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Summary

Study aim: To investigate the correlation between anthropometric parameters, Sargent jump test, core muscles endurance and
agility performance versus specific tests with and without a ball in female Brazilian field hockey athletes.

Material and methods: Nine professional female field hockey players (age: 27.4 + 2.5 years) participated in this study. Body
height, body weight, body fat percentage, Sargent jump test (SJT), shuttle run agility test (SR), core muscular endurance tests
and sport-specific tests — repeated sprint ability test (RSA) and repeated sprint ability with the ball (RSAB) — were assessed in
a randomized order.

Results: A moderate correlation was noted between SR and RSAB (r = 0.58, p = 0.09) and RSA (r = 0.60, p = 0.08). In addi-
tion, a moderate correlation was noted between percentage of body fat with RSAB (r = 0.59, p = 0.09) and with RSA (r =0.72,
p = 0.08). The other variables showed slight agreement or no agreement.

Conclusions: These results indicated that the SR could be implemented in training and evaluation programs of hockey athletes
due to the correlation with specific tests. Thus, the percentage of body fat was the only anthropometric parameter that showed
a correlation with the specific tests, revealing the importance of maintaining a proper percentage of body fat for better perform-

ance in hockey.

Keywords: Hockey - Physical Fithess - Female - Athletes - Body Composition

Introduction

Field hockey is an Olympic sport often performed in
European countries which been growing in Brazil. The
rules of this sport contribute to a game with a lot of dy-
namism and high-intensity tasks. Field hockey is an inter-
mittent endurance sport involving sprints and movements
with and without a ball [19]. In addition, hockey is a game
that demands great physiological capacity, because the
hockey player needs to achieve high levels of muscle
power for sprints, as well as a good capacity of the aerobic
system [10].

Physical fitness for performance is a term with different
definitions. However, physical fitness in sport has a more
specific definition, and its correlation with performance
has been investigated in previous studies [2, 9, 13, 23,

24, 27]. In this sense, some components needed to practice
field hockey at a high level of performance are: agility to
perform quick changes of direction without loss of speed,
efficiency to recover between sprints, endurance of the
stabilizing muscles of the spine to maintain the adopted
posture during practice, and technical skills [18].

In addition, body composition and anthropometric
characteristics, such as body height, body weight, body
mass index (BMI), hip circumference and abdominal fat
percentage, are important components for sports perform-
ance. Correlations between these variables and sports per-
formance are widely related in the scientific literature in
several sports [9, 14, 15, 29, 30, 34].

Thus, specific evidence about these variables is impor-
tant and may contribute to prescription, monitoring and
improvement of athletic performance of hockey athletes
[32]. Several studies have investigated the correlations
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between anthropometric variables and physical fitness and
specific skill tests in various sports, such as handball [1],
basketball [11], volleyball [6], and soccer [31]. Also in
this context, Koley et al. [16], Singh et al. [32] and Keogh
et al. [15], with the goal of quantifying the performance of
hockey athletes, evaluated the anthropometric variables,
such as body height, body weight, and body mass index
(BMI), and their association with specific tests and physi-
cal fitness parameters. Positive associations were found
between BMI and specific tests, and also between BMI,
body height and muscle performance tests. However, there
is still a lack of evidence associated with specific perform-
ance parameters of field hockey athletes using low-cost
procedures.

Thus, there is a clear need to verify the physical fit-
ness and body composition indices of field hockey ath-
letes, as well as to understand the possible association of
these factors with specific performance tasks. Therefore,
the purpose of the present study was to investigate the
correlation between anthropometric parameters (body
height, body weight, BMI, and body fat percentage), the
Sargent jump test, core muscles endurance, and unipla-
nar agility (shuttle run) versus specific tests (repeated
agility tests) in professional Brazilian female field hock-
ey athletes.

