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Background: There is limited information on the physique attributes of female netball players from the highest
playing standards and the typical body composition changes that occur with training and competition in these
athletes. The purpose of this study was to examine the body composition of professional female netball players
and changes that occur within and between national premier netball seasons.

Methods: Dual-energy X-ray absorptiometry (DXA) assessments were conducted in 20 female netball players
(age = 26.5 [4.7] years, body mass = 77.3 [9.7] kg, stature = 182.7 [9.5] cm) contracted to a Suncorp Super Netball
team. Total body lean mass, fat mass, bone mass and bone mineral density were derived for 127 assessments
collected over three seasons. Linear mixed effects modelling was used to examine changes in body composition

Results: Goal circle players were heavier (12.3 [3.5] kg, p < 0.001, g=1.51) and taller (15.0 [2.7] cm, p < 0.001, g =
2.30) than midcourt players, and midcourt players had greater lean mass (3.1 [1.6] %, p=0.07, g =0.85) and less fat
mass (-3.3 [1.7] %, p =0.06, g = -0.84) than goal circle players when values were normalised to body mass. Players
achieved increases in lean mass (2,191 [263] g, p < 0.01, g =0.45) and decreases in fat mass (-835 [351] g, p=0.09, g
= -0.16) following a preseason preparation period. There were no changes in lean mass (-394 [295] g, p=0.54, g =
0.07) or fat mass (102 [389] g, p=0.99, g = 0.04) from the start to the end of the 14-week competition period.

Conclusions: Professional female netball players achieve small changes in lean mass and fat mass during preseason
preparation and maintain their physique over the competitive season. The results of this study can inform
practitioners on the training content necessary to promote or maintain desired body composition changes in these
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Background

Netball is a team court sport that is most popular in
Commonwealth countries and is one of the professional
women’s sports played in Australia. Suncorp Super Net-
ball is the national premier competition in Australia that
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was established in 2016 and, based on the standard of
competition and number of international players, is one
of the most reputable netball competitions in the world.
The increased professionalism of netball in recent years
has improved the standard of training and preparation
practices of teams and has driven research efforts to bet-
ter understand the determinants of netball performance
at the highest playing standards [1-3].
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Played over 15-minute quarters, netball is a fast-paced
game that can be characterised by high intensity inter-
mittent bouts of play that require a range of physical
qualities [4-6]. Court positions have differing roles
within game play, which has guided the optimal physical
characteristics required to achieve competitive success
[7-9]. There is limited research on the body compos-
ition of professional netball players from the highest
playing standards or the physique traits associated with
specific playing positions [7]. Many sports have estab-
lished the association between physique traits and ath-
letic performance with high levels of muscularity
necessary to gain a competitive advantage [10-16]. Simi-
larly, research in netball has shown players from higher
standards have greater body mass and less body fat per-
centage than players from lower standards [7]. This
might be explained by a relationship between muscle
volume, cross-sectional area and muscular strength that
is also a determinant of jumping, sprinting and change
of direction performance in netball players [17-19].
Nevertheless, further research is needed to establish the
physique traits of netball players from the highest play-
ing standards and differences that exist between playing
positions.

It is routine practice to monitor body composition
in athletes to optimize training and dietary practices
with the intent of enhancing performance outcomes
[20, 21]. Body composition changes in professional
netball players over consecutive seasons have been re-
ported previously [7]. This study reported small to
moderate increases in body mass and bone mineral
density, and small decreases in relative fat mass over
three seasons although the analysis included a differ-
ent cohort of players each season. To the authors
knowledge there is no published research on the typ-
ical body composition changes that occur in profes-
sional netball players within season. Highly trained
athletes only show small changes in physique traits
over time, especially from the start to the end of a
competitive season [22—24]. Any change in body com-
position is likely influenced by the varied training and
match loads that occur within the preseason training
and competition periods.

Information on the typical changes in body compos-
ition and other fitness traits that occur within season
can inform training and dietary interventions aimed at
maintaining the optimal physique traits during the com-
petition period. However, there is limited published in-
formation on the body composition of professional
female netball players, the physique traits associated with
specific playing positions, or changes that occur with
training and competition. This study aims to (i) examine
the physique traits of professional female netball players
stratified by playing position, and (ii) establish the typical
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changes in body composition that occur in these athletes
within and between national premier netball seasons.

