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Abstract

The positional workload characteristics in rugby union on three acquisition days (i.e.

strength, endurance, and speed days) of tactical periodization are still relatively unknown.

Therefore, the primary aim of this study was to shed light on the positional external workload

variables (10 Hz Global Positioning System and accelerometer microtechnology) and inter-

nal workload indicators (the session rating of perceived exertion) of players in a professional

rugby union team by utilizing and comparing two tactical periodization models. Twenty-six

male players (15 forwards and 11 backs) were recruited from a French second-division

rugby club. Data were obtained over 10 weeks of in-season home games: a total of 780

observations were analyzed. Student’s t-test observed different external workload profiles

between positions among acquisition days. Mean external workload values, except Player-

Loadslow, were significantly higher (p�0.01; effect size: 0.41–1.93) for backs than forwards

for all acquisition days. Moreover, forwards perceived a higher internal workload than backs

on the strength day of both models. The findings demonstrate that applying these two tacti-

cal periodization models could result in effective rugby union training. Validating external

and internal workload characteristics on tactical periodization acquisition days enables

extensive analysis of training load monitoring data; these data can be utilized to discover the

unique characteristics of each position and design position-specific acquisition days to

improve performance.

Introduction

From academy systems to elite sports, coaches have applied periodization models for many

decades, indicating widespread cultural acceptance [1, 2]. Periodization is an essential aspect

of the training structure and player development in team sports [1]. The recently developed
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tactical periodization model offers a holistic training concept that targets all training factors

(e.g., physical, psychological, technical, and tactical) under the “supra-dimension” of tactical

training [2]. In tactical periodization, the weekly pattern between two consecutive games is

referred to as the “morphocycle” [3]. In a single-game morphocycle, there are three main

acquisition days: strength, endurance, and speed days, focusing on maintaining or developing

the respective physical capacities [4, 5]. From a biological perspective and based on methodo-

logical principles of tactical periodization, no two acquisition days within the morphocycle

repeat the same physical stimulus in order to provide recovery time for distinct physical quali-

ties [3, 4, 6].

Tactical periodization has presented sound alternatives to traditional periodization in team

sports, including rugby union [2, 7]. Rugby is a dynamic and complex intermittent contact

sport with position-specific demands. The position groups in rugby union can be divided into

eight forwards and seven backs; forwards are involved in more collisions and backs cover

more high-intensity running distances [8, 9]. Typically, forwards engage in 0.51 collisions per

minute on a single competition [10]. These movements mainly occur during the tackle, ruck,

maul, and scrum events and comprise 14% of the total match time [10–12]. Conversely, the

role of backs is much more focusing on utilizing the space to run at high-velocity zones

[10, 12]. Therefore, locomotor analyses reveal that backs experience fewer collision (0.27 colli-

sions per minute), comprising only 2% of game time [10, 11]. Given the contrasting match

demands between forwards and backs, training models should be chosen according to the

needs of players’ positions [9].

Coaches and sports scientists use various methods, especially workload monitoring, to opti-

mize specific training programs [8]. Workload can be categorized as measurements of external

or internal workload, based respectively on the work performed by players (measured using

e.g., the global positioning system [GPS]) or their subjective physiological and psychological

response (e.g., the rating of perceived exertion [RPE]) [8, 9]. Technological and analytical

advancements have created new opportunities to quantify workload in greater detail than ever

before. However, despite the existence of numerous workload monitoring studies on rugby,

no researchers have investigated the workload characteristics of rugby union players according

to difference positions or distinct tactical periodization approaches. Thus, little is known about

the workload characteristics and positional responses when applying tactical periodization in

rugby union [2].

Responding to this research gap, this study aimed to be the first to describe the workload

characteristics of a professional rugby union team between position units across three acquisi-

tion days utilizing two tactical periodization models (Model I and Model II). We first hypothe-

sized that there would be significant workload variations across acquisition days and models

for each position. Second, we hypothesized that substantial differences would exist between

forwards and backs during the tactical periodization training period. These findings will pro-

vide valuable insights into tactical periodization and may be applied to rugby union in-season

training. Specifically, a comparison of the positional units’ workload profiles on different

acquisition days could assist team coaching staff in better understanding the training responses

of tactical periodization to improve the intervention plans.

