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ABSTRACT 

 

LONGITUDINAL MONITORING OF PSYCHOPHYSIOLOGICAL INTERNAL LOAD OF 

MALE AND FEMALE VARSITY ICE HOCKEY PLAYERS THROUGHOUT A SEASON 

Jessica Bigg        Advisor: Dr. Lawrence Spriet 

University of Guelph, 2021 

 

 Athlete monitoring of internal load during training and competition has been of growing 

interest in team sports. It is thought that understanding potential relationships between the demands 

placed on athletes and the elicited responses may provide insight on proper training prescription 

to optimize health and performance. Using a psychological (sessional rating of perceived exertion, 

sRPE) and physiological measure (training impulse, TRIMP) of internal load, this thesis focused 

on quantifying the demands during training and competition in male and female varsity ice hockey. 

 The first study demonstrated that internal load was greater during competitions compared 

to training in male players. Goalies had the highest internal load during training followed by 

forwards, and defence, with no positional differences for competitions, except forwards having a 

higher TRIMP than defence. Weekly micro-periodization demonstrated training sessions further 

from game day had higher internal loads and tapered as game day approached, and a meso-cycle 

assessment revealed the regular season had the highest internal load.  

 The second study demonstrated that games required a higher internal load compared to 

training for female players. Positional comparisons revealed no differences during training, but 

goalies had the highest internal load for competitions. Micro-cycle periodization demonstrated 



 

training sessions further from game day had higher internal loads and tapered as game day 

approached, and a meso-cycle assessment revealed the post-season had the highest internal load. 

The final study explored internal load during games, particularly across game periods, and 

reported that period 3 had a higher internal load than the two preceding periods. Overall, there 

were no differences between sexes, however, when considering position, male forwards had higher 

internal loads during periods compared to female forwards, but male defence had lower internal 

loads compared to female defence. For males, forwards had a higher internal load within periods 

compared to defence, but for females, defence had a higher internal load compared to forwards. 

Altogether, this thesis provides novel insight into the demands of training and competition 

across a varsity ice hockey season for males and females. These studies provide a descriptive 

foundation for what meso- and micro-periodization does occur, and the demands throughout a 

game. 

.
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1.1 Introduction 

In recent years, there has been a growing interest in monitoring athletes of varied sports and at 

many levels to better understand the demands of training and competition. Training and 

competition load experienced by athletes are of interest for various reasons. Many 

researchers/sport scientists believe that understanding the workload and potential associations with 

risk of injury, acute and chronic fatigue, player readiness, changes in performance (both decreasing 

and increasing) etc., may provide useful insight on proper periodization and training prescription 

to optimize athlete health and performance. When monitored appropriately, load can be used as a 

coaching tool, a measure of intensity, and an assessment of performance.  

Early concepts of monitoring training load were introduced to complement the training process 

(Impellizerri et al. 2019, 2005, 2004, 2003). Athletic training has been defined as the process of 

performing various exercises (training) to improve physical capabilities and sport-specific skills 

(Viru & Viru, 2000). The balance between exercise and recovery bouts is essential for a functional 

adaptive response (Booth & Thomason, 1991). When not delivered appropriately, exercise can 

induce negative psychophysical responses associated with physical performance, injury and illness 

(both physically and mentally), among other negative consequences. The response to exercise has 

both acute and chronic components, and is a result of the nature, duration, timing, and intensity of 

the exercise (Impellizerri et al. 2020; Viru & Viru, 2000). To understand this relationship between 

exercise and adaptive responses, the concept of training load was introduced and quickly become 

an area of interest of many in the sport world.  

Training load is characterized as either external or internal, depending on the method of 

assessment. External load is defined as the physical work, measured independently of the athlete’s 
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internal characteristics, and characterized by the organization, quantity, and structure of the 

exercise. External load variables often include athlete exposure, distance metrics, movement 

repetition counts, speed and acceleration metrics, global positioning system (GPS) measures, time-

motion analysis video, and accelerometry-derived measures (Bourdon et al. 2017). Internal load is 

defined by the psychophysiological responses during exercise, specifically indicators of the 

psychophysiological response initiated by the body to cope with the elicited external load 

(Impellizzeri et al. 2020; Halson et al. 2014). The psychological component of internal load is 

most commonly and reliably assessed using the subjective rating of perceived exertion. Early 

investigations of internal load consistently used this method, while in later studies the 

physiological assessments have become of greater interest. The physiological assessment most 

commonly used consists of heart rate-derived measures; however, other methods to assess internal 

load have included biochemical/hematological indices, oxygen uptake, and blood lactate 

monitoring (Bourdon et al. 2017). There is no single gold-standard measurement for either external 

or internal load. The majority of the research in this area conducted in team sports has been in field 

sport athletes including soccer, rugby, and Australian football, with some research on indoor, 

court-based sports including volleyball and basketball.  

Therefore, this thesis has focused on quantifying internal load during both training sessions 

and competitions throughout an entire season in male and female varsity ice hockey players. The 

following review will provide a background on the current research pertaining to the internal load 

of training and competition of both male and female athletes. For the purpose of this review, 

internal load -measured using variations of rating of perceived exertion and heart rate-based 

parameters- will be reviewed in team sports during: in-season (including pre-competitive (training) 
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and competitive phases), training and competition events, and longitudinally throughout at least 

one season of play.  

 

1.2 Rating of Perceived Exertion 

The rating of perceived exertion (RPE) is one of the earliest and most common means of 

assessing internal load. Consistently used throughout the literature is the standard RPE score, 

measured using Borg’s Category-Ratio 10 (CR10, deci-Max) scale and Borg’s Category-Ratio 100 

(CR100, centi-Max) scale (Borg & Borg 2001). Also in use is the sessional rating of perceived 

exertion (sRPE), the product of the RPE score and the duration of the exercise session (Foster, 

1998). The sRPE is often used interchangeably with internal load (IL) throughout the literature. 

The use of RPE is based on the idea that athletes can subjectively indicate the physiological stress 

and psychological stress induced during exercise by retrospectively reporting their perceived 

efforts based on a 10-point RPE (CR10) scale, or the less commonly used 100-point RPE scale 

(CR100) (Borg & Borg 2001). For the CR10 RPE, the player’s rating is provided in response to 

the question, “How hard was the training session?’, with 0 indicating ‘no exercise’, 1 being ‘very 

light activity’ and 10 being ‘maximal exertion’. The question is most often applied within 20 to 30 

min after each exercise session. It is a popular method for monitoring training load and intensity 

for various reasons; low cost of use, no hardware or specific software needed, a high scoring for 

ease of use, a medium-to-high scoring for validity and reliability, and results in a single variable 

in arbitrary units (AU) (Bourdon et al. 2017).  

A summary of the studies assessing internal load during training and competition using a 

measure of RPE or sRPE longitudinally throughout a pre-competitive and/or competitive phase of 
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a season in team sport athletes is presented in Table 1. There are many studies that have used 

RPE/sRPE as the measure of internal load; however, the presentation of the data is widely 

inconsistent among the literature. Overall, studies often break down the collection periods into 

micro-, meso-, and macro-cycles. Micro-cycles assess day-to-day variation within a week of 

training/competition, most often using the match day (MD) as the reference point; 5 days before 

MD (MD-5), 4 days before MD (MD-4), 3 days before MD (MD-3), etc. Meso-cycles typically 

assess particular training blocks, phases of a season, week-to-week, and/or month-to-month 

variation of training/competition. Lastly, macro-cycle refers to the season as a whole, but can 

sometimes be used interchangeably with meso-cycle. Within these cycles, additional comparisons 

are made with the data, including positional, session type (tactical, technical, conditioning, etc.), 

location of game (home vs. away), match outcome, starter vs non-starter status, and congested vs 

non-congested week.  

 

Table 1.  A summary of studies assessing internal load using (sessional) rating of perceived 
exertion in team sport athletes throughout a pre-competitive and/or competitive phase of a normal 
season. 

Study Sport Competitive 
Level 

Sample 
size (n) Gender Age Study 

Duration 
Period of 
Season 

Outcome 
Measure Periodization Additional Comparisons 

Oliveira et al. 
2020 

Soccer Professional 20 Male 25.85 ± 
4.55 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load) 

Micro- (Match 
Day -5, -4, -3, -2, 
-1, +1) 

Match Outcome (Loss, 
Win, Draw), Starter vs 
Non-starter 

Gonçalves et al. 
2020a 

Soccer Professional 23 Male 27 ± 4  
 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load) 

Micro- (Match 
Day -3, -2, -1) 

Home vs Away Match, 
Match Outcome (Loss, 
Win, Draw) 

Lago-Fuentes et 
al. 2020 

Futsal Professional 10 Female 22.8 ± 
4.3 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load) 

Micro-, Meso-, 
Macro- cycles 

Session type (Tactical, 
Endurance, Conditioning, 
Recovery), Match vs 
Training 

Salazar et al. 
2020 

Basketball Elite 27 Male 24.8 ± 
3.2 

2 seasons Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load) 

Micro-, Macro- 
cycles 

Congested (>1 game/week) 
vs non-congested (≤1 
game/week) week 

Lima et al. 2020 Volleyball Professional 8 Male 23.0 ± 
5.22 

15 weeks Competitive 
phase 

RPE and sRPE 
(Internal Load) 

Micro- (Match 
Day -5, -4, -3, -2, 
-1, +1) 

- 

Gonçalves et al. 
2020b 

Roller 
Hockey 

Professional 10 Male 29.3 ± 
4.8 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load) 

Micro- (Match 
Day -5, -4, -3, -2, 
-1, +1) 

Congested (>1 game/week) 
vs non-congested (≤1 
game/week) week 
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Coppalle et al. 
2019 

Soccer Professional 26 Male 26.2 ± 
5.1 

2 seasons Pre-competitive 
Phase 

sRPE (Internal 
Load 

Macro-cycle 
(week-to-week) 

Season 1 vs Season 2 

Oliveira et al. 
2019a 

Soccer Elite 19 Male 26.3 ± 
4.3 

1 season Competitive 
phase 

sRPE (Internal 
Load 

Micro- (MD-4. 
MD-3. MD-2, 
MD-1, MD+1), 
Meso- 
(Monthly), 
Macro- cycles 

Positional 

Duarte et al. 
2019 

Volleyball Professional 15 Male 26.1 ± 
4.8 

8 weeks Competitive 
phase 

sRPE (Internal 
Load 

- Session Type (Tactical, 
Technical) 

Clemente et al. 
2019a 

Volleyball Elite 13 Male 31 ± 
5.0 

1 season Pre-competitive 
Phase 

sRPE (Internal 
Load 

Meso-cycle 
(monthly) 

- 

Clemente et al. 
2019b 

Futsal Professional 20 Male 27.8 ± 
5.7 

1 season Pre-competitive 
Phase 

sRPE (Internal 
Load 

Micro- (Match 
Day -5, -4, -3, -2, 
-1, +1) 

Congested (>1 game/week) 
vs non-congested (≤1 
game/week) week 

Oliveira et al. 
2019b 

Soccer Professional 13 Male 26.2 ± 
4.1 

1 season Pre-competitive 
Phase 

RPE and sRPE 
(Internal Load) 

Micro- (Match 
Day: MD, MD -
5, -4, -3, -2, -1, 
+1) 

Congested (>1 game/week) 
vs non-congested (≤1 
game/week) week 

Debien et al. 
2018 

Volleyball Professional 15 Male 24.0 ± 
3.6 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load 

Meso-cycle 
(Phase of season) 

- 

Andrade et al. 
2018 

Volleyball Professional 15 Male 24 ± 4 1 season Pre-competitive 
and competitive 
phase 

RPE and sRPE 
(Internal Load) 

Meso-cycle 
(Phase of season) 

- 

Clemente et al. 
2018 

Handball Professional 20 Male 26.5 ± 
4.9 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load 

Micro- (Match 
Day -5, -4, -3, -2, 
-1, +1) 

Congested (>1 game/week) 
vs non-congested (≤1 
game/week) week 

Conte et al. 2018 Basketball Collegiate 10 Male 0.9 ± 
0.9 

1 season Competitive 
phase 

sRPE (Internal 
Load 

Meso-cycle 
(week-to-week) 

Congested (>1 game/week) 
vs non-congested (≤1 
game/week) week, Starter 
vs Non-Starter 

Fox et al. 2018a Basketball Semi-
Professional 

15 Male 20.4 ± 
4.5 

1 season Pre-competitive 
Phase (9 weeks) 

sRPE (Internal 
Load 

Meso-cycle 
(Phase of pre-
season) 

Training Type (General and 
specific Physical and, 
Game-based conditioning) 

Mendes et al. 
2018 

Volleyball Professional 13 Male 31 ± 
5.0 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load 

Micro- (Match 
Day: MD, MD -
5, -4, -3, -2, -1, 
+1) 

Congested (>1 game/week) 
vs non-congested (≤1 
game/week) week 

Campos-
Vazquez et al. 
2017 

Soccer Professional 12 Male 27.7 ± 
4.3 

1 season Pre-competitive 
Phase (4 weeks) 

sRPE (Internal 
Load 

- Games vs Training sessions 

Clemente et al. 
2017 

Soccer Professional 35 Male 25.7 ± 
5.0 

1 season Competitive 
phase 

sRPE (Internal 
Load 

Micro-cycles Congested (>1 game/week) 
vs non-congested (≤1 
game/week) week, 
Positional comparison 

Vlantes & 
Readdy 2017 

Volleyball Collegiate 11 Female 19.99 1 season Competitive 
phase 

sRPE (Internal 
Load 

- Match duration (3, 4, 5 
sets), Positional 
comparison 

Pustina et al. 
2017 

Soccer Collegiate 20 Male 21.5 ± 
1.3 

2 seasons Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load 

- Games vs Training sessions 

Fessi et al. 2016 Soccer Professional 22 Male 23.7 ± 
3.2 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load 

Meso-cycle 
(Phase of season) 

Session Type (Physical, 
technical, tactical) 

Ritchie et al. 
2016 

Australian 
Football 

Professional 44 Male 24.1 ± 
3.8 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load 

Meso-cycle 
(Phase of season) 

Session Type (skills (AF-
specific training), running 
(field-based conditioning), 
upper- body (UB) weights, 
lower-body (LB) weights, 
games, and “other” 
(boxing, cycling, 
swimming, and cross-
training) 

Malone et al. 
2015 

Soccer Professional 30 Male 25 ± 5 1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load 

Micro- (MD-4. 
MD-3. MD-2, 
MD-1, MD+1) 

Positional 

Chandler et al. 
2014 

Netball Collegiate 8 Female 20.4 1 season Competitive 
phase 

RPE - Game vs Training, 
Positional 
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Clarke et al. 
2013 

American 
Football 

Collegiate 20 Male 22.0 ± 
1.4 

2 seasons Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load 

Micro- (MD-4. 
MD-3. MD-2, 
MD-1, MD+1) 

Games vs Training 

Lovell et al. 2013 Rugby Professional 32 Male 24.4 ± 
4.1 

1 season Pre-competitive 
and competitive 
phase 

sRPE (Internal 
Load 

- Session Type 
(Conditioning, skills, skills-
conditioning, Speed, 
Wrestle) 
 

RPE = rating of perceived exertion, sRPE = sessional rating of perceived exertion (RPE x session 
duration), MD = match day 

 

1.2.1 Micro-cycle Assessment of Rating of Perceived Exertion 

As previously mentioned, micro-cycles assess RPE/sRPE of training sessions and games 

within a standard weekly time frame, most often in reference to a match day (MD, or MD-0). 

Several studies in soccer (Goncalves et al. 2020a; Oliveira et al. 2020, 2019a,b; Malone et al. 

2015), futsal (Lago-Fuentes et al. 2020; Clemente et al. 2019b), volleyball (Lima et al. 2020; 

Mendes et al. 2018), roller hockey (Goncalves et al. 2020b), handball (Clemente et al. 2018), and 

American football (Clarke et al. 2013) have reported internal load for training sessions with respect 

to weekly periodization. The general findings amongst these studies are fairly consistent. In a 

standard (non-congested week: ≤1 game/week) regular season week of the competitive phase, the 

training session one day preceding MD (MD-1) is reported to be of the lowest internal load 

experienced by the athletes in the days before a game. Furthermore, MD-5, MD-4, MD-3, and 

MD-2 have been found to result in consistent internal loads, with no significant differences 

between training sessions (Goncalves et al. 2020a,b; Oliveira et al. 2020, 2019a,b; Clemente et al. 

2019b, 2018; Malone et al. 2015; Clarke et al. 2013). In studies that examined the internal load in 

the day following a game (MD+1), it was reported to be even lower than MD-1 (Oliveira et al. 

2020, 2019a). In futsal athletes, one study reported that MD-1 was a rest day, but the trends were 

consistent with MD-2 being the lowest reported internal load for a training session compared to 
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MD-5, MD-4, and MD-3, which were not significantly different from each other but often showed 

a downward trend from MD-5 or MD-4 to MD-2 (Lago-Fuentes et al. 2020).  

In several incidences, teams will have more than one game in a week. These weeks are 

often termed congested weeks (>1 game/week). Several studies have further divided the micro-

cycle assessment into normal vs. congested weeks to investigate any effects on the internal load 

experienced by athletes (Goncalves et al. 2020b; Salazar et al. 2020; Clemente et al. 2019b, 2018, 

2017; Oliveira et al. 2019b; Mendes et al. 2018). As with normal weeks, the training session with 

the lowest internal load is MD-1, with no significant difference between the congested and non-

congested weeks. Overall, weekly training loads have been reported to be lower in congested 

weeks, with the primary difference found at MD-3 and MD-2, having significantly lower internal 

loads (Goncalves et al. 2020b; Clemente et al. 2019b, 2018, 2017). Salazar et al. (2020) reported 

that basketball players experienced an increasing internal load in training with decreasing numbers 

of games/week. Weeks with 0 games had a higher internal load than weeks with 1 game, which 

had a higher internal load than weeks with 2 games, which had a higher internal load than weeks 

with 3 games. Furthermore, Oliveira et al. (2019b) reported that for 2-game weeks, internal load 

of training sessions varied depending on whether games were played on consecutive days or with 

rest/training days in between. With back-to-back games, MD-1 had the lowest sRPE, with MD-3, 

and MD-2 reporting significantly higher sRPE than MD-1. With no back-to-back games, MD-1 

was not the lowest sRPE but rather MD-3.  

Two studies investigated further and included match outcome in the micro-cycle 

assessment. Oliveira et al. (2020) reported that soccer training sessions on MD-1, MD-3, and MD-

4 were not significantly different in internal load before games resulting in a win, draw, or defeat. 
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The training session on MD-2 had an average internal load that was significantly greater before 

games resulting in a win and defeat compared to a draw, with no significant difference in training 

load between a win and defeat. Furthermore, MD-5 training sessions before a defeat were 

significantly greater than a MD-5 training session before a win, and both significantly greater than 

MD-5 training session before a draw. Goncalves et al. (2020a) reported that training sessions on 

MD-2 and MD-4 reported no significant differences in training load before games resulting in a 

win, draw, or defeat. Both MD-1 and MD-3 trainings sessions before a draw reported significantly 

lower training loads compared to both a win and defeat (no significant differences between these 

two outcomes). Lastly, MD-5 training sessions before a draw were of significantly higher internal 

loads compared to a loss and win, and the MD-5 training sessions before a loss had a significantly 

higher internal load compared to a win. Overall, the two studies produced results that were 

inconsistent, with no particular trends revealed. Continued research associated with match 

outcome and internal load of preceding training sessions is needed to suggest any major trends. 

 

1.2.2 Meso-cycle Assessment of Rating of Perceived Exertion 

 The meso-cycle of a season can be defined in several ways. Most consistently throughout 

these studies, the meso-cycles are determined based on the phase of season (Andrade et al. 2018; 

Debien et al. 2018; Fessi et al. 2016; Ritchie et al. 2016). Depending on the sport and the team 

schedules, researchers will divide the season into one or more of each of a preparatory phase (pre-

competitive) and competitive phases. Debien et al. (2018) separated a volleyball season into four 

distinct phases: preparatory 1, competitive 1, preparatory 2, and competitive 2 according to various 

characteristics (game schedule, off days, etc), and objectives (training type, etc). The mean weekly 
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internal load was significantly higher in the preparatory phases compared to the competitive 

phases. Preparatory 2 had a significantly higher internal load than preparatory 1, and the 

competitive 2 phase had a significantly higher internal load than competitive 1. In another study 

of volleyball players, meso-cycles were defined as a preparatory phase, competitive phase 1 

(associated with a state championship) and competitive phase 2 (associated with a higher-level 

championship). The average weekly internal load was significantly higher during the preparatory 

phase than both the competitive phases. The weekly internal load of competitive phase 1 was 

higher than competitive phase 2, however, not significantly different (Andrade et al. 2018). In a 

group of soccer players, a comparison was made of the internal loads between the pre-season and 

in-season phases, and it was found that the internal load of the pre-season was significantly higher 

than that of in-season (Fessi et al. 2016). Lastly, Ritchie et al. (2016) divided the season into 7 

different meso-cycles, preseason 1, 2, and 3, and in-season 1, 2, 3, and 4, according to loading 

strategies, pre-determined by the coaching staff and research group. It was found that pre-seasons 

1 and 2 were significantly higher than pre-season 3 and any of the in-season phases. The in-season 

phases were relatively consistent (no statistically significant differences stated), with no increasing 

or decreasing trends observed in internal load.  

Other studies will define the meso-cycles by week-to-week or month-to-month variations 

throughout the season (Clemente et al. 2019a; Oliveira et al. 2019a; Conte et al. 2018). Over a 10-

month soccer season, internal load was divided into meso-cycles of 1-month periods (M1-M10). 

M1 had the highest internal load, followed by M2 and M3 which were consistent with each other 

but had a higher internal load than the remaining months. An overall decreasing trend in internal 

load was seen from M4 to M10 (no statistically significant differences), with the exception of M5 
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having the lowest internal load reported for the entire season (Oliveira et al. 2019a). Clemente et 

al. (2019a) divided a 9-month volleyball season into 9 monthly meso-cycles (September – May). 

October (M2) had the highest reported internal load, followed by September (M1). No statistically 

significant differences were reported between the months, however, there was a general decreasing 

trend in mean weekly internal load reported across each month, with the lowest reported internal 

load in May (M9). Lastly, Conte and colleagues (2018) divided the season into 10 meso-cycles, 

each a week-long period (weeks 1 – 10). The total weekly internal load was highest in week 1 and 

trended downwards until week 5, where two spikes in internal load were seen at weeks 6 and 8 

before progressively decreasing again until week 10 (no statistical significance was provided).  

Fox et al. (2018) assessed only the pre-season phase in basketball players and defined the 

meso-cycles according to the training phases; general and specific physical conditioning, games-

based conditioning, and pre-season friendly competitions. It was reported that the three different 

pre-season phases did not significantly differ in the internal loads experienced by the athletes. 

Lastly, one study defined the meso-cycles according to the intended load/intensity of training 

throughout the season, as noted by the coaching staff in charge of design and execution of training 

sessions (Lago-Fuentes et al. 2020). There were 8 defined meso-cycles (M1-M8) with M1 and M4 

being preparatory periods and M2, M3, M5, M6, M7, and M8 being competitive periods. M1 and 

M4 resulted in significantly higher internal loads compared to the competitive periods and M1 had 

a significantly higher internal load requirement than M4. For the competitive periods specifically, 

there was a gradual decrease in internal load from M2 to M8, although relatively consistent with 

no significant differences between the periods.  
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1.2.3 Macro-cycle Assessment of Rating of Perceived Exertion 

 A macro-cycle refers to an entire season at large. Two studies have assessed internal 

workloads measured through RPE/sRPE of athletes across more than one season (Salazar et al. 

2020; Coppalle et al. 2019). Both studies reported no statistically significant difference in the 

internal load requirement of the athletes between the two seasons and the highest weekly internal 

load was in the pre-season for both seasons. Studies also assessed internal load using RPE/sRPE 

throughout an entire season and reported on the overall trend, whether it was consistent, increasing, 

or decreasing from start to finish (Lago-Fuentes et al. 2020; Salazar et al. 2020; Oliveira et al. 