Materials and methods

Subjects

Nine female professional field hockey athletes of a Rio
de Janeiro hockey club participated in this study. To be
included in the study, a subject had to: a) practice hockey
for at least three years; b) have previous experience in the
tests applied in this study; c) participate in national com-
petitions for at least three years. Individuals who attended
less than two sessions per week and who used alimentary
supplementation were excluded from the study. The char-
acteristics of the sample are represented in Table I as mean
and standard deviation.

This project was submitted and approved by the institu-
tion ethics committee. Therefore, this study met the stand-
ards for conducting research on human beings in accord-
ance with the National Health Council of Brazil [7] and
the Declaration of Helsinki [35]. All participants signed an
informed consent form.

Table 1. Characteristics of the sample

Procedures

The group was subjected to one day of assessments in
randomized design. First, anthropometric measures were
performed to characterize the sample. Measurements of
body weight were assessed through a mechanical balance
(Filizola, Brazil), and body height was assessed using
a portable stadiometer (Seca, Baystate Scale & Systems,
USA). In addition, the BMI was computed. Anthropomet-
ric measurements were assessed following the rules of the
International Society for the Advancement of Kinanthro-
pometry (ISAK) [20]. The body fat percentage was calcu-
lated according to the protocol of seven skinfolds [12].

For the analysis of specific performance, the athletes
were evaluated in the following tests adopting in a rand-
omized design: a) Sargent jump test (SJT); b) shuttle run
agility test (SR); c) repeated sprint ability (RSA); d) re-
peated sprint ability with the ball (RSAB); e) core muscu-
lar endurance tests. Ten minutes of passive recovery was
adopted between each test. The general warm-up consist-
ed of six full turns in the RSA circuit with submaximal
speed.

Sargent jump test

Firstly, the subject took the standing position, keeping
aside a graduated surface with the right shoulder flexion
of 180° and elbow in extension to the brand was registered
for the initial test. Secondly, the distal phalanx of the mid-
dle finger of each subject was covered with chalk to rep-
resent the highest point reached on the wall surface. Then,
during the downward phase of the vertical jump (VJ), the
subjects performed and held the flexion of the hips and
knees, with the pendulum motion of flexion, extension and
hyperextension of the shoulders. In the ascending phase,
extension of the ankle, knee and hip was carried out and,
bending the shoulders in order to jump as high as possible,
touching the middle finger in the graduated wall surface.
Throughout the test, it was not allowed to move the feet
before the VJ and the subjects were instructed to perform
a full knee extension during the aerial part of the jump.
Three attempts were allowed, with 2-min intervals be-
tween them. The greatest value in centimeters between the
three attempts was recorded [33].

Shuttle run
The SR consists in running as fast as possible for
a distance of 9.14 meters marked with two parallel

Age [years] Weight [kg]

Height [cm] BMI %BF

Mean + SD 274+25 62.1+2.6

162.2 +10.1 229+1.3 24.1+3.6

SD — standard deviation; BMI — body mass index; %BF — percentage of body fat
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lines drawn on the floor and marked by an outside edge
where there are two small cones, about 10 cm from the
outside line, with a distance of 30 cm between the two
cones [28]. The subjects should be on the opposite side
of the line where the cones are positioned. At their top
speed, the athletes should get one of the cones, return
to the starting point, leave to catch the other cone and
return. Running as fast as possible, they should take one
of the cones and return to the starting point. The test ends
when the individual puts the second cone on the floor and
crosses the end line with one foot. Time is marked with
a chronometer [28].

Repeated sprint ability

The RSA [4] consists of a circuit which simulates the
variables of a hockey game (Fig. 1). The circuit includes
three maximal sprints, one part of agility, three periods of
walk and two trotting routes. A deceleration is made at the
end of the circuit before the total stop. The circuit begins
with a sprint of 20 meters. Then, 6 meters of agility are
made in a zigzag (2 meters). A walk of 10 meters and a trot
of 10 meters are made and then another sprint of 10 meters.
After a pause of 2 seconds, the subject should restart with
a walk of 10 meters and an accelerating walk of 30 meters,
one sprint of 10 meters and, to finish, 5 meters of trot and
5 meters of walk (deceleration). The test was performed
with the specific ball and stick of field hockey (RSAB)
and without a ball (RSA).

