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INJURY SURVEILLANCE OF AN AUSTRALIAN COMMUNITY NETBALL CLUB




ABSTRACT
Objectives. To describe injuries associated with netball askl factors for lower limb
injuries.
Design: Prospective study. In the preseason, risk facterg investigated using self-report
guestionnaires and physical measurements. Duragngdghson, injuries were reported using a
standardised report, verified by follow-up phonescdlayer training and game hours were
recorded.
Setting: Australian community netball club.
Participants. 269 players from 9 divisions, aged 7-42 years.
Main Outcome Measures. Injury incidence rates per 1000 exposure hourgwalculated.
The most common mechanism, nature and consequémgarg were determined from
frequencies. Logistic regression was used to ifleptedictors of lower limb injury and
determine adjusted odds ratios for each risk factor
Results: 169 injuries occurred with a rate of 13.8 / 1@3@osure hours (95% CI 11.8-16.0),
majority (60%) to the lower limb. The most frequentiry mechanisms were collisions
(28%) and awkward landings (27%), nature was ‘mflaation/swelling’ (32%) and
consequence was ‘unable to continue playing/trgir(®0%). Previous history of injury (OR
6.9, 95% CI 3.7 - 13.0) and age greater than 18a6sy(OR 3.1, 95% CI 1.6 - 5.9) were
significant risk factors for a season lower limfuny.
Conclusion: Injury rates in this community netball club wérgh. Results suggest that
further research regarding the implementation dfetveness of injury prevention

programs for community netballers is required.
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INTRODUCTION

Netball is a popular team sport played worldwiddas a high participation rate with over 20
million participants who are predominantly femalletérnational Netball Federation). While

netball is a ‘non-contact’ sport, injuries are coonmmdue to the high physical demands
associated with the sport. Reported injury incigenates vary for netball players, ranging
from 11.3-14 injuries per 1000 player hours (Finbl, Costa, Stevenson, Hamer, & Elliott,
2002; McManus, Stevenson, & Finch, 2006; PringlesNdir, & Stanley, 1998). At the

community level, the most recent large scale, pospe investigations were conducted over

a decade ago (Finch, et al., 2002; McManus, e2@06).

The ankle and knee are the most commonly reponfjaded body sites among netball players
(Finch, et al., 2002; D. Hopper, Elliott, & Lalat995; Joseph, Naughton, & Antcliff, 2019;
Langeveld, 2012; McManus, et al., 2008hkle sprains have been found to be a problem
across all levels of competition (Bissell, Lorergz& Chung, 2018; Pillay & Frantz, 2012;
Singh, Mansingh, Palmer, & Williams, 2013). A systgic review of ankle injuries in sports
reported that the ankle accounted for 40% of albhalkinjuries (Fong, Hong, Chan, Yung, &
Chan, 2007). Common mechanisms of injury repometuded incorrect landing and contact
with another player, with the most commonly repdnt@ature of injuries being ligamentous
sprains, muscle strains and contusions (Finch|.e2@02; D. Hopper, Elliott, et al., 1995;
McManus, et al., 2006). Interestingly, differences injury incidence rates have been
previously identified across different levels ofnguetition (D. Hopper, Elliott, et al., 1995;
Pillay & Frantz, 2012), and age divisions (D. Hopge Elliott, 1993), which may have
implications for the development of injury prevemtiprograms for players of different ages

and levels.



In an attempt to decrease the high injury rateseiball players, injury prevention programs
have been developed. Examples include Netball Alisis ‘Knee Program’ (Netball
Australia) and the University of Ballarat’'s ‘Down €arth’ program (Saunders, Otago, &
Peoples, 2006). However, the impact of these prmagren community netball is currently
unknown, with a lack of current information regaglithe injury rates and types of injuries
experienced in different age groups and levelsomhpetition. In addition, identifying and
understanding modifiable risk factors for injuryfismxdamental to the development of injury
prevention programs. Previously reported playerattaristics associated with lower limb
injuries in netballers include hypermobility, jumgi ability, dynamic balance, anaerobic
fitness and body somatotype (Attenborough, etall,7; D. Hopper, Hopper, & Elliott, 1995;
Smith, Damodaran, Swaminathan, Campbell, & Barn20@5). A limitation of research in
this area is that only a few studies have examirgdfactors for injury in netballers using a
prospective study design (Attenborough, et al.,720#icManus, et al., 2006; Pickering
Rodriguez, Watsford, Bower, & Murphy, 2017). Of $kestudies, only one was conducted at
the non-elite or community level (McManus, et aD06), and that was conducted more than

a decade ago.

