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Female sports have recently seen a dramatic rise in participation and professionalism world-wide. Despite progress, the infrastructure and general sport science provisions in many female sports are behind their male counterparts. From a performance perspective, marked differences in physical and physiological characteristics can be seen between the sexes. Although physical preparation practices for male athletes are known, there are currently no published literature pertaining exclusively to female athletes. This information would provide invaluable data for both the researcher and practitioner alike. This survey therefore aimed to examine current practices utilized in female rugby codes (union, league, and sevens). A questionnaire assessing seasonal physical preparation practices, recovery, monitoring and sport science technology, and unique aspects in female rugby was developed. Thirty-seven physical preparation practitioners (32 males, 5 females) responded to the questionnaire. Most participants (78%) worked with national or regional/state level female athletes. Performance testing was more frequently assessed in the pre- (97%) and in-season (86%), than off-season (23%). Resistance, cardiovascular, sprint and plyometric training, and recovery sessions were all believed to be important to enhancing performance and implemented by most participants (≥ 89%). Sport science technologies were commonly (54%) utilized to inform current practice. Menstrual cycle phase was monitored by 22% of practitioners. The most frequently reported unique considerations in female rugby codes included psycho-social aspects (41%), the menstrual cycle (22%), and physical differences (22%). Practitioners working with female rugby can use the presented data to inform and develop current practices.
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INTRODUCTION

Female sports have recently seen a dramatic rise in participation, professionalism, and profiles world-wide. New female sports leagues (e.g., Australian Football League Women's, Football Association Women's Super League, Rugby Football Union's Premier 15's) have been developed which have been vital in improving exposure, professionalism and infrastructure to female athletes. Despite this progress, anecdotal evidence suggests the infrastructure and general sport science provisions for many female athletes are behind that of male athletes. Sportswomen who compete at comparable levels to sportsmen may have less access to sports performance support (e.g., medical and sport science), this may be a result of lower financial investment (International Working Group on Women and Sport WSI, 2007; Fink, 2015). From a performance perspective, marked differences between the sexes can be seen in anthropometric (Quarrie et al., 1995; Brazier et al., 2018; Sella et al., 2019), movement demands (Ball et al., 2019), physical performance (Sella et al., 2019; Owen et al., 2020) and physiological characteristics (Sheel, 2016). Decreased levels of skeletal muscle mass (Abe et al., 2003), lower rates of muscular fatiguability (Hicks et al., 2001), lower maximum velocity, strength and power have all been previously reported (Quarrie et al., 1995; Brazier et al., 2018; Ball et al., 2019) in females. Additionally, female athletes must consider their menstrual and oral contraceptive pill cycles which may influence athletic performance (Elliott-Sale et al., 2020; McNulty et al., 2020). As there is a lack of female-specific sports performance representation in research studies, female-specific research is urgently needed (Emmonds et al., 2019). Given both the aforementioned contextual and biological sex differences, sports performance research involving male participants cannot necessarily be applied to female cohorts (Emmonds et al., 2019).

While an evidence base from research studies is typically slow to emerge, practice may evolve at a faster rate (Coutts, 2016; Jones B. et al., 2017). Within male athlete literature, the strength and conditioning (S&C) practices (e.g., physical testing, speed, and power training) of various sports have been previously described (Ebben and Blackard, 2001; Ebben et al., 2004, 2005; Simenz et al., 2005; Gee et al., 2011; Winwood et al., 2011; Jones T. et al., 2016; Pote and Christie, 2016; Crowley et al., 2018; Robinson et al., 2019). Research describing the S&C practices applied to male athletes found considerable heterogeneity which suggests either, limited consensus on best-practice or that there are multiple methods available to achieve an end-result. Despite this, these studies have provided thorough overviews of S&C practices which have direct application to applied practitioners when developing physical preparation programmes. To date, there is no research describing S&C practices within a female only cohort, which may be different to male athletes.

Rugby codes (league, union, and sevens) are physiologically demanding intermittent contact sports that involve high-intensity movements (e.g., sprinting and tackling) interspersed with low to moderate intensity activities (e.g., jogging) (Read et al., 2018; Whitehead et al., 2018; Ball et al., 2019; Sella et al., 2019; Weaving et al., 2019; Sheppy et al., 2020). Female rugby sevens demonstrates a greater relative distance demand when compared to both female rugby union and league (~80–120 vs. ~75 m·min−1) (Ball et al., 2019; Emmonds et al., 2020; Sheppy et al., 2020). Furthermore, although there is minimal female rugby code collision demand literature available, the relative impacts per game in rugby union and league may be greater than in rugby sevens (Suarez-Arrones et al., 2014; Ball et al., 2019; Sella et al., 2019). In line with sport science literature investigating male athletes, an emerging evidence base, quantifying the anthropometric (Gabbett, 2007; Nyberg and Penpraze, 2016; Agar-Newman et al., 2017), physical (Jones B. et al., 2016; Agar-Newman et al., 2017; Clarke et al., 2017) and physiological (Gabbett, 2007; Suarez-Arrones et al., 2012; Clarke et al., 2014; Nyberg and Penpraze, 2016) profiles of female rugby players have supported practitioners by developing their understanding of the requirements in female rugby. Despite the emerging evidence base, no study has reported the S&C practices applied in female rugby.