2019a). The former two studies reported an overall tapering strategy in internal workload during 

the in-season phase from the beginning to end of the season. Oliveira et al. (2019a) reported some 

minor tapering in internal load throughout a session, however, the workload overall was considered 

to be more consistent.  

 

1.2.4 Summary of Micro, Meso and Macro Cycle Data 

The general findings of the micro-cycles suggested clear training periodization with 

reference to games. Training loads determined using sRPE appeared to be relatively consistent but 

slowly tapering throughout the days preceding a game, apart from the day immediately prior to 

game day having a significantly lower internal load. Arguably, this is to prevent over exertion and 

excess fatigue leading up to the game. Furthermore, normal weeks had training sessions of higher 

loads than training sessions of congested weeks. This is consistent with efforts to ultimately 

prevent over exertion and fatigue in order to ensure athletes are feeling optimal for each game 

during these weeks. Overall trends of the meso-cycle analysis of internal load measured using 
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RPE/sRPE indicated that pre-season (non-competitive) phases of a season result in higher internal 

loads experienced by athletes compared to the in-season competitive phases. Presumably due to 

the initial intensive training after an off-season in order for athletes to prepare for competition. 

Additionally, consistent with findings using both meso-cycle and macro-cycle comparisons, the 

general findings suggested higher internal workloads in early months and weeks of the season, 

followed by progressive decreases in internal load in subsequent months and weeks. Again, this is 

likely due to the initial desire to get athletes in optimal condition for competition at the start of the 

season after resting throughout the off-season, followed by periods of maintenance in later portions 

of the season.  

 

1.3 Heart Rate-Derived Training-Impulse 

 Throughout the literature investigating internal load of athletes, methods using a heart rate 

(HR)-based measure have included HR recovery, HR variability, HR average, HR maximum, HR-

derived training impulses (TRIMP – various modifications), and % HR zones. However, it has 

been recently highlighted, that there is a common misconception regarding some of these HR 

parameters for monitoring internal load. It is important to distinguish between the exercise load 

(the task itself that is manipulated to elicit a response) and the response that is induced because of 

the exercise. Considering HR recovery and HR variability, these measures are collected after 

exercise or immediately before exercise during a rested state in many cases for HR variability. 

However, the definition of internal load is specific to the demands during exercise (Impellizzeri et 

al. 2019). Furthermore, HR average and HR maximum are thought to be misrepresentative, 

primarily given they do not account for the duration of exercise performance and can be 
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dramatically skewed by a single incident. A training session of relatively low intensity for the 

majority of the duration with the exception of a single explosive and highly strenuous event would 

reveal a high %HR maximum during the session that was misrepresentative of the entire bout. The 

HR average can also be skewed in a similar manner with an outlier HR recording shifting the mean 

of the entire session. To account for some of these limitations and provide a more representative 

physiological measure of internal load, TRIMP is a frequently suggested HR-derived measure of 

internal load and most used throughout the literature for assessing the physiological load 

(Impellizzeri et al. 2019; Fox et al. 2018b, McLaren et al. 2018, Halson 2014). Despite requiring 

equipment (HR monitors) and software to compute the data, TRIMP has been noted for its ease of 

use, validity, reliability, and relatively moderate cost (Bourdon et al. 2017). 

 

1.3.1 Training-Impulse Models 

The initially proposed TRIMP model is Banister’s TRIMP (bTRIMP; Banister and Calvert 

(1980), with several derivatives later developed. A TRIMP is a unit of physical effort, presented 

in AU, that is calculated using maximum HR, average HR, and resting HR during an exercise bout 

and the duration of exercise: 

𝑏𝑇𝑅𝐼𝑀𝑃 = 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛	(min)	𝑥	
𝐻𝑅	𝑎𝑣𝑒𝑟𝑎𝑔𝑒	(𝑏𝑝𝑚) − 𝐻𝑅	𝑟𝑒𝑠𝑡	(𝑏𝑝𝑚)
𝐻𝑅	𝑚𝑎𝑥𝑖𝑚𝑢𝑚	(𝑏𝑝𝑚) − 𝐻𝑅	𝑟𝑒𝑠𝑡(𝑏𝑝𝑚) 	𝑥	𝑘	 

k represents a weighting factor based on a standard blood lactate curve of incremental exercise 

that accounts for exercise intensity. For males, 𝑘 = 	0.64𝑒!.#$%, and for females, 𝑘 = 	0.86𝑒!.&'%, 

where 𝑥 = ()	+,-.+/-	(123)5()	.-67	(123)
()	3+%8393	(123)5()	.-67(123)

.  
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One limitation of the bTRIMP noted early in the application of this method, was the use of 

a single mean intensity value assigned for exercise session and its inability to discriminate between 

exercise and rest periods, an important factor of interval training and/or intermittent sport. To 

account for this limitation, the Edwards’ Summated Heart Rate Zones (Edwards’ TRIMP – 

Edwards-TL) was established (Edwards, 1993). Edwards-TL is a modification that is based on pre-

determined arbitrary heart rate zones and the duration of time spent in each of these zones 

throughout the exercise session: 

𝐸𝑑𝑤𝑎𝑟𝑑𝑠!𝑇𝐿 = 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛(𝑘") + 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛(𝑘#) + 	𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛(𝑘$) + 	𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛(𝑘%) + 	𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛(𝑘&) 

k1 = 1 for 50-60% HR max, k2 = 2 for 60-70% HR max, k3 = 3 for 70-80% HR max, k4 = 4 for 80-

90% HR max, and k5 = 5 for 90-100% HR max. The major limitation noted with this method was 

the arbitrary weighting factor (kx). It is applied to each zone comprising a range of heart rates, with 

the lowest and highest HR in each zone weighted the same, despite a difference in the physiological 

load. Lucia’s TRIMP (L-TRIMP) was established as a modification to Edwards-TL (Lucia, 2000). 

L-TRIMP is also based on standard pre-determined zones, however, it considers individual 

parameters of blood lactate concentrations pre-determined in the lab to establish these zones:  

𝐿𝑢𝑐𝑖𝑎:𝑠	𝑇𝑅𝐼𝑀𝑃 = 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛	(𝑘!) + 	𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛	(𝑘$) + 	𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛	(𝑘;) 

where k1 =1 when below the ventilatory threshold, k2 = 2 when between the ventilatory threshold 

and the respiratory compensation, which occurs at the point where lactate is rapidly increasing 

with intensity and represents hyperventilation even relative to the extra CO2 that is being produced, 

and k3 = 3 when above the respiratory compensation point (Lucia 2000). 

 Another model was established in an attempt to account for individual variation, especially 

variations in fitness level which would certainly alter the blood lactate curve, the team TRIMP 
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(tTRIMP) (Stagno et al. 2007). A weighting factor specific to the team was generated using a blood 

lactate and fractional HR elevation curve determined in a laboratory setting and the exponential 

line of the curve to give the team weighting factor equation (k = aebx): 

𝑡𝑇𝑅𝐼𝑀𝑃 = 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛	(min)	𝑥	
𝐻𝑅	𝑎𝑣𝑒𝑟𝑎𝑔𝑒	(𝑏𝑝𝑚) − 𝐻𝑅	𝑟𝑒𝑠𝑡	(𝑏𝑝𝑚)
𝐻𝑅	𝑚𝑎𝑥𝑖𝑚𝑢𝑚	(𝑏𝑝𝑚) − 𝐻𝑅	𝑟𝑒𝑠𝑡(𝑏𝑝𝑚) 	𝑥	𝑘 

Furthermore, the individualized TRIMP (iTRIMP) was proposed (Manzi et al. 2009). This model 

involved a weighting factor specific to each individual generated using a blood lactate and 

fractional elevation of HR and the exponential line equation (equivalent to k). It was noted that 

while this provided a more accurate representation of the data for internal load, it is much more 

time consuming and costly, consequently less efficient in a real-world team environment setting.  

 Throughout the literature to date, the most commonly used TRIMP methods for assessing 

the internal load of team sport athletes is the bTRIMP and Edwards’ TRIMP, presumably given 

the greater simplicity and ease of use. These models do not require laboratory-based tests to pre-

determine the intensity weighting factor or the heart rate zones for each individual, it is merely 

based on the HR during the sessions. 

 

1.3.2 Training-Impulse and Internal Load  

TRIMP as a measure of the physiological internal load during exercise has not been 

investigated to the same extent as RPE/sRPE at this point in time. While becoming more prevalent, 

there is still a lack of longitudinal assessments of the physiological internal load using TRIMP 

experienced by athletes during training and competition. Furthermore, within these studies, there 

is inconsistent reporting and assessment of the data, proving to be a challenge for comparison 

purposes and for providing informative overall trends of the physiological internal load throughout 
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a season. A summary of the studies to date, quantifying/estimating the internal load of athletes 

using the physiological measure of TRIMP during training sessions or games of a regular pre-

season or competitive in-season phase of a team's schedule is presented in Table 2.  Some groups 

have assessed the data using micro- and meso-cycles (Grunbichler et al. 2019; Fox et al. 2018a; 

Wilke et al. 2016; Akubat et al. 2012), while other studies have provided more specific 

comparisons including games vs. training (Douglas et al. 2019; Campos-Vazquez et al. 2017; 

Zurutuza et al. 2017), the differences between training session types (Duarte et al. 2019; Fox et al. 

2018a; Weaving et al. 2017), player positions (Douglas et al. 2019; Zurutuza et al. 2017; Wilke et 

al. 2016; Waldron et al. 2011), and congested (>1 game/week) vs non-congested (≤1 game/week) 

weeks (Akubat et al. 2012). Also, several studies have merely provided longitudinal descriptive 

data of the internal load for each training session within the period of study (Duarte et al. 2019; 

Campos-Vazquez et al. 2017; Scott et al. 2013; Manzi et al. 2010).  

 

Table 2. A summary of studies assessing internal load using derivations of training impulse in 
team sport athletes over a period during a pre-competitive and/or competitive phase of a normal 
season. 
Study Sport 

Competitive 
Level 

Sample 
size (n) Gender Age 

Study 
Duration 

Period of 
Season 

Outcome 
Measure Assessment 

Duarte et al. 2019 Volleyball Professional 15 Male 26.1 ± 4.8 8 weeks Competitive 
Phase 

Edwards-TL Training Type 

Douglas et al. 2019 Ice Hockey National 25 Female 25.0 ± 3.8 1 season Pre-competitive 
and competitive 
phase 

Edwards-TL Game vs 
Training, 
Positional 

Grunbichler et al. 2019 Soccer Professional 14 Male 22.6 ± 4.3 13 weeks Competitive 
Phase 

tTRIMP Micro-cycle 
(MD, MD-4, 
MD-3, MD-2, 
MD-1) 

Fox et al. 2018a Basketball Semi-
Professional 

15 Male 20.4 ± 4.5 9 weeks Pre-competitive 
Phase  

Edwards-TL Meso-cycle 
(Phase of pre-
season), 
Training Type 

Campos-Vazquez et al. 
2017 

Soccer Professional 12 Male 27.7 ± 4.3 4 weeks Pre-competitive 
Phase 

Edwards-TL Game vs 
Training 

Weaving et al. 2017 Rugby Professional 23 Male 24 ± 3 12 weeks Pre-competitive 
Phase 

Modified 
Edwards-TL 

Training Type 
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Zurutuza et al. 2017 Soccer Professional 15 Male 25.2 ± 3.0 1 season Competitive 
Phase 

Edwards-TL Game vs 
Training 

Wilke et al. 2016 Futsal Professional 12 Male 23.0 ± 4.3 8 weeks Pre-competitive 
Phase 

Lucia's 
TRIMP 

Meso-cycle 
(week-to-
week) 

Scott et al. 2013 Soccer Professional 15 Male 24.9 ± 5.4 - Competitive 
Phase 

bTRIMP, 
Edwards-TL 

Longitudinal 
display of daily 
training session 
internal load 

Akubat et al. 2012 Soccer Youth 
(Professional) 

9 Male 17 ± 1 6 weeks Competitive 
Phase 

iTRIMP, 
bTRIMP, 
tTRIMP 

Micro-cycle 
(MD, MD-4, 
MD-3, MD-2, 
MD-1), 
Congested (>1 
game/week) vs 
non-congested 
(≤1 
game/week) 
week 

Waldron et al. 2011 Rugby Professional 12 Male 23.4 ± 3.9 1 season Competitive 
Phase 

Edwards-TL Positional 

Manzi et al. 2010 Basketball Professional 8 Male 28 ± 3.6 12 weeks Competitive 
Phase 

Edwards-TL Longitudinal 
display of daily 
training session 
internal load 

TRIMP = training impulse, Edwards-TL = Edwards TRIMP, iTRIMP = individualized TRIMP, 
tTRIMP = team TRIMP, bTRIMP = banisters TRIMP, MD = match day 
 

Two studies described the internal load of soccer players throughout a competitive phase 

of a season based on a micro-cycle assessment (Grunbichler et al. 2019; Akubat et al. 2012). The 

primary objective of the study conducted by Akubat and colleagues (2012) was to assess the 

relationship between bTRIMP, tTRIMP, and iTRIMP. However, a specific secondary descriptive 

evaluation of two athletes used iTRIMP to assess the within-week variation of internal load related 

to training sessions and games. The iTRIMP was recorded for one athlete during a non-congested 

week (1-game week) and a second athlete during a congested week (2-game week). For both 

athletes, game day was Saturday, and the second game for the one athlete was on the Wednesday 

of the same week. Similar between the two athletes and the congested vs. non-congested week, 

both the Thursday and Friday practices were of the lowest internal load (iTRIMP), with the 

Monday practices having the highest internal load reported. This study provided an initial 

assessment of internal load on a micro-cycle level and was the first to investigate the effects of a 
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congested vs non-congested week, however, the single athlete groups limit the interpretation and 

validity. A later study added to the micro-cycle assessment of TRIMP-based internal load with an 

acceptable sample of 14 soccer players (Grunbichler et al. 2019). This study used tTRIMP to assess 

internal load over several weeks of the competitive phase. The mean tTRIMP was the highest for 

games, with a mean of 240 AU. Similar to the micro-cycle trends reported using RPE/sRPE, it was 

found that the mean tTRIMP was lowest for the training session one day before the game (D-1=55 

AU), trending downwards from the training sessions three and four days before game day (D-

3=159 AU, D-4=124 AU) with the highest reported internal load values. There was no statistical 

analysis provided in this study, so it is unclear as to whether there were any statistically significant 

differences between the training sessions, but the overall trends were still evident.  

Using a meso-cycle analysis, two studies assessed internal load using a derivation of 

TRIMP between the various phases of a pre-season, pre-competitive phase of a season in semi-

professional basketball players (Fox et al. 2018a) and week-to-week variations of a pre-

competitive phase during technical and tactical training sessions of professional futsal players 

(Wilke et al. 2016). Fox and colleagues (2018a) divided the pre-season phase into three distinct 

periods; the first six weeks were the general and specifical physical conditioning training sessions 

phase, the next three weeks were the game-based training sessions phase, and the last few weeks 

consisted of friendly-competition events and were referred to as the competition phase. The 

derivative of TRIMP used to quantify the internal load was the Edwards’-TL. It was reported that 

the earlier phases of the pre-season, the general/specific physical conditioning phase and the game-

based training phase had a significantly higher internal load (314 AU and 334 AU, respectively) 

compared to the later competition phase (225 AU). There was no significant difference between 
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the two earlier phases. An earlier study by Wilke and colleagues (2016) used Lucia’s TRIMP to 

assess the internal load on a week-to-week comparison. The pre-competitive phase consisted of 8 

weeks of technical and tactical training sessions. The internal load reported across the 8 weeks was 

relatively consistent. The only significant difference was found between week 8 and week 6, with 

week 8 having a significantly higher internal load reported than week 6. Overall, the internal load 

of the weeks fluctuated, with two weeks of a higher load value (weeks 1, 2, 4, 5, 7, and 8) followed 

by a week of lower internal load (weeks 3 and 6).   

When comparing training type specifically, two studies assessed the difference in TRIMP-

based internal load between the various training session types during the pre-competitive or 

competitive phase of a season (Duarte et al. 2019; Weaving et al. 2018). Duarte et al. (2019) used 

the Edwards-TL method to quantify training load of training sessions over an 8-week period of a 

normal competitive phase of a season in professional volleyball players. The training session types 

were broken down into two broad categories of technical (n=23) and tactical training sessions 

(n=14). The technical training sessions were further broken down into blocks (n=4), defensive 

(n=7), serve-receive (n=7), and receive (n=5) sessions. The mean TRIMP values for the overall 

technical and tactical sessions were 147 AU and 360 AU, respectively. There was no level of 

significance provided or indicated between the training session types, however, descriptively the 

tactical sessions were of a higher internal load than the technical sessions. For the separate 

technical type training sessions, the defensive-based practices had the highest internal load (185 

AU), followed by receive (177 AU), block (113), and serve-receive (108 AU). Again, no statistical 

analysis was provided and therefore, no conclusive differences can be made between the training 

types. In addition to the overall Edwards’-TL value, the authors provided descriptive details of the 
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amount of time spent in each HR zone for each training session type. For each of the block, 

defense, and serve-receive technical training session types, the majority of the sessions were spent 

in zone 2 (the 60-70% HR maximum zone) with 28%, 30%, and 46% of the duration spent in zone 

2, respectively. For the receive technical training session and the tactical training type, the majority 

of these sessions were spent in zone 3 (the 70-80% HR maximum zone), with 35% of the session 

duration spent in this zone for each of the training types. 

An earlier study also assessed the difference in internal load between training types of 

professional rugby players over 12 weeks of a pre-competitive phase of a season. This study used 

a modified version of the Edwards-TL method. A manufacturer-derived heart rate exertion index 

(Polar HR, T31 coded, Polar, Oy, Finland) used the same concept as Edwards-TL with the addition 

of arbitrary exponential weighting factors (Weaving et al. 2017). The session types were defined 

as skills and conditioning. The skills sessions (n=448) were defined as sessions that focused on 

enhancing individual rugby skills and team technical-tactical strategies, and the conditioning 

sessions (n=192) focused on endurance and running aimed at improving an athlete’s tolerance for 

high-intensity running bouts. The mean internal load of the skills session was 100 AU and the 

average value for the conditioning sessions was 59 AU. However, there was no level of statistical 

significance provided.  

A small number of studies have assessed the difference of TRIMP-derived internal load 

measures between training sessions and competitions (Douglas et al. 2019; Campoz-Vazquez et 

al. 2017; Zurutuza et al. 2017), and/or player positions (Douglas et al. 2019; Waldron et al. 2011). 

Campos-Vazquez and colleagues (2017) used the Edwards-TL to compare the internal load of 

professional soccer players between 21 training sessions and 7 friendly matches during a pre-
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competitive phase. The mean value reported for training sessions was 149 AU, which was lower 

than the average for competitions, 281 AU (no significance was assessed). Furthermore, when 

assessed individually, players every game reported a higher internal load value for every game 

compared to even the practice with the highest value. Another study in professional soccer players 

also used Edwards-TL to measure the internal load between 20 training sessions and 8 matches 

during the competitive phase of a season (Zurutuza et al. 2017). In contrast, the training sessions 

had a mean value of 499 AU, which was higher than the mean value reported for the matches, 345 

AU (again, no significance was assessed).  A study in national female ice hockey players also used 

Edwards-TL to quantify the internal load requirements throughout an entire season consisting of 

61 training sessions and 44 competitions (Douglas et al 2019). The internal load was assessed 

between training and competition, as well as between the defensive and forward positions. It was 

found that both defensive and forward players had a statistically significant higher mean internal 

load for competitions (Defense: 232 AU; Forward: 344 AU) compared to training (Defense: 102 

AU; Forward: 126 AU). Furthermore, specifically between the player positions, during both 

competitions and training sessions, the forwards had a significantly higher internal load compared 

to the defensive players. The difference between the two positions was greater during the 

competitions compared to the difference found in training sessions. Waldron and colleagues (2011) 

specifically assessed the variation of internal load measures between player positions of 

professional rugby league players over 3 to 4 matches per player during a competitive phase. Player 

positions included outside backs (n=5), adjustables (n=3), and hit-up forwards (n=4) and Edwards-

TL was used to quantify internal load. The outside backs recorded the highest mean internal load 

across the games (297 AU), followed by the adjustables (270 AU), and lastly, the hit-up forwards 
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(198 AU). The mean internal load for the outside backs was significantly higher than the internal 

load reported for the hit-up forwards. No other significant differences were found between the 

groups.  

Lastly, two studies provided a longitudinal recording of TRIMP-derived internal load 

across several weeks (Scott et al. 2013; Manzi et al. 2010). While the primary objective of the 

studies was not to quantify internal load, but rather assess the correlation between various internal 

load measures, the authors of these studies presented the TRIMP-derived internal load separately 

and allowed for descriptive interpretation. Scott et al. (2013) quantified internal load in 

professional soccer players using both bTRIMP and Edwards-TL across 29 training sessions 

during the competitive phase of a season. The mean internal loads derived from bTRIMP and 

Edwards-TL across all sessions were 78 AU and 169 AU, respectively. It was noted that overall, 

the internal load across the season fluctuated with consistent loads across a couple of consecutive 

sessions separated by a session of a spike in training internal load and/or a session of lower training 

load. The authors concluded that this was evident of a periodized training schedule comprised of 

consistent periods, periods of high intensity, and periods focused on recovery (Scott et al. 2013). 

An earlier study was conducted in professional basketball players across a 12-week period during 

the competitive phase of a season (Manzi et al. 2010). Internal load was quantified using Edwards-

TL. Overall, the TRIMP-derived internal load was relatively consistent across the weeks, with no 

observed trends in any direction. Similar to the study by Scott et al. (2013), there were minor 

fluctuations with consistency across consecutive days followed by a training session with a spike 

in internal load or a training session with a decreased internal load. Based on the TRIMP-derived 
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internal load, there were no overall conclusions pertaining to periodization made by the authors 

(Manzi et al. 2010).  

Evidently, the research quantifying internal load using TRIMP-based methods is increasing, 

with more detailed specific assessments being made to provide informative overall trends of 

periodization. Similar to RPE-derived findings, results of these studies suggest a relatively 

consistent internal load with tapering occurring in the day or two immediately preceding a game. 

However, no comparisons were made between pre-competitive and competitive phases of the 

seasons and therefore, no general trends can be made. Based on TRIMP-derived internal load, 

overall, it appears that competitions are of higher load than training sessions. Continued 

longitudinal research with the TRIMP methods to objectively quantify internal load is needed to 

further this field.  

 

1.4 Association between Rating of Perceived Exertion and Training Impulse 

As mentioned previously, there are numerous methods throughout the literature that have been 

used in attempts to quantify internal load of team sport athletes. The credibility of a method is 

increased when the findings of a particular method are consistent with the findings of other 

methods measuring the same outcome. Given that there is no “gold-standard” for monitoring 

internal load of athletes during training and competition, it is difficult to assess for validity of the 

methods being used. Furthermore, it has also been noted that the validity of a particular measure 

is dependent on the nature, duration, and intensity of the sport (Impellizzeri et al. 2019). However, 

that being said, one of the main objectives for monitoring athlete load is to consider the impact of 

load on adaptations, whether it be negative or positive. These adaptations require time and 
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longitudinal training as opposed to single acute bouts. Furthermore, it could be argued that there 

is greater emphasis on intra-subject changes and monitoring over periods of time compared to 

inter-subject assessment. As long as the method is consistent throughout the monitoring period 

and is reliable between sessions, the validation of the method with reference to a gold-standard 

may be less of a concern. Additionally, assessing the same outcome with various methods that 

ultimately reveal the same findings/trends provides stronger support for the use of these methods.  