Methods

Participants

Twenty professional female netball players volunteered
to participate in this cohort study (age = 26.5 [4.7] years,
body mass =77.3 [9.7] kg, stature = 182.7 [9.5] cm). Par-
ticipants included international representatives (1 =9),
squad players (n=7), and training partners (n=4)
contracted to the same Suncorp Super Netball team.
This study was approved by the University of the Sun-
shine Coast Human Research Ethics Committee in ac-
cordance with the Declaration of Helsinki (A16885). The
participants were informed of the benefits and risks of
the investigation prior to signing an institutionally ap-
proved informed consent document to participate in the
study.

Design

Dual-energy X-ray absorptiometry (DXA) scans were
conducted at four time points during Suncorp Super
Netball seasons. The initial assessment (T1) occurred
prior to commencement of preseason training. This typ-
ically followed a 10 to 12-week offseason where the ath-
letes maintained an unstructured general fitness routine.
The second assessment (T2) occurred three months later
during the middle of preseason training that was man-
aged by the physical performance coach. The third as-
sessment (T3) occurred three months later in the last
week of preseason training prior to round one of the
competition. The fourth assessment (T4) occurred 14
weeks later during the last round of the home-and-away
competition prior to the finals. Table 1 shows an over-
view of the training content prescribed during the
season.

Procedures

Guidance was provided in advance of the DXA scan to
ensure subject presentation was standardized [25]. In
order to minimise biological variability participants were
required to present overnight fasted with no fluid intake
and well rested (no prior physical activity) on the morn-
ing of the scan. They were asked to wear minimal fitted
clothing with metal objects and jewellery removed, and
clothing was checked for metal zips or studs. All partici-
pants voided their bladder prior to tests. The testing ses-
sions commenced with stretch stature which was
measured with a wall mounted stadiometer (Harpenden,
Holtain Limited, Crymych, United Kingdom) to the
nearest 0.1 c¢cm using techniques previously described
[26]. Body mass was measured with a calibrated scale to
the nearest 0.1 kg (AND HW-200GL, A&D Australasia
Pty Ltd, Thebarton, South Australia).
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Table 1 General overview of weekly training content in professional netball players during the preseason preparation and

competition periods of the Suncorp Super Netball season

Period Objectives Mode Frequency Duration® Intensity
Preseason 1 Aerobic capacity Off legs® 3 30-60 min 6-7 RPE
Anaerobic capacity On/off legs 2 30-35 min 7-8 RPE
Straight line speed On legs® 1 30 min 9 RPE
Strength and hypertrophy Gym 3 70-80 min P: 3-8 reps 80-95 % 1RM;
S: 6-12 reps 70-80 % 1RM
Preseason 2 Aerobic power Off legs® 2 30-40 min 7-8 RPE
Anaerobic power On/off legs 2 30-35 min 8-9 RPE
Speed and COD On legs® 2 30 min 9-10 RPE
Maximal strength and power Gym 3 60-70 min MS: 1-6 reps 90-100 % 1RM;
MP: 2-6 reps 40-60 % 1RM
Competition Speed and COD On/off legs 2 30 min 9 RPE
Maintenance of strength and power Gym 2 50-60 min MS: 3-6 reps 85-90 % 1RM;
MP: 2-6 reps 40-60 % 1RM
Offseason Aerobic capacity On/off legs 3 90-120 min 4-6 RPE
Strength and endurance Gym 2 60-75 min 5-6 RPE

RPE rate of perceived exertion using the CR-10 scale, P Primary lifts, S Supplementary lifts, MS Maximal strength exercise, MP Muscular power exercise,

Reps repetitions, 1RM 1-repetition maximum
“off legs: conditioning using mixture of indoor cycling, rowing, cross training
Pon legs: conditioning using mixture of track work and court training

Sinclusive of warm up and cool down unless blocked with other forms of training. Note: Athletes undertook individualized training programs, and there were
some variations in exercise selection and programming, depending on their physique, performance goals, and training experience

Scans were undertaken in the total body mode on a
narrow fan beam DXA scanner (Lunar iDXA, GE
Healthcare, Madison, WI) with analysis performed using
GE enCORE v.13.60 software (GE Healthcare) with the
Geelong reference database. The coefficient of variation
for the laboratory being 0.1 %, 2.2%, 0.6 %, 1.0% for
body mass, fat mass, lean mass, and bone mass, respect-
ively. The DXA was calibrated with phantoms as per the
manufacturer’s guidelines each day before measurements
were taken. Scans were conducted by the same Queens-
land Radiation Health licensed technician using the
standard thickness mode as determined by the auto scan
feature in the software and all safety protocols as per the
Institution’s Radiation Safety Protection Plan were ad-
hered to.