Physical preparation pertains to all aspects related to physical performance development and requires consideration of contextual factors (e.g., sex, sport, and playing position) influencing injury and performance. Due to the demands of rugby match-play (e.g., repeated collisions and sprints), physical strength, speed and cardiovascular fitness are integral to successful performance (Jones B. et al., 2016; Clarke et al., 2017; Emmonds et al., 2020; Sheppy et al., 2020). These demands may lead to fatigue which is associated with feelings of tiredness, and muscle function decrements (Twist and Highton, 2013). Appropriately timed recovery modalities can enhance physiological and psychological function post-rugby match-play (Tavares et al., 2017). There has been a recent rise in the use of, and research in, sport science monitoring technologies (Cardinale and Varley, 2017). The use of these technologies can assist the practitioner's day-to-day decision making. In order to develop female rugby physical preparation practices, we must initially understand the current landscape. Comprehensive information regarding these practices would be a vital resource for the applied practitioner. This has implications for developing comprehensive physical preparation programmes and continuing professional development to optimize physical performance and decrease injury risk in female rugby. Previous S&C practices research (Ebben and Blackard, 2001; Ebben et al., 2004, 2005; Simenz et al., 2005; Gee et al., 2011; Winwood et al., 2011; Jones T. et al., 2016; Crowley et al., 2018; Robinson et al., 2019) investigating male athletes have not represented holistic approaches to physical preparation, as certain key aspects to physical performance (e.g., recovery and monitoring) have not been explored. Therefore, the aim of this study was to explore a comprehensive approach to physical preparation practices currently utilized in female rugby codes.



MATERIALS AND METHODS


Design of Study

The questionnaire was adapted from a previous survey (Ebben and Blackard, 2001) which has been used extensively to assess S&C practices in team sports (Ebben and Blackard, 2001; Ebben et al., 2004, 2005; Simenz et al., 2005; Jones T. et al., 2016). Adaptation of the original instrument was performed to expand on gaps in questionnaire design by including additional sections (e.g., recovery, monitoring, and sports science technology) which allows a more comprehensive overview of current practices. Pilot testing for both content and face validity was then performed by experienced (>5 years) S&C coaches and research-practitioners (Bolarinwa, 2015; Jones B. et al., 2017). The questionnaire (Data Sheet 1) comprised of seven sections; participant characteristics, pre-season, in-season and off-season physical preparation, recovery, monitoring and sport science technology, and unique aspects in female rugby. Sections on physical preparation seasonal phases (i.e., pre-season, in-season, and off-season) included sub-sections on physical testing, and resistance, cardiovascular, sprint and plyometric training. The self-administered, online questionnaire was circulated, via email, and social media (e.g., Twitter), to participants working within female rugby at any level of competition.



Participants

Prior to any experimental procedures commencing Leeds Beckett University Research Ethics Committee approved the study (#59730). All participants were informed of the risks and benefits of the study before signing an electronic informed consent form. Participants were included in the study if they provided physical preparation support to female rugby athletes (e.g., S&C coaches), at any level of competition.



Procedures

The questionnaire was circulated electronically from April to August 2019. Participants provided their education and coaching qualifications prior to engaging in the questionnaire. Follow-up correspondence, via email, and social media, to encourage non-responders to complete the questionnaire was sent out 3 weeks after initial circulation. Responses were collected and analyzed with Qualtrics software (Qualtrics, Provo, USA) and Microsoft Office 365 ProPlus Excel (version 1902; Microsoft Corporation, Redmond, WA, USA). Only completed questionnaires were included in the final analysis.



Data Analyses

The survey contained fixed and open-ended response questions. Answers to open-ended questions were analyzed according to the inductive, and then deductive content analysis method (Elo and Kyngäs, 2008), as a means of identifying, analyzing and reporting common patterns (main categories) within the data. Content analysis has been performed in related studies (Gee et al., 2011; Jones T. et al., 2016). Inductive content analysis was initially performed by identifying the main categories via familiarization and open coding, grouping, categorization and abstraction of the raw data. When the main categories were developed, a deductive analysis was used to confirm that all raw data categories were represented. Raw data were defined by actual responses of participants. Both inductive and deductive analysis was performed independently by two investigators (OH and BN). As conflicts between the investigators relating to main categories were minor (e.g., word choice), a third investigator was not necessary. Data were presented as frequencies and/or percentages unless otherwise stated.




RESULTS


Participant Characteristics

Thirty-seven participants responded to the questionnaire (Table 1). Participant's degrees were obtained in S&C or Sport and Exercise Science-related fields. Participants were accredited by the United Kingdom Strength and Conditioning Association (35%), the Australian Strength and Conditioning Association (27%), the National Academy of Sports Medicine (USA; 8%). Other certifications held by participants included “Australian Weightlifting Federation” (“italicized text” are direct quotations taken from the questionnaire), “Certified Physical Preparation Specialist,” “EXOS Performance Specialist” and “Westside Barbell Accreditation.” Nineteen percent of participants held dual certifications with professional associations, while 22% were not certified. Participants worked in both a team and individual environment (59%) or only a team environment (41%).


Table 1. Participant characteristics.

[image: Table 1]

Eight participants identified their roles as “head,” “lead” or “senior” “athletic performance,” “performance” or “S&C” coaches. Twenty-four participants identified as S&C coaches, one of which specialized as a “women's strength and conditioning coach” and another with a dual sport science and S&C role. Further respondents identified as 1 “athletic development coach,” 1 “performance coach,” 1 “performance specialist,” 1 “performance sport and fitness officer,” and 1 “physical performance coach.”



Training Phase Duration and Weekly Micro-Cycles

Pre-, in- and off-season durations are depicted in Figure 1 and typical pre-, in-, and off-season training micro-cycles are depicted in Figure 2.


[image: Figure 1]
FIGURE 1. Training phase duration for (A) pre-season, (B) in-season, and (C) off-season.