Several studies have assessed the correlation between RPE/sRPE-derived and TRIMP-derived 

internal load in team sport athletes during training and/or competition(s) during a normal pre-

competitive and/or competitive season, summarized in Table 3. However, no studies have been 

conducted in ice hockey players. Most of the studies assess the correlation between RPE/sRPE and 

TRIMP using the Borg CR10 Scale, with the exception of one study using the Borg CR100 Scale 

(Naidu et al. 2019). Furthermore, the TRIMP-derivatives used throughout the studies include 

bTRIMP (n=5), Edwards-TL (n=8), Modified TRIMP (n=1), Lucia’s TRIMP (n=1), tTRIMP 

(n=1), and iTRIMP (n=1).   

For every study that provided a coefficient value with a corresponding statistical p-value, 

the correlation between the two internal load measures were statistically significant (p<0.05). 

Several of the studies used non-statistical qualitative interpretations of the study and provided 

ranges signifying various effect sizes (Naidu et al. 2019; Campos-Vazquez et al. 2017; Weaving 

et al. 2017; Campos-Vazquez et al. 2015; Weaving et al. 2014; Scott et al. 2013; Akubat et al. 

2012). The qualitative effect sizes ranged from moderate to very large with the majority of studies 

reporting a large or very large effect size for the correlation between the internal load measures. 

That being said, there was a large discrepancy in the effect size ranges used and interpretation of 
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these coefficients across studies. However, overall, it is fairly evident that there is a strong 

correlation between RPE-derived and TRIMP-derived internal load. Despite neither of these 

methods being a gold standard measure for internal load, the consistent correlation between the 

measures throughout the literature instils confidence and supports the validity to each of their uses.  

 

Table 3. A summary of the literature assessing the correlation between rating of perceived 
exertion-derived and training-impulse-derived internal load in team sport athletes during a period 
of a regular season. 

Study Sport 
Competitive 
Level RPE Method 

TRIMP 
Method Correlation 

Significance/Qualitative 
Interpreted Effect Size 

Costa et al. 2019 Soccer Elite sRPE (Borg 
CR10-Scale) 

bTRIMP r = 0.78 p<0.001 

Duarte et al. 2019 Volleyball Professional sRPE (Borg 
CR10-Scale) 

Edwards-TL Technical sessions: r 
= -0.414, Tactical 
sessions: r = 0.616 

p<0.05 (both) 

Naidu et al. 2019 American 
Football 

Elite Youth sRPE (Borg 
CR100-Scale) 

bTRIMP r = 0.77 Very large 

   sRPE (Borg 
CR100-Scale) 

Edwards-TL r = 0.84 Very large 

Campos-Vazquez et 
al. 2017 

Soccer Professional sRPE (Borg 
CR10-Scale) 

Edwards-TL Game: r = 0.91;               
Training: r = 0.80 

Game: extremely large; 
Training: very large 

Weaving et al. 2017 Rugby Professional sRPE (Borg 
CR10-Scale) 

Modified 
Edwards-TL 

Skills session: r = 
0.30; Conditioning 
sessions: r = 0.73 

Skills: moderate; 
Conditioning: large 

Wilke et al. 2016 Futsal Professional sRPE (Borg 
CR10-Scale) 

Lucia's 
TRIMP 

r = 0.70 p<0.001 

Campos-Vazquez et 
al. 2015 

Soccer Professional sRPE (Borg 
CR10-Scale) 

Edwards-TL r = 0.35-0.78 Moderate to very large 

   sRPE (Borg 
CR10-Scale) 

tTRIMP r = 0.50-0.87 Large to very large 

Weaving et al. 2014 Rugby Professional sRPE (Borg 
CR10-Scale) 

iTRIMP r = 0.47 - 0.81 Moderate to very large 

Clarke et al. 2013 American 
Football 

Collegiate sRPE (Borg 
CR10-Scale) 

Edwards-TL r = 0.80 p<0.01 

   sRPE (Borg 
CR10-Scale) 

bTRIMP r = 0.78 p<0.01 

Scott et al. 2013 Soccer Professional sRPE (Borg 
CR10-Scale) 

Edwards-TL r = 0.77 Large 

   sRPE (Borg 
CR10-Scale) 

bTRIMP r = 0.73 Large 

Akubat et al. 2012 Soccer Youth 
(Professional) 

sRPE (Borg 
CR10-Scale) 

bTRIMP r = 0.75 Very large  
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Waldron et al. 2011 Rugby Professional sRPE (Borg 
CR10-Scale) 

Edwards-TL r = 0.62 p=0.001 

Manzi et al. 2010 Basketball Professional sRPE (Borg 
CR10-Scale) 

Edwards-TL r = 0.85 p<0.0001 

   

sRPE (Borg 
CR10-Scale) 

bTRIMP r = 0.70 - 0.82 p<0.0001 

RPE = rating of perceived exertion, sRPE = sessional rating of perceived exertion (RPE x session duration), 
TRIMP = training impulse, bTRIMP = Banisters TRIMP, Edwards-TL = Edwards TRIMP, iTRIMP = 
individualized TRIMP, tTRIMP = team TRIMP. 
 
 
1.5 Implications for Monitoring Internal Load 

Monitoring internal and external load of team sport athletes was introduced to compliment the 

training process in an attempt to maximize performance and outcome of the competitions. A single 

exercise bout/load can elicit an acute adaptive response and repetitive exercise bouts of varying 

loads can induce a chronic adaptive response. The idea behind training is to elicit a positive chronic 

adaptive response in order to improve athletic performance. To accomplish this, both timing and 

magnitude (load) of applied training, and the target of systems necessary for performance are 

important considerations. With this in mind, a detailed theoretical framework of the training 

process incorporating the importance for internal and external load monitoring was previously 

established by Impellizzeri and colleagues (2019). This framework defines load as the input 

variable that is manipulated to elicit the desired adaptations, and ultimately training goals and 

performance. There are numerous factors beyond just timing and magnitude of training that can 

impact adaptations to exercise. These factors include individual characteristics, training status, 

psychological status, health, nutrition, environment, and genetics. Simply, the longitudinal 

quantification of internal and external load will unknowingly include all of these external factors. 

These confounding variables become crucial when trying to manipulate and improve athlete 

capacity for load. 
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The intent of monitoring athlete load during training and competition is to establish how long 

and how hard a coach/trainer can push an athlete without eliciting negative adaptive responses, 

both physically (injury and illness) and mentally (fatigue and exhaustion). What is that optimal 

combination of timing and magnitude of load to optimize performance enhancements? The 

unfortunate part of this, is that there is no generic formula to answer these questions. There is no 

specific combination of timing and magnitude of training load that ensures no harm is experienced 

by the athletes and results in improved performance outcomes. Every individual tolerates the 

demands of exercise differently and elicits a different response to the same exercise bout. 

Furthermore, what constitutes an increase in performance? Ultimately, the goal of any team sport 

athlete is to be successful in competitive matches with a winning outcome. However, there are 

many variables that affect this. What are the factors that guarantee a win, what are the necessary 

steps by the athletes? Unfortunately, there is no definitive formula or gold standard variable for 

performance either.  

 

1.5.1 Internal load and Athlete Injury 

Regarding athlete health and well-being, the most commonly investigated outcomes are 

the physical health, injuries/soreness and illnesses. Many studies have investigated the relationship 

between internal load and injury/illness in attempts to understand the dose-response relationship 

and to establish guidelines for athletes. Several recent reviews have been published to summarize 

these studies and their findings (Eckard et al. 2018; Jones et al. 2017; Drew & Finch 2016). The 

second and third published reviews continue to build on the message from that of the preceding 
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one(s), including many of the same articles with the addition of any new studies meeting the 

criteria. However, the reviews do have slight variations in their overall main objective. 

In the earlier review by Drew and Finch (2016), the purpose was to assess the relationship 

between injury and training load, relative to the various definitions of injury, and to assess the 

relationship between load and illness. The definition of injury ranged from reported soreness to 

injuries requiring medical attention and diagnosed by a physician. With regard to internal load 

specifically, 14 studies met the criteria with an outcome measure of injury and/or soreness, and 5 

studies associated with illness were reviewed. Thirteen of the 14 studies related to injury quantified 

internal load using a derivative of RPE, with a single study using a measure of blood lactate 

concentration. All 5 studies assessing illness used a derivative of RPE as well. Overall, it was 

concluded that there was ‘emerging moderate evidence’ for the relationship between training load 

and injury but conflicting evidence between training load and illness. It was suggested that 

inappropriate training loads (e.g. drastic spikes as opposed to gradual increases) can influence 

injury risk for up to a month afterwards. It was also noted that proper planning of training schedules 

is crucial to allow for a gradual increase in training load below a certain threshold. Too much of 

an acute increase in load increased the risk of sustaining an injury. This provided additional support 

for the framework suggested by Gabbett (2016). This ‘Training-Injury Prevention Paradox’ 

framework describes the phenomenon that athletes consistently training at (and accustomed to) 

high workloads will have fewer injuries compared to athletes working at lower workloads with 

sporadic and rapid increases in workload. The idea is that injury is not caused by excessive training 

per se but rather inappropriate training prescription. The review found that the risk of injury 

increased with substantial rapid increases in workload and also increased with too low of 
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workloads (Drew & Finch 2016). In relation to illness, the results of the studies reviewed were 

mixed, with several finding a positive correlation between load and illness, and some reporting no 

relationship. Overall, major conclusions suggested future research pertaining to a latency period 

of up to 4 weeks after major spikes in training load and the potential protective effect of moderate 

increases in training load against injury and illness (Drew & Finch 2016).  

The purpose of the review by Jones and colleagues (2017) was to examine the literature 

pertaining to the longitudinal monitoring of training load and fatigue, and its relationship with 

injury and illness in athletes. It was noted in the discussion of the review that the terms training 

load and fatigue were commonly used interchangeably throughout the literature. However, it was 

concluded that this is a misinterpretation, and the two terms have different meanings. Therefore, 

for this review, only the comparisons between training load and injury are included. Twenty-one 

studies were reviewed that assessed internal load and injury, all studies used a derivative of RPE, 

with some also including a HR-derived measure. The definition of injury was similar to the 

previous review, ranging from soreness to medical-seeking injuries. The first main finding 

presented by the authors related to periods of training load intensification. The authors reported 

that periods of high load intensification, particularly preseason training periods and periods of 

congested weeks (increased competitions) resulted in increased risk of injury. These periods were 

noted to have high relative increases in workload and low amounts of recovery time. Secondly, 

changes in acute training load were assessed, and the association of week-to-week variation 

throughout the season with risk of injury. There were inconsistent findings between the studies 

that monitored acute change in load; however, the overall consensus was similar to that previously 

concluded by Drew and Finch (2016). The authors concluded that there was also ‘moderate 
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emerging evidence’ to support the relationship between load and risk of injury/soreness, however, 

there was disparity in direction and continued research was needed. It was further supported that 

the relationship is U-shaped, as opposed to linear (Jones et al. 2017; Drew & Finch 2016; Gabbett 

2016). In regard to illnesses, 15 studies assessing internal load and immune function (illness) were 

reviewed, with 13 of the studies quantifying internal load using an RPE derivative, 1 using a HR-

based measure, and 1 study using both an RPE- and HR-based variable. It was consistently found 

throughout the studies that both periods of increased training internal load with relative acute 

increases greater than ~10% and periods of reduced training and competition were associated with 

increases risk of signs/symptoms of illness. It was noted that this may be a result of elevated 

psychological stressors from changes in training and competition schedules (Jones et al. 2017). 

However, the authors did highlight one major limitation of these studies, as many required athletes 

to self-report illnesses rather than having a professional diagnosis, which could lead to over- or 

under-reporting of the outcome variable. It was suggested to continue research in this field and 

obtain physician-diagnosed illnesses. That being said, the main intent is to capture when an athlete 

does not feel well, and it could be argued that the specific diagnoses is less relevant in some cases. 

Just as injuries have now attempted to include pain/soreness, as opposed to strictly time-loss or 

specific diagnosed injuries, illnesses need to capture a broad scope as well. In conclusion, the 

authors noted a few key points for future research, including clearly distinguishing between load 

and fatigue, assessing a latency period for injury, increased monitoring for female athletes as there 

is a large gap in the literature, and further assessment of periodization of training load to address 

the risk of injury in periods of high workload (Jones et al. 2017).  
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Eckard and colleagues (2018) elaborated on the work previously completed by Jones et al. 

(2017) and Drew and Finch (2016), by a) specifically assessing the relationship between load and 

musculoskeletal injury, b) including session frequency as a measure of training load, and c) 

including all athletes, both tactical and competitive. Twenty-five studies assessing internal load 

were reviewed, with 22 of these articles using a derivative of RPE, two studies using a HR-based 

measure, and one study using an estimated energy expenditure measure. Fourteen of the studies 

assessing the relationship between internal load and risk of injury reported a significant positive 

correlation or a U-shape distribution. The authors concluded that the suggested ‘moderate 

emerging evidence’ claimed by Jones et al. (2017) and Drew and Finch (2016) had shifted to 

‘moderate established evidence’. Consistent with previous conclusions, the authors reported that, 

a) moderate loading (both moderate absolute and moderate relative changes in load) had a 

protective effect against the risk of injury, b) there was a window of increased injury risk after an 

increase in load and, c) some studies suggested that high accustomed workloads resulted in fewer 

injuries compared to low accustomed workloads. The latter further supports the assertions made 

by Gabbett (2016) and the ‘training load-injury paradox’. Also consistent with the previous 

reviews, Eckard and colleagues (2018) concluded that small to moderate changes in relative load 

from previous workloads were associated with a decreased risk of injury compared to larger, more 

dramatic, changes in relative load in an acute time frame.   

Overall, within each of these reviews, several limitations of the current research were noted 

and general recommendations for future research were highlighted, including a) the need for 

consistent definitions of injury and illness, including pain or discomfort, b) a crucial increase in 

the studies involving female athletes, c)  the need to assess a latency period after dramatic changes 
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in workload, d) seeking to determine optimal loading for individuals specifically, as opposed to 

generalized group trends, and e) increasingly detailed assessments of the acute and longitudinal 

relationship between load and risk of injury/discomfort and illness. Beyond the suggestions of 

these reviews, there is a substantial need to assess the outcome of mental health in athletes and its 

association to workload. Just as physical health can be a barrier to performance, mental health can 

be impactful and to ensure that an athlete is entirely healthy, mental health needs to be largely 

considered. In comparison to the study of athlete injury, athlete mental health is still in the 

relatively early stages, but its importance has been highly noted (Rice et al. 2016). In their review 

Rice et al. (2016) concluded that the athlete population is vulnerable to a wide range of mental 

health issues and can stem from both sport-related factors (overtraining, exhaustion, injury, 

performance, etc.) and non-sporting contributors (Rice et al. 2016). Regardless, to ensure positive 

adaptation to training and peak performance, the athlete needs to feel their best, both physically 

and mentally. Continued research in this field is needed. It should be noted that the current thesis 

does not include injury data. However, symptomology/pain and injury surveillance data were 

collected as part of a larger longitudinal prospective cohort study and is therefore discussed as part 

of this literature review.  

 

1.6 Conclusions 

Given the current research measuring training and competition load, using sRPE and/or 

TRIMP, of team sport athletes, periodization does occur. Training session intensities are shown to 

be tailored around game day with higher load requirements in the days further from game day and 

lower load requirements in the days immediately preceding a game. Higher loads are evident in 
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the pre-competitive training phases and earlier parts of a competitive phase of a season, 

presumably a result of a larger focus on conditioning and preparation for the competitive phase. 

The research pertaining to RPE-derived internal load is further advanced than that of TRIMP-

derived internal load, but both areas need continued investigation in a broader scope of team sports. 

Understanding which types of training require more exertion and load sustained by the athletes, 

the effects of congested weeks, or the positional differences during competition can help coaches 

plan training schedules to optimize positive adaptation and recovery. Continuing to quantify 

internal load longitudinally is a necessary step in order to make any further assessments and 

correlations with additional factors to ultimately attempt to improve performance. 

Furthermore, the concept of athlete health and well-being is extremely complex. Although, 

athlete health and well-being is imperative for athletic performance and that ultimate goal of any 

athlete. When monitoring athlete health, numerous factors need to be considered. In broad terms, 

there are factors associated with the psychological health (mental health, fatigue, exhaustion, etc.), 

physiological health (cardiovascular function, respiratory function, etc.), and physical health (pain, 

soreness, injury, illness, etc.). Within each of these broad categories, confounding variables can 

include factors such as nutrition, genetics, environment, personal relationships, sleep, and many 

others. Ultimately, athletes are humans that experience more challenges beyond the sport 

environment. The need for longitudinal and individual assessment is crucial to properly account 

for and understand the influence on exercise load of all of these external factors.  Understanding 

the relationship between internal load and risk of injury, fatigue, mental health, etc. at the various 

micro-, meso- and macro-cycles, will allow for appropriate periodization at each of these levels to 
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help mitigate that risk. Knowing when to push the athlete and when to hold back will help keep 

the athlete healthy, which will ultimately allow the athlete to better strive for optimal performance.  
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CHAPTER 2: 

Aims of Thesis 
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2.1 Aims and Objectives 

The purpose of this thesis was to quantify the internal load, using both a psychological 

measure of sessional rating of perceived exertion (sRPE) and a physiological measure of training 

impulse (TRIMP), in male and female varsity ice hockey players throughout an entire season. 

These included measures taken during the pre-competitive phase, the in-season regular 

competitive phase, and the post-season playoff phase. Furthermore, internal load was quantified 

during both training sessions and competitions, home and away. This thesis investigated the 

periodization of a varsity ice hockey season at the micro-cycle level, with training session load 

comparisons in reference to game day in both non-congested (≤1 game/week) and congested (>1 

game/week) weeks, comparisons between competition and training sessions, and positional 

differences. Furthermore, the periodization according to a meso-cycle level was assessed, 

comparing the internal load experienced during the pre-competitive and competitive phases of the 

season. Periodization was assessed separately for each of the male and female teams. Lastly, this 

thesis explored the in-game specific internal physiological load of athletes during the various 

periods of a game, including positional comparisons, gender differences, and player-line 

comparisons.  

 

2.1.1 Study 1 

 The vast majority of research in athlete monitoring, particularly internal load monitoring, 

has been conducted in field-based sports (rugby, soccer, Australian football) and/or court-based 

sports (basketball, volleyball). Furthermore, there are currently no studies that have attempted to 

quantify the internal load using either an RPE-derived or HR-derived measure throughout an entire 
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season for male ice hockey players, or specifically male varsity ice hockey players. Therefore, the 

purpose of this study was to quantify, using both sRPE and TRIMP, the internal load of male 

varsity ice hockey players during training sessions and competition throughout an entire season at 

a micro-cycle and meso-cycle level. Consistent with findings throughout the literature, it is 

hypothesized that i) competitions will have a higher internal load (sRPE and TRIMP) compared 

to the training sessions, ii) there will be evidence of micro-cycle periodization with training days 

one and two days before competitions having lower internal load values compared to days further 

from game day, iii) post-season internal loads will be greater than pre-season and regular season, 

and iv) forwards will have a greater internal load than defence.  

 

2.1.2 Study 2 

 Currently, there is a large gap in the literature pertaining to athlete monitoring in female 

athletes. Very little research has attempted to quantify the workload of female athletes of team 

sports in general, let alone longitudinally over an entire season. There is currently only one study 

that has assessed the difference in training and competition using Edwards-TL over a season in 

national female ice hockey players, however, the primary objective was to quantify external load 

(Douglas et al. 2019). Therefore, the purpose of this study was to quantify, using both the 

psychological method of sRPE and the objective measure of TRIMP, the internal load of female 

varsity ice hockey players during training sessions and competition throughout an entire season at 

a micro-cycle and meso-cycle level. It is hypothesized that i) the internal load, measured using 

both sRPE and TRIMP will be greater for competitions compared to training sessions, ii) the post-

season internal load will be greater than the pre-season and regular season training loads, iii) micro-
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cycle periodization will be evident with training sessions in the days (1 or 2) immediately 

preceding a game day will have the lowest internal load values compared to the earlier training 

session days, and iv) forwards will have a higher internal load during training and competition 

compared to defence. 

 

2.1.3 Study 3   

In addition to the lack of research quantifying internal load in ice hockey players, there has 

been little investigation into the in-game specifics of internal load in any team sport athletes. There 

are no data examining the physiological load during the various periods, throughout the individual 

periods, or between the different positions throughout an ice hockey game. Therefore, the purpose 

of this study was to quantify internal load, using the physiological measure of TRIMP, during male 

and female varsity ice hockey games, with specific focus on the comparison between periods, 

match outcome, single and multiple game-weeks, positions, and gender. It is hypothesized that i) 

internal load will be greater in period 3 compared to periods 1 and 2, ii) internal load of games 

played in congested weeks will be higher, particularly in the second and third games played in a 

week, or the second game of a back-to-back series, iii) internal load for the male and female players 

will be similar, and iv) internal load within the periods will be greater for the forwards compared 

to the defence. 

 

  



 

 

40 

 

CHAPTER 3: 

Methods 
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The data used in the chapters of this thesis were part of a comprehensive longitudinal 

prospective cohort study that followed both a men’s and women’s hockey team across an entire 

season. There were a vast number of variables measured throughout the study that are outlined in 

this methods section. The daily routine of the athletes and the methodology used to collect each 

variable is included below. However, the data used in the studies presented in chapters 4, 5, and 6 

consisted of the internal load variables, sRPE and TRIMP. The detailed methodology used for 

analyzing and presenting the data, specific to chapters 4, 5, and 6, have been included in their 

respective chapters.  

 

3.1 Subjects 

 Twenty-six male (22.1 ± 1.1 yr, 85.9 ± 5.4 kg, 181.3 ± 5.1 cm) and twenty-four female 

(19.8 ± 1.4 yr, 68.0 ± 6.9 kg, 168.1 ± 5.9 cm) varsity ice hockey players at the University of Guelph 

consented to participate in the season-long study. Prior to participation, written informed consent 

was obtained from all subjects. All procedures were approved by the Research Ethics Board of the 

University of Guelph (Guelph, Ontario), and conform to the Declaration of Helsinki. 

 

3.2 Study Design 

 This study was a longitudinal prospective cohort study that monitored these athletes from 

the start of training camp (September 2019) until the conclusion of their season, first round of play-

offs for the females (February 2020) and the national championships for the males (March 2020). 

Throughout the pre-season, regular-season, and playoff-season, daily measures were recorded for 
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every on-ice training session and game. In addition to the daily measures, there were additional 

assessments made at various time points throughout the season.  

 

3.2.1 Daily Protocol 

 Each day before a training session or game, the athletes would normally arrive, ~20-30 min 

prior to a training session and ~2 hours before a game, as mandated by the coaching staff. The 

study was designed to ensure as little of a player’s pre-practice or pre-game routine was disturbed 

as possible. Therefore, as normal, upon arriving to the arena, players undressed and re-dressed in 

their warm-up workout clothing. Before re-dressing, while wearing little clothing or nothing at all 

players weighed in. They were instructed to be wearing (or not wearing) the same attire for the 

weigh-out post-exercise to ensure consistency. The weigh-in was facilitated with a Bluetooth 

integrative scale (CM+ CoachMePlus, Buffalo, NY, USA) linked to an iPad (Apple, Cupertino, 

CA, USA). The athletes would step on the scales and select their individual profiles, identified by 

their individual team photo. A pre-weight was recorded automatically. While on the scale, the 

athletes were prompted to complete a pre-exercise questionnaire that included: 1) a 4-item fatigue 

scale, with the summed score used to assess the subjective self-reported fatigue (Table 4), 2) a 2-

item sleep assessment measured by asking ‘how many hours of sleep did you get last night?’, 

players indicated their response by selecting the number of hours (0 to ≥12) and ‘did you feel 

rested when you woke up this morning?’, responses were yes or no, and 3) a 2-item pain 

score/location of pain by asking the athlete ‘do you feel any discomfort or pain anywhere across 

your body?’, with the response being yes or no. If the athlete selected yes, a figure of an 
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anatomically positioned body appeared (both anterior and posterior, and they were promoted to 

indicate the location of pain and a level of pain ranging from 1 (very mild) to 7 (extreme pain). 

