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Abstr act

Women’s participation in field collision sports is growing world-
wide. Scoping reviews provide an overview of scientific litera-
ture in a developing area to support practitioners, policy, and 
research priorities. Our aim is to explore published research 
and synthesise information on the physical and technical de-
mands and preparation strategies of female field collision 
sports. We searched four databases and identified relevant 
published studies. Data were extracted to form (1) a numerical 
analysis and (2) thematic summary. Of 2318 records identified, 
43 studies met the inclusion criteria. Physical demands were 
the most highly investigated (n  =  24), followed by technical 
demands (n  = 18), tactical considerations (n  =  8) and prepara-
tory strategies (n = 1). The key themes embody a holistic mod-
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Introduction
Female field collision sport (Australian Football League (AFL), Rugby 
Union, Rugby League and Rugby Sevens) has grown substantially 
in participation and professionalism [1]. These collision field sports 
are characterised by intermittent high-intensity activities inter-
spersed with lower intensity activities [2] as opposing teams com-
pete for possession and territory to score points. Field collision ath-
letes require well developed technical skill and physical qualities 
such as speed, agility, upper-body and lower-body strength and 
power, and aerobic capacity [3]. Technical skill can be defined as 
the learnt ability to select and perform the correct technique [4] 
as determined by the demands of the situation. Collision-based 
field athletes are required to perform multiple skills which can be 
divided into non-contact skills (for example, evasion, catching, 
passing, kicking) and contact skills (eg. carry into contact, tackling 
and aerial collisions). The frequency of these contact and non-con-
tact skills is dependent on playing position.

Despite the increase in participation and professionalism in fe-
male sports, 4–13 % of sport science and medicine studies include 
women-only cohorts [5]. This evidence base comprises only four 
reviews investigating injury incidence in Rugby League [6] and 
Union [7], and match demands, anthropometric and physical qual-
ities in Rugby Sevens [8, 9]. To compensate, practitioners general-
ize and adapt match demands, coaching strategies and injury pre-
vention policies from male field collision sports to females [10]. 
This may be misguided given the well documented contextual, bi-
ological and biomechanical differences between the sexes [11, 12]. 
For example, in Rugby contact events, differences exist in the head-
impact mechanisms where females are more likely to sustain un-
controlled whiplash or head-to-ground impacts compared to their 
male counterparts [13]. Recent calls to action propose an evidence-
based framework for female athlete development and wellbeing 
[10]. To develop this, a scoping review can identify gaps in the 
knowledge base, clarify key concepts and report on the types of 
evidence that address and inform practice [14].

Understanding the physical and technical match demands can 
help formulate evidence-informed frameworks for optimising ath-
letic performance and injury prevention in female field collision 
sports. The aim of this scoping review is therefore to synthesize and 
examine the physical and technical demands of female field colli-
sion sports, including preparatory strategies, to help inform prac-
titioners, coaches, researchers and governing bodies.

Materials and Methods
A scoping review was undertaken as they have previously been used 
to map key concepts underpinning a research area [14]; are useful 
for bringing together literature in disciplines with emerging evi-

dence, and address questions beyond those related to effective-
ness or experience of an intervention. This review is based on Ark-
sey and O’Malley’s five-stage process, Levac et al.’s framework, the 
work of the Joanna Briggs Institute, and previously published rele-
vant scoping reviews [14, 15]. The protocol was published in OSF 
registries (DOI: 10.17605/OSF.IO/5VZ6G). See supplementary re-
source 1 for the PRISMA scoping review checklist [16].

The author group developed the following research questions 
following a preliminary literature review:

▪▪ What is known about the technical and physical demands and 
preparatory strategies in female field collision sports?

▪▪ What are the evidence gaps in the field?
▪▪ What are the key research priorities?

The inclusion and exclusion criteria ▶Table 1 were determined 
based on existing frameworks [15]. ▶Table 2 shows the operation-
al definitions. To ensure inclusivity in this review, studies reporting 
outcomes for both females and women were included in this re-
view.

Eight key search themes were identified (collision-based, phys-
ical, technical, skill, demand, preparation, training, practice) and 
expanded to maximise the number of retrieved articles. The search 
strategy was developed by an experienced librarian (DM) and first 
used on the MEDLINE database and then adapted for subsequent 
databases (supplementary resource 2). The search was performed 
with no date restrictions among 4 databases (MEDLINE, Embase, 
Web of Science Core Collection, CINAHL) from inception until 
[24/01/22].

Search results were exported into EndNote X9, duplicates re-
moved, and remaining citations imported into Covidence (Covi-
dence systematic review software, Veritas Health Innovation). Title/
abstract screening was completed by two independent reviewers 
(KD, FW). A high level of agreement was achieved between review-
ers (Kappa 0.85). Disagreement was resolved by discussion until 
consensus was reached. In no cases did it need to go to a third au-
thor (SH). There was no blinding to study, author, institution or 
journal. The reviewers (KD, FW) undertook full-text screening.

The author group designed a data extraction form supplemen-
tary  ▶Fig. 1. Two researchers (KD and FW) trialled the data extrac-
tion form on three random studies, then independently extracted 
data from the first 10 studies using the data-charting form to es-
tablish consistency in extraction methods. KD extracted the data 
from 90 % of included studies and FW extracted data from 10 % of 
studies. The data were cross-checked, where FW checked 10 % of 
KD’s data extractions for accuracy and vice versa. Discrepancies 
were resolved by discussion. No further cross-checking was per-
formed given the high level of concordance > 97 %.

el contributing to both performance and injury prevention 
outcomes in the context of female field collision sports. Find-
ings suggest a gender data gap across all themes and a low 
evidence base to inform those preparing female athletes for 
match demands. Given the physical and technical differences 

in match-demands the review findings do not support the gen-
eralisation of male-derived training data to female athletes. To 
support key stakeholders working within female field collision 
sports there is a need to increase the visibility of female athletes 
in the literature.
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Data are presented as follows:
1. Numerically: by sport; period of publication; country of ori-

gin; study type and theme.
2. Thematically: using descriptive analysis to map key findings 

and concepts relevant to the research question. KD used an induc-
tive thematic analysis framework, basing the analysis on Braun and 
Clarke’s six-phase framework [17]. Data familiarisation was 
achieved by manually extracting study key outcomes and catego-
rising them according to primary outcome using affinity diagram-
ming. Categories were grouped to form themes, then refined to 
include subthemes [17]. A visual summary of this process is pro-
vided in ▶Fig. 1.