Materials and methods

Experimental approach to the problem

In this study, we measured external and internal workload of different positions under tactical

periodization training during the professional French National Rugby League (LNR) games

weeks across the 2020 and 2021 seasons. In the 10-week experiment period, the external
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workload was monitored on each acquisition day using GPS technology, and the session RPE

(s-RPE) was used at every on-field session to quantify the internal workload. We designed two

morphocycles (Model I and Model II) based on the concept and principles of tactical periodi-

zation (Fig 1) [4, 7, 13]; each model contained a strength day (StD, Monday in both models),

endurance day (EnD, Wednesday in Model I, Tuesday in Model II), and speed day (SpD,

Thursday in both models).

Subjects

The study’s inclusion criteria were (a) all data were collected during home game weeks to

avoid the influence of different training conditions and travel associated with away games

[14], and (b) only home game weeks where the tactical periodization morphocycle training

model was used were included. The study’s exclusion criteria were (a) data from the first usage

of the tactical periodization models in a game week, even of it was a home game, and (b) data

relating to players who were injured, resulting in missed one or more training sessions/games.

After application of the inclusion and exclusion criteria, 10 home game weeks (Table 1: game

weeks 7, 10, 14, 16, and 20 using Model I; game weeks 4, 5, 12, 24, and 27 using Model II) and

twenty-six players were included.

Twenty-six adult rugby union players (15 forwards, 11 backs), all male (mean ± standard

deviation [SD]; age 27 ± 3.5 years; height 185.6 ± 7.1 cm; body mass 101.7 ± 15.7 kg) and mem-

bers of a professional club playing in the French second division (Pro D2), participated in this

study. All participants were informed of the experimental protocols and potential risks and

benefits of the study. They were subsequently required to complete and sign a consent form

indicating their permission for their data to be utilized in the study. The protocol was

approved by the Research Ethics Committee of the University of Rennes and the professional

rugby club and conducted in accordance with the Declaration of Helsinki.

Procedures

All participants routinely engaged in gym sessions twice per week and on-field training ses-

sions thrice per week. Before on-field training on the StD and EnD, participants completed

gym sessions (approx. 45 mins). The on-field training included a collective drill and several

distinct overarching training focuses. Overall, each participant completed 50 training sessions

Fig 1. The two tactical periodization morphocycle models used for the practice session of a professional rugby union team. The height of each column represents

the estimated load in arbitrary units. Abbreviations: RPE = rating of perceived exertion; MD = match day. Reprinted from [Xiaopan Hu, Rugby Club Vannes] under a

CC BY license, with permission from [Rugby Club Vannes], original copyright [2020–2021].

https://doi.org/10.1371/journal.pone.0288345.g001
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(20 gym and 30 on-field sessions) under the observational research protocol. The monitoring

period of each session included the warm-up and main training phases. No data were obtained

from the rehabilitation, recuperation, or cool down phases. We did not control for variables

such as weather or competitive match results.

Training session management. The order in which acquisition days are scheduled and

their consequent efficiency are dependent on the principle of specificity and a series of rugby-

specific factors [7]. They target each of the three main physical fitness (Fig 1). The StD was

always scheduled four days before the match day to allow maximum recovery between the last

match and the next. As the first acquisition day in both models, the StD emphasized anaerobic

conditions that typically aim to overload acceleration, deceleration, and change of direction

efforts through confined playing spaces with contact-focused technical or tactical activities

[15, 16]. In addition to small-sided games (SSGs; e.g., 20 × 30 m) configured in small or

medium number of players (e.g., 5 vs. 5 or 4 vs. 3), condition exercises such as wrestling, sled

push, and sled sprints were used to create the second-half fatigue effect.

The EnD occurred on a central day, though its placement varied between the models. It was

designed with a wide space (e.g., 50 × 60 m or full field), a greater number of players (e.g., 10

vs. 10 or 10 vs. 8), and more movement to encourage adaptation to a playing style based specif-

ically on endurance [7]. The demands of the conditioning session resembled those of a real

match, and the tactical contexts were based on the features of the next opposing team to stimu-

late collective interactions. There are two reasons for arranging the non-contact work capacity

session on the EnD. First, it has been demonstrated that external and internal workload

increase during contact training and result in a reduction in upper-body neuromuscular func-

tion [7]. This may suggest that planning the rest day after the StD (as in Model I) is effective, to

allow adequate recovery time to avoid decreased tackling ability. Second, the running demands

in rugby union are relatively low and these can be achieved and exceeded relatively easily dur-

ing field-based training in the absence of contact [7]. Thus, scheduling the EnD after the StD

(as in Model II) would help maintain aerobic ability while simultaneously developing skills

and tactical awareness.