The primary aim of this prospective cohort studycoimmunity level Australian netball
players was to conduct surveillance of sport igsithat occurred during season playing and
training time and to report the injury rate by baggion, injury patterns by team division,
mechanism of injury, nature of injury and conseaeaeof injury. A secondary aim was to
investigate risk factors associated with lower limjury through analysis of demographic
information, history of previous lower limb injurgharacteristics of netball participation and

physical measurements.



METHODS
Injury surveillance was conducted during the 20&éball season at one community netball
club in South Australia. With the support of thaltk committee and coaches, all registered
players across the 9 divisions of the club weresittared eligible and were invited to
participate via a written information letter comiaig details of the study. Players who were
interested to participate provided written consamd players under 18 years also provided
parental/guardian consent. Players who did notigeowritten consent were excluded from
the study. This study was approved by the Humaned&eh Ethics Committee at the

Australian Catholic University (2016-48H).

At the commencement of the season, participantgpied a paper-based questionnaire and
physical measurements were obtained. The questrennecluded player demographics
(age), information related netball participatioredys playing netball, netball participation
hours per week, other physical activity hours peeky use of warm-up pre game/training,
use of cool-down post game/training, use of tapiraging for games or training, age of
netball shoe) and injury history in the twelve nimntprior to the study. Physical
measurements included player height, weight andeatdrsiflexion range of motion. Body
mass index was calculated using height and weiglatsorements. Ankle dorsiflexion range
of motion was measured on each limb using the pusly established weight-bearing lunge
test (Bennell, et al., 1998). In brief, playersiposed their foot so that the big toe and mid-
heel were along a tape measure positioned on tle, fberpendicular to the wall. Players
lunged forward until their knee touched a vertiia¢ drawn on the wall. At the maximum
lunge point, ensuring the heel remained in contwith the ground, the linear distance

between the hallux and wall was recorded in ceritiese



During the season, any sports injury that occua®d result of netball participation (training
or game) was recorded. A ‘sports injury’ was ddlias ‘all types of damage to the body that
occurred as a result of competing, training an@éaticipating in a physical activity’ as per
Sports Medicine Australia’s ‘Australian Sports InjuData Dictionary’ (Sports Medicine
Australia, 2018). Each sport injury was recordethgisa standardised form, based on the
Sports Medicine Australia netball injury reportifiym (Sports Medicine Australia, 2018),
see supplementary material (Figure S1). As outlindeigure S1, injury information that was
obtained included the date of injury, activity iateé of injury (game/training), body location,
nature, mechanism and consequence of injury. Thasfavere completed by the injured
player (or parent/guardian) or team coach/managed, information was verified by a
research assistant via telephone follow-up. Dutivg season, hours of netball training and
playing time for each individual player were dedvieom attendance records maintained by
each coach, based on training schedules and fextaned were used to calculate season
playing and training exposure hours for each playée collected data were sent by the
research assistant to the university's data manegeservice for collation and were de-

identified prior to being sent to the research téananalysis.