Core muscular endurance tests

These tests consist of measuring the maximum time the
subject can remain in a certain isometric position. Each in-
dividual has three attempts and a one-minute interval be-
tween attempts. The individual should be in four different

positions: a) prone bridge test; b) side bridge tests; c¢) flex-
or endurance test; d) extensor endurance test [21].

In the prone bridge test (PB) and in the side bridge tests
the subject assumes a prone position on the floor. After the
signal of the instructor, a prone bridge position with el-
bows placed beneath the shoulders and arms perpendicu-
lar to the floor is assumed. In this position, only the feet
and the forearms touch the floor.

The side bridge tests involved the right side bridge
(RSB) and the left side bridge (LSB). These tests consisted
of subjects lying on an exercise mat (thickness of 2.5 cm)
on their sides with legs extended. The top foot was placed
in front of the lower foot on the mat for support. Subjects
were instructed to support themselves lifting their hips
off the mat to maintain a straight line over their full body
length, and support themselves on one elbow and their
feet. The uninvolved arm was held across the chest with
the hand placed on the opposite shoulder. The test ended
when the hips returned to the exercise mat.

In the flexor endurance test (FE), the subjects had to sit
on the test bench and place the upper body against a sup-
port with an angle of 60° from the test bed. Both knees
and hips were flexed to 90°. The arms were folded across
the chest with the hands placed on the opposite shoulder
and the toes were placed under toe straps. Subjects were
instructed to maintain the body position while the support-
ing wedge was pulled back 10 cm to begin the test. The
test ended when the upper body fell below the 60° angle.

In the extensor endurance test (EE), the subjects lay in
a prone position with the lower body fixed to the test bed
at the ankles, knees, and hips and the upper body extended
in a cantilevered fashion over the edge of the test bench.
Subjects rested their upper bodies on the floor before the
exertion. At the beginning of the exertion, the upper limbs
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Fig. 1. Schematic drawing of the repeated spring ability test
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were held across the chest with the hands resting on the
opposite shoulders, and the upper body was lifted off the
floor until the upper torso was horizontal to the floor. Sub-
jects were instructed to maintain the horizontal position
as long as possible. The endurance time was manually re-
corded in seconds with a chronometer from the point at
which the subject assumed the horizontal position until the
upper body came into contact with the floor.

Statistical analyses

In the descriptive statistics, the dependent variables
were calculated and described as the mean and standard
deviation. In inferential statistics, the intraclass correlation
coefficient (ICC) was applied to test the reproducibility of
attempts in each performance test. As validation, coeffi-
cients between 0.90 and 0.98 were adopted. To test the re-
jection or no rejection of the normal distribution of sample
data we applied the Shapiro-Wilk test. The Pearson cor-
relation was adopted to analyze the dependent variables.
The agreement level was classified as proposed by Landis
and Koch [17] and determined as follows: trivial, < 0.10;
small, <0.10-0.29; moderate, 0.30-0.49; large, 0.50—0.69;

very large, 0.70-0.89; and nearly perfect, 0.90-0.99. The
paired t test was adopted to compare the muscle endurance
between RSB and LSB. The level of o = 0.05 was adopted
for statistical significance. All statistical analysis was per-
formed using IBM SPSS Statistics 20 for Windows.

Results

The intraclass correlation coefficient, the confidence
interval and the method error for all tests were inserted in
Table 2. The results of SR, RSA, RSAB, SJT, PB, RSB,
LSB, EE and FE are presented in Table 3 as mean and
standard deviation. No difference was noted in muscle en-
durance performance between RSB and LSB tests.

According to the analysis of results (Table 4), a corre-
lation was found between SR and RSAB (moderate agree-
ment; r = 0.58) and RSA (substantial agreement; r = 0.60).
We also found a correlation between percentage of body
fat and RSAB (moderate agreement; r = 0.59) and with
RSA (substantial agreement; r = 0.72). The other variables
showed slight agreement or no agreement.