To substantiate our tactical periodization training model for rugby players, a comparative

design was implemented, which targeted the players’ physiological characteristics and the prin-

cipal of horizontal alternation in specificity [4, 7]. In this study, the main difference between

the two models is the scheduling of the rest day: before the EnD in Model I and before the SpD

in Model II. Thus, we named Model I “specific endurance” and Model II “specific speed” to

describe their distinctive features. For effective training, specific acquisition days and the rest

day must be determined by the coach. From a physiological and biological standpoint, the pro-

gramming of complete rest before a specific acquisition day aims to achieve the targeted train-

ing stimulus for that acquisition day [4, 16, 17]. Therefore, we designed the morphocycle

format variation for the competitive season to progressively prepare the players according to

the prevailing system of conducting competitions.

In both models, Thursday was considered as the SpD, which focused on the speed of both

decision-making and movement. The on-field session should stimulate an anaerobic state

among players but only for a short duration. During this session, players needed to complete

most of their maximum velocity running in a medium space (e.g., 40 × 30 m) with a medium

number of players (e.g., 8 vs. 4) [7]. As the last of the three acquisition days of the morphocycle

and the final day before the game, the number of repetitions of each exercise was lower on the

SpD than on the StD and EnD to decrease the overall mental emotional and physical strain

[13]. Since the SpD followed different structural units (after the EnD in Model I, after the rest

day in Model II), it is important to clarify that the training tasks were not the same under both

models.
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External workload monitoring. The external workload was assessed using a portable 10

Hz GPS unit (Vector X7, Catapult Sports1, Australia). The reliability (coefficient of variation

[CV] 1.9–6.0%) and accuracy (3.1–11.3%) of this equipment have been evaluated in many

studies [18, 19]. About 20 min before the on-field training, devices were turned on and left in

an open area to attain satellite connection. Players wore individual GPS units (81 mm × 43

mm × 16 mm, weighing 53 g) that were placed in a custom-designed pocket positioned

between the shoulder blades on a vest supplied by the Catapult company.

The variables collected using GPS are described in Table 2. All these data were downloaded

immediately after every field training session and analyzed using customized software (Open

Field, version 3.3, Catapult, Melbourne, Australia).

Internal workload monitoring. The internal workload was estimated using the s-RPE on

a 1–10 arbitrary unit rating scale, with a rating of 0 deemed as rest and 10 as the maximal per-

ceived effort [21]. s-RPE data were recorded in all on-field sessions for which GPS devices

were used. Approximately 30 min after each on-field session, the researchers recorded the

players individually and asked them how difficult they felt the session was following the subjec-

tive scale of Foster et al. [21]. The answer was subsequently multiplied by the session duration

(in minutes) to obtain the s-RPE. The duration of the session was timed by the coach, from the

start of the warm-up to the completion of the last training drill. Data for s-RPE are presented

as arbitrary units (AU).

Statistical analyses

All data are expressed as mean ± SD. For the analysis of the results, SPSS (IBM Inc, Chicago,

IL), version 25.0 was used. The normality of the data distribution was verified using the Sha-

piro—Wilk test, and homoscedasticity was confirmed using Levene’s test. We conducted a

three-way ANOVA analysis to test the morphocycle models, acquisition days, and playing

position effects. The effects of tactical periodization training on the dependent variables were

tested using repeated measures analysis of variance, with Bonferroni post hoc. Student’s t-test

was used to determine differences between forwards and backs for all data. The alpha level for

statistical significance was set at p<0.05. Significant differences were further analyzed using

Table 2. Global positioning system variables used to quantify external workload.

Variables Units Description

PlayerLoad™ (PL™) Arbitrary

units

A modified vector magnitude expressed as the square root of the

sum of the squared instantaneous rates of change in acceleration

in each of the three orthogonal planes and divided by 100 [20].

PlayerLoadslow (PLslow) Arbitrary

units

A vector magnitude represented activity from three planes of

motion, but only for movement below 2 m�s-1 [20].

Total distance (TD) Meters Assessed from GPS, correspond to the total distance covered by

the players during the ball-in-play time of training.