Included studies were critically appraised by two authors (KD 
and FJN) using the Downs and Black 110 Quality Index (QI) check-
list [18], which is a valid and reliable tool for assessing the method-
ological quality of experimental and non-experimental designs 
[18]. Each study was assigned a quality rating of ‘excellent’ (24–28 
points), ‘good’ (19–23 points), ‘fair’ (14–18 points) or ‘poor’ 
( < 14points).

The author group have played, coached, been responsible for 
the medical care and/or analysis of professional Rugby players. Mul-
tiple members of the group are also employed by and advise the 

board of national Rugby governing bodies. Given the breadth of 
knowledge and experience within the group in working with key 
stakeholders, a formal external consultation exercise was not con-
ducted. Coaches, strength and conditioning (S&C) coaches, and 
medical staff from elite men’s and women’s Rugby Union were con-
sulted informally to help refine and define themes to ensure they 
were meaningful to key stakeholders.

Results
The initial search identified 2318 studies, leaving 1169 studies after 
duplicates were manually removed from the search. After review-
ing the titles and abstracts, 112 studies were identified for full text 
screening; 69 were deemed unsuitable and removed (64 studies 
did not explicitly report the sex of their participants, ▶Fig. 2). Au-
thors were contacted where participant sex was not reported. 
Twenty-three additional studies were included following further 

▶Table 1	 Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Studies were included based on 
the following inclusion criteria:

Studies were excluded based on the 
following exclusion criteria:

▪▪ Research articles not limited by 
age of study, geographical 
location, language or setting

▪▪ Research articles that do not 
scientifically investigate physical 
or technical measures or 
preparatory strategies within 
female field collision sports

▪▪ Research articles that consider 
all forms of collision field sports

▪▪ Opinion pieces/opinions, 
magazine and newspaper articles

▪▪ Outcome variables that must 
consider physical and/or 
technical demands

▪▪ Studies that could not be 
translated into English

▪▪ Studies that include adult 
female athletes

▪▪ Studies that do not include adult, 
female athletes

▪▪ Studies that report preparation 
strategies for these physical 
and technical demands

▶Table 2	 Operational definitions.

Term Definition

Field-based 
collision sports

A sport that permits deliberate collision between 
players without sticks

Physical 
demands

The level and duration of physical exertion generally 
required to perform match and training functions 

Technical 
demands

The basic sport-specific skills required to perform 
match and training functions [4]

Preparatory 
strategies

All aspects related to physical and technical perfor-
mance development [58]

Practitioners Coaches, physiotherapists, clinicians, sports scientists, 
strength and conditioning (S&C) coaches

Stage 1 - Initial Themes and Coded Outcomes Stage 2 - Refined Themes

THEME PHYSICAL DEMANDS

THEME
OUTCOMES

TACTICAL ANALYSIS

THEME

OUTCOMES

PREPARATORY STRATEGIES

THEME

OUTCOMES

TECHNICAL DEMANDS

THEME 1

SUBTHEMES

Physical Demands (n = 24 studies)

THEME 2

SUBTHEMES

Technical demands (n = 18 studies)

Preparatory strategies (n = 1 study)

GPS derived running demands
Video derived locomotor activity
GPS derived collisions
Video derived collisions

Rugby pass execution
Rugby ball carying
Rugby avoidance behaviours
AFL drop punt kicking
AFL game tackle demands
Rugby game handling execution

Performance testing
Training prescription
Menstrual cycle monitoring
Sports Science Technologies

Score differentials
Performance quality scoring

Live scrummaging
Rucking
Tackle technique
AFL handball pass
Match tackle demands

Locomotor demands
Collision demands

non-contact skill demands
contact skill demands

THEME 3

Tactical Considerations (n = 8 studies)THEME 4

OUTCOMES

▶Fig. 1	 A summary of how themes were generated, based on 
Braun and Clarke’s six-phase framework.

Records identified through
database search

(n = 2 318)
Id

en
tif

ic
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n

Sc
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in

g
In
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ed

Records identified through
reference lists of relevant

studies
(n = 23)

Records after duplicates removed
(n = 1 169)

Records screened by title and
abstract

(n = 1 169)

Records excluded
(n = 1 057)

69 records excluded as not
relevant

Main reasons
No women included (n = 64)

Study design (n = 5).

Full text records assessed for
eligibility
(n = 112)

Records included in review
(n = 43)

▶Fig. 2	 Study selection flowchart.
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searches of reference lists and author consultation. Forty-three 
studies were included in the final analysis.

Thirty-two studies included only females, 12 included males and 
females. Seventy percent of studies collected match data, 23 % of 
data was collected in lab-based settings, and 7 % conducted re-
search in training. Most research was conducted in elite playing 
populations (72 %, n = 31). The main findings of the 43 studies are 
presented in supplementary resource 4. The largest group of stud-
ies involved Rugby Union (40 %, n = 17), followed by Rugby Sevens 
(37 %, n = 16), Australian Football League (16 %, n = 7) and Rugby 
League (14 %, n = 6). A rapid recent growth in studies was observed, 
with 98 % of studies published between 2011 and 2021. Australia 
provided most of the included studies (49 %, n = 21) followed by the 
UK (29 %, n = 8). Canada (12 %, n = 5), Spain (7 %, n = 3), USA (5 %, 
n = 2), New Zealand (2 %, n = 1), Ireland (2 %, n = 1) and the Nether-
lands (2 %, n = 1). Most studies used cohort designs (40 %, n = 17), 
followed by cross-sectional (30 %, n = 13), experimental (16 %, n = 7) 
and longitudinal (14 %, n = 6).

The initial QI scores achieved a kappa value of 0.8. After discus-
sion regarding disagreements, a kappa value of 1.0 (perfect agree-
ment) was achieved. Eleven studies had a quality rating of ‘fair’ 
(14–18 points) and thirty-two studies were rated ‘poor’ ( < 14 
points). The QI score of the 43 studies had a median of 12 points 
(interquartile range 4) of a maximum of 28 possible points (Sup-
plementary Resource 5). The highest subscale scores achieved were 
reporting and internal validity-bias. The lowest subscale scores 
were external validity, internal validity-confounding and power 
(sample size calculation).

Physical Demands
Twenty-four studies reported on the physical demands of female 
field collision sports, comprising locomotor (n = 21) and collision 
(n = 14) demands. Most research was performed in Rugby Sevens 
(38 %), followed by Rugby Union (33 %), Rugby League (21 %) and 
AFL (8 %). See supplementary resource 6 for the definitions of key-
words and descriptors used. Twenty-two studies reported on fe-
male-only cohorts [19–40] and two on male and female cohorts 
[2, 41]. Locomotor and collision data were collected using Global 
Positioning Systems (GPS) (64 %), video-based notational analysis 
(24 %) or heart rate (HR) monitoring (12 %).