Table 2. Intraclass correlation coefficient (ICC), confidence interval (CI), and method error (ME) of physical performance tests

measurement for intrasubject reliability (N = 9)

SR VI RSA RSAB PB RSB LSB EE FE
IcC 0.93 0.90 0.92 0.91 0.93 0.88 0.89 0.88 0.91
95% CI (0.64,0.94) (0.66,0.93) (0.66,0.94) (0.72,0.96) (0.73,0.93) (0.63,0.94) (0.64,0.96) (0.64,0.97) (0.63,0.98)
ME(CVME) 20(2.6) 2425 29(32) 2029 2029 2029 2529 2526  25(.6)

CVME - coefficient of variation of method error (percent variation in measurement between trials; SR: shuttle run; VJ — vertical jump; RSA — repe-
ated spring ability test; RSAB — repeated spring ability test with ball; PB — prone bridge; RSB — right side bridge; LSB — left side bridge; EE — exten-

sor endurance test; FE — flexor endurance test.

Table 3. Mean and standard deviation of performance tests applied in field hockey athletes

SR [sec] RSAB/[sec] RSA[sec] SJT[cm] PB]J[sec] RSB][sec] LSB][sec] FE [sec] EE [sec]
Mean 10.7 36.9 32.6 40 89.6 47.4 45.4 38.9 72.7
(SD) (0.6) (3.3) (3.0) (10.2) (17.6) (11) (13.1) (21.2) (16.7)

SD — standard deviation; SR — shuttle run; RSAB — repeated sprint ability test with ball; RSA — repeated sprint ability test; SIT — sargent jump test;
PB — prone bridge; RSB — right side bridge; LSB — left side bridge; FE — flexor endurance test; EE — extensor endurance test.

Table 4. Correlation (r value) between the core endurance test and vertical jump in relation to RSAB and RSA

SR SJT PB RSD LSE FE EE Weight Height BMI %BF
RSAB 0.58 —0.11 —0.77 -0.37 0.01 —0.04 0.05 —0.06 0.17 -0.23 0.59
RSA 0.60 —0.37 —0.69 —0.45 -0.15 —-0.02 0.20 —-0.08 0.07 —-0.03 0.72

SR — shuttle run; SJT — sargent jump test; PB — prone bridge; RSB — right side bridge; LSB — left side bridge; FE — flexor endurance test; EE —
extensor endurance test; BMI — body mass index; %BF — percentage of body fat.
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Discussion

The purpose of the present study was to investigate
the correlation between anthropometric parameters (body
height, body weight, body mass index, and body fat per-
centage), Sargent jump test, core muscles endurance, and
uniplanar agility (shuttle run) versus specific tests (re-
peated agility tests) in professional Brazilian female field
hockey athletes. The main finding of the study was the
moderate correlation of the SR test with RSAB and RSA.
Thus, the body fat percentage was the only anthropomet-
ric parameter which presented a correlation with RSA and
RSAB tests.

The present study revealed a moderate correlation be-
tween body fat percentage and the specific hockey tests
(RSA and RSAB). In this context, body fat percentage
measurement is an important anthropometric marker often
assessed in sport conditioning programs. Keogh et al. [15]
evaluated the association between anthropometric vari-
ables and performance in physical fitness tests comparing
recreational athletes to elite athletes. Greater values in the
vertical jump test, multistage fitness test, and 10 m and
40 m speed tests were observed in subjects with the low-
est percentage of fat (elite group). This corroborates the
results found in the present study, confirming the evidence
reported by Bale and McNaught-Davis [3], which char-
acterized the elite field hockey athletes as mesomorphs.
Despite the association between body composition and
sport performance, this result should be interpreted with
caution, especially in relation to specific motor tasks such
as multiplanar agility.