 

Table 1. Self-reported fatigue and stress scale 

 Not at All A Little Moderately Quite A Lot Extremely 

Worn Out 0 1 2 3 4 

Low Energy 0 1 2 3 4 

Stressed 0 1 2 3 4 

Exhausted 0 1 2 3 4 
*Athletes were asked to select the number that best described how they were feeling as it related 
to the descriptive words.  
 
 

After completing the questionnaire (~1 min in duration), athletes continued with their 

normal routines. Prior to heading out on the ice, athletes dressed in their equipment with the 

addition of a polar HR monitor (Polar OH1 Optical Heart Rate Sensor, Polar Products) placed 

around their middle upper arm, immediately underneath the placement of their shoulder pad strap. 

Players placed the HR strap on the same arm throughout the study. Each athlete had their own 

specific strap that remained in their stalls throughout the duration of the study to ensure that 

tightness around the arm remained consistent. Furthermore, each athlete had an assigned HR 

sensor to limit the potential inter-variability between devices. The upper arm placement was 

chosen instead of the chest strap HR monitor due to an overall consensus made by the athletes for 

the purpose of comfort and non-distraction during training and competition. The research team 

accepted this consensus in an attempt to increase compliance of the athletes. The athletes would 

then continue with one-ice training or competition without any further disruption from the research 

team until after the session was completed. After each practice and game, the athletes removed 
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their equipment, leaving the HR sensor/strap in their stalls for a member of the research team to 

collect for recharging, and undressed to do a final weigh-out. Again, the athletes stepped on the 

scale and selected their individual profiles, a post-weight was automatically recorded, and they 

were prompted to complete a 1-item post-exercise questionnaire. The questionnaire consisted of 

the Borg CR10 RPE scale (Borg 2001) and was completed 20-30 min after leaving the ice.  

 

3.2.2 Primary Outcome Measures 

3.2.2.1 External Load 

Prior to each on-ice training session and competition, a member of the research team would 

place a small ‘match-box’ size (roughly 3 cm) local positioning system (LPS) sensor (Kinexon 

Sports & Media, New York, NY, USA) into a patch sewn on the middle posterior aspect of each 

player’s shoulder pads. Each player was assigned their own specific sensor for the entire season. 

The patch was sewn to sit between the shoulder blades of the athlete when the shoulder pads were 

being worn. The LPS system provided positional tracking using a 3-dimensional position tracking 

(x|y|z) with a rate of up to 60 Hz. Motion analysis was captured using 9 axis inertial data 

(accelerometer, gyroscope, magnetometer) for detection of ac-/deceleration, rotation and 

orientation angles (roll, pitch, yaw). The LPS system was fitted in the home arena of both the 

men’s and women’s varsity hockey team. To capture away game data, a mobile system was used 

that consisted of a single sensor, anchor, and a separate set of sensors for each player, to capture 

accelerometer data (Kinexon Sports & Media, Mobile System GO LIVE, New York, NY, USA). 

A member of the research team would travel with each team for every away game to set up the 

necessary equipment at each away arena. LPS-derived external load measures included 
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acceleration/deceleration metrics (averages, counts, zones, etc.), speed metrics (averages, counts, 

zones, etc.), distance metrics, among many others. In addition to the LPS-based measures, external 

load was also captured using a measure of exposure specifically for each individual player, 

recorded in minutes, for each training session and game throughout the entire season.  

 

3.2.2.2 Internal Load 

Each HR monitor was Bluetooth connected to the LPS sensor, for both the home and away 

(mobile) tracking systems, to provide individualized data recording and processing. A 

physiological measure of internal load for each training session and game was determined using 

bTRIMP (Banister & Calvert 1980). Additionally, a psychological measure of internal load was 

determined using RPE, measured using the Borg CR-10 Scale (Borg & Borg 2001), recorded 20-

30 minutes after each exercise bout. The RPE was then modified and multiplied by each session 

duration to provide the sessional RPE (Foster, 1998).   

 

3.2.3 Secondary Outcome Measures/Protocol  

This section provides a brief overview of the additional measures collected throughout the 

longitudinal study. However, these measures were not included as part of the presented data in the 

following chapters. 

 

3.2.3.1 Anthropometrics and Body Composition 

To provide a more detailed assessment of the change in anthropometrics and body 

composition of the athletes, both a dual-energy X-ray absorptiometry (DEXA; General Electric 
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Encore 11.20; Madison, Wisconsin, USA) scan and a bio-electrical Impedance Analysis (BIA) 

were conducted at three time points over the season: baseline pre-season (September 2019), mid-

season before the Christmas break (December 2019), and post-season after the completion of the 

regular season (February 2020). The DEXA scan provided detailed assessments of bone mineral 

content, bone mineral density, fat mass, lean mass, and total mass for the whole body and various 

body segments. BIA provided an additional recording for percentage of body fat and water content. 

At the initial assessment, players were asked to provide a food diary for that day, indicating 

everything that they had consumed from the time of waking. Additionally, the athletes were asked 

to indicate if they had completed any exercise before the assessments. These diaries were used in 

the follow-up DEXA and BIA assessments for the player to mimic their routines and best control 

for external factors between the three tests. Players arrived at each testing session at the same time, 

and a weight and height were recorded at every assessment. The DEXA scan was performed in a 

supine position (Bilsborough et al. 2014; Center for Disease Control and Prevention 2011). 

Athletes were instructed to lie as still as possible for the duration of the scan. The BIA was 

conducted using a right-hand and right-foot electrode placement in a lying supine position 

(Bodystat 1500, Bodystat Ltd, Cronkbourne, Douglas, Isle of Man, British Isles). The area of skin 

on which the electrode was placed was first cleaned with rubbing alcohol and patted dry.  

 

3.2.3.2 Sweat Testing and Hydration Habits 

 An assessment of hydration habits and sweat loss for each athlete was made on two separate 

occasions throughout the season, at the start of the regular season (October 2019) and at the end 

of the regular season (January 2020). Each player arrived at the arena for a team practice as normal. 
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The players undressed and provided a urine sample, completely voiding their bladder, before 

providing an initial pre-exercise weight, using a digital scale accurate to 60.1 kg (Starfrit, 

Longueuil, QB). The urine sample was assessed for urine specific gravity (USG) as a measure of 

pre-exercise hydration status using a portable refractometer (ATAGO USG, Inc., Bellevue, WA) 

after calibration with distilled water. A USG level of >1.020 indicated a state of mild dehydration 

(Armstrong et al. 2010; Oppliger & Bartok 2002). Any further urine production before, during, or 

immediately after practice was also collected and weighed. Pre-weighed individualized bottles of 

water (normal fluid provided for each practice) were provided before the practice and separate 

individualized bottles were provided on the bench for during the practice. The before-exercise 

bottle was left in the dressing room during the practice for a member of the research team to collect 

and capture a post-weight to determine the volume of fluid consumed before exercise. 

Additionally, after the practice, the bottles placed on the bench were collected and weighed to 

provide a volume of fluid consumed for each player during the practice.  

 As each player weighed-in, their forehead was cleaned with distilled water and patted dry 

and an absorbent sweat patch (3M, Tegaderm 1 pad; London, ON, Canada) was applied to collect 

a sweat sample. Once visibly saturated (~30-60 min of exercise), sweat patches were removed and 

placed in layered centrifuge tubes, centrifuged immediately and analyzed using a portable 

conductivity analyzer (Wescor, Logan, UT). Forehead sweat sodium concentration was corrected 

as previously described to estimate whole body sodium loss (Baker et al. 2009). After practice, 

players immediately undressed and dried off with a towel and weighed-out on the same digital 

scale used for the weigh-in. Sweat loss (SL) was estimated as the net BM loss (kg) during practice, 

plus the total volume of fluid consumed (L), minus any urine produced (L) (assuming 1 kg = 1 L).  
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3.2.3.3 Injury/Pain Surveillance 

 In the case that an athlete reported a pain score on the daily pre-exercise questionnaire, a 

member of the research team would follow-up with the necessary injury/pain surveillance report 

forms. The protocol used was modified and adapted to provide more specific day-to-day recording 

from those used by the International Swimming Federation (Mountjoy et al. 2016) and the Oslo 

Sports Trauma Research Center (Clarsen et al. 2013). For each injury sustained or discomfort 

experienced by an athlete, a daily report was completed to capture date of injury, location, type, 

event in which injury occurred, mechanism, severity score, time-loss/exposure, the athlete’s 

perception of its impact on performance, and any treatment received. Both new and re-occurring 

injuries/discomforts were included to capture acute and chronic issues. For this thesis, injury was 

defined as, “a physical complaint or observable damage to body tissue produced by the transfer of 

energy experienced or sustained by an athlete during participation in training or competing in a 

varsity sport, regardless of whether it received medical attention or its consequences with respect 

to impairments in competition or training” (Timpka et al. 2014; Fuller et al. 2007).  

 

3.2.3.4 Fatigue/Wellbeing 

A subjective measure of athlete fatigue/wellness was assessed using a 4-word item 

questionnaire with a 5-point Likert scale ranging from 0 (not at all) to 4 (extremely) indicating 

how the athlete is feeling with reference to the specific word. The overall fatigue/wellness score 

was the sum of the individual scores, ranging from 0 to 16, with 0 representing no fatigue or stress 
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and 16 indicating extreme fatigue and stress. Sleep was also assessed in addition to self-reported 

fatigue using the two questions as stated above.   
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CHAPTER 4: 

Internal load of male varsity ice hockey players during training and games throughout an 

entire of season 

 

Presented as Submitted for Publication: 

Jessica L. Bigg, Alexander S.D. Gamble, Lawrence L. Spriet. Internal load of male varsity ice 

hockey players during training and games throughout an entire of season. International Journal of 

Sports Physiology and Performance. Submitted First Round of Revisions.  
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4.1 Abstract 

Purpose: The purpose of this study was to quantify the internal load of male varsity ice hockey 

players, using both sessional rating of perceived exertion (sRPE) and the heart rate-derived 

physiological measure of training impulse (TRIMP), during training sessions and competitions 

throughout an entire season. Methods: Twenty-seven male varsity ice hockey players (22.1±1.1 

yr, 85.9±5.4 kg, 181.3±5.1 cm) were included in this longitudinal prospective cohort study.  

Results: The internal load was significantly higher (p<0.001) for games (sRPE: 403±184 AU, 

TRIMP: 98±59 AU) compared to training sessions (sRPE: 281±130 AU, TRIMP: 71±35 AU). The 

regular season had the highest internal load compared to the pre-season and post-season. There 

was evidence of micro-cycle periodization with training sessions several days prior to game days 

having the highest internal load (both sRPE and TRIMP) and tapering down as the subsequent 

training sessions approached game day. For positional comparisons, the goalies had higher sRPE 

(346±151 AU, p<0.001) and TRIMP (99±64 AU, p<0.001) compared to defence (sRPE: 295±130 

AU, TRIMP: 65±29 AU) and forwards (sRPE: 264±123 AU, TRIMP: 70±30 AU) for training 

sessions, but no significant differences were present for competitions. Lastly, there was an overall 

moderate and statistically significant relationship between the sRPE and TRIMP internal load 

measures (r=0.434, p<0.001). Conclusions: Internal load was greater during competitions vs. 

training sessions in male varsity ice hockey players and micro-periodization demonstrated that 

training sessions were tailored to game day. Meso-cycle assessment revealed highest internal loads 

during the regular season due to dense game scheduling and a short season. 
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4.2 Introduction  

Ice hockey is characterized as a high-intensity intermittent sport. At the Canadian collegiate 

level, the season typically consists of a pre-season, regular season, and post-season playoffs, as 

per the Ontario University Association (OUA) regulations. The pre-season is primarily determined 

by the individual teams and their desire to schedule pre-competitive games for conditioning. The 

regular season is ~16 weeks, and each team plays 28 games. Lastly, the post-season is dependent 

on the team’s success but can include up to 3 weeks of best-of-3 series and one week with a single 

championship game. Therefore, a typical week will consist of several practices and often 2 or more 

games. For optimal performance, the game of ice hockey requires high aerobic and anaerobic 

capacities, power, and strength (Lignell et al. 2018). It has been shown that more than half of the 

distance travelled in a game is of moderate speed skating or less, however, there are numerous 

skating bouts of explosive efforts of fast, very fast, and sprinting speeds throughout the game 

(Lignell et al. 2018). Given the intense nature of the game, and the congested schedule, it is 

important to consider the demands placed on these athletes. Athlete monitoring of team sports has 

become much more prevalent in recent years. The overall intent is to understand the load 

experienced by athletes and, furthermore, its potential association with athlete health, readiness, 

and performance. Athlete load is commonly characterized as external or internal, with internal load 

defined by the psychophysiological responses, specifically indicators initiated by the body to cope 

with the elicited external load (Impellizzeri et al. 2019; Halson 2014). 

A perceptual indicator of internal load is commonly assessed using a version of rating of 

perceived exertion (RPE) (Halson 2014; Borg & Borg 2001; Foster 1998). It is often described as 

a psychophysiological measure based on the idea that an athlete can describe the physiological 
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stress they are feeling. Typically, a sessional RPE (sRPE) is used as the indicator of internal load. 

More recently, internal load has been captured longitudinally throughout a team sport season, or 

at least a large portion of a season, and presented on micro- or meso-cycle levels to assess 

periodization (Goncalves et al. 2020a,b; Oliveira et al. 2020; Salazar et al. 2020; Clemente et al. 

2019a,b; Conte et al. 2018; Debien et al. 2018; Clarke et al. 2013). However, few studies have 

assessed internal load using sRPE in collegiate populations (Conte et al. 2018; Pustina et al. 2017; 

Clarke et al. 2013), and ice hockey has not been examined. Overall, sRPE measures have identified 

periodization of training as it leads to competitions, higher game internal loads than training, and 

positional differences. The physiological component of internal load is commonly assessed using 

the heart rate (HR) derived training impulse (TRIMP) (Manzi et al. 2009; Stagno et al. 2007; 

Edwards 1993; Banister & Calvert 1980). The most commonly used models are the Banister’s 

TRIMP (Banister & Calvert 1980) and Edwards’ Summated Heart Rate Zones (Edwards 1993). 

TRIMP measures to estimate internal load have been used less than sRPE, as few studies have 

quantified internal load on a longitudinal scale to assess periodization (Grunichler et al. 2020; Fox 

et al. 2018a; Wilke et al. 2016), and no studies have included a collegiate ice hockey population. 

Several studies have examined internal load using one of these measures, however, few have 

included both sRPE and TRIMP across a season and none in ice hockey (Duarte et al. 2019; 

Campos-Vazquez et al. 2017). 

Therefore, the purpose of this study was to quantify and provide insight the internal load 

of male varsity ice hockey players, using both sRPE and TRIMP, during training and competition 

throughout a season at a micro-cycle and meso-cycle level. 
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4.3 Methods 

4.3.1 Subjects  

Twenty-seven male (22.1 ± 1.1 yr, 85.9 ± 5.4 kg, 181.3 ± 5.1 cm) varsity ice hockey players 

at the University of Guelph consented to participate in the season-long study. The team consisted 

of 16 forwards (21.9 ± 1.1 yr, 83.9 ± 5.5 kg, 180.6 ± 5.4 cm), 9 defence (22.0 ± 1.3 yr, 88.5 ± 4.7 

kg, 182.3 ± 4.7 cm), and 2 goalies (22.5 ± 2.1 yr, 93.9 ± 5.7 kg, 183.0 ± 0.0 cm). Prior to 

participation, written informed consent was obtained from all subjects. All procedures were 

approved by the Research Ethics Board of the University of Guelph (Guelph, Ontario), and 

conformed to the Declaration of Helsinki. 

 

4.3.2 Design 

This was a longitudinal prospective cohort study that monitored athletes from the start of 

the pre-season (September 2019) until the conclusion of the OUA championships (March 2020). 

Throughout the pre-season, regular season, and post-season playoffs, internal load was captured 

for every on-ice training session and game. Training sessions typically ranged from 50-110 min in 

duration, while the regular full-length games ranged from 116-125 min (average game time was 

122 min). As per league regulations, only 20 players can participate in each game. The players 

chosen to participate varied between games and was decided by the coaches, with no influence 

from the research team. Therefore, games included data for 20 players only, and training sessions 

included all players in most cases. 
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4.3.3 Methodology 

Internal load is often described a psychophysiological and to best capture this, two methods 

of quantifying internal load were used. A perceptual indicator of internal load was determined 

using RPE (Borg CR-10 Scale)4 and prompted by a member of the research team to ensure values 

were recorded 20-30 min after each training session and game. Players were asked to answer, 

‘How hard was the exercise bout?” and provide a score from 0 (rest) to 10 (maximal effort). RPE 

was then multiplied by the session duration to provide the sRPE, representing internal load and 

reported in arbitrary units (AU).5 Athletes reported their RPE score on a portable touch-screen 

tablet by selecting their individual profile and respective values. The RPE score was captured using 

a platform connected to a Bluetooth integrative scale (CM+ CoachMePlus, Buffalo, NY, USA). 

The tablet remained in the dressing room in an isolated corner to ensure privacy and unbiased 

reporting. The duration of each training session was recorded from the time each athlete stepped 

on the ice until leaving the ice at the end of practice, including the on-ice warm-up before and cool 

down afterwards. The duration of each game consisted of the warm-up period prior to the game 

and the time-on-ice played throughout the game. Time on-ice was collected individually using a 

local position system (LPS) installed in the home arena (Kinexon Sports & Media, New York, NY, 

USA). Prior to each session, a small ‘match-box’ size sensor was placed into a patch sewn on the 

middle posterior aspect of each player’s shoulder pads. Players were designated a specific sensor 

for the entire season. Practices and games not on the home-ice were also monitored using a 

Kinexon mobile system (Go Live, accelerometer).  

A physiological indicator of internal load was determined using Banisters TRIMP (AU).16 

Banisters TRIMP has been previously noted for its limitations in intermittent team sports.17 
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However, given that exercise bouts were examined as an average, comparisons were made between 

sessions, and the method remained consistent across the season, the Banisters model was selected. 

Prior to each session on the home-ice, a previously validated Polar HR monitor (Polar OH1, Polar 

Electro OY, Kempele, Finland) was placed around the middle upper arm, beneath the placement 

of the shoulder pad strap of each player.25,26 Each athlete had their own strap that remained in their 

stalls throughout the study to ensure that tightness around the arm remained consistent. 

Furthermore, each athlete had an assigned HR sensor to limit potential variability between devices 

that was Bluetooth connected to the home-ice LPS sensor to provide individualized data recording 

and processing. A continuous instantaneous collection of HR was captured on the LPS platform, 

with the session HR maximum, HR minimum, and duration algorithmically calculated. 

Unfortunately, due to availability of equipment, TRIMP was unable to be attained for several 

training sessions at the beginning of the pre-season. 

The data were assessed on a meso-cycle and micro-cycle level. The meso-cycle was 

defined according to the phases of the season; pre-season, regular season, and post-season playoffs. 

The micro-cycle was defined on a weekly scale relative to game days. Each week was Monday to 

Sunday, to accommodate the OUA schedule. Game days were denoted as match day (MD), with 

training sessions labelled according to the number of days prior to MD; training sessions 5 days 

before MD=MD-5, 4 days before MD=MD-4, 3 days before MD=MD-3, 2 days before MD=MD-

2, and 1 day before MD=MD-1. In most cases, the games were played on the weekend, allowing 

for several days of training throughout the week. Data was also assessed according to the number 

of games/week, with a non-congested week representing a week with one game played, and a 
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congested week having two or three games played. Games were most often played back-to-back 

(Friday and Saturday), with a few cases of games played with a one-day break in between. 

 

4.3.4 Statistical Analysis 

All data are presented as mean ± standard deviation (SD). Data were exported from their 

respective platforms to excel and then analysed using Stata/IC 15.1 for Mac (StataCorp, College 

Station, TX). One-sample t-tests were conducted to assess differences in internal load (sRPE and 

TRIMP) between games and training, and non-congested weeks and congested weeks. One-way 

ANOVA tests with a Bonferroni post-hoc test was performed to assess differences in internal load 

between the player positions (defence, goalie, and forward), phase of season (pre-season, regular 

season, post-season playoffs), and micro-cycle day (MD-5, MD-4, MD-3, MD-2, MD-1, and MD). 

Furthermore, the association between the two internal load measures, sRPE and TRIMP, was 

assessed using a Pearson’s correlation coefficient. The magnitude of correlation was classified as 

follows: r<0.1=trivial, 0.1-0.3=small, 0.3-0.5=moderate, 0.5-0.7=large, 0.7-0.9=very large, 

>0.9=nearly perfect, and 1=perfect (Duarte et al. 2019; Douglas et al. 2019a). Statistical 

significance was accepted at p<0.05 for all tests. 

 

4.4 Results 

Overall, 70 practices and 44 games were monitored throughout the season over 24 weeks 

(Figure 1). It should be noted that the season consisted of a 1-week training camp with primarily 

off-ice sessions preceding the pre-season, so data collection for training and competitions 

commenced on week 2 of the season. Pre-season was 4 weeks and consisted of 16 practices and 4 
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games, the regular season was 16 weeks and included 44 practices and 31 games, and the post-

season playoffs lasted 4 weeks with 10 practices and 9 games. Seven weeks of the season were 

classified as non-congested weeks (Figure 1), eleven weeks were congested weeks with 2 

games/week, five weeks were congested weeks with 3 games/week, there was one week in the pre-

season without any games.  

 

Figure 1. Average weekly sessional rating of perceived exertion (sRPE) and training impulse 
(TRIMP) within each phase of the varsity season. * Indicates a non-congested week. ** It should 
be noted that Week 5 was a transition week between the pre-season and regular season with one 
competition at the end of the week being a regular season competition. Furthermore, Week 24 was 
the final week of the season and included the provincial championship game, with no sRPE 
captured as per the request of the team. AU, arbitrary units. 
 

4.4.1 Overall Training Versus Competition and Positional Assessment 

The overall internal load for all players as measured through sRPE and TRIMP for training 

were 281±130 and 71±35 AU, respectively, and competition were 403±184 and 98±59 AU, 

respectively (Figure 2). Both measures were significantly greater for competition compared to 

training (sRPE: p<0.001; TRIMP: p<0.001).  
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The mean sRPE measures for training for the forwards, defence, and goalies were 264±123, 

295±130, and 346±151 AU, and for competitions were 395±173, 415±175, and 413±288 AU, 

respectively. Goalies had a significantly greater sRPE compared to both defence and forwards for 

training sessions (p<0.001) and defence had a significantly greater sRPE compared to forwards 

(p<0.001), but no positional differences were found for competitions (p³0.579). The mean TRIMP 

measures for training for the forwards, defence, and goalies were 70±30, 65±29, and 99±64 AU, 

and for competitions were 107±59, 80±40, and 104±96 AU, respectively. Goalies, again, had a 

significantly higher TRIMP compared to the defence (p<0.001) and forwards (p<0.001) during 

training sessions, and the forwards had a significantly higher TRIMP than defence (p=0.024). 

Additionally, forwards had a significantly higher TRIMP during competitions compared to the 

defence only (p<0.001). Both sRPE and TRIMP were significantly greater for competitions 

compared to training within each position (all p<0.001). 