Statistical Analysis

Data were analysed using SPSS, version 25 (IBMUIS2). Injuries were excluded from the
analysis if they were sustained during any actidtlier than participation in community
netball. Injuries were categorised as ‘foot’, ‘aikl‘shin’, ‘calf’, ‘knee’, ‘thigh’, ‘*hip’,
‘groin’, ‘back’, ‘trunk’, ‘shoulder’, ‘upper arm/dow’, ‘forearm/wrist/hand’ or ‘neck’ or
‘head’. Locations were then grouped into the follogvregions: ‘any injury’, ‘lower limb’,
‘upper limb’, *head/neck’ or ‘trunk/back’. Mechamis of injury were categorised as ‘struck

by ball’, ‘collision with other player’, ‘collisiorwith fixed object’, ‘slip/ trip’, ‘jumping to



shoot or defend’, ‘fall/ stumble’ and ‘fall from ight/awkward landing’ and ‘other’. The
nature of the injury was categorised as ‘abrasrazkj, ‘sprain’, ‘strain’,
‘inflammation/swelling’, ‘fracture’, ‘concussion’;blisters’ and ‘other’. Consequences of
injury were categorised as ‘continue activity’, alole to continue activity’, ‘ambulance’,
‘hospital’ and ‘other’. Injury rates were calculdtby expressing the number of injuries per
1000 netball exposure hours (with 95% confidenteruals) (Dean, Sullivan, & Soe., 2013).

The formula used to calculate injury rates wasniber of injuries / exposure time) x 1000.

To investigate risk factors associated with seakmmer limb injuries, players were
categorised into two groups (lower limb injury ar lower limb injury). One player with no
injury was excluded due to missing data. The foifmywariables were tested as predictive
factors: player age (years), height (m), weight)(kgody mass index (kgAn ankle
dorsiflexion range of motion (cm), history of lowlenb injury in the 12 months prior to the
study (yes/no), use of warm-up pre game/trainings/yo), use of cool-down post
gamel/training (yes/no), age of netball shoe (mgnthse of ankle taping or bracing for
netball games or training (yes/no), time spentipgayetball per week (hours), time spent on
other physical activity per week (hours), seasomedme (minutes), season training time
(minutes), and total season time (minutes). Forleadorsiflexion range of motion, the
average was used. A paired t-test demonstrateanbasurements for the left (mean 11.7cm,
standard deviation 3.4cm) and right (mean 11.8¢andard deviation 3.5cm) ankles were
not different (p = 0.61). Univariate associatioe$ween categorical variables were examined
using chi-square tests and between continuousblesiaising independent samples t-test for
the lower limb injury and no lower limb injury grps. Receiver Operating Characteristic
(ROC) curves were used to calculate the optimalpourtt for each continuous variable in
predicting the injury outcome variable and the potnts were then used to convert the

significant continuous variables (p<0.10) to a bynmrm. Cross tabulations and chi-square
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tests were used to assess the relationship betiveesignificant binary exploratory variables
(p < 0.10) and season lower limb injury (injuryray injury). All variables were then ranked
in order of the magnitude of their univariate asstbon and entered into a logistic regression,
using a forward sequential method (Barton & Pe#&l42 to obtain their independent
multivariate effects with significance level setpat0.05. Unadjusted and adjusted odds ratios
(95% confidence intervals) were reported to desctite magnitude of the relationship
between risk factors and lower limb injury. Thissaan exploratory study, and in order to
minimise Type Il errors, no adjustments for mubiglomparisons were made (Bender &
Lange, 2001). As the unit of player selection wasngle club, adjustment for clustering by

team was not considered necessary.

RESULTS

Participant characteristics. From the 278 registered players, 269 female nettsalicross 9
divisions participated in this study. Participargaged in age from 7 years to 42 years, with a
mean (standard deviation) age of 15 (5) years, ht@fy58.9 (15.1) kg, height of 1.6 (0.1) m,
and had played netball for an average of 7.8 y&at3, (Table 1). In the twelve months prior
to the study, 159 players (59%) reported a histarynjury. Lower limb injuries in the
previous 12 months comprised 71% of the injuriesd tirere reported, followed by the upper

limb (15%), trunk/back (8%) and head/neck (6%).

Injury rates: The overall time of netball exposure over the darabf the season across all
269 participants was 12,243 hours (8,919 trainiogré and 3,324 game hours). During the
season, 169 injuries were sustained by 107 playé). The overall injury rate was 13.8 /

1000 player hours (95% CI: 11.8 to 16). The majoat injury incidents occurred during



games (32.2 per 1000 player hours) compared waimitrg (4.7 per 1000 player hours).
Figure 1 illustrates the injury rates across eacisidn.