The protocol emphasized consistent positioning of
participants on the DXA scanning bed [27]. Two Velcro
straps were used to minimise movement during the scan
as well as provide a consistent body position for subse-
quent scans. One strap was secured around the ankles
above the foot positioning pad and the other strap was
secured around the trunk at the level of the mid fore-
arms [27]. Scans were analyzed automatically by the
DXA software, but all regions of interest were recon-
firmed before analysis.

Statistical analysis
Statistics were performed using R version 3.6.1. Descrip-
tive statistics were calculated for goal circle players

(goalkeeper, goal defence, goal shooter, goal attack) and
midcourt players (centre, wing defence, wing attack)
based on participants’ preferred playing position. Nor-
mality of distribution of data was confirmed using the
Shapiro-Wilk’s test. Independent sample t-tests were
used to determine differences in body composition and
bone mineral density between positional groups. The
mean of multiple test measures from the same partici-
pant was used for analyses to avoid pseudoreplication.
Hedges’ g effect sizes were calculated and reported with
95 % confidence intervals. They were interpreted as neg-
ligible (<0.20), small (0.21-0.50), medium (0.51-0.8) or
large (> 0.8).

Linear mixed effects modelling was used to examine
changes in body composition within and between con-
secutive seasons. Random-intercept models were trained
with the time point of measurement within season in-
cluded as a fixed effect. Variables identifying the athlete
and playing season were included as crossed random ef-
fects. Data for participants that had a minimum of three
assessments within the same season were included in this
analysis (participants =20, cases =36, measures = 127).
Random-intercept models were also trained with season
included as a fixed effect, and athlete and time point in-
cluded as crossed random effects, to examine changes in
body composition between consecutive seasons. Data for
participants that had at least three assessments each sea-
son for two or more consecutive seasons were included in
this analysis (participants = 11, cases = 27, measures = 94).
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Estimated marginal means were calculated to deter-
mine differences between time points within and be-
tween seasons. The Kenward-Roger method was used to
derive P values with a Tukey adjustment for multiple
comparisons. The mean of the estimate and the standard
error were derived, and Hedges' g effect sizes were cal-
culated to interpret the direction and magnitude of
change.

Results

Descriptive statistics for participants stratified into goal
circle and midcourt positional groups are shown in
Table 2. Goal circle players were taller (15.0 [9.3-20.8]
cm, p<0.01) and heavier (12.3 [4.8-19.8] kg, p<0.01)
than midcourt players. There was a trend of goal circle
players having greater fat mass (3.3 [-0.3-6.8] %, p =
0.07) and less lean mass (-3.1 [-6.6—0.4] %, p = 0.08) than
midcourt players when values were normalized to body
mass or stature.

There was an effect of time point within season on
total bone mass (x2: 15.3, df =3, p<0.01), total bone
mineral density (x* = 20.4, df = 3, p < 0.01), and total lean
mass (x>=76.2, df=3, p<0.01). The increase in total
bone mass was negligible and occurred mostly from (T1)
the start of preseason to (T3) the end of preseason (28.5
[94] g p=0.02, g=0.09 [0.04, 0.14]). The increase in
bone mineral density was also negligible but occurred
mostly from (T2) the middle of preseason to (T4) the
end of the competitive season (0.016 [0.004] g-cm™ L p<
0.01, g=0.15 [0.07, 0.22]).

There was a small increase in total lean mass from
(T1) the start of preseason to (T3) the end of preseason
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(2,191 [263] g, p<0.01, g=0.45 [0.31, 0.60]). Most of the
increase in lean mass occurred following the first pre-
season block (1,578 [263] g, p<0.01, g=0.32 [0.23,
0.41]) compared to the second preseason block (613
[251] g, p=0.075, g=0.12 [0.02, 0.23]) (Fig. 1). The co-
hort maintained their total lean mass from (T3) the end
of preseason to (T4) the end of the competitive season
(-394 [295] g, p = 0.54, g = -0.07 [-0.16, 0.02]).

