi-
mum COM velocities.

It should be emphasized that, while most existing stud-
ies are based on data recorded under laboratory conditions
(using specific pistol shooting tests [3] or specific rifle
shooting tests [8, 16]) or during training conditions (us-
ing specific and non specific rifle shooting tests [18]), the
tests of the present study were performed under competi-
tion conditions. However, this fact also poses the inherent
limitation of small number of participants, which in cases
results to lack of statistical power in the results (see dis-
cussion above). The low number of elite participants in
the study is also a cause of limitation, a problem which
is however hard to overcome, especially when the data
collection is carried out under competition conditions. It
should be noted here, however, that the present study’s
criterion for considering a shooter’s level as elite is much
stricter than other studies which consider as elite the best
national level shooters. In the present study the term elite
refers to shooters who have entered the finals in European
or world championships, or world cups, which implies
that an elite shooter in the present study is one of the eight
best shooters in Europe or in the world.

To summarize, the present study concludes that:

(a) senior male Olympic rifle shooters have less body sway
than senior male Olympic pistol shooters

(b) elite Olympic shooters have less body sway than na-
tional level shooters
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(c) easy to carry out, non-specific body sway tests like the

ones described in the present study could be used dur-
ing the selection process of novice shooters and advice
can be given to novice shooters towards a specific dis-
cipline according to their skills.
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