[image: Figure 2]
FIGURE 2. Typical weekly micro-cycles for (A) pre-season, (B) in-season, and (C) off-season.




Physical Performance Testing

Participants conducted physical performance testing during pre- (97%), in- (86%), and off-season (23%) phases. Responses for non-inclusion of physical performance testing were content analyzed and resulted in three main categories: (a) logistics, (b) miscellaneous, and (c) recovery focus (Table 2).


Table 2. Non-inclusion of physical performance testing.

[image: Table 2]

Aspects of physical performance tested during seasonal phases are depicted in Figure 3. The most commonly reported test of acceleration was 10 m sprint time in the pre- (46%), in- (46%), and off-season (18%). The 5-0-5 test was the most common method of assessing agility/change of direction ability, reported by 55% of participants across all phases. Other agility/change of direction tests included the “5-10-5” and “T-Test.” Tests of anaerobic capacity included “3s peak power Watt bike,” “anaerobic deficit 3x300s,” “ERU anaerobic running test” and “Watt bike 6s PPO.” Participants most frequently used a 1.2 km time trial as an aerobic test during pre- (46%), in- (32%), and off-season (11%). The maximal Yo-Yo Intermittent Recovery Test was a commonly used alternative aerobic test in the pre- (16%) and in-season (16%).


[image: Figure 3]
FIGURE 3. Aspects of physical performance tested at different phases of the season. COD, change of direction.


Sums of 6–8 skinfolds were used during the pre-season (19%) and in-season (11%) to assess body composition. The Sit and Reach test was the only reported flexibility assessment. Muscular endurance tests included “muscular capacity for calf,” “muscular capacity for hamstring,” “side bridge hold,” “inverted row,” “calf/hamstring/trunk/upper body pulling capacity,” and “sit ups (1 min)—max.” Muscular power was assessed via a jump variation by 98% of participants during all phases. The counter-movement jump was the most commonly utilized jump variation during pre- (27%), in- (20%), and off-season (3%). Other jump variations used to test power included “drop jump,” “broad jump,” “triple broad jump,” “Opto jump 15s RVJ,” “squat jump,” “RSI jumps.” Non-jump power testing included “VBT pull up, back squat/Bulgarian split squat and bench press.” The bench press, squat and pull-up were the most common muscular strength tests in all phases. During the pre-season, these tests were used by 57, 51, and 43% of participants, respectively. Between 1 and 5 repetitions were used to measure strength on the reported lifts. Other strength tests included “deadlift,” “power clean,” “prone row,” “bench pull,” “isometric mid-thigh pull,” and “maximal isometric hamstring bridge.” Maximum velocity was tested by 40 m sprints with splits at 20 m or 30 m; or by an 80 m sprint with a radar gun. Other physical performance aspects that were tested include “body mass,” “anthropometrics,” “fatigue monitoring,” and “maturation and motor control.”



Resistance Training

All participants believed resistance training was beneficial to female rugby performance. Participants indicated that players were obliged to resistance train in the pre-season (89%) and in-season (86%). During the off-season, 54% of participants stated that players had a choice whether to resistance train, and 41% stated players were obliged to train. Resistance training was prescribed 3 days a week in the pre-season (54%) and off-season (41%). In-season resistance training was prescribed 2 days per week by 68% of participants. Session duration typically lasted 45–60 min during the pre- (49%), in- (43%), and off-season (49%). Pre-season resistance training sessions were typically a combination of supervised and unsupervised (49%), or only supervised sessions (46%). Sessions were typically performed either pre-rugby training (49%) or on non-rugby training days (38%). In-season resistance training sessions were typically all supervised (54%) or a combination of supervised and unsupervised sessions (41%). These sessions were usually performed either pre-rugby training (51%) or on non-rugby training days (43%). Off-season resistance training was typically unsupervised (62%).



Cardiovascular Training

Cardiovascular training was believed to be beneficial to female rugby performance (97%). Cardiovascular fitness training was mandatory during the pre- (78%) an in-season (70%). During the off-season phase, 54% of participants indicated that players had a choice whether to train cardiovascular fitness or not. Cardiovascular training was typically prescribed on 2 days a week in the pre- (49%), in- (49%), and off-season (51%). Pre- and in-season cardiovascular training sessions were generally a combination of supervised and unsupervised sessions, indicated by 59% of participants for both phases. Eighty-six percent of participants indicated that these sessions were integrated within rugby training sessions for both phases. Off-season cardiovascular training sessions were generally all unsupervised sessions (59%).



Sprint Training

All participants stated that they believed sprint training was beneficial to female rugby performance. Sprint training was implemented by 95% of participants. Participants not implementing sprint training (5%) provided the following reasons:

“not enough time […] to deliver speed component”

and

“more practical to complete conditioning within the gym due to my lack of availability as the S&C coach to complete pitch based sessions.”

Responses for implementation of sprint training resulted in five main categories: (a) sprint performance enhancement, (b) injury risk reduction, (c) key rugby demand, (d) speed exposure, (e) miscellaneous (Table 3).


Table 3. Purpose of sprint training implementation.

[image: Table 3]

Sprint training sessions were generally supervised during the pre- (70%) and in-season (68%). Pre-season sprint training prescription were typically one (38%) or two (48%) times per week. In-season sprint training prescription were one (54%) or two times (38%) per week. During the off-season, 41% of participants did not implement sprint training, while 30% implemented sessions once per week.