 

Figure 2. Overall internal load measured using sessional rating of perceived exertion (sRPE) and 
training impulse (TRIMP) for training and competition (Comp), with positional stratification. a 
Significantly greater than the same variable of training. b Significantly different than Defence 
within the Session Type. c Significantly different than Forward within the Session Type. 
Significance accepted at p<0.05. 
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Table 1. Meso-cycle assessment of internal load measured using sessional rating of perceived 
exertion (sRPE) and training-impulse (TRIMP) throughout each phase of the season for training 
and competition. 
 Number of 

Sessions 
Number of 
Weeks 

sRPE (AU) TRIMP (AU) 

Pre-season 20 4 319 ± 225 62 ± 27 

Training 16 - 260 ± 133 62 ± 27 
Forward - - 240 ± 125de 66 ± 24 
Defence - - 275 ± 133 54 ± 26 

Goalie - - 317 ± 163 77 ± 53 
     

Competition 4 - 809 ± 236ac - 
Forward - - 841 ± 210ac - 
Defence - - 793 ± 239ac - 

Goalie - - 630 ± 417c - 
     
Regular season 77 16 327 ± 140a 79 ± 41ab 

Training 44 - 300 ± 132ab 75 ± 36 
Forward - - 283 ± 125abde 75 ± 31ade 
Defence - - 313 ± 134abd 68 ± 30ad 

Goalie - - 367 ± 147 104 ± 68 
     

Competition 31 - 374 ± 141bc 95 ± 54c 
Forward - - 365 ± 128bcd 104 ± 53ce 
Defence - - 382 ± 122bc 76 ± 34ac 

Goalie - - 428 ± 274 104 ± 94 
     
Post-season 19 4 298 ± 150 72 ± 51 

Training 10 - 238 ± 96 54 ± 27 
Forward - - 222 ± 85d 53 ± 24d 
Defence - - 249 ± 91d 52 ± 21d 

Goalie - - 309 ± 143 81 ± 49 
     

Competition 9 - 392 ± 170bc 104 ± 68c 
Forward - - 395 ± 149c 113 ± 70c 
Defence - - 406 ± 165c 89 ± 48c 

Goalie - - 317 ± 287 103 ± 104 
Values are mean ± SD and presented in arbitrary units (AU). a Significantly different than the same variable (sessions 
type and position) of the post-season (p<0.05). b Significantly different than the same variable (sessions type and 
position) of the pre-season (p<0.05). c Significantly different than training within the same phase of season and 
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position (p<0.05). d Significantly different than goalie within the same phase of season and session type (p<0.05). e 
Significantly different than defence within the same phase of season and session type (p<0.05).  
 

4.4.2 Meso-cycle Assessment 

 The meso-cycle assessment revealed a significantly greater sRPE for the regular season 

compared to the post-season (p=0.003), with no other significant differences between the three 

phases (p³0.190) (Table 1). Within each phase, the mean sRPE for competitions was significantly 

greater than the training sessions (p<0.001), and this was consistent when further stratified into 

forwards and defence (consistent with the overall season results) (p<0.001). Within the pre-season, 

the only significant positional difference found was the forward players had a significantly lower 

sRPE during training compared to both the defence (p=0.045) and goalies (p=0.007). Within 

regular season training, the goalies had a significantly higher sRPE compared to both forwards 

(p<0.001) and defence (p=0.003), and the defence had a significantly higher sRPE than the 

forwards (p=0.001). For competitions, the only significant difference was between the forwards 

and goalies (p=0.024). Lastly, within the post-season, the only significant finding was a 

significantly higher sRPE during training for goalies compared to both defence (p=0.030) and 

forwards (p<0.001).  

For TRIMP, the regular season was also significantly greater than the post-season 

(p=0.019), and also the pre-season (p=0.039) (Table 1). Within the pre-season, there were no 

significant positional differences (p³0.547). For the regular season, the goalies had a significantly 

higher TRIMP compared to both forwards (p<0.001) and defence (p<0.001) during training. 

Furthermore, the defence had a significantly higher TRIMP than the forwards for training sessions 

(p=0.022) but a significantly lower TRIMP during competitions (p=0.001). Lastly, for the post-
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season, the only significant difference was found during training with the goalies having a 

significantly higher TRIMP compared to forwards (p<0.001), but significantly lower compared to 

defence (p<0.001).  

 

4.4.3 Micro-cycle Assessment 

 Overall, for all weeks, for sRPE and the micro-cycle assessment, MD had the highest sRPE, 

followed by MD-5, MD-3, MD-4, MD-2, and MD-1 (Figure 3a, Table 2). Each of MD-4, MD-3, 

MD-2, and MD-1 were significantly less than MD (all p<0.001), while MD-1 was significantly 

less than all other training sessions (p<0.001). When comparing non-congested and congested 

weeks, the training sessions MD-4 (p=0.0003) and MD-1 (p=0.0014) had a significantly higher 

sRPE during non-congested weeks compared to congested weeks, however, the opposite was 

shown for MD-2 (p<0.001) and MD (p<0.001). There were no significant differences between the 

forwards and defence for sRPE on any training day or MD within a non-congested week 

(p³0.2157). However, during congested weeks the defence had a significantly higher sRPE for 

each training session and MD (for all, p<0.0458). 

Similarly, for TRIMP, the overall MD had the highest TRIMP, followed by MD-5, MD-4, 

MD-2, MD-3, and MD-1 (Figure 3b, Table 3), with MD-1 being significantly less compared to all 

other training days (MD-4: p=0.022; MD-3: p=0.042; MD-2: p=0.001)), except MD-5. When 

assessing non-congested versus congested weeks, it was shown that MD-2 (p=0.005) and MD 

(p=0.0003) had a significantly higher TRIMP during non-congested weeks compared to congested 

weeks, however, MD-1 (p=0.030) had a significantly lower TRIMP for non-congested weeks 
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compared to congested weeks. No other significant differences were found between the two week 

types (MD-4: p=0.5343; MD-3: p=0.2853).  

 

 

Figure 3.  Internal load measured using sessional rating of perceived exertion (a) and training 
impulse (b) at a micro-cycle level across the whole season and stratified by non-congested and 
congested weeks. Match day = MD, training sessions 5 days before MD=MD-5, 4 days before 
MD=MD-4, 3 days before MD=MD-3, 2 days before MD=MD-2, and 1 day before MD=MD-1. a 
significantly different than MD within the same row. b significantly different than MD-1 within 
the same row. c significantly different than MD-2 within the same row. d significantly different 
than the same micro-cycle day of congested week within the same phase of season and position. 
Significance accepted at p<0.05. AU = Arbitrary Units.  
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Table 2. Micro-cycle assessment of internal load using sessional rating of perceived exertion 
throughout a season during the various phases of a season, non-congested and congested weeks, 
and player positions.  

 MD-5 MD-4 MD-3 MD-2 MD-1 MD 
Overall 373 ± 129bc 304 ± 151ab 311 ± 130ab 299 ± 127ab 249 ± 111a 403 ± 184  

Non-Congested 373 ± 129abc 342 ± 162abcd 311 ± 147abc 244 ± 124ad 228 ± 103ad 536 ± 275d 
Forward 376 ± 133abc 330 ± 172abd 293 ± 136ab 242 ± 127ad 216 ± 95ad 550 ± 270d 
Defence 351 ± 123a 370 ± 153abcd 325 ± 154ab 247 ± 123ad 235 ± 95ad 520 ± 278d 

Goalie 451 ± 125 307 ± 133 364 ± 172 248 ± 124d 282 ± 167 513 ± 324 
Congested - 264 ± 129ac 312 ± 123ab 314 ± 124ab 258 ± 114a 377 ± 147 

Forward - 236 ± 129acef 285 ± 111abef 295 ± 111abef 242 ± 106aef 368 ± 132f 

Defence - 282 ± 104a 334 ± 131ab 334 ± 129ab 263 ± 109ae 391 ± 134 
Goalie - 388 ± 161 406 ± 112 366 ± 160 351 ± 148 393 ± 279 

       
Pre-Season 373 ± 138abc 294 ± 129abc 324 ± 141abch 217 ± 105ah 185 ± 88ah 809 ± 236h 

Non-Congested 373 ± 138abc 369 ± 117abcdh 333 ± 162abch 160 ± 86ad 187 ± 73ah 809 ± 236 
Forward 356 ± 150abc 365 ± 109abcdh 289 ± 136ace 152 ± 88ad 188 ± 73ah 841 ± 210 
Defence 372 ± 130ac 412 ± 118abcdh 362 ± 173abc 171 ± 87ad 194 ± 371ah 793 ± 239 

Goalie 492 ± 1 221 ± 55 499 ± 173 169 ± 75d 154 ± 66 630 ± 417 
Congested - 254 ± 118b 314 ±116b 273 ± 92b 183 ± 101 - 

Forward - 219 ± 125f 269 ± 106bf 266 ± 91b 173 ± 98 - 
Defence - 284 ± 95b 358 ± 98bc 264 ± 89b 186 ± 84 - 

Goalie - 352 ± 100 409 ± 147 355 ± 97 241 ± 189 - 
       
Regular Season 372 ± 121b 330 ± 171bh 323 ± 137abh 333 ± 126abgh 276 ± 113agh 374 ± 141g 

Non-Congested 372 ± 121b 386 ± 182bdh 324 ± 147h 330 ± 95g 269 ± 106agh 383 ± 148g 
Forward 401 ± 111b 374 ± 200bdh 324 ± 142h 325 ± 97g 249 ± 96aegh 395 ± 138dg 
Defence 329 ± 120 409 ± 165bdh 325 ± 160 333 ± 98g 277 ± 95egh 351 ± 121g 

Goalie 411 ± 201 354 ± 167 321 ± 142 353 ± 94g 389 ± 153g 455 ± 294 
Congested - 274 ± 139a 323 ± 131abh 334 ± 132abgh 279 ± 115agh 372 ± 140 

Forward - 252 ± 132a 300 ± 118af 313 ± 120abfh 261 ± 106aefgh 360 ± 126efh 
Defence - 279 ± 117a 342 ± 146 361 ± 136dg 285 ± 111aegh 386 ± 123 

Goalie - 437 ± 238 415 ± 110 369 ± 171 380 ± 138 424 ± 275 
       
Post-Season - 222 ± 82a 240 ± 73a 282 ± 103ab 207 ± 90a 392 ± 170 

Non-Congested - 222 ± 82b 224 ± 65b - 142 ± 41 - 
Forward - 199 ± 88b 204 ± 72b - 130 ± 39df - 
Defence - 238 ± 59b 250 ± 43b - 157 ± 25d - 

Goalie - 297 ± 112 225 ± 106 - 169 ± 99 - 
Congested - - 255 ± 77a 282 ± 103a 228 ± 91a 392 ± 170 

Forward - - 244 ± 67a 261 ± 81af 216 ± 84ae 395 ± 149 
Defence - - 248 ± 81a 300 ± 107a 229 ± 83a 406 ± 165 

Goalie - - 361 ± 89 364 ± 185 315 ± 138 317 ± 287 
Values are mean ± SD and presented in arbitrary units (AU). Match day = MD, training sessions 5 days before MD=MD-5, 4 days before MD=MD-
4, 3 days before MD=MD-3, 2 days before MD=MD-2, and 1 day before MD=MD-1. a significantly different than MD within the same row 
(p<0.05). b significantly different than MD-1 within the same row (p<0.05). c significantly different than MD-2 within the same row (p<0.05). d 
significantly different than the same micro-cycle day of congested week within the same phase of season and position (p<0.05). e significantly 
different than goalie within the same micro-cycle day, week type, and phase of season (p<0.05). f significantly different than defence within the 
same micro-cycle day, week type, and phase of season (p<0.05). g significantly different than the same micro-cycle day, position, and week type of 
the pre-season (p<0.05). h significantly different than the same micro-cycle day, position, and week type of the post-season (p<0.05). 
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Table 3. Micro-cycle assessment of internal load using training impulse throughout a season 
during the various phases of a season, non-congested and congested weeks, and player positions. 

 MD-5 MD-4 MD-3 MD-2 MD-1 MD 
Overall 86 ± 43 77 ± 40ab 74 ± 35ab 75 ± 33ab 63 ± 33a 98 ± 59 

Non-Congested 86 ± 43 79 ± 42a 70 ± 36a 87 ± 36abd 58 ± 30ad 118 ± 75d 
Forward 91 ± 21 77 ± 38a 68 ± 28a 93 ± 26abdef 58 ± 29a 130 ± 76d 
Defence 70 ± 44 73 ± 34 64 ± 32a 67 ± 27e 55 ± 28a 96 ± 50d 

Goalie 130 ± 109 114 ± 79 102 ± 73 143 ± 78 76 ± 46 126 ± 131 
Congested - 74 ± 39a 75 ± 35a 74 ± 32a 65 ± 34a 92 ± 53 

Forward - 79 ± 43a 74 ± 29ae 73 ± 28ae 64 ± 28ae 100 ± 52 
Defence - 66 ± 28 72 ± 31e 70 ± 30be 58 ± 24ae 75 ± 35f 

Goalie - 74 ± 53 111 ± 75 91 ± 59 103 ± 68 98 ± 87 
       
Pre-Season - - - 64 ± 32 61 ± 21 - 

Non-Congested - - - - - - 
Forward - - - - - - 
Defence - - - - - - 

Goalie - - - - - - 
Congested - - - 64 ± 32 61 ± 21 - 

Forward - - - 69 ± 31 63 ± 13 - 
Defence - - - 50 ± 22 59 ± 30 - 

Goalie - - - 87 ± 72 59 ± 0 - 
       
Regular Season 86 ± 43 82 ± 42h 75 ± 35ah 79 ± 34ah 69 ± 34ah 95 ± 54 

Non-Congested 86 ± 43 91 ± 44bdh 70 ± 36a 87 ± 36bd 64 ± 31adh 104 ± 59h 
Forward 91 ± 21 89 ± 40bh 68 ± 28a 93 ± 26bdef 63 ± 29adh 111 ± 55h 
Defence 70 ± 44 86 ± 34dh 64 ± 32 67 ± 27e 60 ± 29ah 88 ± 37d 

Goalie 130 ± 109 127 ± 92 102 ± 73 143 ± 78 87 ± 46 119 ± 131 
Congested - 74 ± 39 78 ± 34a 77 ± 34ah 71 ± 35ah 92 ± 52 

Forward - 79 ± 43a 78 ± 30ah 77 ± 27a 71 ± 29aeh 101 ± 52 
Defence - 66 ± 28 76 ± 32h 74 ± 32 62 ± 24eh 71 ± 31 

Goalie - 74 ± 53 102 ± 75 94 ± 64 113 ± 73 100 ± 84 
       
Post-Season - 55 ± 23a 61 ± 32a 67 ± 27ab 43 ± 19a 104 ± 68 

Non-Congested - 55 ± 23a - - 37 ± 15ad 157 ± 101d 
Forward - 53 ± 17a - - 36 ± 17a 183 ± 102d 
Defence - 50 ± 18a - - 37 ± 14a 118 ± 78d 

Goalie - 87 ± 62 - - 35 ± 4 142 ± 180 
Congested - - 61 ± 32a 67 ± 27ab 45 ± 20a 93 ± 53 

Forward - - 58 ± 22ae 66 ± 26ab 43 ± 17ae 98 ± 51 
Defence - - 52 ± 19ae 65 ± 24b 42 ± 14ae 83 ± 38 

Goalie - - 181 ± 0 83 ± 46 73 ± 43 95 ± 96 
Values are mean ± SD and presented in arbitrary units (AU). Match day = MD, training sessions 5 days before MD=MD-5, 4 days before MD=MD-
4, 3 days before MD=MD-3, 2 days before MD=MD-2, and 1 day before MD=MD-1. a significantly different than MD within the same row 
(p<0.05). b significantly different than MD-1 within the same row (p<0.05). c significantly different than MD-2 within the same row (p<0.05). d 
significantly different than the same micro-cycle day of congested week within the same phase of season and position (p<0.05). e significantly 
different than goalie within the same micro-cycle day, week type, and phase of season (p<0.05). f significantly different than defence within the 
same micro-cycle day, week type, and phase of season (p<0.05). g significantly different than the same micro-cycle day, position, and week type of 
the pre-season (p<0.05). h significantly different than the same micro-cycle day, position, and week type of the post-season (p<0.05).  
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4.4.4 sRPE and TRIMP Correlations 

 The overall association between sRPE and TRIMP revealed a moderate and statistically 

significant relationship (r=0.4340, p<0.001). Within the season phases, there was a small, 

moderate, and large relationship between sRPE and TRIMP for the pre-season (r=0.2269, 

p=0.1435), regular season (r=0.3582, p<0.001), and post-season (r=0.6555, p<0.001), 

respectively. Furthermore, training (r=0.3205, p<0.001) and competition (r=0.5266, p<0.001) 

revealed a moderate and large relationship, respectively. The relationship was large, moderate, and 

trivial for forwards (r=0.5722, p<0.001), defence (r=0.4593, p<0.001), and goalies (r=0.0265, 

p=0.7841) respectively. Furthermore, there was a moderate relationship for defence (r=0.4705, 

p<0.001) and forwards (r=0.4640, p<0.001) during training, and a moderate and large relationship 

during competitions for defence (r=0.3644, p<0.001) and forwards (r=0.6356, p<0.001), 

respectively. 

 

4.5 Discussion 

 The purpose of this study was to comprehensively quantify internal load, using both sRPE 

and TRIMP, of male varsity ice hockey players during training and games across a season at a 

micro- and meso-cycle level, a first with this ice hockey population. The main findings of this 

study included: a) a significantly higher internal load (sRPE and TRIMP) for games compared to 

training, b) there were no differences in sRPE between the player positions for competitions, but 

the forwards had a higher TRIMP than the defence during competitions, c) the goalies had the 

highest internal load (sRPE and TRIMP), followed by forwards and then defence during training, 

d) from a meso-cycle perspective, the regular season had a higher sRPE than the post-season, and 
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higher TRIMP compared to both the pre-season and post-season, e) micro-cycle periodization was 

present with training sessions several days prior to game days having the highest internal load and 

tapering down as the subsequent training sessions approached game day, f) across the season, the 

internal load for games of non-congested weeks was generally higher than those of congested-

weeks, and g) there was an overall moderate and significant relationship found between the two 

internal load measures.  

 

4.5.1 Training Versus Competition and Positional Differences  

 The current study found that competitions had a higher internal load (sRPE and TRIMP) 

compared to training. This is suggested to be attributed to the nature of the game, as it is more 

physical, higher pace, and competitive compared to training sessions that focus on fitness, skills 

training, and technical/tactical capabilities (Douglas et al. 2019a). When comparing internal load 

between training and games, studies using sRPE have been conducted in male team sports 

including professional ice hockey (Rago et al. 2020), professional soccer (Campos-Vazquez et al. 

2017), collegiate soccer (Pustina et al. 2017), and collegiate American football (Clarke et al. 2013). 

In all of these studies, internal load during competitions was higher than the average training 

session. When using TRIMP, three previous studies examined professional male soccer players 

(Campos-Vazquez et al. 2017; Zurutuza et al. 2017), professional male ice hockey players (Rago 

et al. 2020), and national female ice hockey players (Douglas et al. 2019a). Two of these studies 

reported that the internal load for competitions was higher than training (Douglas et al. 2019; 

Campos-Vazquez et al. 2017), while one study reported the opposite (Rago et al. 2020). In a fourth 
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study, the accumulated weekly internal training load was higher than the load for competitions. 

However, an average of the individual training sessions was not assessed (Zurutuza et al. 2017). 

 Given the characteristics and the player positions of ice hockey, it is not feasible to compare 

internal load amongst player positions between sports. However, one study in female ice hockey 

players reported that for both training and competition, the forwards had a higher internal load 

compared to defence (Douglas et al. 2019a). It was noted that these findings were consistent with 

reports that defence spent greater amounts of time in a stationary position and skating at lower 

velocities compared to forwards (Jackson & Gervais 2016). In the current study, there were mixed 

findings, as sRPE, internal load for forwards were lower compared to defence during training, with 

no differences during competitions. However, similar to previous findings, when considering 

TRIMP, forwards had a higher internal load for training and competitions compared to defence. 

Regarding the higher sRPE for defence, it is worth noting that given the smaller number of 

defenceman and the positional specific drills, these players likely spent more time in an active 

phase during training sessions. Defence have been previously noted to have a greater time-on-ice 

during games compared to forwards (Douglas et al. 2019a; Jackson & Gervais 2016). The 

increased time-on-ice may play a larger role and the longevity of events may make a greater 

impression on the recall of a session compared to an acute, but intense burst of exercise. When 

discussing the higher TRIMP for forwards, it could be speculated that the HR associated with the 

greater bursts of speed, and the greater amounts of time spent specifically in the high-speed and 

sprint-speed zones, results in a greater load requirement for the forwards.  
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4.5.2 Meso-Cycle Periodization 

 A previous study in professional volleyball divided the season into four phases: preparatory 

1, competitive 1, preparatory 2, and competitive 2 according to various characteristics (game 

schedule, off days, etc.) and objectives (training type, etc.) (Debien et al. 2018). The mean weekly 

internal load (sRPE) was higher in the preparatory phases compared to the competitive phases. 

Another study in professional male volleyball assigned meso-cycle phases as preparatory, 

competitive 1 (associated with a state championship) and competitive 2 (associated with a higher-

level championship) and, similarly, reported that the average weekly internal load (sRPE) was 

higher during the preparatory phase than both the competitive phases (Andrade et al. 2018). Lastly, 

and consistent, a study in professional male soccer comparing the internal load of the pre-season 

and regular season reported that the internal load (sRPE) of the pre-season was higher than the 

regular season (Fessi et al. 2016).  In the current study, overall, the regular season had the highest 

internal load (sRPE and TRIMP) compared to the post-season and pre-season. This is thought to 

be attributed to the dense scheduling of the varsity season. The regular season most often consists 

of a 3 to 3.5-month period. League games are played in October, November, and January, with an 

OUA mandated break during December for the university exam period. Given the number of 

games played and the short season, most weeks consisted of 2 or more games played. As 

mentioned, competitions were shown to have a higher internal load compared to training sessions 

and likely increased the overall internal load reported in the regular season, minimizing the 

disparity with the pre-season. Similar to previous findings, however, when stratified by session 

type, the pre-season games did have a greater sRPE compared to both the regular season and post-

season games.  
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4.5.3 Micro-Cycle Periodization 

At the micro-cycle level, several studies have assessed internal load using sRPE 

longitudinally over a season of male athletes in professional soccer (Goncalves et al. 2020a; 

Oliveira et al. 2020), roller hockey (Goncalves et al. 2020b), volleyball (Clemente et al. 2019a), 

and handball (Clemente et al. 2019b), and collegiate American football (Clarke et al. 2013). 

Consistently, during a standard non-congested week of the competitive phase, MD-1 is reported 

to be of the lowest internal load of the training sessions preceding a game. Furthermore, there is 

tapering from training sessions MD-5/4 to MD-2. Overall, all studies reported evidence of micro-

cycle periodization of training sessions with respect to games. The results of this study also 

revealed that MD-1 had a lower internal load compared to the other training days and the game, 

and there was tapering seen from earlier training sessions to sessions immediately preceding game 

day. Therefore, consistent with other intermittent team sports, this study revealed evidence of 

periodization in varsity ice hockey players. With regard to non-congested versus congested weeks, 

a study in basketball players reported increasing internal load for training with decreasing numbers 

of games/week (Salazar et al. 2020). However, the current study found that the overall internal 

load for training days was lower during non-congested weeks compared to congested weeks, and 

the internal load of games played during a non-congested week was higher than during congested 

weeks. The reasoning for this discrepancy is not readily apparent. It could be speculated that a 

larger perceived effort and physiological effort was found during training sessions (often MD-2, 

and MD-1) between two games due to fatigue and less recovery.  
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4.5.4 Limitations 

This study has a few limitations worth noting. Given the population of interest, there is 

only one men’s varsity hockey team for each collegiate institution and therefore, the sample size 

was limited to the number of recruited players by the coaching staff. Future studies should aim to 

repeat the study with more than one team from several universities to allow for more in-depth 

stratification during analyses. However, the study has the advantage of the longitudinal aspect of 

monitoring an entire season. Another limitation of the study was the generalizability given the 

specific inclusion of male varsity players. There is a need to further the research in ice hockey 

amongst various levels of play and competitive levels. Additionally, the physiological internal load 

measure used was Banister’s TRIMP, which is based off a standardized blood lactate curve to 

estimate intensity for the intensity coefficient in the TRIMP model (Banister and Calvert 1980). 

Future directions could include a more specific individualized approach by using the team TRIMP 

or individualized TRIMP to establish a blood lactate curve and an intensity coefficient for each 

player. In the future, it may be beneficial to use a measure more suitable to the intermittent nature 

of ice hockey.  