Locomotor demands
On average, across 80 minutes of match-play, Rugby Union players 
cover 4982 m [19]. The average ball in play percentage in varsity 
Rugby was 51 % [23]. Players spend 87.4 % of the total match dura-
tion on low-intensity activities (walking, jogging, low intensity run-
ning), 9.5 % at medium intensity, 1.8 % at high intensity, and 1.2 % 
sprinting [20]. Players are exposed to heart rates > 90 % of their 
maximal HR for 47 % of the game, with no difference between 
match halves [19]. Backs cover greater relative distances and 
achieve higher velocities than forwards [20, 21, 31, 34, 36]. Total 
weekly running volumes for varsity players measured between 
12–20 km [36]. Half backs cover the greatest relative distances and 
the back three record the highest maximum velocities. Forwards 
produce significantly higher total player loads than backs [19]. 
Match locomotor demands can also be affected by contextual fac-
tors such as opposition. For example, International Rugby Union 

players experienced greater running demands against ‘weaker’ op-
position, but the ‘most intense periods’ of running were faster 
against ‘stronger’ oppositions [22].

Across 14 minutes of match-play Sevens players cover an aver-
age distance of 1556.2 ± 189.3 m [24]. Players spend 74.5 % of the 
total match duration on low-intensity activities (walking, jogging, 
low 175 running), 16.4 % at medium intensity, 3.7 % at high-inten-
sity, and 5.4 % sprinting [24]. On average, work-to-rest ratio is 1:0.4 
and for 75 % of the game, players are exposed to heart rates > 80 % 
of their maximal HR [24]. National Sevens players achieve greater 
on-field movements for total time, distance and high speed run-
ning compared to State Sevens players [2, 24, 26, 37].

Across 60 minutes of match-play, Rugby League players cover a 
total distance ranging between 2900–5500 m depending on play-
ing position [27] and level of competition (international vs domes-
tic) [35]. Backs and adjustables achieve greater running and aver-
age acceleration/deceleration demands than forwards [28, 39]. 
Compared to outside backs, hit-up and wide-running forwards cov-
ered greater relative distances [28, 39].

Across 60 minutes of match-play AFLW players cover a total dis-
tance ranging between 4998–6255 m per match depending on 
playing position [29]. When expressed relative to game time AFLW 
athletes cover 102–128 m per minute. Midfielders and small backs 
cover higher total and high speed running distances compared to 
tall backs [29, 30]. One study found a reduction in all measures of 
running performance in the fourth quarter when compared to the 
first and second quarters of matches [30].

Collision demands
In Rugby Union, the tackle is the most frequent contact event with 
a mean of 280 tackles per game [23]. This is followed by carries into 
contact (234), rucks (200), scrums (25) and mauls (6) [23]. Collisions 
are higher in forwards (range: 18.3–37.2 collisions) than backs 
(range: 7.5–14.3 collisions). Collision counts are highest against 
‘stronger’ opposition [22] with no difference noted between match 
halves [20]. Forwards spend more time (5:42 ± 1:42 minutes per 
game) and a higher frequency of involvements (61 ± 12) in rucks, 
mauls and the tackle contest [31].

Elite female Sevens players experience more impacts per game 
(12.6 ± 4.7) compared to senior Sevens players (10.2 ± 7.1) 
[2, 25, 37]. Ingestion of caffeinated energy drinks increases the rate 
of body impacts in international sevens players [40]. There are 
more missed tackles (0.5 ± 0.6 vs. 0.4 ± 0.7) in low score differen-
tial versus high score differential games [32] and physical contacts 
are 204 predominantly related to general muscle soreness [38].

In Rugby League, players engage in 512 tackle events (24.6 ± 6.6 
per back and 34.0 ± 20.5 per forward) 207 [33]. Hookers record the 
most tackles per game (26.4) [27].

Sex differences in physical demands
In the comparisons seen in ▶Table 3 female Rugby Sevens players 
run less (i. e., shorter total distance and relative distances) than 
their male counterparts [2] and experience fewer collisions [41]. 
Male players sprint faster and females also spend longer periods of 
the game at lower velocities [2].
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Technical Demands
Eighteen studies reported on contact skill (n = 13) and skill (n = 9) 
demands of collision field sport athletes across different sporting 
levels. Most research was performed in Rugby Union (50 %) followed 
by AFL (28 %) and Rugby Sevens (22 %). No relevant studies were 
found for technical skill in women’s Rugby League. Nine studies re-
ported on male and female cohorts [42–50] and 9 reported on fe-
male only cohorts [23, 31, 51–57].

Contact skill
In Rugby Union, the tackle is the most frequent contact match 
event [23]. Execution of tackle technique is influenced by playing 
experience. Following video instruction, experienced female play-
ers demonstrate superior tackle technique by altering the angle of 
knee flexion (64.2 ± 23.9 ° to 142.0 ± 3.3 [45]. Contralateral knee 
and ankle extensor isokinetic strength was found to be related to 
shoulder tackle impact force in elite female Rugby Union players 
[51].

In Rugby Sevens, the first arriving player to the ruck has a signif-
icant role in ruck outcome and an early jackal is the most success-
ful opposition action at producing turnovers [49]. Successful ruck 
actions for the team in possession include:
1)	 Low body position of the first arriving support player
2)	 Rucking beyond the ball
3)	 Close support lines to the tackled player
4)	 Using the tackled player to assist balancing body weight in a low 

body height.
AFL Midfielders make significantly more tackles than other posi-
tional groups averaging 3.5 ± 2.8 239 tackles per game (p < 0.05) 
[54, 55].

Non-contact skill
Passes are the most frequent non-contact match event, averaging 
323 passes per game [23]. Variation in ball carrying technique sig-
nificantly influences sprint performance in Rugby Union. More ex-
perienced players exhibit faster running times whilst ball-carrying 
[46].

In Rugby Sevens, defensive pressure can affect a player’s pass 
type, evasive moves and line breaks [53]. Defensive pressure has 
no effect on passing accuracy and catching skill. Progressively in-

creasing the degree of defensive pressure in training could encour-
age the performance of ‘non-conventional ‘ passes under pressure, 
more closely mimicking competition game-play.