Plyometric Training

All participants stated that they believed that plyometric training benefited female rugby performance. Plyometric training was implemented by 95% of participants. Participants who did not implement plyometric training (5%) provided the following reasons:

“Our program is far from perfect, constantly growing and this will be layered in to what we do using an intentful prep pre-weights. Low-hanging fruit needed to be addressed first, speed and aerobic development”

and

“not enough time to deliver plyometric component.”

Reasons for plyometric training implementation resulted in four main categories: (a) athletic performance enhancement, (b) injury risk reduction, (c) rugby performance enhancement, (d) miscellaneous (Table 4). During both pre- and in-season plyometric training sessions typically occurred as an integration within resistance training sessions (73, 70%), pre-sprint training (68, 70%), or pre-resistance training (57, 51%).


Table 4. Purpose of plyometric training implementation.
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Field

Match

Sunday

OFF
OFF

OFF
OFF
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Bucket

<50%

50%

60%

70%

80%

90%

100%

110%

Variable

Distance
Impulse
Distance
Impulse
Distance
Impulse
Distance
Impulse
Distance
Impulse
Distance
Impulse
Distance
Impulse
Distance

Impulse

Match

Volume

666+ 85
16625 + 2266
850 + 334
18275 + 6361
1280 + 392
26721 4 6862
1358 + 370
27671 + 9076
971 +308
18426 + 9230
497 +335
8040 + 6076
165 + 159
2424 % 3094
44 +83
464 % 982

Percentage

12+1%
15+2%
15+ 5%
16+ 6%
22+6%
23+ 5%
23+ 4%
23+ 5%
16+ 5%
15+ 6%
845%
6+4%
3+£3%
2£2%
1£1%
0£1%

Game

Volume

231 +£43
5859 + 1218
229 £ 141
5652 + 3878
295 + 180
6205 + 3854
279 £ 196
5028 + 3350
199 + 200
2833 £ 2702
103 £+ 162
1046 + 1617
3675
267 £ 677
10+ 36
565+ 293

Percentage

20 £ 4%
23+ 4%
18 £ 9%
21£9%
22£9%
23 £8%
19+ 9%
19+9%
183+ 9%
10+ 9%
6+7%
4+6%
2+ 4%
1£2%
142%
0+ 1%

Conditioning
Volume Percentage
8121 45 £ 18%

2710+ 975 47 £15%
2529 7£12%"
761+ 831 14418
28.+56 6+ 11%"
546:£ 717 9 16%
134 & 250 17£29%
331 £ 760 3£7%"
87+ 193 1:4£28%"
918 4 2793 5 14% "
87 £ 112 4:12%
1699 4323 9422%
29484 3£7%
480 + 1557 2+£9%
115+ 344 8+21%
2929 8657 104 26%

skill drill

Volume

253 £ 57
3903 + 1020
120 £ 107
3054 £ 2579
106+ 134
3368 £ 2712
72128
2838 + 2667
36+ 89
1862 + 2367
14+49
984 + 1795
4£21
389 + 1096
1+£8
132 £ 595

Percentage

53+ 13%
26+£7%
20+ 15%
19+ 13%
144 14% *
21+ 13%
8+ 11%"
16+ 13%
3+£7%"
10+ 11%
1+4%"*
5+8%
0£2%*
2+£6%
0+1%
1£3%

Compared to matches, differences in the distribution of volume that are >0.6 x the smallest worthwhile difference are denoted by *. Only statistical comparisons 50% or above were made.

Warm up

Volume

319£52
4694 + 895
134 £ 63
3493 £ 2142
84+ 57
3564 + 2322
31£43
3144 1908
5+23
1816 £ 1639
3+21
864 + 1036
3+21
236 = 502
25+ 170
65+ 208

Percentage

54 + 8%
26 +5%
24+ 12%*
19 £10%
15+ 11%"
20+ 11%
5£8%"
18+11%
1£2%"
10+ 9%
0£2%*
5+6%
0£1%*
1£3%
24 10%
0+ 1%
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Main category No. of

responses
Psycho-social 15
aspects

Menstrual cycle 8
Physical 8
differences

External 4

commitments

Variabiity 4
Education 3
Limited access 2
Miscellaneous 2

Select raw data representing responses to
this question

More social aspects need to be integrated.
Psychologically it is very important to pay
attention to players within women's rugby, and
to have regular conversation to see how they
are fesling/progressing. They wear their
emotions on their sleeve more than men do and
therefore may reqire an individual conversation
more often. The stigmas associated with liing
weights within a female population.

Ithink it is important to be aware of how it can
influence their mood, energy levels, and
physical performance and therefore adjust
expectations of the athlete at certain times in
their cycle.

Gym based training experience (i often low].
Their strength parameters and benchmarks are
lower than men's. Women tend to have a more
accentuated/frequent knee valgus and this
might be a factor of fijury] risk.

Children and juggling full ime work!! Ladies are
amazing in that they run their household, work,
and train. Even our contracted International
level players have full-time work or study
‘commitments in-season.

Huge variance in ... attitude within S&C,
attendance, knowledge. The girs selected are
of a vast range of skill and athleticism as well
which makes it diffcult to program.

Education and understanding as to why
physical preparation is so important for
athletes. Coaching staff are stil quite old school
meaning most of what you want to achieve as
an S3C coach is hindered because of lack of
[sports coach] education.

Noft] having access to players on a regular
basis.