There was no effect of time point within season on
total fat mass ()(2 =74, df =3, p=0.06) or scaled fat mass
()(2 =7.6, df = 3, p = 0.055) within season. However, there
was a trend showing the participant cohort achieved
negligible to small decreases in absolute fat mass (-835
[351] g, p=0.09, g = -0.16 [-0.31, -0.01]) and scaled fat
mass (-0.263 [0.11] kgm-2, p=0.08, g = -0.20 [-0.37,
-0.02]) from (T1) the start of preseason to (T3) the end
of preseason (Fig. 1). There was an effect of time point
within season on fat mass expressed relative to body
mass (x* =214, df=3, p<0.01). The participant cohort
achieved a small decrease in relative fat mass from (T1)
the start of preseason to (T3) the end of preseason (-1.6
[0.4] %, p <0.01, g = -0.38 [-0.58, -0.18]). Most of the de-
crease in relative fat mass occurred following the first
preseason training block (-1.3 [0.4] %, p <0.01, g = -0.32
[-0.45, -0.20]) coinciding with the largest change in fat
mass and lean mass.

There was an effect of season on total bone mass (x> =
14.8, df=3, p<0.01) and total bone mineral density
(x*=15.8, df=3, p<0.01) in the subset of participants
that underwent body composition assessments during at
least two consecutive seasons. The largest increases in
total bone mass (27 [10] g, p = 0.03, g=0.08 [0.01, 0.16])

Table 2 Body composition and bone mineral density of netball players stratified by positional group

Midcourt players

Goal circle players

Variable Mean [SD] Range Mean [SD] Range Hedges’ g [95 % Cl] P value
n=7 n=13

Age, y 278 [3.3] 234-32 258 [5.3] 18.2-34.7 040 [-0.55, 1.36] 032
Stature, cm 1729 [5.2] 167.6-180 187.9 [6.7] 177.5-199 -2.30 [-3.50, -1.11] <001
Body mass, kg 694 [7.0] 62.5-81.7 81.6 [8.2] 67.9-98.1 -1.51 [-2.56, -045] <001
Bone mass, g 3094 [315] 2681-3510 3475 [298] 3128-3992 -1.20 [-2.22,-0.18] 0.02
Scaled bone mass, kg-m™? 1.03 [0.07] 0.95-1.12 0.99 [0.1] 0.83-1.13 047 [-048, 1.43] 0.26
Relative bone mass, % 44 10.3] 41-5 4.3 [04] 34-49 0.38 [-0.57, 1.33] 037
Bone mineral density, g-cm2 142 [0.08] 1.34-1.51 143 [0.09] 1.32-1.63 -0.12 [-1.06, 0.83] 0.78
Lean mass, g 51,758 [4856] 45,325-59,103 57,953 [3636] 51,727-61,807 -145 [-2.50, -0.40] 0.01
Scaled lean mass, kgm’2 17.28 [0.99] 16.1-19.1 1643 [1.11] 14.93-185 0.76 [-0.22, 1.73] 0.10
Relative lean mass, % 744 [3.3] 71.4-80.8 713 [3.6] 63.8-78.2 0.85 [-0.14, 1.83] 0.07
Fat mass, g 14,848 [3181] 10,076-19,626 20,212 [4988] 11,628-31,696 -1.15 [-2.16, -0.14] <001
Scaled fat mass, kgm’2 4.95 [0.95] 332-634 5.72 [1.38] 35-83 -0.59 [-1.55, 0.37] 0.16
Relative fat mass, % 21.2 [33] 14.8-23.9 24.5 [4] 17-32.8 -0.84 [-1.82, 0.14] 0.06

Hedges’ g effect sizes can be interpreted as negligible (< 0.20), small (0.21-0.50), medium (0.51-0.8) and large (> 0.8)
SD Standard deviation, C/ Upper and lower confidence interval
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Fig. 1 Changes in (a) total lean mass, (b) scaled lean mass, (c) lean mass expressed as a percentage of total mass, (d) total fat mass, (e) scaled fat
mass, and (f) fat mass expressed as a percentage of total mass in netball players (n = 20) within season. Time points T1, T2, T3 and T4 refer to the
start of preseason training, middle of preseason training, end of preseason training and end of competitive season, respectively. Crossbars show
the mean estimate with 95 % confidence intervals and lines identify individual cases (participant and season)

and bone mineral density (0.011 [0.004] g-cm™ 2, p=001,
g=0.14 [0.02, 0.25]) over consecutive seasons were neg-
ligible and comparable to those changes reported within
season.