Ankle mounted inertial measurement units (IMUs) can be used 
to classify four commonly used AFL kicks including the drop punt, 
snap kick, grubber kick and surge kick [56]. Preferred leg drop-punt 
kicking in elite female AFL athletes are characterised by faster foot 
velocities prior to ball contact, greater knee angular velocities, pel-
vis linear velocities, and smaller hip angular velocities compared to 
non-preferred leg [57]. Foot and ball velocities for elite women are 
lower than senior and junior elite male AFL athletes. Midfielders and 
small forwards execute the most inside 50 s. Tall backs have the 
highest number of rebound 50 s and tall forwards score more goals 
[54]. Regardless of previous related skill, massed practice of a dis-
crete sport skill (AFL handball passing) can lead to better retention 
of learning over a two-week period [50]. The transference of find-
ings to longer term skill acquisition or competitive match environ-
ments is not clear.

Sex differences in technical demands
During machine scrummaging, senior female international players 
achieve comparable peak compression forces to under 18 school-
boys’ Rugby [42]. Scrummaging forces vary depending on anthro-
pometrics and technique, with elite male packs generally showing 
greater magnitudes and more ‘dynamic’ engagement phases than 
female packs [43]. Female forwards show a tendency for higher 
‘shoulders above the hips’ postures [43]. On average, elite and in-
ternational male teams achieve a sustained push (kilonewton) mag-
nitude 28 % greater than International females [43]. Compared to 
males, female collegiate Rugby Union players responded best to 
educational videos to improve tackle technique [45].

Preparatory Strategies
Resistance, cardiovascular, sprint and plyometric training, and re-
covery sessions are implemented by 89 % of elite S&C coaches 
(n = 37) within Rugby codes [58]. Performance testing is frequent-
ly assessed in pre- (97 %) and in-season (86 %). Sport science tech-
nologies (54 %), psycho-social aspects (41 %), physical differences 
(22 %) and menstrual cycle monitoring (22 %) are commonly meas-

▶Table 3	 Physical demands of male vs female Rugby Sevens.

Males Females

Collision demands Collisions > 10 g 51 45

Senior Elite Senior Elite

Locomotor demands Total distance (m) 1176 ± 259 1249 ± 348 1099 ± 228 1078 ± 197 

Relative distance (mminˉ¹) 101 ± 9 103 ± 9 98.2 ± 12.4 85.8 ± 3.9 

Max speed (msˉ¹) 8.68 ± 0.56 8.7 ± 0.99 7.4 ± 0.52 8.05 ± 0.55

Max acceleration (msˉ²) 3.85 ± 0.47 4.02 ± 0.50 3.31 ± 0.41 3.49 ± 0.38

Distance > 3.5msˉ¹ (m) 439 ± 93 483 ± 172 330 ± 97 323 ± 87

Distance > 5msˉ¹ (m) 189 ± 41 201 ± 79 102 ± 44 120 ± 41

Sprint distance (m) 224.3 ± 46.1 223.2 ± 104.7 126.9 ± 42.9 148.6 ± 39.1

Mean sprint duration (s) 3.9 ± 0.9 4.2 ± 1.6 4.2 ± 1.7 4.1 ± 0.44

Note: Based on collision data from Clarke et al. 2017 [41] and locomotor data from Clarke et al. 2017 [2].
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ured to inform current practice in national or regional/state level 
female athletes [58].

Tactical Considerations
Eight studies of various designs reported on the team performance 
indicators associated with score differential [32], final ladder posi-
tion [59] and winning/losing teams [47–49, 60–62]. No relevant 
studies were found in women’s Rugby League. All studies reported 
on elite athletes.

Key performance indicators related to team success in female 
Rugby Union include:
Attacking success:  greater line breaks, more pick and go’s [61].
Defensive success:  less penalties conceded, higher tackle com-
pletion [61].

Key performance indicators related to team success in female 
Rugby Sevens include:
Attacking success:  more quick lineouts, lineout success, more 
passes [60], more ‘perturbations‘, quick taps, evasive footwork out 
wide [48].
Defensive success:  More handling turnovers and ‘ball-jolting-
tackles ‘ [60]. Less missed tackles [32].

Positive phase momentum is associated with four or more pass-
es in women’s Rugby Sevens. Wide rucks are commonly used to 
gain positive phase momentum [47]. Greater winning margins are 
associated with greater running demands and fewer match activ-
ity demands [32].

Match outcomes in AFLW can be influenced by uncontested pos-
sessions and the ratio between the number of inside 50 s and goals 
scored. Kicks and contested marks influence final ladder position 
[59]. Key high-performing individual athletes’ skilled performanc-
es within matches contribute more to success rather than a collec-
tive team performance [62].

Sex differences in tactical considerations
Male and female international Rugby Union teams adopt different 
tactical approaches to knockout competitions [61]. Women make 
more line breaks (5.7 ± 3.2) than men (3.75 ± 2.6) irrespective of 
match outcome. Women’s teams demonstrated a greater differ-
ence in tackle completions between winners (92.3 % ± 3.9 %) and 
losers (86.8 % ± 4.9 %) in comparison to men’s teams. Women’s 
teams used more pick and go carries (24.4 % ± 11.9 %) than men’s 
teams (8.3 % ± 4.2 %). Men’s teams had a higher percentage of car-
ries off 9 than women’s teams [61].

Male and female Rugby Sevens teams display different variables 
for team success [47–49, 60]. Winning women’s teams more often 
take kick offs with no contest for possession compared with men 
and winning men had more effective scrums than winning women 
[60]. Positive phases are associated with 3 or more passes in men’s 
sevens and 4 or more passes in women’s sevens [47]. Winning 
women use wide rucks whilst winning men use mid rucks to gain 
positive phase momentum. Women have a high number of pertur-
bations from evasive footwork in wide channels whereas men’s sev-
ens more commonly use quick taps and counter attacking opposi-
tion errors [47].

Discussion
Female field collision sports are multifaceted, and findings suggest 
that successful performance requires the synergy of physical, tech-
nical, and tactical proficiencies.

Implications for Practitioners
Findings suggest that collision field athletes need a capacity for in-
termittent endurance, repeated sprint ability, collision-based ex-
ertions, accelerations and decelerations. This review presents av-
erage demands to assist practitioners in refining training practices 
and physical preparation for competition. Contextual factors such 
as positional roles [34], opposition strength [22]; score differential 
[32], match quarter [20], and level of competition [35] influence 
the physical demands during match play. Playing positions dem-
onstrate unique locomotor and collision demands that should be 
considered by practitioners when designing preparatory strategies.