Because it is underfunded, athletes are not as
professional as you want them to be which
makes it a challenge for them to do anything
outside of training.
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Main category ~ No.of  Select raw data representing responses to
responses  this question

Athletic 17 Improves acceleration, change of direction,
performance jumping and sprinting performance. Develop
enhancement stretch shorten cycle activity/muscle

pre-excitation. To prevent energy leaks,
enhance stiffness, neuromuscular efficiency,

coordination.
Injury risk 9 Injury prevention. Reduce injury. Minimizing
reduction injury risk.
Rugby 3 Akey determinant of successful performance
performance in many sporting actions in rugby.
enhancement
Miscellaneous 2 Good for the core and creates muscles

endurance. To develop the skill of movement.
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TAU FO vo Pmax FV Slope RFmax DRF
Study C) (N/kg) (m/s) (Wrkg) (N/s/m/kg) (%) (%)
Current
No time correction 068(0.12) 12(1.7) 7.61(0.38) 213(@8)  -1.48(0.25) 59(3) —1822.1)
Fixed time correction 1.20 (0.18) 66(0.8) 8.14(0.59) 134(15)  -081(0.12) 46(3) -7.6(1.1)
Estimated time correction 1.10(0.16) 7109 803(0.48) 142(18)  -0.89(0.13) 483) -82(1.1)
Statistics (p-value, d)
No correction vs. fixed <0001,840  <0.001,846  <0.001,1.15  <0.001,808 <0001,342 <0.001,433  <0.001,8:34
No correction vs. estimated <0001,297  <0.001,301  <0.001,097  <0001,267 <0001,296 <0.001,367  <0.001,2.98
Fixed vs. estimated <0001,059  <0.001,059  <0.001,022  <0001,048  <0001,064  <0.001,067  <0.001,0.55
Marcote-Pequeno et al. (2019) (Radar) 6.3(0.4) 8.12(0.44) 12.7(1.2) 46 (4) —-7.2(05)
Jiménez-Reyes et al. (2018) (Radar)
Eiite/internat 65(03) 8.18(0.47) 13.2(1.0)
Semi-prof 65(06) 7.60(0.38) 12.2(1.3)
Haugen et al. (2019) (Gates-0.5's fixed) ~76 ~8.1 ~16.5 ~-0.94 ~43 ~02
Haugen et al. (2020b) (Gates-0.5s fixed)
National 7.6(05) 8.1(0.4) 155(18)  —0.99(0.07) 43(2) -89(0.7)
Top 7.5(0.4) 7.8(04) 14.7(18) 097 (0.06) 422 -9.2(06)
Junior 76(07) 7.8(04) 148(18)  -0.97 (0.08) 42@) -9.2(08)

TAU-time constant; FO-theoretical maximal horizonal force production; VO-theoretical maximal running velocity; Pmax-maximal horizontal mechanical power output; FV slope-force
velocity slope; RFmax-maximel value for ratio of force; DRF-rate of decrease in ratio of force with increasing speed during sprint acceleration. There were main effects (o < 0.001) and
pairwise differences between all three models for each sprint mechanical variable.
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Main category  No. of

responses
Improve recovery 8
time

Physiological 6
regeneration

Injury risk 6
reduction

Psychological 2
regeneration

Performance 2
enhancement
Miscellaneous 1

Select raw data representing responses to
this question

Improve the ability of the athlete to recover
between sessions. Because the faster the
athletes recover, the sooner they are able to
train again. Lesson the time it takes players to
recover.

Promote tissue regeneration, nervous system
homeostasis. Decrease inflammation. Flush
lymphatic system.

To prevent over-training and injuries. Reduce
injury risk. Reduce the risk of injury

To improve mental perception of recovery.
Wel-being.

Improve performance. Ensure optimum
performance.

Improve their longevity in the sport.
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MACC Mss

(m/s/s) (m/s)
Models
No correction 113(1.7) 7.46(0.36)
Fixed 66(0.8) 7.85 (0.46)
Estimated 7209 7.77 (0.49)
Statistics (p-value, d)
No correction vs. fixed <0.001, 354 <0001, 094
No correction vs. estimated <0.001,3.01 <0.001,0.78
Fixed vs. estimated <0.001,0.70 <0001, 0.18

MACC, maximal sprint acceleration; MSS, maximel sprint speed. There were main effects
(o < 0.001) and pairwise differences between all three models.
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Main category

Informs practice

Monitoring

Miscellaneous

No. of
responses

20

16

Select raw data representing responses to
this question

Supplies me and the sports coaches with
objective data to inform session planning. To
provide data to help objectlify our coaching
decisions. Plan and prescribe for future training
sessions.

To monitor the athlete well-being and readiness
to train and play across the weeks. Load
monitoring. Track improvements in
performance.

Provides much more accurate results
compared to measuring manually.

Providing tools to give them [athletes] an
advantage gets me buy in. To support
discussions with athletes. They make it easier
to collect simple data.
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Phase 1—Los Angeles Phase 2—Cancun Standardized difference P-value
days 1-7 days 9-14 (90% = CL)

Dry bulb temperature (°C) 22133 345+12

Wind speed (km/h) 28+14 35+£09

Relative hurnidity (%) 470130 532%4.7

Average across sessions
Session end Te (°C) 385£02 386 £021 0.59 & 0.46' 0.040
Session AT, (°C) 1203 15402 0.80 + 0.48" 0.007
Time AT > 1°C (min) 33.1£156 348 £137 0.19 035 0565
AUC heat load (AU) 822 +20.1 105.2 £ 22.3" 0.96 + 0.43" 0.001
Thermal comfort (AU) 1604 33+05" 226 033" <0001
Thermal sensation (AU) 55+09 75+ 06" 1.71 £ 0.30° <0001
RPE (AU) 52:£06 70 £ 05t <0001
Meters per minute 767 71 &4t 0013

Sum across sessions
Training duration (min) 492 35 512421 0.069
Session RPE (AU) 2,407 £ 310 3,561 = 2031 <0001
80-89% HRmax (min) 93+ 22 115 + 151 <0001
90-100% HRmax (min) 61£25 18 17t <0001
Total distance (km) 313+35 248 +1.9" < 0.001
High-intensity efforts (count) 174 £ 43 145 + 30t <0001
High IMA (m s72) 557 110 408 + 95 <0001

imal heart rate; AU, arbitrary units; high-intensity efforts: >16.5km h™"; IMA, inertial movement analysis; high IMA,
very large. 1 Significant difference between phase 1 and phase 2.