Injury location: Supplementary material (Table S1) reports injlogations across each
division. Overall, lower limb injuries predominatetcounting for 60% of injuries (8.3 /
1000 exposure hours; 95% CI: 6.8 to 10.1). Thearfkrearm/wrist/hand and knee were the
most commonly injured locations accounting for 2@ejury rate 3.6 / 1000 exposure hours;
95% CI:. 2.6-4.8), 17% (injury rate 2.4 / 1000 exreshours; 95% CI:1.6-3.4) and 16%
(injury rate 2.2 / 1000 exposure hours; 95% CI-3.2) respectively. Exceptions to this
occurred in the junior, intermediate and seniolisiims, where the head region was among
the most commonly injured location. Forearm/wriatitl injuries were particularly common

in the sub-junior division.

Mechanism of Injury: The most commonly reported mechanisms of injuryeweollision
with another player’ (28%) and ‘awkward landing7@2), closely followed by ‘other’ (22%),
supplementary material (Table S2). ‘Other mechasisvere usually not associated with a
specific incident, for example overuse injurieseThub-junior’ division was an exception

where the most common mechanism was being ‘strydialy’ (42%).

Nature of Injuriess. The most commonly reported nature of injury wasflammation/

swelling’ (32%), followed by ‘ligament sprain’ (24%and ‘muscle strain® (18%),
supplementary material (Table S2). ‘Other’ natufeimuries (11%) reported included
‘headache’, ‘bruising’ and ‘skin laceration’. Of tep ‘concussion’ was only reported by

junior, intermediate and senior divisions.

Conseguence of Injuries: The most common consequence of injury was ‘unableohtinue
playing/training’ (50%), supplementary material fl&a S2). This was consistent across all
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divisions, with the exceptions of the ‘sub-juni@hd ‘intermediate’ divisions where the
majority could continue playing/training. ‘Othetbnsequences of injury (10%) that were
reported included seeing a ‘doctor’, ‘physiothesipitape applied to area’, ‘ice applied to
area’ and ‘Band-Aid’ applied’. A small number ofjunes required ‘hospital’ (4%,) or

attendance of an ambulance (1%,).

Risk factors for lower limb injury: There were 81 players who had a season lower Injoioyi
and 187 players who did not have a lower limb mjlwnivariate relationships were observed
between season lower limb injury and weight (p €0@), height (p < 0.001), body mass
index (p < 0.001), age (p < 0.001), time spent ipynetball per week (p = 0.018), time
spent on other physical activity per week (p = 8)Qlse of taping/bracing (p < 0.001) and
lower limb injury in the previous 12 months (p 901), see supplementary material (Table
S3). Almost all (99.6%) players did perform a waum pre game/training, therefore there
were insufficient cases to run the chi-square amalyor this factor. There were no
associations with lower limb injury observed forkEndorsiflexion range of motion (p =
0.848), age of shoe (p = 0.261), season game f{ime @.216), season training time (p =
0.164), total season time (p = 0.146) or use ofl dowvn post game/training (p = 0.105).
However, of the variables that demonstrated a sogmit univariate relationship to lower
limb injury, the only significant predictors of l@w limb injury from the multivariate logistic
regression were a ‘history of a lower limb injurythe previous 12 months’ and ‘player age

greater than 13.5 years’. Odds ratios (95% Clpagsented in Table 2.

DISCUSSION
The overall injury rate observed in community nétipéayers in the current investigation
(13.8/1000 player hours) was consistent with thesrgreviously reported (between 11.3-

14/1000 player hours) (Finch, et al., 2002; McMaraisal., 2006; Pringle, et al., 1998). Also
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consistent with previous work, the most commonjyried body region was the lower limb,
and the body location with the highest injury rateas the ankle, followed by the
forearm/wrist/hand and the knee (Finch, et al.,220D. Hopper, Elliott, et al., 1995;

McManus, et al., 2006).