Discussion

This study details the physique attributes of professional
female netball players and the changes in body compos-
ition that occur within and between seasons. The main
findings were: (i) goal circle players are taller and heavier
than midcourt players, and midcourt players have
greater lean mass and less fat mass normalized to body
mass and stature than goal circle players; (ii) players
achieved small increases in lean mass and small de-
creases in fat mass during preseason preparation; and
(iii) there were no changes in lean mass or fat mass in
the cohort from the start to the end of the competition
period.

Previous research has suggested that netball players at
the highest playing standard are taller and heavier than
their peers at lower playing standards [7]. However, even
within a professional netball team there is considerable

variation in the stature and body mass of players that is
explained by their playing position (Table 2). In agree-
ment with research in state-level netball, goal circle
players were found to be taller than midcourt players
[9]. The importance of gaining possession of circle feeds,
shooting, and contesting for rebounds suggests taller
goal circle players might have an advantage over their
shorter opponents. Comparatively, the minimal restric-
tions on court movement for midcourt players places
greater emphasis on lateral accelerations and changes of
direction to gain possession and move the ball towards
the goal circle [8]. Being taller might be less of an advan-
tage for midcourt players, and instead these players tend
to have higher lean mass and lower fat mass relative to
their body mass and stature compared to goal circle
players. Reducing fat mass and increasing muscle mass
is likely a training objective of both midcourt and goal
circle players given the importance of relative muscular
strength to court-based jumping, sprinting and change
of direction performance [18, 19]. However, lower fat
mass might have greater importance to midcourt players
because of the higher frequency and duration of efforts



Hogarth et al. BMC Sports Science, Medicine and Rehabilitation

where they're required to overcome their body’s inertia
and the greater distance that they cover on court com-
pared to goal circles players [2, 8]. These results suggest
that playing position should be considered in bench-
marking the physique traits of netball players for the
purposes of talent identification and training program
design.

There were changes in body composition within sea-
son in the cohort, with the largest changes occurring
over the preseason preparation period. The most notice-
able change following preseason training was a small in-
crease in lean mass (2.19 [0.26] kg, g=0.45), while there
was only a negligible decrease in fat mass (-0.84 [0.35]
kg, g = -0.16). Collegiate female basketball players have
shown similar changes in lean mass (1.5 kg) and fat mass
(-1.3 kg) over a preseason although differences in age,
initial fitness, preseason duration and training are likely
to account for varied responses between cohorts [28].
Regardless, the changes in lean mass and fat mass in the
cohort were larger than the typical error values that have
been reported in a mixed-sex cohort using comparable
test methods [27]. These results suggest that the small
changes in body composition in these athletes following
training can be detected using DXA.

There were different time-courses in the change in
fat mass, lean mass and bone mass because of the al-
tered mode, frequency, volume and intensity of train-
ing throughout the preparation and competition
phases of the season. The greater focus on increasing
muscular hypertrophy and aerobic exercise capacity in
the first training block resulted in the largest change
in lean mass and fat mass (Fig. 1). These body com-
position changes coincide with the largest improve-
ment in absolute and relative muscular strength
during preseason training in this cohort [19]. The
successive increase in lean mass following the second
preseason training block suggests maximal muscular
strength training also induced a hormonal response
associated with increased muscle mass, albeit not to
the same extent as the first training block. Collect-
ively, these results demonstrate professional female
netball players can achieve small body composition
changes associated with improved athletic perform-
ance in response to a preseason preparation period.

Participants were able to maintain the increased lean
mass that they achieved during the preparation period
throughout the 14-week competition. Netball athletes
have altered hormonal, physical and subjective well-
being states following match-play that dictates the
prescribed training during the competitive season to
promote recovery between matches played six to eight
days apart [1, 3]. Modified in-season training loads in
other team sports are associated with decreases in lean
mass and increases in fat mass coinciding with reduced
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muscle strength, endurance, speed and agility through-
out the competitive season [29]. The absence of an in-
season detraining effect in this study’s participant cohort
might be explained by the short competition period or
shorter time-course of altered hormonal and physical
states following match-play. Regardless, the increase in
bone mineral density in the participant cohort at the
end of the competitive season suggests netball players
are exposed to a large amount of mechanical loading in
training and competition that induces an adaptive bone
response [30]. This finding is like research in collision
and court-based team sport and supports to some extent
the prescription of modified in-season training loads to
promote recovery between competition [29, 31].