Te, core temperature; AUC, area under the curve; HRmax,
>2.5m s~2. Standarized effect: *small: **moderate; ***large;
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Age (y)

Height (m)

Mass (kg)

Sport (0; %)
Rugby League
Rugby Union/Sevens
Australian Football

Age at menarche (n; %)°
11 years or younger
12-14 years
15 years or older
Don't remember

Duration competing at current level (n, %)°

0-2 years
2-4 years
4-6 years
>6 years

HC users
(n=58)

24.9(6.2)
1.68 (0.06)
715 (125)

17;35%
22;46%
19; 24%

9;16%
34;59%
15;26%

0; 0%

28; 48%
21;36%
5;,9%
5;9%

Non-HC
users
(n=119)

243(7.2)
1.71(032)
71.0(15.7)

32; 65%"
26; 54%
61; 76%"

13;11%
77, 65%

26; 22%
3;3%

60; 50%
39; 33%
9; 8%
17; 14%*

3Percentage represented from total within each specific sport.
bPercentage represented from total within hormonal contraceptive use category.

HC, hormonal contraceptive.

*Significant difference between HC and non-HC groups; p < 0.05.

Total
(=177

245(5.2)
1.70(0.07)
71.1(11.6)

48; 24%
80; 39%

22;12%
111;63%
41;23%
%

88; 50%
Ll 1%
14; 8%
22;12%
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Main category

Logistics

Miscellaneous*

Recovery focus

No. of
responses

20

Select raw data representing responses to
this question

Contact with players is minimal and do not
have the resources to manage this in the off
season. During off-season players return to
their local clubs or other sports.

Wormen from 16 to 30+ [years of age] at all
different levels of experience, inconsistently
turning up, and some do not know how to play
the game properly yet, whilst some play [at the
international level. Not worth taking a session
away. Due to the stigma and anxious feelings
“testing” promotes | don't really see it was a
must during the competitive season.

Focus is on mental and physical recovery.
Primarily for a psychological break for the
athletes.

*answers that could not be associated with any of the broad identified themes.
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Main category

Sprint
performance
enhancement

Ijury risk
reduction
Key rugby
demand

Speed exposure

Miscellaneous

No. of
responses

14

10

Select raw data representing responses to
this question

Improve running efficiency, increase
performance. Sprint training can improve
anaerobic speed reserve. Technically develop
running efficiency.

Injury Prevention. Sprint training can potentially
reduce injury risk. Injury preventionvresiience.
Maximal sprint is necessary in rugby demands.
Sprint capacity is considered one of the key
factors to be successful in rugby.

Exposure to top speed. To expose athletes to
maximal speed.

Build on stamina and fitness. Impove all
aspects of the force-velocity curve. Sprint
training s the simplest way to develop single
limb strength.
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Position  Unique

Fullback 8
Winger 19
Center 17

Five-Eighth 10

Halfback 8
Hooker 6
Prop 23
Second- 15
Row

Lock 9

Interchange 48

Match
players (n) entries (1)

28

56

56

28

28

28

56

56

28

i

Height (cm)

168.4 4.2

168.0+ 55

168.3+ 6.9

168.1 £ 6.4

168.7 £ 7.1

1645+ 6.5

171.1+6.2

1716+ 62

164.4+ 8.2

1676+ 7.1

Body mass
(kg)

66852

69.4 +£50

T14x44

709+78

708+ 11.4

675+70

906 +85

815+68

75.4+48

80.2 +13.4

Age (yr)

261
(24.9-27.3)
266
(05.4-27.7)
262
(©5.1-27.9)
272
(26.2-28.3)
26.6
(©55-21.7)
276
(265-28.7)
270
(26.0-28.0)
268
(©5.8-27.9)
270
(26.0-28.1)
269
(25.9-28.0)

Game time
(min)

60
(60-60)
60
(60-60)
60
(60-60)
60
(60-60)
60
(59-60)
56
(41-60)
36
(30-39)

60
(63-60)
a4
(87-565)
24
(18-33)

Allrun
meters (m)

972
(82.0-112.4)
66.4°
(65.9-76.9)
829
(72.1-93.7)
386
(24.4-52.8)
44.8%¢
(209-69.8)
4290
(27.3-58.4)
60800
(69.9-79.7)
65.1°
(654.6-75.6)
53000
(39.0-67.5)
47.7959
(40.7-54.6)

All runs
)

103
(8.5-12.5)
75
65-8.8)
9.4
(8.2-10.8)
5200
(@.1-6.6)
6.3°
6178
530
#.1-69)
74
(6.4-8.6)
80
(69-9.3)
72
(5.9-8.9)
5500090
(4.9-6.2)

Tackles
n)

48
(1.9-7.7)
a1
@.1-6.1)
940
(7.3-11.5)
14.3%°
(11.6-169)
12.6%°
(9.6-15.3)
26.40500
(23.5-20.4)
16.13bet
(143-17.9)
17.gebet
(15.8-19.8)
20.gabedogh
(20.3-255)
11.9bahi
(10.6-13.2)