High-speed running (HSR) Meters Sum of distance covered above 15 km�h-1.

Very high-speed running

(VHSR)

Meters Sum of distance covered above 21 km�h-1.

Sprint running (SR) Meters Sum of distance covered above 25 km�h-1.

Repeated high-intensity efforts

(RHIE)

Number Three consecutive high-intensity efforts (contact, acceleration, or

sprint) occurring within 21 seconds [18].

Low acceleration and

deceleration ([A-D]2)

Number Number of accelerations and decelerations performed above 2

m�s-2 or below -2 m�s-2.

Medium acceleration and

deceleration ([A-D]2.5)

Number Number of accelerations and decelerations performed above 2.5

m�s-2 or below -2.5 m�s-2.

https://doi.org/10.1371/journal.pone.0288345.t002
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the effect size (ES), classified according to Cohen’s rule of thumb (<0.20, trivial; 0.21–0.59,

small; 0.60–1.19, moderate; 1.20–2.00, large; and>2.00, very large) [22].

Results

External workload

External workload differences between models. The external workload values of all par-

ticipants in the two tactical periodization models are presented in Tables 3 and 4. For both

positions, on the StD, players showed significantly greater high-speed running (HSR) and very

high-speed running (VHSR) in Model I than Model II, whereas they showed higher PLslow

under Model II. Moreover, the StD also had a considerably larger PlayerLoad™ (PL™; p<0.05,

ES: 0.3) and number of accelerations and decelerations ([A-D]2; p<0.05, ES: 0.3) for forwards

and a higher sprint running (SR; p<0.05, ES: 0.4) for backs in Model I. Concerning the EnD,

five weeks of Model II training stimulated more external workload among forwards, reflected

by PL™ (p<0.05, ES: -0.4), total distance (TD; p<0.01, ES: -0.4), and [A-D]2 (p<0.01, ES: -0.5).

However, no significant differences were found in backs’ external workload parameters on

EnD between the two models (p = 0.07–0.98). Results from the SpD further revealed the mor-

phocycles’ characteristics, namely that all external workload were higher in Model II than in

Model I for both positional units, except forwards’ VHSR (p = 0.18) and SR (p = 0.72).

External workload differences among acquisition days. Pairwise comparisons between

acquisition days under the same model and position are reported in Tables 3 and 4. In Model

I, the StD was characterized by more PL™, [A-D]2, and [A-D]2.5 than the EnD and SpD for

both positions. In Model II, the StD had a peak PLslow value and the highest HSR and VHSR

occurred on the EnD for both forwards and backs. Moreover, both morphocycle models pre-

sented similar distributions in that external workload decreased most significantly on the SpD.

In addition, in each position, there were significant differences among morphocycle acquisi-

tion days for some variables. For example, backs had a significantly higher PLslow and TD on

the StD and a significantly higher VHSR and SR on the EnD in Model I. In Model II, backs

had a higher PL™, TD, [A-D]2, and [A-D]2.5 on the StD, as well as a greater SR on the EnD.

There was also a significantly higher PL™ and TD for forwards on the EnD in Model II.

External workload differences between positions. Tables 3 and 4 highlight that on the

StD, backs in both models showed greater external workload values than forwards (p<0.001;

ES: 1.0–2.8), except for PLslow (p>0.05). This trend was also evident across all external work-

load variables (p<0.001; ES: 0.4–2.1) on the EnD except PLslow for which forwards scored

higher (p<0.001; ES: 0.7) than backs. However, it was observed that, in the case of the SpD in

Model I, backs only covered a greater VHSR and SR (p<0.001; ES: 0.6–1.1) than forwards.

Finally, backs’ external workload parameters were significantly greater (p<0.001; ES: 0.8–1.4)

than those of in forwards on the SpD in Model II, except for PLslow (p>0.05).

Internal workload

Internal workload differences between models. Cumulative internal workload values are

displayed in Fig 2, showing inclusive comparisons of the models, acquisitions days, and posi-

tions. When comparing the models, significant differences were identified for backs on the

StD (Model I vs. Model II, p<0.05, ES: -0.4) and for forwards on the EnD (Model I vs. Model

II, p<0.05, ES: -0.4); overall, Model II had a higher internal workload response than Model I.