Despite advances in GPS technology, quantifying locomotor and 
collision demands in female field collision sports is challenging. 
Studies used a variety of GPS technologies with different terminol-
ogy and velocity bands to classify locomotor actions, limiting the 
comparability between studies. The analysis of loads experienced 
through tackles or collisions is complex due to limitations in accel-
erometers to differentiate between types of impacts, detect im-
pacts in female specific playing groups [33] and substantial differ-
ences between the number of collisions identified by the manufac-
turer's software and those identified by video analysis [33, 41]. Until 
collision based metrics are validated, practitioners should integrate 
video-based software with GPS outputs to determine the number 
and severity of collisions undertaken throughout match-play [33]. 
Like wider sport concerns, evidence doesn’t consider contextual 
factors on the total physical demands imposed on field collision 
athletes [63]. For example, the total physical demands experienced 
by players could be under-estimated when only considering GPS 
running load data because this does not account for technical de-
mands such as tackling, rucking and scrummaging.

Despite previous studies documenting the preparatory strate-
gies in male Rugby codes [64] and AFL [65], only one questionnaire-
based study was found for female field collision sports [58]. Care 
should be taken to interpret questionnaire findings given the diffi-
culty in ensuring reliable and valid responses. It can be hypothe-
sized that current preparatory strategies for female athletes have 
been developed from male data as well as practitioner personal ex-
perience. Although training requirements may be similar between 
both sexes, it is important that female-specific considerations are 
accounted for to reflect female athlete needs. Heterogeneity in 
physical preparation practices was documented across female 
Rugby codes which may signify a lack of consensus on best-prac-
tice approaches. Sport science technology uptake in elite female 
Rugby codes is comparatively lower (54 %) than the 100 % usage in 
professional male Rugby Union [58, 63]. Given the proliferation in 
the use of sports technology in athlete management for minimis-
ing injury risk [66] and athletic development it is important to un-
derstand and address the barriers to its implementation in female 
sports. Barriers previously reported include a lack of resources, in-
vestment and full-time staff [10]. Addressing these barriers and es-
tablishing a stronger evidence-base for the preparatory strategies 
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in female field collision sports will further support practitioners to 
make informed decisions for female athletes.

Implications for Coaches
Female collision field players must successfully execute numerous 
technical actions over the course of a game, such as kicking, catch-
ing, passing, scrummaging, handballing and tackling. Players need 
the capacity to execute the technical skills under pressure and fa-
tigue [53]. For example, Rugby League athletes have been found 
to execute significantly more tackles than other Rugby codes 
(34.0 ± 20.5 per forward) but don’t require the same breakdown 
demands so coaches might prioritise effective tackle technique and 
sufficient contact exposures in training to ensure athletes are ad-
equately prepared for the rigours of competition [27]. Factors in-
fluencing the selection and execution of skill based demands in-
clude playing experience [45, 46, 50, 52], positional roles [29, 30] 
and opposition pressure [53]. Attacking success in Women’s Rugby 
Union is characterised by greater line breaks and pick and go’s [61]. 
Accordingly, coaches could introduce tactics to increase the prob-
ability of line breaks or develop pick and go technique to harness 
greater attacking gainline success [67]. Variances in technical skill 
demands across different positional groups aligns with research in 
males [60] and could be attributable to many factors, including 
team tactics, whereby the coaching or playing style across teams 
may influence the role undertaken by individual players.

Findings show tackling is a highly technical and physical skill 
[23, 45, 51] essential for optimal performance in female field colli-
sion sports. From a contact perspective research has focused on 
female match-play including tackle injury incidence [7], collision 
demands [22] and associations of tackle success with team perfor-
mance [61]. Few studies report on how injuries occur or how to win 
the contact events [68]. For example, information on how female 
field collision athletes get injured during the tackle, execute the 
tackle and tackle effectively would significantly expand the current 
evidence base and provide more practical information for practi-
tioners. A technical skill training framework was developed for 
Rugby Union [69] to help practitioners design and implement tack-
le training strategies. Given the lack of evidence for contact skills 
and training behaviours, it can be postulated that contact skill 
coaching, frameworks and preparatory strategies in female field 
collision sports are underpinned by research and experiences in 
male populations. Applying contact skill evidence in male athletes 
to female athletes may be misguided considering the differences 
in locomotor and collision demands [2], physiology [5], selection 
and execution of technical skill [39, 44, 45] and team tactics 
[2, 48, 61, 62]. The data provided in this review does not support 
the generalisation of male-derived training data to female field col-
lision athletes. Research efforts are required to derive appropriate 
technical skill frameworks for female field collision athletes.

Implications for Researchers
This review provides a foundation to understand the physical and 
technical demands in female field collision sports. Although much 
is known about the physical demands; particularly locomotion, fur-
ther research is needed to understand technical factors, including 
the broader influence of tactical determinants on match physical 
demands. Performance analysis within female collision field sports 

continues to rely heavily on isolated measures of performance, such 
as tackle counts and goals scored ratios, without providing context 
to confounding factors such as level of competition, team tactics, 
opposition behaviour, pitch and match period [67, 68]. A better 
understanding of the synergy between physical and technical de-
mands in female field collision sports is essential for not only an-
swering the question of what happens during a match but also how 
it happens. This information may better facilitate the transfer and 
adoption of female specific research outcomes from research to 
practice [68]. Future high-quality research is needed that employs 
consistent terminology and research designs such as those recom-
mended by the International Olympic Committee consensus for 
recording and reporting data [70]. This review has identified key 
research priorities that are relevant to female field collision sport 
▶Table 4. A number of these priorities are not unique to the female 
game but wider issues for collision sports [63].

Implications for Policy-makers and Governing Bodies
Growing interest, participation and professionalism of the female 
game requires a commensurate level of resourcing as the men’s 
game to ensure player welfare and performance. Often, the struc-
tures for female athletes have been ‘borrowed‘ from their male 
counterparts without interrogation of the sex differences that may 
exist [5]. Policy-makers and governing bodies can use the findings 
of this scoping review to help support research efforts and advance 
the structures for high performance in female field collision ath-
letes.

Strengths and Limitations
Scoping reviews are comprehensive, but not exhaustive [14]. They 
are broader and more contextual than systematic reviews [14]. The 
scientific rigour and methodological quality of individual studies 
was low with 74 % achieving a ‘poor‘ QI score. Studies range from 
broad statistical analyses of commercial databases to more in-
depth cohort studies which questions the generalisability of the 
findings. Most included studies were observational cohorts or 
cross-sectional studies with low Downs and Blacks scores attribut-
able to lack of participant blinding and non-randomisation. The 
overall quality of the evidence speaks to the challenges of conduct-
ing research in sports medicine. Another issue is that elite athletes 
are often favoured for research. Whilst it is a good starting point 
for creating evidence-based frameworks, attention should be di-
rected towards dissemination and implementation strategies to 
adapt and apply best practice to recreational sporting contexts. To 
enhance reproducibility and comparability across studies addition-
al work is needed to standardise the way sex and gender are report-
ed in sports research. Many of the studies conducted are limited by 
small sample sizes, research with-in one team, and repeated meas-
ures of players, introducing potential error in interpretation. De-
spite this, rigorous and reproducible methods have been applied 
and authors were committed to publish all findings. Our chosen 
approach has enabled us to not only address the primary research 
questions but also to map the evidence in a format that is useful 
for key stakeholders.
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Conclusion
The evidence base for the physical and technical demands can pro-
vide practitioners with useful information for average match de-
mands, but lacks context, and is limited by locomotive and colli-
sion metrics. There is little research on preparatory strategies sug-
gesting that current management strategies for female athletes 
have been developed empirically or based on male data. Although 
training requirements may be similar between both sexes, a great-
er evidence base must be established in female field collision ath-
letes to develop and optimise female athlete development, coach-
ing strategies and injury prevention policy that is informed by fe-
male cohorts. We anticipate that this scoping review will stimulate 
more resources and research in this area.