The results of the current investigation showed tiegball injuries differed across age groups
and netball divisions. Injuries to the lower limkene the most common for all netball
divisions except the sub-junior division. In the bgunior division, high rates of
forearm/wrist/hand injuries (predominately fingeturies) were reported, and the most
common mechanism of injury was being ‘struck by ladi’. Continuing maturation of the
sensorimotor system at this age (11-13 year oldg) affect hand-eye coordination, resulting
in poor ball skills and this may be one of the asscontributing factors which may help to
explain the increased number of finger injuriesorggd (Quatman-Yates, Quatman,
Meszaros, Paterno, & Hewett, 2012). Another divisspecific finding was that injuries to
the head were more prevalent in junior, intermedatd senior divisions. A previous study
of community level netballers reported that 6.2%lalyers sustained a head/face injury, with
1.6% sustaining concussion (Finch, et al., 2002)e higher prevalence of ‘concussion’
injuries (4%) reported in the current investigatioay reflect an increased awareness and/or
understanding of concussion. In support of thidifig, a recent study showed that there was
an increased number of insurance claims made fadenate to serious concussions in

netballers between 2012 and 2016 (King, et al.8201

The only risk factors for lower limb injury that weeidentified in the current investigation

were age and a history of a lower limb injury i tbrevious 12 months. This is consistent
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with the results of a recent systematic review/ragtalysis regarding sporting injuries across
athletic populations (Toohey, Drew, Cook, Finch,Gaida, 2017)Whilst there is strong
evidence to support history of injury as a risktdéac the mechanisms underlying this
relationship are not fully understood. It is possithat following injury, there could be
residual deficits which predispose the player foeet injuries. Age greater than 13.5 years
was identified as an independent predictor of lokiveb injuries, which may possibly reflect
a susceptibility to injury around or following treglolescent growth spurt. Whilst further
research is required to examine the factors andilples mechanisms underlying these
findings, the results of the current investigatimuld be used to select groups of players who

may be more at risk of lower limb injury.

Injury prevention programs have been designed Bpalty for netball players. Examples
include ‘The Knee Program’ and ‘Down to Earth’ (8dars, et al., 2006). These programs
include exercises that target the commonly repomiedhanisms of injury, such as landing,
and aim to improve lower limb neuromuscular contpmstural stability and co-ordination
during netball related tasks (Netball AustraliaheTfindings from the current study of a
community netball club further support this apploadth lower limb injuries predominating
and ‘awkward landing’ and ‘collision with anothedaper being the most common
mechanisms of injury. While the barriers and féa&ibrs to uptake of the ‘Down to Earth’
intervention have been examined (Romiti, et alQ20Vhite, et al., 2012), the effectiveness
of such programs at the community level have notogen evaluated. An injury prevention
program entitled the “integrated functional stdbilprogram” has demonstrated positive
results in an elite international netball squadpfiiston & Hardman, 2006) as has a

neuromuscular intervention focussed on communitglléA. J. Hopper, Haff, Joyce, Lloyd,
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& Haff, 2017). Future research is required to eatduthe implementation and effectiveness

of injury prevention programs in community netball.

The findings of this study should be interpretethi@ context of study limitations. The results
were derived from surveillance of one communitybaétclub and may therefore not be
generalizable to all clubs. While injury reportifts were verified by a research assistant via
telephone follow-up, the injury surveillance reliegh injury report from the player
(parent/guardian) or team coach/manager. Due tés#ikereport’ nature of the study, there
was no diagnoses of injuries and results are ldnitedescription of the body location and
regions that were injured (e.g. ‘ankle’), not thetual injury (e.g. ‘ankle sprain’).
Nevertheless, this still indicates the need founyjprevention programs that have been
developed focussing on lower limb injuries. Pap@tion rates in this club wide cohort study
were high (97%), with inclusion of a wide rangeagfes and skill levels of netball players
across nine divisions. Other strengths in the stlebygn include the prospective collection of
actual season game and training time of each pgeatit which improves the accuracy of
injury rate calculations. Although participation svamited to one club, post-hoc sample size
estimation indicated that with 3 factors in theistig regression, we would have had
sufficient power with 160 players (10 per cell) ahdrefore our sample of 268 players was
adequate to support the final model with only 2lamatory factors (age, history of lower

limb injury) (Barton & Peat, 2014).