The athletes of the present study performed the SR
test, which is similar to the multiple shuttle test (uni-
planar agility). This test was used by Boddington et al.
[5], who also applied physical fitness tests to assess the
specific performance of 14 female field hockey athletes.
The multiple shuttle test consists of a circuit totaling five
meters and analyzes the agility and speed of the athletes.
However, besides the speed and agility tests, the specific
tests for each sport such as RSA provide broad practical
application to coaches and sport conditioning profession-
als during the assessment or workout sessions. Never-
theless, the results obtained in the present study showed
a moderate association between the values obtained in
SR and RSA. Thus, the data suggest that, in this particu-
lar case, both tests can be included in separate moments
of the preparation in order to evaluate and train the agil-
ity skill.

Although field hockey is a game that requires the
performance of several sprints and, consequently, lower
body muscle power, there was no correlation between
the SJT and specific field hockey tests (RSA and RSAB)
in the present study. According to Nikolaidis et al. [25],

sprint ability is a major component of performance and
can be used in talent identification and in the selection
of players. However, the results of the present study dif-
fer from the findings of Dal Pupo et al. [8], who found
a correlation between the vertical jump test, sprint test,
and agility test in young soccer players. The agility skill
is influenced and affected by several mechanisms in-
cluding neural processing, muscle coordination, power,
and anaerobic performance. However, due to the flexed
trunk position adopted in field hockey, the horizontal
force vector is higher than vertical. This is one aspect
which may explain the lack of association between ver-
tical power and the specific tests applied in the present
study. On the other hand, field hockey implies a body po-
sition (i.e. trunk flexed) which overloads the low back.
This condition requires a high level of endurance of core
muscles to improve spine stabilization, minimize com-
pression overload and prevent injuries [22]. However, in
the present study, the hockey athletes showed endurance
levels below the average proposed by McGill [21] for all
tests measured (prone bridge, lateral bridges, flexor en-
durance, and extensor endurance). The athletes presented
the ratio of flexion/extension endurance (0.72) and right/
left bridge (0.98) near the values described as normal,
0.72 and 0.96 respectively. However, the extension/right
side bridge ratio (0.59) and the extension/left side bridge
ratio (0.62) had scores above the values proposed by
McGill [21] (0.40 and 0.42). These results indicate insta-
bility of these muscles in the spine region. Ogurkowska
et al. [26] evaluated the condition of the lumbar spine
among 20 male field hockey players of the Polish na-
tional team, aged between 24 and 35 years. These ath-
letes trained field hockey between 14 and 26 years. They
used CT scans to determine the height of vertebrae and
intervertebral discs and found degeneration in the ver-
tebral discs in these field hockey athletes. Additionally,
the results of the current study showed that even in elite
athletes of field hockey, poor levels of core muscle en-
durance can occur. In this sense, the implementation of
base and integrated core exercises is essential during the
prescription of training programs for field hockey ath-
letes with the goal of preventing spine injuries.

This study had some limitations. The sample size
(n = 9) was small, which may limit the external valida-
tion of our findings. However, field hockey is a team sport
emerging in Brazil, and the female athletes evaluated in
the present study had often participated in national and in-
ternational high level competitions for at least six years. In
addition, the tests and procedures adopted in the current
study can be easily applied in gyms and training centers
at low cost. These conditions are essential to improve the
performance and development of field hockey athletes,
especially in countries which experience a low level of fi-
nancial investments.
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Conclusions

In conclusion, the results of this study showed a correla-
tion between SR and hockey-specific tests (RSA and RSAB).
Thus, the body fat percentage was the only anthropometric
parameter that showed a correlation with a specific test, in-
dicating percentage interesting body composition variable
to be monitored with the goal of improving agility perform-
ance in field hockey athletes. On the other hand, the athletes
showed a lower level of core muscle endurance, considering
the normative values for recreational subjects. Therefore,
uniplanar agility (i.e., shuttle run test) and body fat percent-
age may be key variables to be monitored during the screen-
ing and training prescription of female hockey athletes.

Conflict of interest: Authors state no conflict of interest.
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