Practical Implications
▪▪ The evidence base for the physical and technical demands has 

grown rapidly and can provide useful information for average 
match demands but remains fragmented in terms of locomo-
tive and collision metrics and lacks contextual information for 
practitioners to translate research into best practice.

▪▪ Data to inform practitioners on the preparatory strategies is 
lacking and should be prioritised.

▪▪ Despite the growth in participation and professionalism 
worldwide, female field collision athletes are significantly 
under-represented across all research categories in compari-
son to males.

▪▪ Practitioners should continue to work in ‘real-world‘ environ-
ments to adopt best practice approaches for female field 
collision athletes while waiting for research to catch up.

▪▪ This review makes a case for the same level of resourcing as 
the men’s game to advance evidence-informed frameworks to 
ensure minimum standards are met for player welfare and 
performance
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▶Table 4	 Research priorities related to female field collision sports.

Research Priority Comment Rationale

Physical 
demands

Consensus on 
definitions and 
thresholds of physical 
demands in female field 
collision sports

Heterogeneity in wearable devices used limit comparisons. The inconsistencies in 
terminology and speed zone thresholds underscores the difficulties encountered in 
meaningful comparisons of the physical demands within and between team sports [63]. 
Addressing inconsistencies in metrics and thresholds used to define collision and 
locomotor demands would advance the practical application of physical match data for 
practitioners.

Inconsistencies and 
limitations in 
descriptions and 
definitions

Collision demands Heterogeneity in the wearable devices and impact thresholds ( > 5 g, > 10 g, > 15 g) limits 
comparison between studies. The validity of GPS derived collisions has been challenged in 
women’s Rugby League [33] and Rugby Sevens with 62 % of match collisions were 
incorrectly labelled [41]. Validation and consensus on female specific impact magnitudes 
would advance the application of physical match data for practitioners.

Inconsistencies in 
descriptions and 
definitions, validity

Quantification of 
collision demands in AFL

Collision events are major causation of injuries such as concussion in AFL and understand-
ing the collision demands should inform injury prevention and management strategies.

Knowledge gap

Contextualising physical 
demands

Assimilating the physical and technical data allows practitioners a more accurate picture of 
the global physical match demands and worst case scenarios [63].

Knowledge gap

Technical 
demands

Quantification of 
technical skill demands

No studies documented the technical skill demands of female Rugby League. An 
understanding of these technical demands is important to inform coaching strategies and 
athletic development. Research is required to validate IMUs and other microtechnology 
devices to quantify skill-based demands with greater detail in female field collision sports 
[56].

Knowledge gap/
Low volume of 
evidence

Skill acquisition in 
female collision field 
sports

Two studies discussed skill acquisition specific to AFL [50] and Rugby Union [45]. Learning 
effective tackle technique in Rugby Union is influenced by playing experience. Massed 
practice of AFL handball passing leads to better retention of learning over a two-week 
period. Further behavioural research is needed to examine factors related to skill 
acquisition in female field collision sports to help optimise technical proficiency and 
coaching strategies.

Low volume of 
evidence

Greater volume of 
technical skill research 
in match or training 
settings

Fifty percent of technical studies were conducted in lab-based settings. Lab-based findings 
may have limited applicability to match-play due to its controlled nature but may offer 
deeper insights into the effects of different conditions (eg, physical fatigue) and skill 
acquisition strategies. There may be scope to transfer and test promising lab-based 
findings to match or training settings in female field collision sports.

Low volume of 
evidence

Prepara-
tory 
strategies

Preparation strategies in 
female field collision 
sports 

One study documented the physical preparation practices of female Rugby codes [58], no 
studies were conducted in AFL. To develop evidence-informed physical and technical skill 
preparation practices in female field collision sports, further research is needed to 
understand the current landscape and address barriers to sports technology uptake.

Knowledge gap/
Low volume of 
evidence

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f C

al
ga

ry
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



Dane K et al. Physical and Technical Demands …  Int J Sports Med | © 2022. Thieme. All rights reserved.

References

[1]	 World Rugby, New Report Highlights Global Rise in Rugby Interest in 
2019 (2020). In Internet: https://www.world.rugby/news/600417/
new-report-highlights-global-rise-in-rugby-interest-in 2019) 
20/01/2022

[2]	 Clarke AC, Anson JM, Pyne DB. Game movement demands and 
physical profiles of junior, senior and elite male and female rugby 
sevens players. J Sports Sci 2017; 35: 727–733

[3]	 Roberts SP, Trewartha G, Higgitt RJ et al. The physical demands of elite 
English rugby union. J Sports Sci 2008; 26: 825–833

[4]	 Passos P, Araújo D, Davids K, Shuttleworth R. Manipulating constraints 
to train decision making in rugby union. Int J Sports Sci Coach 2008; 3: 
125–140

[5]	 Costello JT, Bieuzen F, Bleakley CM. Where are all the female 
participants in Sports and Exercise Medicine research?  Eur J Sport Sci 
2014; 14: 847–851

[6]	 King DA, Hume PA, Milburn P, Gianotti S. Women’s rugby league injury 
claims and costs in New Zealand. Br J Sports Med 2010; 44: 1016–
1023

[7]	 King D, Hume P, Cummins C et al. Match and training injuries in 
women’s rugby union: a systematic review of published studies. Sports 
Med 2019; 49: 1559–1574

[8]	 Ball S, Halaki M, Orr R. Movement demands of rugby sevens in men 
and women: a systematic review and meta-analysis. J Strength Cond 
Res 2019; 33: 3475–3490

[9]	 Sella FS, McMaster DT, Beaven CM et al. Match demands, 
anthropometric characteristics, and physical qualities of female rugby 
sevens athletes: a systematic review. J Strength Cond Res 2019; 33: 
3463–3474