CONCLUSION

Injury rates (13.8/1000 hours) in this communitybadl club studied were similar to those
reported previously, with lower limb injuries predmating, particularly the ankle and knee.

Awkward landing and collision with another playesntinued to be the most common

14



mechanism of injury. Together these findings supploe necessity for injury prevention
programs that include lower limb neuromuscular r@npostural stability and co-ordination
during netball related tasks, such as landing. & meare some differences observed in injury
profiles across divisions suggesting that there f@yspecific injury prevention strategies
that could be of benefit for players of specificesfglivisions, such as ball skills for early
adolescents. In the current study, the only sigaift predictors of lower limb injury were age
and a history of a lower limb injury in the preveotwelve months. While this finding assists
the identification of players who may be at risk aflower limb injury, the mechanisms
underlying this finding require further investigati The findings highlight that further
investigation regarding the implementation and ati¥eness of injury prevention programs

for community netball is warranted.
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TABLES

Table 1. Participant demographic information, weight andyhedisplayed by division.

Mean (standard deviation) values are provided.

Division Number Number Age Years Weight Height
of players of teams (years) playing (kg) (m)
netball

Sub-primary 8 1 8 (1) 1.6 (0.7) 28.8 1.31
Range: (4.4) (0.08)
7-9

Primary 42 6 10(1) 3.1(1.1) 40.8 1.46
Range: (9.4) (0.07)
9-11

Sub-junior 46 6 12(1) 4.8(1.7) 546 160
Range: (11.6) (0.08)
11-13

Junior 59 7 14(1) 6.5(1.9) 612 1.67
Range: (12.0) (0.06)
13-15

Inter mediate 47 5 16 (1) 8.4(2.2 64.8 1.70
Range: (8.6) (0.07)
13-17

Seniors 38 5 21(5) 135(53) 67.1 1.70
Range: (8.2) (0.06)
17-42
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Adelaide 10 21(4) 147 (4.1) 756 1.74

Metropolitan Range: (11.7) (0.08)

Netball Division 18-28

Reserves 9 21(2) 133(.1) 712 174
Range: (13.7)  (0.08)
18-25

Premier 10 25(4) 18.1(4.8) 728 1.76
Range: (11.3) (0.06)
18-30
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Table 2. Unadjusted and adjusted odds ratios for risk facissociated with lower limb injuiduring the netball playing season

Risk Factor % in exposed | % in non- Unadjusted odds P -value | Adjusted odds | P -value
group with exposed group | ratio (95% CI) ratio (95% CI)
LL injury with LL injury
History of LL injury in previous 12 months 50.8% 2% 7.7 (4.1-14.2) <0.001 6.9 (3.71t0 13.0) <0.00
Age > 13.5 years 41.2% 15.7% 3.8(2.1-6.9) <0.0013.1 (1.6t0 5.9) | 0.001
Height > 1.67 m 44.4% 18.1% 3.6 (2.1-6.3) <0.001
Weight > 62.5kg 45.0% 19.7% 3.3(1.9-5.7) <0.001
Use of ankle taping or bracing 46.1% 22.2% 3.0 €1572) <0.001
Time spent on other physical activity per week 40.6% 23.0% 2.3(1.3-3.9) 0.002
>1.8 hours
Time spent playing netball per week > 4.5 houyrs 8%8. 23.5% 20(1.2-3.5) 0.007
BMI > 21.5 36.8% 23.7% 19(1.1-3.2) 0.019

®Players with a lower limb injury n = 81; playerstihiut a lower limb injury n = 187
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Injury rate (per 1000 player hours)

Figure 1: Season injury rate for each injury region acrossmetball divisions. Please see Table 1 for detgarding division characteristics.
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Highlights:
* Injury ratesin community level netball in Australiaremain high.
* Lower limb injuries are the most common, specifically at the ankle and knee.

» Ageand previous history of injury were risk factors for lower limb injury.
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