Internal workload differences among acquisition days. When comparing acquisition

days (Fig 2), the mean s-RPE was significantly altered during three acquisitions days in two

models with the highest values on the StD (Model I: forwards: 422.0 ± 89.1 AU, backs:

375.9 ± 86.8 AU; Model II: forwards: 439.4 ± 70.3 AU, backs: 404.1 ± 61.3 AU) and the lowest
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values on the SpD (Model I: forwards: 169.4 ± 47.8 AU, backs: 155.8 ± 43.6 AU; Model II: for-

wards: 171.9 ± 37.7 AU, backs: 159.4 ± 36.1 AU) for both positions (Model I: forwards: [StD

vs. EnD, p<0.001, ES: 0.9], [StD vs. SpD, p<0.001, ES: 3.5], [EnD vs. SpD, p<0.001, ES: 3.6];

backs: [StD vs. EnD, p<0.01, ES: 0.4], [StD vs. SpD, p<0.001, ES: 3.2], [EnD vs. SpD, p<0.001,

ES: 3.2]; Model II: forwards: [StD vs. EnD, p<0.001, ES: 0.9], [StD vs. SpD, p<0.001, ES:4.7],

[EnD vs. SpD, p<0.001, ES: 3.9]; backs: [StD vs. EnD, p<0.001, ES:1.1], [StD vs. SpD, p<0.001,

ES: 4.9], [EnD vs. SpD, p<0.001, ES: 4.0]).

Internal workload differences between positions. Analysis of the difference between

positions showed that forwards’ s-RPE on the StD (Model I: p<0.001, ES: 0.5; Model II:

p<0.01, ES: 0.5) in both the models and on the EnD in Model II was higher (p<0.01, ES: 0.6)

than that of backs (Fig 2).

Discussion

Tactical periodization is becoming more popular worldwide, notably in rugby union [7]. How-

ever, scientific research has yet to catch up with practice and provide empirical support for its

expansion. Furthermore, the workload on typical acquisition days completed by different posi-

tion units in rugby union has not been thoroughly researched [2]; thus the optimal application

of tactical periodization models to fulfil the demands of in-season rugby union training is

poorly understood. Therefore, we present the first study to describe external and internal

workload profiles and compare position differences among professional rugby union players

across three acquisition days under two types of tactical periodization models. As hypothe-

sized, we observed substantial differences between forwards and backs during the tactical peri-

odization training period. Furthermore, the results suggest that Model I, named “specific

Fig 2. Mean and standard deviation of session rating of perceived exertion between positions across the three

acquisition days in the two tactical periodization models. s-RPE = session rating of perceived exertion;

AU = arbitrary units; StD = strength day; EnD = endurance day; SpD = speed day. †significant differences between

Model I and Model II, p<0.05; a significant difference with the values of the strength day, p<0.05; b significant

difference with the values of the endurance day, p<0.05; *significant differences between forwards and backs, p<0.05.

https://doi.org/10.1371/journal.pone.0288345.g002
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endurance”, induces more aerobic running in parameters relevant to endurance performance,

whereas Model II, named “specific speed”, requires maintaining the necessary intensity on the

SpD to improve speed performance. Additionally, we observed a tapering strategy from the

first two acquisition days (StD and EnD) to the final acquisition day (SpD) in both models.

Finally, the findings highlight the importance of considering positional differences when

developing tactical periodization-based training programs. In summary, these data provide

new information for applied tactical periodization in rugby union and can be used to design

specific morphocycle models.

Effect of the morphocycle models on external and internal workload

External workload. To the best of our knowledge, this is the first study to examine the

application of two tactical periodization morphocycle models for the in-season training of a

professional rugby union team, utilizing a workload monitoring protocol. For all external

workload variables, trivial to very large ES between Model I and Model II were identified.

These differences were evident even though the study protocol analyzed the effect of only five

weeks of each morphocycle model on already well-trained rugby union players.