[10]	 Cummins C, Melinz J, King D et al. Call to action: a collaborative 
framework to better support female rugby league players. Br J Sports 
Med 2020; 54: 501–502

[11]	 Emmonds S, Heyward O, Jones B. The challenge of applying and 
undertaking research in female sport. Sports Med Open 2019; 5: 
51–55

[12]	 Elliott-Sale KJ, Minahan CL, de Jonge XAKJ et al. Methodological 
considerations for studies in sport and exercise science with women as 
participants: a working guide for standards of practice for research on 
women. Sports Med 2021; 51: 843–861

[13]	 Williams EMP, Petrie FJ, Pennington TN et al. Sex differences in neck 
strength and head impact kinematics in university rugby union 
players. Eur J Sport Sci 2021; 28: 1–10

[14]	 Arksey H, O’Malley L. Scoping studies: towards a methodological 
framework. Int J Soc Res Methodol 2005; 8: 19–32

[15]	 Griffin SA, Panagodage Perera NK, Murray A et al. The relationships 
between rugby union, and health and well-being: a scoping review. Br 
J Sports Med 2021; 55: 319–326

[16]	 Tricco AC, Lillie E, Zarin W et al. PRISMA extension for scoping reviews 
(PRISMA-ScR): checklist and explanation. Ann Intern Med 2018; 169: 
467–473

[17]	 Braun V, Clarke V. Using thematic analysis in psychology. Qual Res 
Psychol 2006; 3: 77–101

[18]	 Downs SH, Black N. The feasibility of creating a checklist for the 
assessment of the methodological quality both of randomised and 
non-randomised studies of health care interventions. J Epidemiol 
Community Health 1998; 52: 377–384

[19]	 Bradley EJ, Board L, Hogg B, Archer DT. Quantification of movement 
characteristics in women’s english premier elite domestic rugby union. 
J Hum Kinet 2020; 72: 185–194

[20]	 Suarez-Arrones L, Portillo J, Pareja-Blanco F et al. Match-play activity 
profile in elite women’s rugby union players. J Strength Cond Res 
2014; 28: 452–458

[21]	 Callanan D, Rankin P, Fitzpatrick P. An analysis of the game movement 
demands of women’s interprovincial rugby union. J Strength Cond Res 
2021; 35: 20–25

[22]	 Woodhouse L, Tallent J, Patterson SD, Waldron M. Elite international 
female rugby union 516 physical match demands: A five-year 
longitudinal analysis by position and opposition quality. J Sci Med 
Sport 2021; 24: 1173–1179

[23]	 West SW, Shill IJ, Clermont C et al. Same name, same game, but is it 
different? An investigation of female rugby union match events in 
Canadian Varsity players. Int J Sports Sci Coach 2021; 1–9 doi: 
10.1177/17479541211051961

[24]	 Suarez-Arrones L, Nuñez FJ, Portillo J, Mendez-Villanueva A. Match 
running performance and exercise intensity in elite female Rugby 
Sevens. J Strength Cond Res 2012; 26: 1858–1862

[25]	 Clarke A, Anson J, Pyne D. Neuromuscular fatigue and muscle damage 
after a women’s rugby sevens tournament. Int J Sports Physiol Perform 
2015; 10: 808–814

[26]	 Vescovi J, Goodale T. Physical demands of women’s rugby sevens 
matches: female athletes in motion (FAiM) study. Int J Sports Physiol 
Perform 2015; 10: 808–814

[27]	 Newans T, Bellinger P, Buxton S et al. Movement patterns and match 
statistics in the National Rugby League Women’s (NRLW) Premiership. 
Front Sports Act Living 2021; 3: 618913

[28]	 Melinz J, Shorter K, Murphy A, Cummins C. The physical demands of 
women’s rugby league during a three-day national championships. J 
Sci Med Sport 2019; 22: S96

[29]	 Clarke A, Ryan S, Couvalias G et al. Physical demands and technical 
performance in australian football league women’s (AFLW) 
competition match-play. J Sci Med Sport 2019; 22: S96

[30]	 Clarke A, Whitaker M, Sullivan C. Evolving peak period, match 
movement, and performance demands in elite women’s Australian 
football. J Sci Med Sport 2021; 24: 683–688

[31]	 Virr JL, Game A, Bell GJ, Syrotuik D. Physiological demands of women’s 
rugby union: time-motion analysis and heart rate response. J Sports 
Sci 2014; 32: 239–247

[32]	 Reyneke J, Hansen K, Cronin JB, Macadam P. An investigation into the 
influence of score differential on the physical demands of international 
women’s rugby sevens match play. Int J Perform Anal Sport 2018; 18: 
523–531

[33]	 Cummins C, Charlton G, Naughton M et al. The validity of automated 
tackle detection in women’s rugby league. J Strength Cond Res 2020.  
Online ahead of print. doi: 10.1519/JSC.0000000000003745

[34]	 Busbridge AR, Hamlin MJ, Jowsey JA et al. Running demands of 
provincial women’s rugby union matches in New Zealand. J Strength 
Cond Res 2022; 36: 1059–1063

[35]	 Emmonds S, Weaving D, Dalton-Barron N et al. Locomotor 
characteristics of the women’s inaugural super league competition 
and the rugby league world cup. J Sports Sci 2020; 38: 2454–2461

[36]	 Nyman DL, Spriet L. External training demands in women’s varsity 
rugby union players quantified by wearable microtechnology with 
individualized speed thresholds. J Strength Cond Res 2021. Online 
ahead of print. doi: 10.1519/JSC.0000000000004084.

[37]	 Clarke A, Anson J, Pyne D. The effect of running demands and impacts 
on post-tournament markers of inflammation and haemolysis in 
women’s rugby sevens. N Zeal J Sports Med 2015; 42: 70–76

[38]	 Doeven SH, Brink MS, Huijgen BC et al. High match load’s relation to 
decreased well-being during an elite women’s rugby sevens 
tournament. Int J Sports Physiol Perform 2019; 14: 1036–1042

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f C

al
ga

ry
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.

https://www.world.rugby/news/600417/new-report-highlights-global-rise-in-rugby-interest-in 2019)
https://www.world.rugby/news/600417/new-report-highlights-global-rise-in-rugby-interest-in 2019)


Dane K et al. Physical and Technical Demands …  Int J Sports Med | © 2022. Thieme. All rights reserved.

