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Headline

Rugby union is a high-intensity invasion game characterised
by contact events (most frequently the tackle and ruck).

Success in key defining moments (i.e. tackle breaks, turnovers,
scrums) in elite level rugby union is therefore largely depen-
dent on technical characteristics, and physical qualities in-
cluding strength and speed (1). Understanding changes in
force characteristics across the full English professional rugby
union season is therefore important for creating and monitor-
ing strength and conditioning programmes.

Aim
The aim of this study was to examine changes in force out-
put, rate of force development (RFD), and jump performance
across the full season in elite male English rugby union players.

Design
Cross-sectional study.

Methods
Anthropometry, counter movement jump (CMJ), squat jump
(SJ), drop jump (DJ), and isometric mid-thigh pull (IMTP)
measures were obtained in four separate trials (July, Septem-
ber, January, April) across a forty-one week season.

Participants
Nineteen male elite professional rugby union players (five
backs, fourteen forwards) (mean ± SD: height 1.85 ± 0.07 m;
body mass 105.1 ± 14.8 kg; age 26.0 ± 5.1 y) were included.
Eight forwards, and three backs completed all testing sessions,
the other players have some missing data (see raw data sheet).
Eleven backs were originally recruited but six were excluded
due to long-term injury, insufficient game time, or change in
contract status. All players were from a Rugby Football Union
(RFU) Championship division team, had been professional for
at least one year prior to the start of the study, and had at
least two and a half years resistance training experience. Stan-
dardised pre-testing procedures (e.g. no caffeine, normal diet,
no exercise 48-h prior) were enforced, and apparent adherence
was 100%. Written informed consent was obtained. The study
received institutional ethical approval and was conducted in
accordance of the Declaration of Helsinki.

Anthropometry
Body mass (Seca, Birmingham, United Kingdom) and height
(Holtain, Pembrokeshire, United Kingdom) were measured fol-
lowing standardised guidelines, and four site (bicep, tricep,
subscapular, suprailiac) skinfold measures were obtained us-

ing skinfold calipers (Baty international, West Sussex, United
Kingdom) to determine fat free mass (FFM).

Jump Performance
A standardised five minute warm up using a friction loaded cy-
cle ergometer (Model 824E; Monark, Vansbro, Sweden) at 150
W followed by two submaximal jumps of each type (CMJ, SJ,
DJ) was performed. Jump performance was measured using a
force plate (Kistler Instruments AG, Winterthur, Switzerland)
sampling at a frequency of 1000 Hz. Jump height was calcu-
lated from force plate data based on the flight time method
(2). Jumps were performed in the following order: CMJ, SJ,
and DJ. Participants were instructed to keep their hands on
their hips, and one minute of rest was given between jumps. In
the CMJ participants were instructed to dip to a self-selected
depth, and immediately jump for maximum height. Prior to
the SJ participants assumed a squat position with a 90°knee
angle measured with a universal goniometer (HaB, Warwick-
shire, UK). An adjustable height bar was placed under the
participants buttocks to standardise start position between
trials. Furthermore, force time curves were inspected to en-
sure no countermovement had occurred at the initiation of the
upward phase of the SJ. Participants were instructed to jump
for maximum height following a ???3,2,1,GO??? countdown.
Participants performed the DJ from a height of 0.3 m (3),
and were instructed to aim for both minimum ground contact
time and maximum height. Two trials for each jump type
were performed, a third jump was conducted if the researcher
was unhappy with the technical performance (e.g. heavy heel
touch on landing in DJ condition) or felt the trial was not max-
imal. For CMJ and SJ the greatest jump height was selected
for analysis. CMJ and SJ were used to calculate eccentric
utilisation ratio (EUR) using the following equation: EUR=
CMJ height/SJ height (4). DJ were used to determine reactive
strength index (RSI) using the equation: RSI= jump height
(m) /ground contact time (s) (5). The DJ with the highest
RSI was used for analyses.
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Table 1. Intervention programme
July September January April

Mass (kg) 105.1 ± 14.9 103.7 ± 15.6 105.9 ± 13.6 105.5 ± 14.8
Backs 85.5 ± 7.1 85.6 ± 5.2 87.6 ± 5.4 86.3 ± 6.0
Forwards 112.3 ± 9.1 112.8 ± 9.7 112.5 ± 8.4 112.9 ± 9.21
FFM (kg) 83.5 ± 9.3 84.9 ± 9.4 85.0 ± 8.5 85.4 ± 9.2
Backs 71.8 ± 3.6 73.2 ± 3.9 73.5 ± 4.6 73.2 ± 4.6
Forwards 88.9 ± 5.0 90.2 ± 5.1 89.0 ± 4.9 90.0 ± 5.2

FFM = fat free mass

Table 2. Changes in anthropometry for all players (n = 19), and separated by positional group [backs (n = 5), forwards
(n = 14)]. Data is presented as mean ± standard deviation. 90% confidence limit and probabilities that the likelihood of the
observed effect demonstrated an increase, trivial differences, or decrease between trials (e.g. Sep - Jul) for all players, or that
the change between trials (e.g. Sep - Jul) was greater in backs, trivial differences, or lower in backs, based on 0.2 x between
subject SD are presented.

Table 3. Changes in jump performance for all players (n = 19), and separated by positional group [backs (n = 5), forwards
(n = 14)]. Data is presented as mean ± standard deviation. 90% confidence limit and probabilities that the likelihood of the
observed effect demonstrated an increase, trivial differences, or decrease between trials (e.g. Sep - Jul) for all players, or that
the change between trials (e.g. Sep - Jul) was greater in backs, trivial differences, or lower in backs, based on 0.2 x between
subject SD are presented.