 

4.5.5 Practical Application  

The intent of this study was to measure internal load of practices and games without 

disrupting the normal routines of the athletes and coaches to ensure the most ‘real world’ 

investigation and applicability to ice hockey. Given the paucity of literature on male or female ice 

hockey players, there is a need for assessing players from all leagues, ages, sex, competitive levels, 

variation in number of training sessions and games played, scheduling (density), etc. Monitoring 
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manipulations of acute and chronic training prescriptions of various focuses (skill, tactical, 

endurance, and aerobic/anaerobic training) could help coaches and teams develop both a meso- 

and micro-cycle periodization to better handle factors such as off-season status (athletes continuing 

to train versus those who rest), intense game schedules, season duration, among many others. 

Optimizing high- and low-density periods of training to improve conditioning and skills, while 

maintaining stamina in game performance is crucial. Continuing to build on this and further assess 

associations with performance and athlete health could be a beneficial tool to help properly 

prescribe a training regime tailored to game days and game performance. Understanding which 

training sessions are optimal for high and low workloads, allowing for appropriate recovery and 

positive adaptations can help athletes continue to improve throughout the competitive phases, 

without jeopardizing the more immediate game performance due to a lack of recovery and fatigue. 

The idea is to best understand when to increase or decrease volume and intensity to get the most 

from an athlete and a desired outcome.  

This study provides an initial assessment of what periodization that occurred in a male 

varsity ice hockey season. Overall, a better understanding of the demand that is required, in all 

positions, in various types of training sessions and games, throughout all phases of a season can 

allow for better preparation and planning from coaching and support staff, in an ultimate attempt 

to, and simply put, win. Building on the findings of this study, would include assessment of 

performance and athlete health (i.e., risk of injury or fatigue) to better manipulate the training 

schedule at various stages of the season to create optimal periodization and ultimately, optimal 

game performance.  
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4.5.6 Conclusions 

 This is a novel study assessing internal load in male varsity ice hockey players throughout 

a season. This study found that internal load was greater during competitions and micro-

periodization occurred as training sessions further from game day had higher internal loads and 

tapering as game day approached. Meso-cycle assessment resulted in the regular season having 

the highest internal load which is thought to be attributed to dense game scheduling and a short 

season length. The results of this study help to establish the demand placed on a male varsity ice 

hockey player and provide a foundation for future manipulations of training regimes tailored to 

games and future associations between load, performance and athlete health.   
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CHAPTER 5: 

Internal load of female varsity ice hockey players during training and games during a 

season 

 

Presented as Submitted for Publication: 

Jessica L. Bigg, Alexander S.D. Gamble, Lawrence L. Spriet. Internal load of female varsity 

ice hockey players during training and games during a season. International Journal of Sports 

Medicine. Submitted First Round of Revisions.  
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5.1 Abstract 

Purpose: This study quantified internal load, using sessional rating of perceived exertion (sRPE) 

and heart-rate derived training impulse (TRIMP), of female varsity ice hockey players throughout 

a season. Methods: Twenty-four female (19.8±1.4 yr, 68.0±6.9 kg) varsity ice hockey players 

participated in this prospective cohort study. Internal load was captured using sRPE and TRIMP 

for each on-ice session. Results: Internal load was significantly higher (p<0.05) for games (sRPE: 

324±202 AU, TRIMP: 95±60 AU) compared to training (sRPE: 248±120 AU, TRIMP: 68±32 

AU). Overall, goalies had a higher internal load than forwards (sRPE and TRIMP) and defence 

(TRIMP), with no differences between forwards and defence. Micro-cycle periodization was 

present, with training sessions several days prior to game days having the highest internal load 

(sRPE and TRIMP) and tapering down as subsequent training sessions approached game day. For 

the meso-cycle assessment, for both training and competition combined, the post-season sRPE was 

greater than the pre-season (p=0.002) and regular season (p<0.001). Lastly, the association 

between sRPE and TRIMP, revealed a large, statistically significant relationship (r=0.592, 

p<0.001). Conclusion: Internal load was greater during competitions, training sessions and 

subsequent internal loads suggested prioritization around game days, the post-season phase 

demanded the highest internal load and there was a strong correlation between sRPE and TRIMP. 
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5.2 Introduction  

Athlete load monitoring is of growing interest in the world of sport and sports science to 

understand the impact of workload on both the positive and negative adaptations experienced by 

athletes. Assessing the association between training and competition load and risk of injury, 

fatigue, player readiness, and performance can provide useful insight into proper periodization for 

maintenance of athlete health and ultimately aid in athletic performance (Impellizzeri et al. 2019; 

Bourdon et al. 2017; Halson, 2014). Athlete load is categorized as external and internal, with 

internal load assessing the psychological and physiological responses to exercise initiated by the 

body to cope with the elicited external load and external load being the physical work performed, 

independent of the internal characteristics (Impellizzeri et al. 2019; Halson, 2014). The most 

commonly used method for assessing the psychological internal load is a modification of rating of 

perceived exertion (RPE) (Borg & Borg 2001), referred to as the sessional RPE (sRPE) (Foster, 

1998). A consistently used method for quantifying physiological internal load is the heart rate 

(HR)-derived training impulse (TRIMP) (Manzi et al. 2010; Stagno et al. 2007; Lucia et al. 2000; 

Edwards, 1993; Banister & Calvert 1980). 

Ice hockey is characterized as a high intensity intermittent team sport. The game consists 

of three 20-min periods, each separated by a 15-min intermission, and on-ice shifts typically last 

between 30 and 80 seconds, separated by rest periods of 2 to 5 min on the bench (Vigh-Larsen et 

al. 2020; Cox et al. 1995; Montgomery 1988). Female ice hockey players have been shown to 

require high levels of both aerobic and anaerobic capabilities, along with strength, power, and 

agility capabilities (Ransdell et al. 2011; Bracko, 2001). At the Canadian collegiate level, a 

standard season consists of a pre-season preparatory phase, a regular season, and post-season 
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playoffs, as per the University Association regulations. The regular and post-season phases are 

densely scheduled, most often consisting of weeks with 3-5 practices and 2 or more games. Given 

the requirements for the game of ice hockey and the dense scheduling of a varsity season, it is 

important to consider the load that is being placed on these athletes.  

To date, the vast majority of research assessing internal load has examined male athletes, 

with limited research involving female athletes. Three studies quantified longitudinal internal load 

during practices and games in females across professional futsal, collegiate volleyball, and 

collegiate netball seasons using sRPE (Lago-Fuentes et al. 2020; Vlantes & Readdy 2017; 

Chandler et al. 2014). Overall, there was evidence of a tapering strategy at the macro-cycle level 

across the phases of a season, with earlier preparatory phases having higher internal loads than the 

later competitive phases. In addition, micro-cycle tapering did occur with decreasing internal loads 

as game days approached. Only one study assessed the difference between training and 

competitions using TRIMP over a season in national female ice hockey players (Douglas et al. 

2019a). It was found amongst both forwards and defence that competitions had higher internal 

loads than the training sessions. Furthermore, forwards had higher internal loads for both training 

sessions and games compared to the defence. 

There is a large gap in the literature pertaining to athlete monitoring in female athletes 

competing at various levels of competition. Very little research has quantified the workload of 

female athletes of team sports including ice hockey during training sessions and games over an 

entire season at the collegiate level. Therefore, the purpose of this study was to quantify the internal 

load, using both sRPE and TRIMP, of female varsity ice hockey players during training and 

competition throughout an entire season at a micro- and meso-cycle level. 
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5.3 Methods 

5.3.1 Subjects 

Twenty-four female (19.8±1.4 yr, 68.0±6.9 kg, 168.1±5.9 cm) varsity ice hockey players 

that were members of the University women’s hockey team were asked to participate in this study. 

All players consented and player positions included 3 goalies, 7 defence and 14 forwards. Prior to 

participation, written informed consent was obtained from all subjects. All procedures were 

approved by the Research Ethics Board of the University and conformed to the Declaration of 

Helsinki and meets the ethical standards of the journal (Harriss et al. 2019). 

 

5.3.2 Study Design 

 This was a longitudinal prospective cohort study that monitored these athletes from the 

start of the OUA pre-season (September) until the conclusion of their post-season playoffs 

(February). Throughout the season, internal load was monitored for every on-ice training session 

and game. The data collected was assessed at both the micro- and meso-cycle level. The micro-

cycle level was evaluated on a weekly basis with training days made relative to game or match 

days (MD). Each week ranged from Monday to Sunday, to accommodate the OUA varsity hockey 

schedule. Training sessions were classified according to the days preceding MD for each week; 

training one day before MD=MD-1, training two days before MD=MD-2, training three days 

before MD=MD-3, training four days MD=MD-4, and training five days before MD=MD-5. 

Furthermore, each week was classified according to the number of games played that week. A 

non-congested week had only one game played, and a congested week had two or three games 
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played. The meso-cycle level was defined according to the phases of the season; pre-season, 

regular season, and post-season playoffs. 

 

5.3.3 Internal Load  

 A psychological measure of internal load was assessed using the Borg CR-10 scale for RPE 

(Borg & Borg 2001) and modified to generate sRPE by multiplying the RPE value by the session 

duration (Foster, 1998). After each exercise bout, within 20-30 min, athletes were prompted to 

indicate their RPE score on a portable tablet located in a corner of the dressing room, isolated for 

athlete privacy to minimize potential biases. Athletes selected their individual profiles and score 

by touching the corresponding value on the screen. Duration of each training session was from the 

time the athlete stepped on the ice, including on-ice warm up, until the time they stepped off after 

practice, including the on-ice cool down. Duration of each game included the warm-up period prior 

to the game and the time-on-ice played. Time-on-ice was measured for each player using a local 

position system (LPS) installed in the home arena (Kinexon Sports & Media, New York, NY, 

USA). Prior to each practice and game, a small ‘match-box’ size LPS sensor was placed into a 

patch sewn on the upper middle portion of the shoulder pads. Each player was assigned a sensor 

for the entire season. For practices and games not on the home-ice, time-on-ice was captured using 

a mobile system (Kinexon, accelerometer Mobile System GO LIVE). 

 A physiological indicator of internal load was captured using banisters TRIMP (bTRIMP) 

(Banister & Calvert 1980). A Polar HR sensor (Polar OH1, Polar Electro OY, Kempele, Finland) 

was worn around the middle upper arm beneath the shoulder pad strap and Bluetooth connected to 

each LPS sensor for each home-ice practice and game. Each athlete had their own sensor and strap 
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that remained in their stalls throughout the season to limit variability and ensure that tightness 

around the arm remained consistent.  

 

5.3.4 Statistical Analyses 

Data are presented as mean ± standard deviation (SD). Data were analysed using Stata/IC 

15.1 for Mac (StataCorp, College Station, TX). One-sample t-tests were conducted to assess 

differences in internal load (sRPE and TRIMP) between games and training, non-congested weeks 

and congested weeks, and forwards and defence, when stratified into meso- and micro-cycle 

groups, due to the small sample size for goalies. One-way ANOVAs with Bonferroni post-hoc 

tests were performed to assess differences in internal load between player positions (when 

assessing overall data), phase of season, and micro-cycle day. Furthermore, the associations 

between the two internal load measures, sRPE and TRIMP, were assessed using a Pearson’s 

correlation coefficient. The magnitude of correlation was classified as: r<0.1=trivial, 0.1-

0.3=small, 0.3-0.5=moderate, 0.5-0.7=large, 0.7-0.9=very large, >0.9=nearly perfect, and 

1=perfect (Duarte et al. 2019; Naidu et al. 2019). Significance was accepted at p<0.05. 

 

5.4 Results 

5.4.1 Training Sessions and Competitions 

 A total of 69 training sessions and 32 games were monitored throughout the season. The 

on-ice pre-season was 6 weeks in duration (week 2 to 7) and included 21 training sessions and 6 

friendly competitions (Figure 1). The regular season was 14 weeks, with 45 training sessions and 

24 games, and the post-season playoff phase was one week in duration, including 3 training 
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sessions and 2 games. Overall, one week of the season was a training week with no games, 7 weeks 

were non-congested with only one game played, 11 weeks consisted of 2 games played, and one 

week had 3 games played, for a total of 12 congested weeks.  

 

Figure 1. Average weekly sessional rating of perceived exertion (sRPE) and training impulse (TRIMP) 
throughout the varsity season within each phase of the season. * Indicates a non-congested week. ** It 
should be noted that Week 7 was a transition week between the pre-season and regular season with one 
competition at the end of the week being a regular season competition. AU, arbitrary units. 
   

5.4.2 Internal Load 

The mean sRPE and TRIMP for all players during training were 248 ± 120 and 68 ± 32 

AU, and for games were 324 ± 202 and 95 ± 60 AU, respectively (Figure 2). Both the sRPE 

(p<0.001) and TRIMP (p<0.001) for competitions were significantly greater than for training. 

Within each player position, the competition sRPE and TRIMP were also significantly greater than 

training (all p<0.001). During training, sRPE and TRIMP between defence, forwards, and goalies 

were not significantly different (all p³0.115). However, during competitions, TRIMP for goalies 

was significantly greater than the forwards (p<0.001) and defence (p=0.009). 
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Figure 2. Overall internal load measured using sessional rating of perceived exertion (sRPE) and training 
impulse (TRIMP) for training and competition (Comp), with positional stratification. a Significantly greater 
than the same variable of training. b Significantly different than Defence within the Session Type. c 
Significantly different than Forward within the Session Type. Significance accepted at p<0.05. 
 

5.4.3 Meso-cycle Assessment 

  For both training and competition combined, the post-season sRPE was greater than both 

the pre-season (p=0.002) and regular season (p<0.001) (Table 1). Within each of the pre- and 

regular seasons, the sRPE for competition was significantly greater than for training (p<0.05). 

Both the pre- (p<0.001) and regular season (p<0.001) training sessions had a significantly greater 

internal load than the post-season training, but the pre- (p<0.001) and regular season (p<0.001) 

competitions had a significantly lower internal load compared to the post-season competitions. 

Also, the training session sRPE for the regular season was significantly less than that of the pre-

season (p=0.023), but there was no significant difference in mean sRPE for the competitions 

between the two phases (p=1.000). There were no significant differences in sRPE between the 

three positions during training sessions or season phases (all p³0.067). However, during the 
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regular season, both the forwards (p<0.001) and defence (p=0.010) had a significantly lower sRPE 

compared to the goalies during competitions.  

 

Table 1. Meso-cycle assessment of internal load measured using sessional rating of perceived 
exertion (sRPE) and training-impulse (TRIMP) throughout each phase of the season for training 
and competition. 
 Number of 

Sessions 
Number of 
Weeks sRPE (AU) TRIMP (AU) 

Pre-season 27 6 269 ± 169a  
Training 21 - 261 ± 127a 79 ± 30 

Forward - - 267 ± 122a 76 ± 27a 
Defence - - 251 ± 131 82 ± 33a 

Goalie - - 259 ± 145 84 ± 36 
Competition 6 - 302 ± 280ac -  

Forward - - 299 ± 294a - 
Defence - - 298 ± 248a - 

Goalie - - 334 ± 314 - 
     
Regular season 69 14 266 ± 139a 74 ± 42 

Training 45 - 245 ± 117ab 67 ± 32 
Forward - - 243 ± 117ab 66 ± 30ab 
Defence - - 258 ± 120 72 ± 37a 

Goalie - - 232 ± 115 64 ± 29b 
Competition 24 - 308 ± 167ac 95 ± 60c 

Forward - - 289 ± 159acd 83 ± 42cd 
Defence - - 327 ± 152acd 104 ± 42cd 

Goalie - - 428 ± 248c 149 ± 131c 
     
Post-season 5 1 325 ± 215  

Training 3 - 185 ± 81 49 ± 18 
Forward - - 181 ± 80 49 ± 17 
Defence - - 204 ± 86 45 ± 20 

Goalie - - 166 ± 79 56 ± 22 
Competition 2 - 566 ± 147c - 

Forward - - 586 ± 73cd - 
Defence - - 609 ± 64cd - 

Goalie - - 334 ± 379 - 
Values are mean ± SD in arbitrary units (AU). a Significantly different than the same variable (sessions type and 
position) of the post-season (p<0.05). b Significantly different than the same variable (sessions type and position) of 
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the pre-season (p<0.05). c Significantly different than training within the same phase of season and position (p<0.05). 
d Significantly different than goalie within the same phase of season and session type (p<0.05). e Significantly different 
than defence within the same phase of season and session type (p<0.05).  
  

For TRIMP, due to scheduling, data were not captured for competitions during the pre-

season or post-season, only during the regular season. The mean TRIMP for competition within 

the regular season was significantly greater than for training (p<0.001). There were no significant 

differences in internal load between the positions during training sessions or season phases (all 

p³0.061). However, during the regular season, both the forwards (p<0.001) and defence (p=0.009) 

had a significantly lower TRIMP compared to the goalies during competitions. 

 

5.4.4 Micro-cycle Assessment  

 Overall, MD had the highest sRPE, followed by MD-4, MD-3, MD-5, MD-2, and MD-1 

(Figure 3a, Table 2). Each of MD-5 (p=0.002), MD-3 (p<0.001), MD-2 (p<0.001), and MD-1 

(p<0.001) were significantly less than MD, while MD-1 was significantly less than MD-4 

(p<0.001) and MD-3 (p<0.001). During non-congested weeks, MD-4 had a significantly lower 

sRPE value (p=0.0212), and MD-3 (p<0.001) and MD-2 (p=0.0229) had significantly higher sRPE 

values compared to the congested weeks. There were no significant differences in MD-1 

(p=0.7198) and MD (p=0.7918) for sRPE between the week types. There were no significant sRPE 

differences between forwards and defence on training days or MD during non-congested or 

congested weeks. 

For TRIMP, MD again had the highest internal load, followed by MD-4, MD-3, MD-2, 

MD-5, and MD-1 (Figure 3b, Table 3). MD-5 (p<0.001), MD-3 (p<0.001), MD-2 (p<0.001), and 

MD-1 (p<0.001) had a significantly lower TRIMP than MD, while MD-1 was significantly less 
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than MD-4 (p=0.001) and MD-3 (p=0.003). There were no significant differences in TRIMP 

between non-congested and congested weeks for any of the training session days or competitions. 

For positional comparisons, the only significant finding was the defence having a significantly 

higher mean TRIMP on MD-3 of congested weeks compared to the forwards (p=0.034).  

 

Figure 3. Internal load measured using sessional rating of perceived exertion (sRPE) (a) and training 
impulse (TRIMP) (b) at a micro-cycle level across the whole season and stratified by non-congested and 
congested weeks. Match day = MD, training sessions 5 days before MD=MD-5, 4 days before MD=MD-
4, 3 days before MD=MD-3, 2 days before MD=MD-2, and 1 day before MD=MD-1. a significantly 
different than MD within the same row. b significantly different than MD-1 within the same row. c 
significantly different than MD-2 within the same row. d significantly different than MD-3 within the same 
row. e significantly different than the same micro-cycle day of congested week within the same phase of 
season and position Significance accepted at p<0.05. AU = Arbitrary Units. 
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Table 2. Micro-cycle assessment of internal load using sessional rating of perceived exertion 
(sRPE) throughout a season during the various phases of a season, non-congested and congested 
weeks, and player positions.  

 MD-5 MD-4 MD-3 MD-2 MD-1 MD 
Overall 248 ± 195a 306 ± 125b 272 ± 120ab 239 ± 106a 214 ± 100a 322 ± 203 

Non-Congested 248 ± 195a 291 ± 129be 299 ± 119be 257 ± 108ae 217 ± 105a 318 ± 153 
Forward 258 ± 202 307 ± 133b 304 ± 123be 263 ± 104be 198 ± 92a 292 ± 118 
Defence 258 ± 193 266 ± 113 292 ± 113 252 ± 112a 237 ± 115a 359 ± 136 

Goalie 186 ± 178 255 ± 131 293 ± 116e 234 ± 126 269 ± 126e 371 ± 327 
Congested - 340 ± 110bcd 240 ± 112a 233 ± 105a 213 ± 98a 323 ± 215 

Forward - 350 ± 92bcd 220 ± 92af 231 ± 99a 211 ± 93a 314 ± 217 
Defence - 323 ± 109 291 ± 138 247 ± 113a 222 ± 107a 328 ± 199 

Goalie - 322 ± 179 222 ± 109a 214 ± 118a 208 ± 104a 389 ± 257 
       
Pre-Season - 359 ± 114b 281 ± 123b 269 ± 127 198 ± 107a 292 ± 276i 

Non-Congested - - 317 ± 135be 280 ± 113 237 ± 111e 282 ± 125 
Forward - - 310 ± 141be 311 ± 98be 212 ± 87e 293 ± 114 
Defence - - 295 ± 126 235 ± 93 275 ± 135e 296 ± 120 

Goalie - - 418 ± 84e 206 ± 171 270 ± 137e 184 ± 177 
Congested - 359 ± 114b 246 ± 100 263 ± 136 159 ± 89a 298 ± 335i 

Forward - 355 ± 86 253 ± 102 261 ± 122 158 ± 102 296 ± 354i 
Defence - 338 ± 124 240 ± 99 262 ± 158 180 ± 117 283 ± 299i 

Goalie - 409 ± 217 222 ± 101 274 ± 162 116 ± 71 375 ± 368 
       
Regular Season 248 ± 195a 296 ± 125bch 268 ± 118abc 228 ± 98ah 228 ± 96ahi 308 ± 167i 

Non-Congested 248 ± 195a 291 ± 111b 292 ± 111be 243 ± 104a 203 ± 100ae 335 ± 162e 
Forward 258 ± 202 307 ± 133b 302 ± 115be 233 ± 97h 188 ± 95ae 292 ± 121f 
Defence 258 ± 193 166 ± 113 290 ± 109 261 ± 123a 204 ± 85a 391 ± 134eh 

Goalie 186 ± 178a 255 ± 131a 252 ± 94a 249 ± 102a 268 ± 128 504 ± 355 
Congested - 320 ± 104c 237 ± 120a 223 ± 96ah 235 ± 94ahi 301 ± 168i 

Forward - 346 ± 101cd 202 ± 81afh 221 ± 93a 233 ± 90ahi 289 ± 168i 
Defence - 305 ± 102 323 ± 151 242 ± 98a 243 ± 104a 310 ± 153i 

Goalie - 235 ± 103 223 ± 117a 200 ± 103a 235 ± 99ah 403 ± 206 
       
Post-Season - - - 230 ± 56ab 163 ± 83a 566 ± 147 

Non-Congested - - - - - - 
Forward - - - - - - 
Defence - - - - - - 

Goalie - - - - - - 
Congested - - - 230 ± 56ab 163 ± 83a 566 ± 147 

Forward - - - 234 ± 47ab 154 ± 80a 586 ± 73 
Defence - - - 249 ± 73a 182 ± 86a 609 ± 64 

Goalie  - - 169 ± 33 164 ± 97 334 ± 379 
Values are mean ± SD in arbitrary units (AU). Match day = MD, training sessions 5 days before MD=MD-5, 4 days before MD=MD-4, 3 days 
before MD=MD-3, 2 days before MD=MD-2, and 1 day before MD=MD-1. a significantly different than MD within the same row (p<0.05). b 

significantly different than MD-1 within the same row (p<0.05). c significantly different than MD-2 within the same row (p<0.05). d significantly 
different than MD-3 within the same row (p<0.05). e significantly different than the same micro-cycle day of congested week within the same phase 
of season and position (p<0.05). f significantly different than defence within the same micro-cycle day, week type, and phase of season (p<0.05). g 
significantly different than goalie within the same micro-cycle day, week type, and phase of season (p<0.05). h significantly different than the same 
micro-cycle day, position, and week type of the pre-season (p<0.05). i significantly different than the same micro-cycle day, position, and week 
type of the post-season (p<0.05).  
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Table 3. Micro-cycle assessment of internal load using training impulse (TRIMP) throughout a 
season during the various phases of a season, non-congested and congested weeks, and player 
positions. 