Review Thieme

[39]	 Cummins C, Charlton G, Paul D et al. Women’s rugby league: 
positional groups and peak locomotor demands. Front Sports Act 
Living 2021; 3: 120–126

[40]	 Portillo J, Del Coso J, Abián-Vicén J. Effects of caffeine ingestion on skill 
performance during an international female rugby sevens 
competition. J Strength Cond Res 2017; 31: 3351–3357

[41]	 Clarke A, Anson J, Pyne D. Proof of concept of automated collision 
detection technology in rugby sevens. J Strength Cond Res 2017; 31: 
1116–1120

[42]	 Preatoni E, Stokes KA, England ME, Trewartha G. The influence of 
playing level on the biomechanical demands experienced by rugby 
union forwards during machine scrummaging. Scand J Med Sci Sports 
2013; 23: 178–184

[43]	 Preatoni E, Stokes KA, England ME, Trewartha G. Engagement 
techniques and playing level impact the biomechanical demands on 
rugby forwards during machine-based scrummaging. Br J Sports Med 
2015; 49: 520–528

[44]	 Preatoni E, Cazzola D, Stokes K et al. Pre-binding prior to full 
engagement improves loading conditions for front-row players in 
contested Rugby Union scrums. Scand J Med Sci Sports 2016; 26: 
1398–1400

[45]	 Kerr H, Ledet E, Ata A et al. Does instructional video footage improve 
tackle technique?  Int J Sports Sci Coach 2018; 3–15. doi: 
10.1177/1747954117711867

[46]	 Walsh M, Young B, Hill B et al. The effect of ball-carrying technique 
and experience on sprinting in rugby union. J Sports Sci 2007; 25: 
185–192

[47]	 Barkell J.F, O’Connor D, Cotton WG. Situational coupling at the ruck 
and its effects on phase momentum and success in international 
men’s and women’s rugby sevens. J Hum Sport and Exerc 2017; 12: 
294–306. doi:10.14198/jhse.2017.122.06

[48]	 Barkell JF, O’Connor D, Cotton WG. Perturbation effects in men’s and 
women’s international sevens. Int J Perform Anal Sport 2017; 17: 
17–33

[49]	 Barkell JF, O’Connor D, Cotton WG. Effective strategies at the ruck in 
men’s and women’s World Rugby Sevens Series. Int J Sports Sci Coach 
2017; 13: 225–235

[50]	 Panchuk D, Spittle M, Johnston N, Spittle S. Effect of practice 
distribution and experience on the performance and retention of a 
discrete sport skill. Percept Mot Skills 2013; 116: 750–760

[51]	 Song X, Xu H, Meng J, Wu Y. Impact of lower-extremity strength on 
shoulder tackle of female rugby players measured with sensor system. 
Sensor Mater 2021; 33: 1541–1550

[52]	 Pfaff LM, Cinelli ME. The effects of sport specific training of rugby 
players on avoidance behaviours during a head-on collision course 
with an approaching person. Hum Mov Sci 2018; 62: 105–111

[53]	 Griffin JA, McLellan CP, Presland J et al. Effect of defensive pressure on 
international women’s rugby sevens attacking skills frequency and 
execution. Int J Sports Sci Coach 2017; 12: 716–724

[54]	 Clarke A, Ryan S, Couvalias G et al. Physical demands and technical 
performance in Australian Football League Women’s (AFLW) 
competition match-play. J Sci Med Sport 2017; 21: 748–752

[55]	 Clarke A, Whitaker M, Sullivan C. Evolving peak period, match 
movement, and performance demands in elite women’s Australian 
football. J Sci Med Sport 2021; 24: 683–688

[56]	 Cust E, Sweeting A, Ball K, Robertson S. Classification of Australian 
football kick types in-situation via ankle-mounted inertial 
measurement units. J Sports Sci 2021; 39: 1330–1338

[57]	 Cust E, Ball K, Sweeting A et al. Biomechanical characteristics of elite 
female Australian rules football preferred and non-preferred drop punt 
kicks. In Proceedings of the 7th International Conference on Sport 
Sciences Research and Technology Support (icSPORTS 2019). 
SCITEPRESS – Science and Technology Publications, Lda; 2019; 32–37

[58]	 Heyward O, Nicholson B, Emmonds S et al. Physical preparation in 
female rugby codes: an investigation of current practices. Front Sports 
Act Living 2020; 2: 584194

[59]	 Black G, Gabbett T, Johnston R et al. A skill profile of the national 
women’s Australian football league (AFLW). Sci Med Footb 2019; 3: 
138–142

[60]	 Barkell JF, O’Connor D, Cotton WG. Characteristics of winning men’s 
and women’s sevens rugby teams throughout the knockout Cupstages 
of international tournaments. Int J Perform Anal Sport 2016; 16: 
633–651

[61]	 Hughes A, Barnes A, Churchill S, Stone J. Performance indicators that 
discriminate winning and losing in elite men’s and women’s Rugby 
Union. Int J Perform Anal Sport 2017; 17: 534–544

[62]	 Cust E, Sweeting A, Ball K et al. The relationship of team and individual 
athlete performances on match quarter outcome in elite women’s 
Australian Rules football. J Sci Med Sport 2019; 22: 1157–1162

[63]	 West SW, Williams S, Kemp S, Cross MJ et al. Athlete monitoring in 
rugby union: is heterogeneity in data capture holding us back?  Sports 
(Basel) 2019; 7: 98

[64]	 Jones TW, Smith A, Macnaughton LS, French DN. Strength and 
conditioning and concurrent training practices in elite rugby union.  
J Strength Cond Res 2016; 30: 3354–3366

[65]	 Ireland D, Dawson B, Peeling P et al. Do we train how we play? 
Investigating skill patterns in Australian football. Sci Med Footb 2019; 
3: 265–274

[66]	 Soligard T, Schwellnus M, Alonso J-M et al. How much is too much? 
(Part 1) International Olympic Committee consensus statement on 
load in sport and risk of injury. Br J Sports Med 2016; 50: 1030–1041

[67]	 Colomer CME, Pyne DB, Mooney M et al. Performance analysis in 
rugby union: a critical systematic review. Sports Med 2020; 6: 4

[68]	 den Hollander S, Jones B, Lambert M, Hendricks S. The what and how 
of video analysis research in rugby union: a critical review. Sports Med 
Open 2018; 4: 27

[69]	 Hendricks S, Till K, Oliver JL et al. Technical skill training framework 
and skill load measurements for the rugby union tackle. Strength Cond 
J 2018; 40: 44–59

[70]	 Bahr R, Clarsen B, Derman W et al. International Olympic Committee 
consensus statement: methods for recording and reporting of 
epidemiological data on injury and illness in sport 2020 (including 
STROBE Extension for Sport Injury and Illness Surveillance (STROBE-
SIIS)). Br J Sports Med 2020; 54: 372–389

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f C

al
ga

ry
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