Isometric mid-thigh pull (IMTP) measurement
Three minutes rest was provided between jump performance
and IMTP measurement. A custom modified smith ma-
chine (Pullum Power Sports, Luton, United Kingdom) was

placed over a force plate (Kistler Instruments AG, Winterthur,
Switzerland), sampling at a frequency of 1000 Hz. Partici-
pants were attached to the bar using lifting straps, and posi-
tions were standardised, so that the shoulders were above the
bar and the knee angle was 140°(measured through goniome-
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Table 4. Changes in RFD and IMTP for all players (n = 19), and separated by positional group [backs (n = 5), forwards
(n = 14)]. Data is presented as mean ± standard deviation. 90% confidence limit and probabilities that the likelihood of the
observed effect demonstrated an increase, trivial differences, or decrease between trials (e.g. Sep - Jul) for all players, or that
the change between trials (e.g. Sep - Jul) was greater in backs, trivial differences, or lower in backs, based on 0.2 x between
subject SD are presented.
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Fig. 1. Figure 1: Individual changes in force output, RFD and jump performance across the full season. Squares and dashed lines represent backs. Circles and solid lines

represent forwards.

try). Participants were instructed to pull against the bar as hard and as fast as possible, whilst driving their feet into the
floor, for 6 s, with three minutes’ rest given between trials.
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Two maximal effort pulls were completed, unless the tester
felt that the pull was not maximal, or there was a large dis-
crepancy in the shape or magnitude of the force time curve
between the first and second pull. In this case a third trial
was performed. The trial with the highest peak force was se-
lected for further analysis. Relative peak force scores were
calculated by dividing the raw force output (N) by FFM (kg).
RFD was calculated for IMTP trials as mean RFD for the
predetermined time bands 0-100 ms (RFD 0.1) and 0-200 ms
(RFD 0.2) using the equation: RFD= ∆force/ ∆time (6).

Statistical analyses
Statistical analyses were performed using magnitude-based in-
ferences (MBIs) customisable spreadsheets, using the raw data
(7). Prims8 (GraphPad Software, San Diego, CA, USA) was
used to create the figure. Cohen???s d effect sizes (ES), and
90% confidence limits (CLs) were obtained using the MBI
spreadsheets (8), and categorised using standardised thresh-
olds of; < 0.2 trivial, 0.21 ??? 0.60 small, 0.61 ??? 1.20
moderate, 1.21 ??? 2.0 large, and > 2.0 very large (7). These
magnitudes were further interpreted using the following qual-
itative descriptions; < 0.5% most unlikely, 0.5 ??? 5% very
unlikely, 5 ??? 25% unlikely, 25 ??? 75% possibly, 75 ??? 95%
likely, 95 ??? 99.5% very likely, and > 99.5% most likely (7).
Differences were considered meaningful if there was a > 75%
likelihood of the observed effect exceeding the smallest worth-
while effect (0.20 x between subject SD). Data is reported as
ES; ±90% CL. Data are reported as mean ± standard devia-
tion (SD).

Results
Overall and positional group changes in anthropometry are
shown in Table 1. Changes in force characteristics across the
season, and differences in changes in these force characteristics
between position group (i.e. backs and forwards) are shown in
Table 2. Individual changes in force output, RFD, and jump
performance are shown in Figure 1.

Discussion
The main findings of this study showed trivial differences in
peak force, RFD, and anthropometry across the season (July
??? April), and trivial differences in the change in these mea-
sures between backs and forwards (Tables 2 - 4). For jump
performance, CMJ decreased from Sep to Jul, and increased
from Jan to Sep, Apr to Jan, and from Apr to Jul (Table 3).
The change in CMJ was greater in the backs from Apr to Jan,
and Apr to Jul (Table 3). Similarly, SJ decreased from Sep to
Jul, increased Jan to Sep, and decreased from Jul to Apr. The
change in SJ was greater in the backs from Apr to Jul (Table
3). Finally, RSI decreased from Sep to Jul with the change
lower in the backs. From Jan to Sep the change in RSI was
greater in the backs (Table3).

Limited data has examined changes in force and power
across a full season in elite rugby union players. Within the
northern hemisphere English rugby union players showed an
increase in force during pre-season, increase in power during
mid-season, and a maintenance of force and power charac-
teristics across the latter stages of the season (9). Young
English rugby union players showed decreased CMJ perfor-
mance, and possible improvements in lower body strength dur-
ing an eleven week pre-season period (10). Increased maximal
strength (11%) during the pre-season (11), and increased lower
body strength (9%) in-season (12) has previously been re-

ported in New Zealand rugby union players. Conversely, power
characteristics decreased in both the pre-season (11) and in-
season (12). Comparison between studies is problematic, given
that multiple factors (e.g. differences between southern and
northern hemisphere, training programmes, fatigue, training
load, minutes played, match scheduling etc.) could affect force
and power characteristics. Nevertheless, monitoring changes
in force and power characteristics during the full season in
rugby union may be beneficial to practitioners given the im-
portant association between strength, speed, and key game
outcomes, and the scheduling of the most decisive games (i.e.
play offs, semi-finals, finals) towards the end of the competi-
tive season. As shown in Figure 1, there was individual vari-
ation in changes in force and power characteristics across the
season, supporting the need for individualised monitoring and
training programming.

Practical Applications
• This data can be used by practitioners to monitor and/or

modify concurrent training throughout the full rugby union
season

• Understanding individual changes in force characteristics
may help practitioners to create individualised training pro-
grammes

• Obtaining this data on a yearly basis, could allow practi-
tioners to create individual reference values for each player
to be used as a monitoring tool for performance and/or
return to play

Limitations
• Only players from one English professional rugby union

club were included in the study, which may affect the in-
terpretation of the findings

• Several of the backs were excluded from this study, and
therefore the backs may not be truly representative of the
squad data
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