Participants that underwent body composition assess-
ments over multiple seasons did not report successive
increases in lean mass or decreases in fat mass. These
participants might have shown a detraining effect during
the offseason period despite performing an unstructured
and non-prescribed fitness routine. Previous research in
professional netball has shown the group mean of lean
mass and fat mass in the playing squad to change over
consecutive seasons, although the authors noted that
there were player changes to the team each year that
limits the validity of these comparisons [7]. Other re-
search has reported female athletes to show successive
increases in lean mass over three years in collegiate vol-
leyball and swimming, but not in collegiate basketball,
soccer or track [32]. Longitudinal changes in body com-
position in athletes over consecutive seasons is likely to
be multi-factorial, being influenced by factors such as
biological and training age, relative importance of phys-
ique attributes to sport performance, and scheduling and
periodisation of training and competition. In this study,
most players with measures over consecutive seasons
were international representatives and so it is possible
that the detraining effect is explained by modified train-
ing around their representative duties or that these
players only show small changes in body composition
within and between seasons because of their training
history. If maintaining lean mass and fat mass over the
course of the offseason period is an objective, then pro-
fessional netball players might be required to undertake
a targeted training regime to avoid detraining prior to
the start of preseason preparation period.

There were negligible increases in bone mass and bone
mineral density between seasons in the cohort that were
comparable to the increases observed within season fol-
lowing the competition period. Similar changes in bone
mass and bone mineral density have been shown for col-
legiate female basketball and volleyball players [31].
These results indicate that highly trained female netbal-
lers can increase and maintain bone mineral density with
adequate mechanical loading well after puberty when
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skeletal bone is most responsive, albeit by only negligible
amounts [30]. It is interesting to note that the bone min-
eral density of the participant cohort was higher than
values reported for male rugby league players [29], and
collegiate female basketball and volleyball players [31]
emphasising the regular, high-strain mechanical loading
that these athletes experience in training and competi-
tion [30, 33]. Monitoring the development and mainten-
ance of bone in netball athletes, particularly on return
from extended rest due to injury, might be important
given the decline in bone mineral density with periods of
inactivity and the incidence of ankle and foot fractures
in netball [34—36].

The limitations of this study should be addressed. The
sample size of the participant cohort was small and lim-
ited to a single team that limits the generalisability of re-
sults to other cohorts. The participant cohort also
consisted of athletes at various stages of their career, and
the small sample size precluded the analysis of body
composition based on training age or playing status. Fu-
ture research that is conducted across multiple profes-
sional teams will improve understanding of physique
attributes in professional female netball players. Such re-
search can establish the physique attributes of players
stratified by specific playing position rather than broad
positional grouping, and by training age or playing status
to better guide athlete development practices in netball.

Conclusions

This study examined the physique traits of professional
female netball players and the typical changes in body
composition and bone mineral density that occur within
and between national premier netball seasons. There
were differences in physique attributes between pos-
itional groups. Goal circle players were taller and heavier
than midcourt players, and midcourt players had greater
lean mass and less fat mass relative to their body size
than goal circle players. Netball players achieved in-
creases in lean mass and decreases in fat mass during
preseason preparation and maintained their physique
over the competition period. There were no body com-
position changes between consecutive seasons, except
for negligible increases in bone mass and bone mineral
density. These results provide practitioners with useful
information on the training content necessary to pro-
mote or maintain body composition changes within and
between national premier netball seasons.

Abbreviation
DXA: Dual energy X-ray absorptiometry

Acknowledgements
The authors wish to thank the athletes who volunteered to participate in this
study.

(2021) 13:63

Page 7 of 8

Authors’ contributions

LH wrote the first draft and was involved in the creation of the study, data
analysis and interpretation, and final write up. AF was involved in the
creation of the study, data collection, data interpretation and write up. MM1
was involved in the creation of the study and write up. BB was involved in
the creation of the study and write up. MM2 was involved in the creation of
the study, data interpretation, and write up. All authors have read and
approved the manuscript.

Funding
No funding was required for this study.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available because the use of data in this way was not outlined in
the approved ethics application.

Declarations

Ethics approval and consent to participate

Ethics approval was obtained from the University of the Sunshine Coast
Human Research Ethics Committee, and participants provided voluntary
written informed consent prior to their involvement in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'School of Health and Behavioural Sciences, University of the Sunshine Coast,
Queensland 4556 Sippy Downs, Australia. *High Performance Sport,
University of the Sunshine Coast, Queensland 4556 Sippy Downs, Australia.