 MD-5 MD-4 MD-3 MD-2 MD-1 MD 
Overall 60 ± 47a 83 ± 31ab 74 ± 32ab 69 ± 29a 60 ± 27a 95 ± 60 

Non-Congested 60 ± 47ac 78 ± 30d 71 ± 24a 93 ± 28d 62 ± 31a 99 ± 64 
Forward 61 ± 48a 83 ± 32e 72 ± 24 85 ± 29e 54 ± 24a 85 ± 45g 
Defence 60 ± 50a 66 ± 28 74 ± 23ae 107 ± 19e 75 ± 33 112 ± 49 

Goalie 54 ± 41 68 ± 17 61 ± 27 111 ± 34e 71 ± 51 157 ± 141 
Congested - 95 ± 31bc 77 ± 36ab 66 ± 28a 59 ± 25a 93 ± 57 

Forward - 103 ± 28bcd 69 ± 30f 64 ± 27a 61 ± 24a 83 ± 40g 
Defence - 90 ± 35 98 ± 44bcg 69 ± 31a 60 ± 30a 98 ± 36g 

Goalie - 69 ± 26 69 ± 28a 68 ± 24a 53 ± 23a 144 ± 131 
       
Pre-Season - - 97 ± 32b 89 ± 24bi 57 ± 29 - 

Non-Congested - - - 93 ± 28b 57 ± 29 - 
Forward - - - 85 ± 29b 48 ± 20f - 
Defence - - - 107 ± 19e 84 ± 32 - 

Goalie - - - 111 ± 34 27 ± 11 - 
Congested - - 97 ± 32 85 ± 20i - - 

Forward - - 93 ± 34 88 ± 18 - - 
Defence - - 100 ± 30 78 ± 25 - - 

Goalie - - 116 ± 36 82 ± 25 - - 
       
Regular Season 60 ± 47a 83 ± 31b 71 ± 30ah 65 ± 28ah 63 ± 27ai 95 ± 60 

Non-Congested 60 ± 47a 78 ± 30e 71 ± 24a - 64 ± 32a 99 ± 64 
Forward 61 ± 48a 83 ± 32e 72 ± 24e - 57 ± 25a 85 ± 45 
Defence 60 ± 50a 66 ± 28 74 ± 23ae - 69 ± 34 112 ± 49 

Goalie 54 ± 41a 68 ± 17 61 ± 27 - 86 ± 50d 157 ± 141 
Congested - 95 ± 31bc 71 ± 35ah 65 ± 28ah 62 ± 25ai 93 ± 57 

Forward - 103 ± 28bcd 62 ± 25afh 62 ± 27ah 64 ± 24ai 83 ± 40 
Defence - 90 ± 35 97 ± 48b 70 ± 32ai 64 ± 30ai 98 ± 36 

Goalie - 69 ± 26 61 ± 18ah 65 ± 25a 55 ± 23a 141 ± 131 
       
Post-Season    57 ± 21b 41 ± 12 - 

Non-Congested - - - - - - 
Forward - - - - - - 
Defence - - - - - - 

Goalie - - - - - - 
Congested - - - 57 ± 21b 41 ± 12 - 

Forward - - - 56 ± 20b 42 ± 12 - 
Defence - - - 54 ± 23 37 ± 13 - 

Goalie - - - 70 ± 22 43 ± 15 - 
Values are mean ± SD in arbitrary units (AU). Match day = MD, training sessions 5 days before MD=MD-5, 4 days before MD=MD-4, 3 days 
before MD=MD-3, 2 days before MD=MD-2, and 1 day before MD=MD-1. a significantly different than MD within the same row (p<0.05). b 

significantly different than MD-1 within the same row (p<0.05). c significantly different than MD-2 within the same row (p<0.05). d significantly 
different than MD-3 within the same row (p<0.05). e significantly different than the same micro-cycle day of congested week within the same phase 
of season and position (p<0.05). f significantly different than defence within the same micro-cycle day, week type, and phase of season (p<0.05). g 
significantly different than goalie within the same micro-cycle day, week type, and phase of season (p<0.05). h significantly different than the same 
micro-cycle day, position, and week type of the pre-season (p<0.05). i significantly different than the same micro-cycle day, position, and week 
type of the post-season (p<0.05).  
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5.4.5 sRPE and TRIMP Correlations 

For the entire season, the association between the two internal load measures of sRPE and 

TRIMP revealed a large, statistically significant relationship (r=0.592, p<0.001). There was a 

small and large relationship between sRPE and TRIMP for the pre-season (r=0.280, p=0.001) and 

regular season (r=0.622, p<0.001), respectively. Furthermore, training (r=0.493, p<0.001) and 

competition (r=0.697, p<0.001) revealed moderate and large relationships, respectively. The 

associations were very large, large, and moderate for goalies (r=0.722, p<0.01), forwards (r=0.595, 

p<0.001), and defence (r=0.449, p<0.001), respectively.  

 

5.5 Discussion 

 The purpose of this study was to quantify the internal load, using both sRPE and TRIMP, 

during training and competitions throughout a women’s varsity ice hockey season on both a micro- 

and meso-cycle level. The main findings of this study were a) for the entire season, and when 

stratified by phase of season, the competitions had a greater internal load compared to training, b) 

positional comparisons revealed that goalies, throughout the season, had a higher internal load 

compared to forwards (sRPE and TRIMP) and defence (TRIMP only), c) meso-cycle assessment 

revealed that the post-season training sessions and competitions required a higher sRPE compared 

to pre- and regular season, while only the pre-season training was greater than the regular-season 

training, d) micro-cycle periodization of internal load (sRPE and TRIMP) occurred with training 

sessions in the days prior to game days having the highest internal load and tapering down as the 

days approached game day, and e) there was a large positive and significant correlation between 

sRPE and TRIMP for the whole season.  
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5.5.1 Training Versus Competition and Positional Differences  

The current study found that the competitions had a higher internal load compared to 

training. One previous study assessed internal load using RPE over a season and found no 

significant differences in RPE between competitions and training in female collegiate netball 

players (Chandler et al. 2014).  However, these results were not comparable with the current study 

given the duration of each session was not considered. A single study quantifying internal load 

using TRIMP (using Edwards-TL) (Edwards, 1993) was conducted in national female ice hockey 

players over a competitive season (Douglas et al. 2019). It was reported that competitions had a 

higher internal load compared to training and forwards had a higher internal load during both 

training and competition compared to defence. The current study also found that the competitions 

had a higher internal load compared to training. As noted in the previous study, it is speculated 

that the higher internal load in games is attributed to the nature of the game, and the faster pace 

and competitive level, in comparison to training sessions. Most often, training sessions focus on a 

combination of fitness, skills development and tactical/technical skill improvements. This is 

consistent with a study assessing sweat losses during competitions and practices in female varsity 

ice hockey players, as it was noted that sweat losses during games were higher than practices, 

potentially reflective of a higher workload (Bigg et al. 2020).  

With regard to player positions, this study included goalies for comparisons when 

considering the season as a whole, given the number of sessions and subsequent sample size. 

Overall, the goalies had a higher internal load than the forwards and defence during competitions, 

but not during training. And there were no differences found between the forwards and defence. It 

has been noted that differences between forwards and defence may be expected given previous 
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findings that defence spend greater amounts of time at stationary or low velocities compared to 

forwards and sweat rates of female varsity defensive players was significantly lower than forwards 

(Bigg et al. 2019; Douglas et al. 2019; Jackson & Gervais 2016) However, in the current study, 

the three lines of defensive players (n=6) had higher individual time-on-ice values compared to 

the four lines of forwards (n=12) throughout games. This was consistent with previous findings in 

male ice hockey players (Douglas & Kennedy 2020) and findings assessing positional differences 

in female ice hockey players according to fitness and aerobic versus anaerobic capacities (Geithner 

et al. 2006). It was noted that the forwards had a greater anaerobic capacity, while the defence had 

a greater aerobic capacity (Geithner et al. 2006). The added time-on-ice and the use of bTRIMP, 

which emphasizes duration of the entire session as opposed to duration of individual heart rate 

zones, could explain the difference between studies. Another study in collegiate female volleyball 

players assessed internal load using sRPE over a season and made positional comparisons (Vlantes 

& Readdy 2017). It was reported that there were positional differences, however, comparisons 

between the positions of ice hockey are not possible given the vast differences in the two sports.  

It has been previously been reported that goalies have comparable or higher sweat rates 

than defence or forward players in male junior ice hockey players during practices and games 

(Palmer & Spriet 2008; Logan-Sprenger et al. 2011), male professional players (Gamble et al. 

2019), and female varsity and Olympic ice hockey players (Bigg et al. 2019). During games in 

particular, the goalies are on the ice for the entire duration of the game. While the play is not 

always in one end and there is opportunity for some rest while the play is in the opposing zone, 

there is still a constant need to be ready and concentrating. The added cognitive requirements and 

the emotion associated with the sport may also contribute to the high internal load. Furthermore, 
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goalies have a greater amount of protective equipment compared to the forward and defence 

players, which could cause increased efforts for fast movements and a decreased ability to 

thermoregulate during exercise. 

 

5.5.2 Meso- and Micro-Cycle Periodization 

The meso-cycles in this study were categorized by three phases. For comparison purposes 

with previous literature, the pre-season would be characterized as the preparatory phase and the 

competitive phases would consist of the regular season and post-season. The post-season had a 

greater internal load (sRPE) compared to both the pre-season and regular season, with no 

difference between the pre-season and regular season. However, when stratified according to 

session type, the pre-season (preparatory phase) did have a higher internal load during training 

compared to the regular season and post-season. The present findings may be attributable to the 

dense schedule of the OUA varsity season. The regular season includes October, November, and 

January, with a mandated break in December associated with the university exam period. Given 

the high number of games and the short season, there are often 2 or more games played in a week. 

Given the dense nature of the season, this could be a limiting factor for significant differences in 

internal load requirements between preparatory and competitive phases of a season, as all phases 

of the season are highly demanding.  It is also worth noting that the spike in internal load for week 

15 of the season. This week was the first week back on the ice after the month-long mandated 

exam break. It can be speculated that this week acted as a ‘mini’ preparatory phase with athletes 

adjusting back into a regular practice schedule and games.  
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A recent study in professional female futsal over a season quantified internal load (sRPE) 

and assessed the data on both the micro- and meso-cycle level (Lago-Fuentes et al. 2020). To the 

authors’ knowledge to date, this is the only other study with longitudinal monitoring and an 

assessment of periodization in female team-sport athletes. The meso-cycles were classified 

according to 3 criteria: increasing load, maintenance load, and decreasing load. The season 

consisted of 8 mesocycles (M1–M8), ranging from 4-7 weeks in duration and consisted of 2 

preparatory and 6 competitive phases. It was found that the first preparatory phase (M1) had the 

highest internal load, followed by the second preparatory phase (M4), which were both higher than 

any competitive phase. As mentioned, the current study did not find overall differences between 

the preparatory and competitive phases of the season, but again, this is thought to be attributed to 

the schedule of the varsity ice hockey season.  

With regard to the micro-cycle assessment, this study found evidence of micro-cycle 

periodization. Internal load was highest for MD-4, with tapering seen from earlier training sessions 

to sessions immediately preceding game day. Further stratification based on non-congested and 

congested weeks revealed that MD-4 training sessions in non-congested weeks had a lower internal 

load (sRPE) than in congested weeks. However, both MD-3 and MD-2 training sessions had a 

higher internal load during non-congested weeks compared to congested weeks. It is speculated 

that the training sessions in a non-congested week were more demanding on the athletes given 

there was less demand coming from competitions and there was more ‘room’ for recovery after 

intensive training sessions. This was comparable to the professional female futsal players that 

reported a tapering in internal load from the first training session of the week to the last training 

session before game day (Lago-Fuentes et al. 2020).   
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There is a clear gap in the literature for female athletes and continuous efforts need to be 

made to bridge that gap. In general, the current study provided an initial assessment of what 

periodization occurs in a female varsity ice hockey season. From this initial assessment, there is a 

foundation for future investigation to assess internal load and attempt to create an optimal meso-

cycle periodization and micro-cycle periodization for this athlete population. Understanding which 

training sessions in a week are optimal for high and low workloads can provide insight into a 

training prescription that provides appropriate recovery and positive adaption. This can further 

allow for continued positive adaptations (physical fitness) throughout the competitive phases of a 

season, without jeopardizing game performance each week due to fatigue and minimal recovery.  

 

5.5.3 RPE and TRIMP Correlation 

 There are currently numerous methods used throughout the literature to quantify internal 

load, with no absolute gold standard measure. In the current study we used both sRPE and 

Banister’s TRIMP and found large and statistically significant correlations between the two 

measures for the entire season, the regular season and competitions, and a moderate relationship 

for training. Several previous studies have assessed the relationship between sRPE and Banister’s 

TRIMP and also reported significant correlations in male (Clarke et al. 2013; Scott et al. 2013) 

and female (Costa et al. 2019; Manzi et al. 2010) team sport athletes. Collectively, while there are 

advantages and disadvantages to using each measure, there is evidently a strong positive 

relationship between the two internal load measures of sRPE and TRIMP. The decision as to which 

internal load measure(s) to use in the field will be dependent on the particular situation being 

assessed, access to HR monitors and availability to the athletes during training sessions and games. 
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5.5.4 Conclusion 

To the authors’ knowledge, this is the first study to quantify internal load with both sRPE 

and TRIMP and assess periodization in female collegiate ice hockey players during training and 

competition across a season. The study demonstrated that games required a higher internal load 

than training and weekly periodization on a micro-cycle level was present with training sessions 

further from game day having a higher internal load and then tapering as game day approached. 

For meso-cycle assessment, the post-season had the highest internal load but there was no 

difference between the regular season and pre-season. Overall, the only positional difference found 

was that goalies had a higher internal load during competitions than defence and forwards. Lastly, 

and of importance, there were significant correlations between sRPE and TRIMP during training 

and competitions. The results of this study provide an initial foundation for establishing the 

demands of female varsity ice hockey. There is value in the continued practice of athlete 

monitoring and future studies should aim to establish potential relationships between internal load 

and the elicited responses such as changes in performance, injury/illness, fatigue, and overall 

player wellness. 
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CHAPTER 6: 

Internal physiological load measured using training impulse in varsity men’s and women’s 

ice hockey players between game periods 

 

Presented as Submitted for Publication: 

Jessica L. Bigg, Alexander S.D. Gamble, Lawrence L. Spriet. Internal physiological load 

measured using training impulse in varsity men’s and women’s ice hockey players between game 

periods. Journal of Strength and Conditioning Research. Submitted First Round of Revisions.  
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6.1 Abstract 

This study quantified internal load in male and female ice hockey players throughout a season, 

with comparisons between game periods and match outcome. Twenty-seven male and 24 female 

varsity ice hockey players participated in this longitudinal prospective cohort study monitoring 

internal load, using Banister’s training impulse (TRIMP).  Data were assessed according to game 

periods, match outcome (win or loss), and games played in non-congested (1 game/week) or 

congested weeks (2+ games/week). Statistical significance was considered at p<0.05. The TRIMP 

for period 1 for both males (25±16 AU) and females (23±19 AU) was significantly lower than 

period 3 (Males: 30±21 AU, p=0.001; Females: 29±21 AU, p=0.003), but not period 2 (Males: 

27±17 AU, p=0.183; Females: 27±19 AU, p=0.681). There were no differences in TRIMP within 

any period between games resulting in a win compared to a loss. Overall, there were no differences 

in TRIMP between males and females. However, when stratified by position, male forwards 

experienced greater TRIMP than female forwards (p<0.001 for all periods), while female defence 

had greater TRIMP than male defence (p≤0.032 for all periods). There were no differences 

between non-congested and congested week games and no differences in TRIMP between non-

back-to-back and back-to-back games, or the 1st and 2nd games played of a back-to-back series. 

This study measured physiological demand throughout the periods of ice hockey games in men 

and women and concluded that internal load was highest in the third period. Understanding the 

demands throughout a game can provide information to coaches and players that would be useful 

in managing fatigue and optimizing physical performance. 
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6.2 Introduction 

Ice hockey is a high-intensity intermittent sport. The game consists of three 20-min periods, 

separated by a 15-min break, with on-ice shifts typically between 30 and 80 secs, separated by rest 

periods of ~2 to 5 mins on the bench (Burr et al. 2008; Montgomery 1998). Given the stop-and-go 

nature of the game, ice hockey requires large amounts of energy production from the anaerobic 

and aerobic systems, and a high physiological demand from players (Ransdell & Murray 2011; 

Burr et al. 2008). Monitoring the load of team sport athletes has become prevalent in recent years. 

Load is typically categorized as internal and external. Internal load is the defined as the 

psychological and physiological responses to exercise initiated by the body to cope with the 

elicited external load, which are the physical requirements during exercise (Impellizzeri et al. 

2019; Halson 2014). The overall intent of understanding the demand on athletes and its potential 

relationship with player health, readiness, and performance. A large focus of athlete monitoring 

has been on training loads, with few studies focused specifically on games and the demands during 

the halves, quarters, or periods of games. However, it has been previously speculated that training 

sessions designed to mimic games could allow for adaptations that are better suited for game play 

and performance (Higham et al. 2016). Understanding the demands of the game, within each 

period, would allow for better game-specific drills during training sessions. 

Specific to ice hockey, two recent studies in national female ice hockey (Douglas et al. 

2019b) and elite male junior ice hockey (Douglas & Kennedy 2020) players assessed external load 

across the periods of a game. Several other studies have assessed a heart rate (HR) parameter 

(%HR maximum or HR average) across the phases of a game in other men’s and women’s team 

sports to assess the physiological toll and any changes that occur (McGuinness et al. 2019; Lythe 
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& Kilding 2011; Matthew & Delextrat 2009; Barbero-Alvarez et al. 2008; Krustrup et al. 2005; 

Rodriguez-Alonso et al. 2003). The results from these studies were inconclusive, with two 

reporting decreases in HR across the game (McGuinness et al. 2019; Barbero-Alvarez et al. 2008), 

while four studies reported no differences amongst game phases and that HR was consistent 

between the earlier and later phases (Lythe & Kilding 2011; Matthew & Delextrat 2009; Krustrup 

et al. 2005; Rodriguez-Alonso et al. 2003). Despite inconsistent findings, the value of monitoring 

load, and specifically a physiological measure of internal load, during games may help design and 

implement strategies to mitigate any changes due to fatigue or other factors throughout a game 

that may result in performance decreases. A commonly used method of quantifying internal 

physiological load is the HR-derived training impulse (TRIMP). This method accounts for the HR 

maximum, minimum, and average of an exercise session, as well as duration and applies an 

intensity weighting factor (Banister & Calvert, 1980). 

Consideration for monitoring athlete load during competitions specifically with regard to 

match outcome has recently evolved. Douglas and colleagues (2019b) also assessed external load 

in female ice hockey players with respect to a game outcome using accelerometry. Results were 

different between the forward and defensive players, highlighting the importance of monitoring 

sport positions separately. Another study in male soccer players compared internal load between 

match outcomes (Goncalves et al. 2020a), however, there were no significant differences. Despite 

the inconclusive findings of these studies, the impact of assessing load differences between match 

outcomes can be a valuable coaching and training resource. The concept of performance is vague 

in team sports, as there is no ‘gold standard’ measure for performance. The ultimate goal for these 

athletes is to win. However, the contributing factors to a win do not make up a simple equation for 
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success. Understanding of the load required for games, and specifically those resulting in a win, 

may provide useful insight for training, game strategy, optimizing athlete health and readiness, 

and ultimately performance.  

In general, there is a lack of research quantifying internal load in male and female ice 

hockey players during games. There are currently no assessments of the physiological internal load 

during the various periods of a game, or for games with varying match outcomes. Therefore, the 

purpose of this study was to quantify internal load, using TRIMP, during male and female 

collegiate varsity ice hockey games throughout a full varsity season, with specific focus on the 

comparison between the periods of a game and consideration of match outcome. Additional 

comparisons were made between males and females, and weeks with one game compared to 

multiple games.  

 

6.3 Methods 

6.3.1 Experimental Approach to the Problem 

This was a longitudinal prospective cohort study monitoring internal load, using Banister’s 

TRIMP (TRIMP) (Banister & Calvert 1980), during the regular season (October-February) until 

the end of post-season playoffs (February/March), by elimination or completion as per the Ontario 

University Athletics (OUA) rules. The primary assessment of data was based on the game periods. 

During the regular season, games not decided after 3 periods, consisted of a 5-min sudden death 

overtime and shootout, if needed. Given there was no break allotted between the end of the third 

period and start of the overtime, and the short duration of added time, any game of the regular 

season with additional minutes played in overtime was included as part of the third period for 



 

 

100 

 

analysis. During the post-season playoffs, games not decided after 3 periods, consisted of 

additional 20-min periods until the first goal was scored, each separated by a 15-min break. Given 

the break allotted and the potential duration of overtime, each period of overtime was counted as 

an additional period for analysis. Furthermore, data was assessed according to the number of 

games played each week. A non-congested week represented a week with one game, while a 

congested week represented a week of two or three games played. Congested weeks were separated 

further based on whether games were played on consecutive days (back-to-back) or with a 

training/rest day in between (non-back-to-back). If games were played back-to-back, consideration 

of the game order was also noted (1st or 2nd game played). Additionally, the number of games 

played each week ranged from 1 to 3 and was included when further stratifying congested weeks.  

 

6.3.2 Subjects 

 Twenty-seven male (22.1 ± 1.1 yr, 85.9 ± 5.4 kg, 181.3 ± 5.1 cm) and twenty-four female 

(19.8 ± 1.4 yr, 68.0 ± 6.9 kg, 168.1 ± 5.9 cm) collegiate varsity ice hockey players consented to 

participate in the study. The male’s team included 16 forwards, 9 defence, and 2 goalies, and the 

female’s team included 14 forwards, 7 defence, and 3 goalies. All were players 18 years or older. 

It should be noted that for games, only 20 players per team are allowed to dress and participate, as 

per league regulations. Team size is determined by coaching staff and the players that participate 

in each game varies depending on athlete availability (ex. injury, school requirements, etc.) and 

the coaching staff’s preference of players for a particular opponent. Prior to participation, subjects 

were made aware of the risks and benefits of the study amd written informed consent was obtained 
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from all subjects. All procedures were approved by the Research Ethics Board of the University 

of Guelph (Guelph, Ontario), and conformed to the Declaration of Helsinki. 

 

6.3.3 Procedures 

Internal load was determined using bTRIMP (arbitrary units, AU) (Banister & Calvert 

1980). This takes into consideration the HR maximum, minimum, and average of each exercise 

session, as well as the duration and a standard intensity weighting factor derived from a 

standardized HR and blood lactate concentration curve during incremental exercise (Banister & 

Calvert 1980). Prior to each on-ice training session and game played at the home arena, a 

previously validated (Muggeridge et al. 2021; Hettiarachchi et al. 2019) polar HR monitor (Polar 

OH1, Polar Electro OY, Kempele, Finland) was placed around the middle upper arm (the same 

arm for each session), beneath the placement of the shoulder pad strap of each player. Each athlete 

had their own strap that remained in their stalls throughout the study to ensure tightness around 

the arm remained consistent. Also, each athlete had an assigned HR sensor to limit the potential 

variability between devices. Each HR monitor was Bluetooth connected to a local positioning 

system (LPS) sensor (Kinexon Sports & Media, New York, NY, USA) to provide individualized 

data recording and processing. The small ‘match-box’ size LPS sensor was placed into a patch 

sewn on the middle posterior aspect of each player’s shoulder pads. Each player had their own 

sensor for the entire season. TRIMP was algorithmically calculated vis the LPS platform and 

exported for analysis. 
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6.3.4 Statistical Analysis 

All data are presented as mean ± standard deviation (SD). Data were analysed using 

Stata/IC 15.1 for Mac (StataCorp, College Station, TX). Independent-samples t-tests were 

conducted to assess differences between gender (males and females), non-congested vs congested 

weeks, game outcome (win and loss), and game order during a back-to-back situation (games 1 

and 2). One-way analysis of variance tests with a Bonferroni post-hoc test were performed to assess 

differences between periods, players positions when assessing overall mean values, and games of 

congested weeks with 3 games played. Significance was accepted at p<0.05. 