According to the rugby union physical development framework, the ideal training plan

should integrate various training program elements, such as strength, endurance, speed, and

recovery [23]. Simply adopting the same weekly training pattern to prepare for the entire sea-

son is a limiting strategy. However, much of the current strength and conditioning literature

fails to address the issue of how different tactical periodization training structures may influ-

ence workload response, owing to the use of a single-model [5, 6]. Thus, in this study, team-

certified and highly experienced coaches designed two morphocycle models based on the

tactical periodization concept, containing three acquisition days targeting three main physi-

cal capacities. As noted in the procedures, Model I emphasized specific endurance develop-

ment, whereas Model II emphasized specific speed activities. Their objectives are

accordingly reflected by the GPS results (Tables 3 and 4). First, Model I achieved the greatest

HSR and VHSR for both positions on the StD. In line with the findings on the association

between aerobic fitness and key running attributes [24, 25], these results confirm that Model

I was indeed an endurance-oriented morphocycle. Therefore, sufficient stimulus for aerobic

adaptation was achieved, as demonstrated by absolute HSR and VHSR performance, meeting

the requirements of higher competition levels that apply to all players. Second, the EnD in

Model I was followed by the SpD and the match day, whereas the EnD in Model II was

scheduled between the StD and the rest day. Both the models revealed a similar external

workload, except for PL™, TD, and [A-D]2 for forwards (Tables 3 and 4). Based on these

results, it can be assumed that players on the EnD in both models were exposed to a similar

overload volume, which induced maximal adaptation without increasing the risk of accumu-

lated fatigue [23]. Furthermore, PL™, TD, and [A-D]2 may be effective external workload

variables for comparing elite players’ responses to training between positions [26]. Finally,

the external workload parameters were higher in Model II. As a speed-oriented morpho-

cycle, in Model II, players (especially backs) accomplished more accelerations, distances and

relatively high-intensity running distances. These attributes are considered important in

rugby, which consists of multiple intermittent high-intensity activities [14, 24]. It should be

noted that the SpD allocates one-quarter of the session for speed of execution and three-

quarters for recovery in Model I. This acquisition day aims to achieve the desired external

workload that stimulates players to remain at an optimal level of physical fitness [13, 27]. By

contrast, the SpD in Model II was scheduled after the rest day; the recovery day prior to the

SpD aimed maximize the effect of speed in terms of muscle fiber contractions [13].
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Differences in the rest day arrangement and acquisition day objectives likely influenced the

morphocycle and positional external workload variation.

Internal workload. The findings revealed a significant difference in internal workload

response between Model I and Model II on the StD for backs and the EnD for forwards

(Fig 2). In recent years, researchers have become increasingly interested in the relationship

between internal and external workload measures in team sports. Studies have demonstrated

that HSR, accelerations and decelerations are the best predictors of s-RPE during team sports

[15, 28]. Research has also shown a clear association between s-RPE with PL™ [29] and TD

[28]. Therefore, the possible explanations of the s-RPE observed in the present study could be

the accumulated high-intensity running for backs on the StD in Model I and the higher PL™,

TD, and [A-D]2 for forwards on the EnD in Model II. According to the characteristics of the

next opponent, the morphocycle alternation respected the methodological principle of stabili-

zation to achieve optimal performance over a long competitive period. Logically, the internal

workload would be influenced by the training philosophy. Understanding the variability of

internal workload data is crucial in practice as it helps practitioners evaluate whether a change

in workload between morphocycle is meaningful. Moreover, understanding the effect of two

tactical periodization models on internal workload in rugby union can assist all staff in effi-

ciently transferring theory to practice. This study further supports the concept that s-RPE can

be a useful tool for monitoring internal workload in rugby union training.

Effect of acquisitions days on external and internal workload

External workload. In both the morphocycle models, we observed clear evidence of

external workload periodization variation in the acquisition days leading up to game day.

Mujika and Padilla [30] defined this period as the taper, that is, “a systematic, nonlinear

reduction of workload during a variable period to reduce the physiological and psychological

stress from daily training and optimize sports performance”. Among the three acquisition

days in the two tactical periodization models (Tables 3 and 4), the similar external workload

pattern from the StD to SpD in both models indicates the management of the contents dur-

ing the week based on classic biological laws [13]. Generally, rugby union players have two

rest days during the six-day morphocycle, the first day being scheduled the day after the

match [31]. Therefore, we proposed that the second rest day be scheduled between the StD

and EnD (Model I) or the EnD and SpD (Model II) to provide a minimum of s 24-hour

recovery period from high-intensity or high-volume training. In the present study, all exter-

nal workload variables significantly lower on the SpD than the StD and EnD, except for

some specific position-related parameters (e.g., forwards’ SR on the SpD in Model I). Similar

results were reported for elite soccer [32], ice hockey [33], and among six professional rugby

union teams [34]. Our findings confirmed that there is an obvious external workload pattern

across acquisition days in the lead-up to a game day. In this regard, the SpD incorporates

tapering to improve players’ match readiness.