Received: 24 February 2021 Accepted: 18 May 2021
Published online: 04 June 2021

References

1. Birdsey LP, Weston M, Russell M, Johnston M, Cook CJ, Kilduff LP.
Neuromuscular, physiological and perceptual responses to an elite netball
tournament. J Sports Sci. 2019;37(19):2169-74.

2. Brooks ER, Benson AC, Fox AS, Bruce LM. Physical movement demands of
elite-level netball match-play as measured by an indoor positioning system.
J Sports Sci. 2020;38(13):1488-95.

3. Russell S, Jenkins D, Halson S, Kelly V. Changes in subjective mental and
physical fatigue during netball games in elite development athletes. J Sci
Med Sport. 2020;23(6):615-20.

4. Fox A, Spittle M, Otago L, Saunders N. Activity profiles of the Australian
female netball team players during international competition: implications
for training practice. J Sports Sci. 2013;31(14):1588-95.

5. Chandler PT, Pinder SJ, Curran JD, Gabbett TJ. Physical demands of training
and competition in collegiate netball players. J Strength Cond Res. 2014;
28(10):2732-7.

6. Thomas C, Ismail KT, Comfort P, Jones PA, Dos'Santos T. Physical profiles of
regional academy netball players. J Trainiol. 2016;5(2):30-7.

7. Simpson MJ, Jenkins DG, Leveritt MD, Kelly VG. Physical profiles of elite, sub-
elite, regional and age-group netballers. J Sports Sci. 2019;37(11):1212-9.

8. Thomas C, Comfort P, Jones PA, Dos'Santos T. Strength and Conditioning
for Netball: A Needs Analysis and Training Recommendations. Strength
Cond J. 2017;39(4):10-21.

9. Graham S, Duthie G, Aughey R, Zois J. Comparison of Physical Profiles of
State-Level Netball Players by Position. J Strength Cond Res. 2020;34(9):
2654-62.

10.  Bilsborough JC, Greenway K, Livingston S, Cordy J, Coutts AJ. Changes in

Anthropometry, Upper-Body Strength, and Nutrient Intake in Professional

Australian Football Players During a Season. Int J Sports Physiol Perform.

2016;11(3):290-300.

Olds T. The evolution of physique in male rugby union players in the

twentieth century. J Sports Sci. 2001;19(4):253-62.



Hogarth et al. BMC Sports Science, Medicine and Rehabilitation

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Meyer NL, Sundgot-Borgen J, Lohman TG, Ackland TR, Stewart AD,
Maughan RJ, et al. Body composition for health and performance: a survey
of body composition assessment practice carried out by the Ad Hoc
Research Working Group on Body Composition, Health and Performance
under the auspices of the IOC Medical Commission. Br J Sports Med. 2013;
47(16):1044-53.

van der Zwaard S, de Ruiter CJ, Jaspers RT, de Koning JJ. Anthropometric
Clusters of Competitive Cyclists and Their Sprint and Endurance
Performance. Front Physiol. 2019;10(1276):1276.

Zaccagni L, Lunghi B, Barbieri D, Rinaldo N, Missoni S, Saric T, et al.
Performance prediction models based on anthropometric, genetic and
psychological traits of Croatian sprinters. Biol Sport. 2019;36(1):17-23.

Pueo B, Espina-Agullo JJ, Selles-Perez S, Penichet-Tomas A. Optimal Body
Composition and Anthropometric Profile of World-Class Beach Handball
Players by Playing Positions. Sustainability. 2020;12(17):6789.

Pizzigalli L, Micheletti Cremasco M, Torre LA, Rainoldi A, Benis A. R. Hand
grip strength and anthropometric characteristics in Italian female national
basketball teams. J Sports Med Phys Fitness. 2017;57(5):521-8.

Aagaard P, Andersen JL, Dyhre-Poulsen P, Leffers AM, Wagner A,
Magnusson SP, et al. A mechanism for increased contractile strength of
human pennate muscle in response to strength training: changes in muscle
architecture. J Physiol. 2001;534(Pt. 2):613-23.

Thomas C, Comfort P, Jones PA, Dos'Santos T. A Comparison of Isometric
Midthigh-Pull Strength, Vertical Jump, Sprint Speed, and Change-of-
Direction Speed in Academy Netball Players. Int J Sports Physiol Perform.
2017;12(7)916-21.