Missed

tackles (n)

13
0.9-20)
13
©09-1.7)
20
(1.6-2.6)
25
(1.8-35)
3.0°
@2.2-4.0)
3.400
2.5-4.8)
1.6'
(1.2-2.1)
26°
2.0-3.2)
32209
@.4-4.4)
1600
(1.3-20)

Tackle
breaks (n)

35
.4-4.7)
34
2239
30
22-38)
09°
(-02102.0)
15
(0.4-2.5)
11
(02-2.0)
14200
0.4-19)
26
(18-33)
23
(12-34)
17
(1229

N.B. All values are displayed as mean (95% C) except height and body mass are displayed as mean == SD and game time which is median (IQR), superscriot indicates significantly
different from fullback, Pwinger, Scentre, ?five-eighth, ®halfback, 'hooker, 9prop, "'second-row, 'lock (o < 0.05).
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Position Meanspeedby  Mean speed Mean high Total distance High-speed Acceleration Mean

minutes (m-min~") speed (m-min-') (m) running load (m-s~?) acceleration
(>12km-h~") (m) (m-s~9)

Fullback - 80.1 153 5,504 1,081 1,630 037
(75.4-84.8) (12.1-186) (5.008-6,000) (915-1,246) (1,374-1,686) (0.34-0.40)

Winger ~ 755 13.1 5,134 916 1,549 0.38
(71.8-79.3) (10.4-15.8) (4,763-5,504) (780-1,052) (1,434-1,664) (0.35-0.40)

Center - 759 135 5116 882 1,682 039
(72.3-79.6) (10.9-16.2) (4,760-5,473) (749-1,016) (1,472-1,693) (0.37-0.42)

Five-Eighth - 798 133 5244 833 1,697 0.42
(75.3-84.9) (103-163) (4.754-5,733) (725-1,042) (1,645-1,850) (0.39-0.45)

Halfback - 805 143 5212 900 1,693 041
(76.1-84.9) (11.4-172) (4.741-6,683) (745-1,065) (1,446-1,740) (0.39-0.44)

Hooker -0.18 827 152 48445 817 1,472 0.42
(-0.41100.12) (77.5-87.9) (11.7-187) (4,289-5,400) (636-999) (1,296-1,648) (0.39-0.45)

Prop -0.11 786 134 2,908800e perac gg7e0cdel 041
(-037 100.16) (75.1-82.1) (11.0-15.8) (2,557-3,259) (305-559) (779-994) (0.39-0.43)

Second-Row -0.12 780 127 4,627° 69309 1,36299 039
(~0.31 10 0.08) (74.3-81.6) (10.2-15.1) (4,271-4,984) (563-823) (1,252-1,472) (0.37-0.41)

Lock —0.22 784 139 4,0440b0809 697°9 1,22805900 0.40
(-053100.16) (74.0-82.9) (11.1-16.8) (3.562-4,526) (543-852) (1,078-1,378) (0.38-0.43)

Interchange -0.41" 80.1 145 2,514000dethi 43gebedethi 77500cdelhi 0.41°
(-057 0 ~0.26) (77.0-83.1) (12.4-16.7) (2.246-2,782) (327-551) (695-855) (0.40-0.43)

N.B. Al figures are presented as mean (95% C), -indicates insufficient data to determine regression coeffcient, " indicates sig. different from zero, superscriot indicates significantly
different from fullback, Pwinger, “centre, % five-eighth, ®halfback, 'hooker, 9prop, M'second-row, 'lock (o < 0.05).
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Frequency [n (%)]

Sex
Female 5(14)
Male 32(86)
Age® in years 294450
Level of competition
International 5(14)
National 20(54)
Regional/State 9(24)
Recreational/Local 38
Country of employment
United Kingdom and Northern Ireland 22 (59)
Australia 8(22)
Canada 26
New Zealand 25
Spain 1)
France 10
South Africa 1(3)
Rugby codes®
Rugby union 28 (56)
Rugby sevens 15.(30)
Rugby league 7(14)
Formal education
Doctorate degree 25
Master's degree 24.(65)
Bachelor's degree 9(24)
High school equivalent 25

mean + SD. Pthirty percent of participants reported working across multiple codes.
Values might not add up to exactly 100% due to rounding.
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Metric

Relative total distance (m-min~')
Relative V1 distance (m-min~')
Relative V2 distance (m-min~')
Relative V3 distance (m-min~')
Relative V4 distance (m-min~')
Relative V5 distance (m-min=')
Relative V6 distance (m-min~')

1st Half

796 (76.8-82.5)
367 (33.0-40.4)
16.1 (14.4-16.8)
14.5(12.8-16.1)
7.7 (43-14.1)
29(1.6-5.9)
2.0(1.1-8.7)

2nd Half

793 (76.5-82.2)
36.9(33.2-40.7)
15.0 (14.2-16.7)
14.1 (125-15.8)
7.6 (4.2-13.8)
29(1652)
1.8(1.0-3.3)

N.B. Values presented as mean (95% Cl). V1 = 0-6 km-h™", V2 = 6.01-9 km-h1,

V8 =9.01-12 kmh™', V4

12.01-15 km-h™", V5 = 15.01-18 km-h™", and V6 = >18

km-h=". No significant differences (p < 0.05) were found between halves for any metric.
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Adjustables (m.min~')  Backs (m.min~') Forwards (m.min"") Adjustables vs. Backs Adjustables vs. Forwards  Backs vs. Forwards