Internal workload. The internal workload reported in the current study also indicates a

progressive reduction of workload during the week and before the competition (Fig 2). This

unloading process is comparable to that found in previous research. Malone et al. [32]

reported that workload was lower on the day before the match (match day-1, MD-1) than

MD-2 and MD-5. Similar unloading processes were found in elite soccer players, with MD-3

having the highest s-RPE and MD-1 containing the lowest [32]. Foster et al. [35] emphasized

the importance of workload variation, stating that a lack of workload variety might lead to

training monotony and strain and fail to elicit the desired adaptions. In addition to workload

unloading, there is consensus that the composition of morphocycle training typology should
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different between collision and non-collision sports [36]. Regardless of the sport, tapering

strategy should be used by coaches to limit fatigue leading up to a game. However, there is a

clear logic that when considering workload arrangement, sport and position-specific roles

should be considered. Overall, our internal workload results with respect to acquisition days

are consistent with previous research showing that a tapering strategy was implemented before

the competition to ensure optimal player readiness for match day [36].

Effect of player positions on external and internal workload

External workload. Regarding position, there were significant differences in external

workload on each acquisition day between forwards and backs (Tables 3 and 4). More pre-

cisely, backs’ training session contained more PL™, TD, distances in a different speed zone,

repeated thigh-intensity efforts (RHIE), and acceleration and deceleration. By contrast, PLslow

presented a converse trend on the EnD, with no differences between forwards and backs on

the StD and SpD. Our external workload results tend to agree with those of previous studies

[20, 37, 38]. In Super 14 rugby union, Austin et al. [37] reported that inside backs spent more

time (426 ± 17 vs. 285 ± 72 s) and covered more high-intensity running distances (1399 ± 91

vs. 940 ± 257 m) than front row forwards. Similarly, Cahill et al. [38] reported that backs trav-

elled greater absolute and relative distances than forwards in English Premiership rugby union

matches. Roe et al. [20], who investigated the relationship between PlayerLoad variables (PL™
and PLslow) and both collisions and running demands among elite under-18 rugby union play-

ers, reported that there are very large (nearly perfect) relationships between PL™ and TD for

both positions. According to these authors, PLslow is the most effective indicator of collision

activity for forwards and backs. In our study, the higher PLslow for forwards on the EnD may

reflect the training specificity between positions. Furthermore, on the StD and SpD, there were

no significant differences in PLslow between forwards and backs, which could be due to backs

covering greater distance at low velocity and thus reducing the gap with forwards [20]. How-

ever, the TD, PL™, and PLslow observed in the current professional team were lower than those

reported in Roe et al.’s [20] study. This is likely the result of our alternative method for quanti-

fying external workload, which analyzed data from ball-in-play time (i.e., without stoppages in

play [ball out of play time]) [10].

The external workload between forwards and backs on the StD and EnD did seem to have

the same pattern in the two models, in which backs regularly performed higher external

workload than forwards, except for the PLslow metric. These findings support previous stud-

ies that have found differences between forwards and backs in training activities and match

play [37–39], with forwards spending more time in the lower speed zones and engaging in a

larger number of tackling, rucking, mauling and other static high-intensity actions. Backs

perform multiple accelerations, decelerations, and changes of direction and reach individual

maximal speed to gain territory or score points [10]. Under this condition, the absolute mea-

sure of PLslow was higher for forwards than for backs on the EnD, which most likely reflects a

relatively greater proportion of training drills performed at low velocities by forwards, such

as contact and wrestling [40, 41]. Furthermore, Hulin et al. [41] found that PLslow demon-

strated the greatest sensitivity to change of direction workloads when movement velocities

were below 2 m�s-1. Previous research has also suggested that vertical accelerometer measure-

ments make a greater contribution to PL™ for backs [40]. These findings provide empirical

evidence explaining the lack of difference in PLslow between forwards and backs on the StD

and SpD in both models.