Hogarth L, McKean M, McKenzie M, Collings T. Utility of an Isometric
Midthigh Pull Test to Assess Lower Body Muscular Strength in Professional
Netball Players. Int J Sports Physiol Perform. 2021;16(5):719-26.

Slater GJ, Rice AJ, Mujika I, Hahn AG, Sharpe K, Jenkins DG. Physique traits of
lightweight rowers and their relationship to competitive success. Br J Sports
Med. 2005;39(10):736-41.

Ackland TR, Lohman TG, Sundgot-Borgen J, Maughan RJ, Meyer NL, Stewart
AD, et al. Current status of body composition assessment in sport: review
and position statement on behalf of the ad hoc research working group on
body composition health and performance, under the auspices of the 1.0.C.
Medical Commission. Sports Med. 2012,42(3):227-49.

Harley JA, Hind K, O'Hara JP. Three-compartment body composition
changes in elite rugby league players during a super league season,
measured by dual-energy X-ray absorptiometry. J Strength Cond Res. 2011;
25(4):1024-9.

Lees MJ, Oldroyd B, Jones B, Brightmore A, O'Hara JP, Barlow MJ, et al.
Three-Compartment Body Composition Changes in Professional Rugby
Union Players Over One Competitive Season: A Team and Individualized
Approach. J Clin Densitom. 2017,20(1):50-7.

Smart DJ, Hopkins WG, Gill ND. Differences and changes in the physical
characteristics of professional and amateur rugby union players. J Strength
Cond Res. 2013;27(11):3033-44.

Kerr A, Slater GJ, Byrne N. Impact of food and fluid intake on technical and
biological measurement error in body composition assessment methods in
athletes. Br J Nutr. 2017;117(4):591-601.

Marfell-Jones MJ, Stewart AD, de Ridder JH. International standards for
anthropometric assessment. Wellington: International Society for the
Advancement of Kinanthropometry; 2012.

Kerr A, Slater GJ, Byre N, Nana A. Reliability of 2 Different Positioning
Protocols for Dual-Energy X-ray Absorptiometry Measurement of Body
Composition in Healthy Adults. J Clin Densitom. 2016;19(3):282-9.

Ploudre A, Arabas JL, Jorn L, Mayhew JL. Comparison of Techniques for
Tracking Body Composition Changes across a Season in College Women
Basketball Players. Int J Exerc Sci. 2018;11(4):425-38.

Georgeson EC, Weeks BK, McLellan C, Beck BR. Seasonal change in bone,
muscle and fat in professional rugby league players and its relationship to
injury: a cohort study. BMJ Open. 2012;2:¢001400. https://doi.org/10.1136/
bmjopen-2012-001400.

Chang RPY, Briffa KN, Edmondston SJ. Bone mineral density and body
composition in elite female golf and netball players. Eur J Sport Sci. 2013;
13(2):183-90.

Stanforth D, Lu T, Stults-Kolehmainen MA, Crim BN, Stanforth PR. Bone
Mineral Content and Density Among Female NCAA Division | Athletes
Across the Competitive Season and Over a Multi-Year Time Frame. J
Strength Cond Res. 2016;30(10):2828-38.

(2021) 13:63

32.

33.

34.

35.

36.

Page 8 of 8

Stanforth PR, Crim BN, Stanforth D, Stults-Kolehmainen MA. Body
composition changes among female NCAA division 1 athletes across the
competitive season and over a multiyear time frame. J Strength Cond Res.
2014;28(2):300-7.

Otago L. Kinetic analysis of landings in netball: is a footwork rule change
required to decrease ACL injuries? J Sci Med Sport. 2004;7(1):85-95.

Vuori |, Heinonen A, Sievanen H, Kannus P, Pasanen M, Oja P. Effects of
unilateral strength training and detraining on bone mineral density and
content in young women: a study of mechanical loading and deloading on
human bones. Calcif Tissue Int. 1994;55(1):59-67.

Hopper D, Elliott B, Lalor J. A descriptive epidemiology of netball injuries
during competition: a five year study. Br J Sports Med. 1995,29(4):223-8.
Downs C, Snodgrass SJ, Weerasekara |, Valkenborghs SR, Callister R. Injuries
in Netball-A Systematic Review. Sports Med Open. 2021;7(1):3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1136/bmjopen-2012-001400
https://doi.org/10.1136/bmjopen-2012-001400

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Design
	Procedures
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviation
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