(ES  90% CI) (ES & 90% Cl) (ES % 90% C)
0.5min 1796:£75 1888+ 8.2 161.1£563 ~031+038 0.74 +0.37* 1.00 +0.36"
1min 1491 £6.0 1476 +5.4 1369+ 4.4 0.07 £0.38 0.60 £ 0.37* 0.53 £0.34"
2min 1217 £50 121143 1120+ 36 0.03+0.33 058+ 0.37* 056 +0.35*
3min 111.6+£42 110.7£3.7 102.3 £ 3.4 0.06 £0.38 0.62 £0.37* 0.56 £ 0.35*
Smin 999+ 43 99.4+30 925+32 0.06+0.37 0514 0.36" 05140.35"
10min 886+ 4.3 89.1£26 81.0+3.1 ~0.04+0.38 053+ 0.36" 066 +0.35"

Data presented as mean + 90% confidence interval (unless otherwise stated); Cl, confidence interval; ES, effect size; *, significant difference (P < 0.05).
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Adjustables (m.s™?)  Backs (m.s?)  Forwards (ms™)  Adjustables vs.Backs  Adjustables vs. Forwards  Backs vs. Forwards

(ES & 90% Cl) (ES  90% Cl) (ES % 90% Cl)
0.5min 0.92 +0.03 095 +002 087 +0.02 ~0.26+0.38 060+ 0.37* 087 +0.36"
1min 0.7 £0.02 0.7 £002 072002 004+0.38 062+ 0.37" 060 4 0.35"
2min 0.64 +0.02 0.63+0.01 0,60 +0.01 027 +0.37 0.67 +0.37* 0.48 +0.35*
3min 0.60 £ 0.02 0.68 + 0.01 0.55 £ 0.01 0.41 £0.38 0.84 £0.37" 0.57 £0.35*
Smin 054 +0.02 052 %001 0.49 +0.01 0364038 085 +0.38" 066 +0.35"
10min 0.49 0,02 0.47 £0.01 043 +0.01 026 0.37 083 +0.87* 0.76 +0.35"

Data presented as mean + 90% confidence interval (unless otherwise stated); Cl, confidence interval; ES, effect size; *, significant difference (P < 0.05).
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High-intensity Sprint

References Competition standard Method Velocity (kph) Distance (m)  Velocity (kph)  Distance (m)
Youth
Barbero-Alvarez et al. (2008) U12 (7v7, 50 min game) GPS (1Hz) 13.1-18.0 228 >18.0 21
Harkness-Amstrong et al U14 (35 min half) GPS (10H2) > 190 1,630 >225 29
(2020)
U16 (40 min half) 1,695 53
Omtoft et al. (2016) U1 (7v7 & 818, 20min GPS (5Hz) 16.0-20.0 34-63 >200 0
game)
Ramos et al. (2019)* U17 International GPS (10Hz) 15.6-20.0 485 > 20.0 178
Vescovi (2014) U15 (40min half) GPS (5H2) 15.6-20.0 458 >200 76
U186 (40 min half) 611 185
U17 (45 min half) 658 235
College
Alexander (2014)* Division | GPS (10Hz) 15.1-18.0 527 > 18.0 362
Gentles et al. (2018) Division Il GPS (5H2) 15.1-25.0 ~1,140 >250 ~80
Jagim et al. (2020) Division Il GPS (10H2) 15.0-19.0 739 > 190 282
MeCormack et al. (2016) Division | GPS (10H2) 13.0-22.0 ~2,283 > 220 NR
McCormack et al. (2014) Division | GPS (10H2) 13.0-22.0 1,686 >220 NR
McFadden et al. (2020) Division | GPS (10Hz) 15.0-19.0 ~800 >19.0 ~400
Ramos et al. (2019)°* U20 International GPS (10H2) 15.6-20.0 660 >200 202
Sausaman et al. (2019) Division | GPS (10H2) 15.0-18.0 1,014 > 180 428
Strauss et al. (2019) University GPS (10H2) > 155 ~336
Turczyn (2018) University GPS (15Hz) 16.0-19.9 ~680 >200 ~250
Vescovi and Favero (2014)" Division | GPS (5Hz) 15.5-20.0 776 >200 250
Wells et al. (2015) Division I-Reg season GPS (10H2) 16.0-22.0 557 >220 8
Division I-Post season 603 8
Professional and elite
Andersson et al. (2010) Professional Video-S 15.0-18.0 1,330 18.0-250 221
Eitte International 1,580 256
Bradley et al. (2014) Professional Video-M (25 Hz) 12.0-18.0 2,374 > 180 77
Bradley and Scott (2020) Eitte International (2015) Video-M (20 Hz) 13.0-23.0 ~2,493 >230 ~140
Elite International (2019) Video-M (20 Hz) ~2,563 ~181
Datson et al. (2017) Professional Video-M 19.8-25.1 608 >25.1 168
DeWitt et al. (2018) Professional GPS (10Hz) > 178 570 >227 NR
Hewitt ot al. (2014) Eiite International GPS (5Hz) 12.0-19.0 2,407 > 190 338
Julian et al. (2020) Professional (1s/2nd Div) GPS (5H2) 16.7-19.9 ~567 >19.9 ~342
Krustrup et al. (2005) Professional Video-S 15.0-18.0 1,310 18.0-25.0 160
Mara et al. (2017b) Professional Video-M (25 Hz) 12.2-19.0 2,452 > 190 615
Martinez-Lagunas and Scott Eitte International (2011) Video-M (25 Hz) 16.0-20.0 846 >200 485
(2016)
Eiite International (2015) Video-M (20Hz) 863 472
Martinez-Lagunas et al. (2016) Pro