Additionally, also of interest were the external workload differences between forwards and

backs when comparing the SpD between the two models. On the SpD in Model I, positional
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differences only occurred in VHSR, SR, and RHIE, whereas all external workload metrics

(except for PLslow) presented positional differences on the SpD in Model II. These results

revealed that the tactical periodization design satisfied the need to accommodate greater high-

intensity running by backs on the SpD. Based on previous results relating to five different field

sports, the distance covered in differentiated speed zones relates to the typical locomotive

activity profiles of intermittent team sports [42]. Our data demonstrate the importance of

using absolute speed thresholds and RHIE bouts to distinguish the playing demands of differ-

ent player positions in rugby union. In addition, tactical periodization methods utilized in

rugby union will influence positional external workload outputs. Future research could con-

sider using individual thresholds to describe players’ performance and workload. Finally, the

positional differences of external workload metrics on the SpD between two models can be

explained by the different rest day arrangement.

Internal workload. Considering the positional internal workload differences in the cur-

rent study, forwards had greater internal workload compared to backs on the StD in Model I

(422.0 ± 89.1 vs. 375.9 ± 86.8 AU) and Model II (439.4 ± 70.3 vs. 404.1 ± 61.3 AU; Fig 2). A

similar trend was observed in the analysis of the internal workload of the EnD in Model II,

where forwards (379.8 ± 65.9 AU) exhibited higher s-RPE than backs (342.5 ± 54.2 AU). The

internal workload characteristics of forwards and backs shown in Fig 2 agree with those in pre-

vious studies [18, 27]. For instance, Bradley et al. [18]. investigated 45 elite European rugby

union players and found a significantly greater s-RPE for forwards (3398 ± 335 AU) compared

with backs (2944 ± 410 AU) despite lower external workload scores among forwards (e.g., TD:

9974 ± 1404 m) than backs (11585 ± 1810 m). Additionally, Barnard et al. [43]. reported that

forwards (3311 ± 939 AU) had higher internal workload than backs (2851 ± 1080 AU) over an

11-week in-season period. These data suggest that the relatively static isometric but high-inten-

sity activities performed during forward-specific training can be reflected by s-RPE. The cur-

rent study has the potential to significantly add to practitioners’ understanding of the

positional internal workload responses to different acquisition days. Understanding specific

positional internal workload responses allows coaches, trainers, and strength and conditioning

professionals to construct tactical periodization training regimens based on position-specific

demands, creating consistent peak performance and decreasing injury risk. Questions remain

about whether sessions consisting of various drills assessed by players as having similar inten-

sity are equivalent in terms of workload. For example, forwards and backs may assign similar

RPE scores to warm-up, SSGs, and contact training drills, but the energy expenditure and

recovery time may have very different acute physiological effects and result in different train-

ing adaptations among players [44, 45].

Limitations

While our data provide a starting point for the comprehension of tactical periodization appli-

cation in rugby union, there are some general limitations that need to be acknowledged and

may guide future research. First, we encourage future research to re-examine of our method

using a larger sample size as this study was conducted with a single rugby union club. Second,

the current investigation only used data from 10 weeks of home games, which may have poten-

tially affected the statistical significance of the results. Future research should aim to consider

home and away games together over more seasons. While acknowledging these limitations, we

believe that our novel findings support the tactical periodization approach and provide origi-

nal data that are especially relevant with regard to the position-specific workload characteris-

tics observed.
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Practical applications

Tactical periodization is a training strategy that emphasizes the tactical aspects of competitive

matches. It originated in soccer and is quickly gaining traction in other team sports, particu-

larly rugby union. Rugby union players differ in external and internal workload response dur-

ing training depending on their position. Such data can be used by strength and conditioning

staff to understand the effect of tactical periodization on the external and internal workload;

and they can facilitate the optimal application of theoretical knowledge to the training

environment.

Conclusions

The present study is the first to attempt to quantify the external and internal workload charac-

teristics of professional rugby union forwards and backs under tactical periodization. The pri-

mary finding of this study was that Model II, which emphasized specific speed, presented

higher external and internal workload than Model I, which focused on specific endurance.

Our study also revealed that both the models benefitted from a tapering strategy from the first

two acquisition days (StD and EnD) to the last acquisition day (SpD). Moreover, the external

and internal workload of forwards and backs differ on acquisition days in the different mor-

phocycle models, especially on the StD and EnD. We conclude that this tactical periodization

approach is beneficial in rugby union training. These findings have implications for practition-

ers in terms of understanding and applying tactical periodization and to develop the physical

attributes of rugby union players based on position-specific characteristics.
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