 

6.4 Results 

6.4.1 Games Description 

A total of 28 games (20 wins) were monitored including 18 games (12 wins) for the males 

and 10 games (8 wins) for the females (Table 1). Overall, 8 games were played in non-congested 

weeks (males=4 games, females=4 games) and 20 games were played in congested weeks 

(males=14 games, females=6 games), with 6 weeks being a 3-game week for the males and the 

females having no weeks with 3 games played. Eleven of the games played in a congested week 

were non-back-to-back games (males=8 games, females=3 games) and 9 games were a game in a 

back-to-back situation (males=6 games, females=3 games).  
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Table 1. A summary of the number of games monitored for internal load measured using training 
impulse throughout the season. 

 Total Males Females 
Total Games 28 18 10 

Wins 20 12 8 
Fulltime 17 10 7 

Overtime/shootout 3 2 1 
Losses 8 6 2 

Fulltime 5 3 2 
Overtime/shootout 3 3 0 

    
Non-Congested Week Games 8 4 4 

Wins 4 3 1 
Fulltime 3 2 1 

Overtime/shootout 1 1 0 
Losses 2 1 1 

Fulltime 2 1 1 
Overtime/shootout 0 0 0 

    
Congested Week Games 20 14 6 

Non-Back-to-Back Games 11 8 3 
Wins 7 4 3 

Fulltime 5 3 2 
Overtime/shootout 2 1 1 

Losses 4 4 0 
Fulltime 2 2 0 

Overtime/shootout 2 2 0 
    

Back-to-Back Games 9 6 3 
Wins 8 5 3 

Fulltime 8 5 3 
Overtime/shootout 0 0 0 

Losses 1 1 0 
Fulltime 0 0 0 

Overtime/shootout 1 1 0 
 

6.4.2 Overall Internal Load within Periods  

6.4.2.1 All Players 

For the males, the mean TRIMP for all games, games with a win, and games with a loss 

was 98±59, 99±62, and 96±54 AU, respectively. The TRIMP for period 1 (25±16 AU) was lower 
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than period 3 (30±21 AU, p=0.001), but not period 2 (27±17 AU, p=0.183) (Figure 1). For the 

females, the mean TRIMP for all games, winning games, and losing games was 95±60, 93±62, 

and 101±55 AU, respectively. The TRIMP for period 1 (23±19 AU) was lower than period 3 

(29±21 AU, p=0.003), but not period 2 (27±19 AU, p=0.681). There were no differences in TRIMP 

within each period or the entire game, between games resulting in a win compared to a loss.  

 

Figure 1. Internal load, using training impulse (TRIMP) in arbitrary units (AU) within the periods 
(P1 – P3) of a game for males (A) and females (B), with further stratification by player position. 
Significance accepted at p<0.05. a Significantly different than period 2 of the same variable (gender 
and position). b Significantly different than period 3 of the same variable (gender and position). c 

Significantly different than females within the same period and position. d Significantly different 
than defence within the same period and gender. e Significantly different than goalie within the 
same period and gender.  
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6.4.2.2 Positional Findings 

For males and females, the goalies had a higher TRIMP for periods 1 and 2, compared to 

the defence and forwards (all, p≤0.001) (Figure 1). Furthermore, male forwards had a higher 

TRIMP for periods 2 (p<0.001) and 3 (p=0.001) compared to the defence. For the females, the 

defence had a higher TRIMP during periods 1 (p=0.024) and 3 (p<0.001) compared to the 

forwards. Within the positions and periods, there were no differences in TRIMP between game 

outcomes.  

The male forwards had a greater TRIMP during periods 1 (p<0.001), 2 (p=0.001) and 3 

(p<0.001) compared to female forwards. In contrast, the female defence had a higher TRIMP 

during periods 1 (p=0.032), 2 (p=0.004), and 3 (p=0.001) compared to male defence. Lastly, 

female goalies had a higher TRIMP during periods 2 (p=0.002) and 3 (p=0.023) compared to the 

male goalies.  

 

6.4.3 Internal Load During Non-Congested and Congested Weeks 

 For games played in a non-congested week, there were no differences in TRIMP between 

the periods, for males or females (Figure 2). However, during a congested week, with non-back-

to-back games, period 1 had a lower TRIMP for males (p=0.002) and females (p=0.001) compared 

to period 3. Additionally, for the females, period 2 was lower than period 3 (p=0.036). For back-

to-back games, the only difference between periods was period 1 for the males being lower than 

period 3 (p=0.025). There were no differences in TRIMP within any of the periods or week type 

between the match outcomes. 
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6.4.4 Internal Load within Congested Weeks 

 Within congested weeks, for females, the TRIMP for period 3 in non-back-to-back games 

was significantly higher than in back-to-back games (p=0.013). There were no differences between 

males and females, with the exception of males in non-congested weeks having a higher TRIMP 

for period 1 compared to the females of the same period and week (p=0.028).   

 

Figure 2. Mean internal load, using training impulse (TRIMP) in arbitrary units (AU), within the 
periods (P1 – P3) of a game for non-congested and congested weeks for males (A) and females 
(B). Significance accepted at p<0.05. a Significantly different than period 3 of the same variable 
(gender and week type). b Significantly different than back-to-back within the same period and 
gender. c Significantly different than females within the same period and week type.  
 



 

 

107 

 

 For both males and females, there were generally no differences in TRIMP between periods 

for either the 2nd or 3rd games played in a week, no differences in TRIMP within any period or 

game order between games resulting in a win or a loss, and no differences within each period 

between the different games orders for either males or females.  

 

 

Figure 3. Mean internal load, using training impulse (TRIMP) in arbitrary units (AU), within the 
periods (P1 – P3) of a game during congested weeks considering the order of the games each week 
for males (A) and females (B). Significance accepted at p<0.05. a Significantly different than 
period 3 of the same variable (game order and gender).  
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 Furthermore, for each of the 1st or 2nd game played in a back-to-back series, there were no 

differences in mean TRIMP between the periods for males or females (Figure 4), No differences 

in TRIMP between the 1st and 2nd games played of a series, or within either game between games 

resulting in a win or a loss.  

 

Figure 4. Mean internal load, using training impulse (TRIMP) in arbitrary units (AU), of the 
periods (P1 – P3) of a game for games played back-to-back with comparison between the 1st game 
and 2nd game played of the series for males (A) and females (B). There were no significant 
differences between periods, game order, or gender.  
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6.4.5 Fulltime versus Overtime Assessment 

For the males, during the regular season, three games required overtime/shootout in 

addition to the 20-min third period. The average duration of added time was 154 sec (~2.5 mins), 

with no games requiring a shootout. There were no differences in TRIMP between games ending 

in fulltime compared to overtime for either period 1 (fulltime: 25±17 AU; overtime: 24 ± 13 AU; 

p =0.501), period 2 (fulltime: 28±18 AU; overtime: 27±18 AU; p=0.750), or period 3 (fulltime: 

29±20 AU; overtime: 34 ± 24 AU; p=0.101).  

For the females, one game in the regular season required overtime/shootout in addition to 

the 20-min third period. The duration of the overtime was 300 sec (5 mins) and was followed by a 

shootout. There were no differences in TRIMP between games ending in fulltime compared to 

overtime/shootout for either period 1 (fulltime: 23±19 AU; overtime: 25±17 AU; p=0.612), period 

2 (fulltime: 27±20 AU; overtime: 24±14 AU; p =0.411), or period 3 (fulltime: 29 ± 21 AU; 

overtime: 36 ± 24 AU; p =0.117). 

 During the playoff season, only two games for the men’s team required overtime (no games 

for the females), with one game finishing in the 1st overtime period (period 4: 12 mins, 54 secs), 

and one game requiring two additional full periods (period 4 and 5: 20 mins each) and one partial 

period (period 6: 74 seconds). For the overtime game that concluded with period 4, the mean 

TRIMP for the game was 100±67 AU and the TRIMP for periods 1, 2, 3, and 4, were 23±15, 

24±18, 27±16, and 21±13 AU, respectively, with no differences between periods. For the overtime 

game that concluded with period 6, the mean game TRIMP was 157±101 AU and the TRIMP for 

periods 1 to 5 were 35±17, 29±17, 29±21, 32±21, and 26±16 AU, respectively, with no differences 

between periods.  
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6.5 Discussion 

The main purpose of this study was to quantify internal load, using TRIMP, within the 

periods of a game throughout a season for male and female varsity ice hockey players, with 

consideration of game outcome. Main findings included, a) for both males and females, period 3 

had a higher internal load than period 1, b) for all players, there were no differences in internal 

load between males and females within any of the periods, c) however, in some situations, the 

male forwards experienced a greater TRIMP value compared to the female forwards, and the 

female defence had higher TRIMP than the male defence, d) there were no differences in internal 

load within any of the periods for games that resulted in a win compared to a loss, e) for both males 

and females, goalies had a greater internal load within each period, f) the male forwards generally 

had a higher TRIMP value than the defence across the periods, while  the opposite was true for the 

females, g) there were no consistent differences in internal load between games played in non-

congested versus congested weeks, h) there were no sex differences in internal load in any of the 

periods between games played in non-back-to-back compared to back-to-back situations, i) there 

were no differences in internal load in any of the periods between games played 1st, 2nd, or 3rd in a 

congested week, and lastly, j) there were no differences in internal load for any period between the 

1st and 2nd game played in a back-to-back series.   

 

6.5.1 Internal Load Between Periods 

To the authors’ knowledge, this is the first study to assess internal load using TRIMP across 

the periods of an ice hockey game. It was found that both male and female players had an increase 

in internal load from periods 1 to 3 during games. It was noted in female field hockey that no 
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significant findings in HR between halves could be attributed to the opportunity for shift changes 

and subsequent availability for rest and rehydration during games (Lythe & Kilding 2011). 

Similarly, for ice hockey, players have short shifts of high intensity work on the ice, followed by 

periods of rest and opportunity to hydrate on the bench. The game also consists of three 20-min 

periods separated by 15-min intermissions allowing for refueling through food and drink (Bigg et 

al. 2020). These factors may help to alleviate fatigue and allow for increased efforts later in the 

games, especially during close games or when entering the third period behind in the score. 

No studies have assessed TRIMP throughout the halves, periods, or quarters of a game. 

However, HR parameters including HR maximum and average have been assessed in a few 

studies, including female field hockey (McGuinness et al. 2019; Lythe & Kilding 2011), female 

basketball (Matthew & Delextrat 2009), male futsal (Barbero-Alvarez et al. 2008), female soccer 

(Krustrup et al. 2005), and female basketball (Rodriguez-Alonso et al. 2003). Two of these studies 

reported a significant decrease in %HR maximum (Barbero-Alvarez et al. 2008), or time spent in 

>70% HR maximum (McGuinness et al. 2019). However, four of these studies reported no 

significant difference in HR maximum or average across the game (Lythe & Kilding 2011; 

Matthew & Delextrat 2009; Krustrup et al. 2005; Rodriguez-Alonso et al. 2003).  

It may be worth noting a potential relationship between internal and external load during 

games. In recent studies, external load between periods of ice hockey games has been assessed 

(Douglas & Kennedy 2020; Douglas et al. 2019b). In one study, external load variables were 

evaluated in national female ice hockey players during a season (Douglas et al. 2019b). Overall, it 

was reported that the highest value for each measure occurred in the first period, followed by the 

second and third periods in most cases. It was noted that this decline in external load could be 



 

 

112 

 

attributed to fatigue, which has been supported previously (Lignell et al. 2018; Peterson et al. 

2015), or tactical strategy depending on the score of the game going into the later period. For 

example, it was speculated that if a team was winning going into the third period, an adjustment 

of play is made to play more conservatively to maintain the lead, as opposed to a coaching 

preferred fast-pace aggressive skating style that has been demonstrated when games are tied or 

losing (Douglas et al. 2019b; Dennis & Carron 1999).   

In a second study, external load in elite male ice hockey players was assessed across the 

periods of games during a tournament (Douglas & Kennedy 2020). The external load variables 

consisted of distances travelled at six varying speed thresholds (very slow skating to sprint 

skating). It was reported that the very slow skating distance was increased from period 1 to period 

3 for both forwards (significant) and defence (non-significant), very fast speed distances decreased 

from period 1 to 3 for both forwards (non-significant) and defence (significant), and sprint 

distances decreased from period 1 to 3 for both forwards (significant) and defence (significant). 

Again, it was discussed that possible explanations for this decrease across periods could be due to 

fatigue or tactical strategy based on scoring status (Douglas & Kennedy 2020). Given that we see 

very little changes in the external load demands between the periods (Douglas et al. 2019b; 

Douglas & Kennedy 2020), it could be speculated that the physiological toll is increased to meet 

and maintain these external demands as fatigue starts to set in during later stages of the games.  

 

6.5.2 Internal Load and Game Outcome 

The current study did not find any differences in internal load within each period, or for 

the overall game, between match outcomes. It may be unreasonable to expect a relationship 
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between internal load and match outcome. Each of the men’s and women’s teams had an excess 

of players, given that only 20 players are allowed to dress for each game, as per OUA regulations. 

In any given game, the line-up would vary depending on who the coaches felt was most suitable 

to play in that particular game. Furthermore, the opponent varies with each game and the level of 

difficulty of that opponent is inconsistent. Additional external factors include, but are not limited 

to, nutrition/hydration, sleep, and academic responsibilities and these have the potential to be 

confounding variables in an athlete’s performance, and consequently, the team’s performance.  

Similarly, a previous study assessed internal load differences between match outcomes in 

professional male soccer players during a season, using sessional rating of perceived exertion 

(sRPE) as opposed to TRIMP. This study also revealed no significant differences in internal load 

between games of a winning or losing outcome (Goncalves et al. 2020a). Another recent study 

assessed external load and match outcome in national female hockey players during a season 

(Douglas et al. 2019b). Five external load variables were included and assessed amongst the 

forward and defensive players separately. It was reported that two variables, explosive ratio and 

percentage high force strides, were significantly higher during wins compared to losses for the 

forwards, but there were no differences between match outcomes for any external load variable 

for the defence.  

 

6.5.3 Non-Congested Versus Congested Weeks 

The varsity season, as per OUA regulations, is densely scheduled. The regular season 

comprises the months of October, November, and January, with December being a mandatory in-

season break in association with the university exam period. Furthermore, the post-season playoffs 
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occur in February and March. Given the number of games played and the short season, it is 

common for the teams to play 2 or more games in a week. Therefore, this study assessed internal 

load in relation to games played in non-congested weeks and congested weeks. Findings reported 

no differences in the games played in a non-congested week compared to a congested week. 

Furthermore, when considering games played in a back-to-back situation, there were no 

differences between the two games played. 

A previous study assessed sRPE internal load in elite male basketball players across a 

season, reported no significant differences in internal load for games played in weeks consisting 

of 1, 2, or 3 games (Salazar et al. 2020). Another study assessed sRPE internal load in elite male 

volleyball players during a season and reported that the mean internal load of matches played in 

congested weeks was significantly greater than for games played in non-congested weeks (Mendes 

et al. 2018). It was noted that when additional games were played in a week, there was a 

significantly lower quality of sleep and a higher stress level and fatigue level reported by athletes. 

This added stress and fatigue was thought to be the contributing factor to a higher sRPE reported 

during those congested week games (Mendes et al. 2018). Given these findings and the dense 

scheduling of the OUA varsity hockey season, it could be important and useful to consider sleep 

and athlete wellbeing in this particular population in future studies.  

In conclusion, period 3 required the highest internal load for both sexes and there were no 

relationships between period internal loads and game outcomes. No overall internal load 

differences existed between male and female varsity ice hockey players but when stratified by 

position, male forwards experienced greater TRIMP than female forwards (for all periods), while 

female defence had greater TRIMP than male defence. Positional differences were found but 
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varied between males and females. Lastly, no internal load differences were present between non-

congested and congested weeks. These findings provide novel insight into the physiological 

requirements during varsity ice hockey games over an entire season.  

 

6.5.4 Practical Application 

 Overall, the findings of this study revealed an increase in internal load as the periods of the 

game progressed. While these findings are not consistent with previously reported investigations 

in other team sports, it provides novel insight into the in-game specifics of the physiological 

demand of male and female varsity ice hockey players throughout a season. The increases in later 

periods may be a result of increased efforts due to proper fueling and rehydration during the game, 

game outcome status, and increases in the physiological demand to maintain the external load 

throughout the duration of games. Nonetheless, understanding how the physiological demands of 

a game change throughout the periods and the differences between games resulting in a win 

compared to a loss can provide resourceful information to coaches, players, and training staff for 

training and tactical game strategy. The overall intent for any team sport athlete is to win every 

game played. Having additional insight into periods of high and low demand through in-game 

monitoring could provide immediate feedback to properly adjust throughout games. Any attempt 

at improving game performance and managing fatigue, particularly later stage fatigue and 

readiness in the third period, could maximize individual and team performances. 
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CHAPTER 7: 

Integrative Discussion 
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7.1 Introduction 

 The main purpose of this thesis was to investigate the internal load of practices and games 

for both male and female varsity ice hockey players across an entire season. Internal load measures 

included a psychological measure of sRPE and a physiological measure of TRIMP. Secondary 

purposes included comparisons between training and competitions, amongst player positions, 

between males and females, and between game periods, and examinations of micro and meso cycle 

periodizations. This chapter will discuss the key findings of the studies performed in context with 

the existing literature, limitations of the studies, the applicability to ‘real-world’ application of the 

findings, and potential future directions of this field of research.  

 

7.2 Internal Load in Varsity Ice Hockey 

7.2.1 Training versus Competition 

For both male and female varsity ice hockey players, the internal load (both sRPE and 

TRIMP) of competitions was higher compared to training throughout the entire season, within 

each phase of the season (pre-, regular-, and post-season), and compared to the individual weekly 

training sessions. Several studies have assessed internal load in training and competition using 

either sRPE (Lago-Fuentes et al. 2020; Pustina et al. 2017; Chandler et al. 2014; Clarke et al. 2013) 

or TRIMP (Douglas et al. 2019; Zurutuza et al. 2017) or both measures (Campos-Vazquez et al. 

2017) longitudinally throughout a season (or most of a season) in various team sports. Only one 

of these studies involved female ice hockey athletes (Douglas et al. 2019a) and to the author’s 

knowledge, there are no studies involving male ice hockey players. 
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Comparable to the current study, female futsal players reported a higher sRPE for matches 

compared to each training session in the week leading up to match day (micro-cycle days), 

however, results were not statistically significant (Lago-Fuentes et al. 2020). Furthermore, national 

female ice hockey players (Edwards-TRIMP), professional male soccer players (sRPE and 

Edwards-TRIMP), collegiate male soccer players (sRPE), and collegiate male football players 

(sRPE) all reported higher mean internal loads during competition compared to mean internal load 

of training sessions (Douglas et al. 2019; Campos-Vazquez et al. 2017; Pustina et al. 2017; Clarke 

et al. 2013).  

In contrast to our findings, professional male soccer players (sRPE) were reported to have 

a lower internal load for competitions compared to the summated weekly training load (Zurutuza 

et al. 2016). However, an average of individual training sessions was not provided and naturally, 

the addition of training loads across several training sessions would be higher than a single 

competition load. Furthermore, collegiate male netball players had similar internal loads between 

match play and various types of training sessions (Chandler et al. 2014). However, the internal 

load was captured using RPE as opposed to sRPE, not taking the duration of each session into 

account. Therefore, conclusions from these studies are not comparable to the studies of this thesis. 

 It is speculated that the higher internal load experienced in competitions in most studies can be 

attributed to the higher competitive level, the faster pace, the greater physical nature associated 

with games, and the emotional factors. Training sessions often focus on fitness, skills training, and 

technical/tactical capabilities. This typically involves increased amounts of stationary periods 

comprised of coaching instruction and skill-based work between faster paced drills, therefore the 

overall session intensity would be relatively lower compared to the games. Furthermore, excluding 
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the intermissions of the game and including the on-ice warm-up, games were roughly 2 hours in 

duration. Training sessions would vary between 50 mins and 2 hours. Given that the internal load 

encompassed duration of each session, based on session length, it is not unexpected to see higher 

load requirements for games compared to training sessions. 

 In terms of practicality and the usefulness of understanding the internal load between 

training and competitions, it could be suggested that to best optimize game performance, training 

sessions should aim to replicate game loads through specifically designed game-based drills. It 

was previously thought that there could be suboptimal or inappropriate adaption of metabolic 

pathways with training sessions being of lower internal load compared to competitions (Higham 

et al. 2016).  The authors suggested that having regular training sessions that adequately mimicked 

game demands would allow for better adaptation to meet and maintain game demands. That being 

said, it is not likely desirable or that much more beneficial to match total game load during a 

practice, particularly practices closer to games. Further, as discussed in more detail, below is the 

comparison between the periods of a game where it was found that internal loads were highest in 

period 3. With this, training drills to mimic period 3 loads may be the most efficient for athletes to 

optimize training adaptations tailored to games. For these scenarios, TRIMP would be the 

necessary measure to assess internal load in a more immediate manner and over specific times 

frames. This allows for the focus and design of specific drills to meet specific game demands. 

To conclude, much like other stop-and-go sports, higher internal loads are seen during 

competitions compared to training sessions in both male and female ice hockey players. 

Furthermore, understanding the differences between games and training can provide useful insight 

into manipulating training sessions to better imitate the games.   
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7.2.2 Males versus Females  

Very few studies have quantified internal load using either sRPE or TRIMP longitudinally 

in female team sport athletes (Lago-Fuentes et al. 2020; Douglas et al. 2019a; Vlantes & Readdy 

2017; Chandler et al. 2014), however, the research involving male athletes is more abundant. To 

date, no studies have attempted to make comparisons between males and females across a season. 

The studies included in this thesis provide a novel set of data given the inclusion of both the male 

and female teams over the same duration of an entire varsity season. Statistical analyses including 

gender comparisons were only made between internal load of games and the periods within a game 

(chapter 6). However, qualitative comparisons can be made between males and females given the 

descriptive data provided for males in chapter 4 and females in chapter 5, and the similar 

collection/analyses of data and the training and competition schedules. The overall sRPE and 

TRIMP for training sessions and competitions throughout the entire season was comparable for 

males and females, with males having only a slightly higher mean value for both sRPE and TRIMP. 

However, larger differences were shown between the sexes when stratified by phase of season and 

micro-cycle day, with males having a larger reported sRPE and TRIMP in most phases and micro-

cycle days. 

For games specifically, statistical analyses were performed between the two sexes. Within 

each period, there were no differences in internal load between males and females when 

considering all players. However, when stratified by playing position, the male forwards 

experienced a significantly greater TRIMP compared to the female forwards, but the female 

defence had a significantly greater TRIMP than the male defence in each of periods 1, 2, and 3.  
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It appears that there are some differences in the internal physiological load requirements between 

male and female varsity ice hockey players. These findings are not surprising given that it has been 

consistently shown that males and females differ physiologically in both aerobic/anaerobic 

capacities and strength/power generation, with males having higher aerobic/anaerobic capacities 

and greater power production compared to females (Billaut & Bishop, 2012, 2009; Sheel et al. 

2004; Bamman et al. 2003; Abe et al. 1998; Kanehisa et al. 1996; Hill & Smith 1993; Heyward et 

al. 1986). In a review assessing the physiological differences between males and females during 

exercise, it was reported that these differences may be attributed to several factors, including lean 

body mass content, muscle fibre diameter, voluntary activation and neuronal control, blood flow 

and muscle perfusion, hormonal responses (sympathetic activation), contractile properties, muscle 

fibre types, skeletal muscle metabolism, and menstrual cycle factors (Hunter, 2014).  

For ice hockey players, it has been reported that female collegiate ice hockey players have 

a lower body mass, with a lower lean body mass content and a higher body fat percentage 

compared to their male counterparts (Delisle-Houde et al. 2019; Janot et al. 2015; Gilenstam et al. 

2011; Durocher et al. 2008). Off-ice fitness testing revealed higher vertical jumps (power), faster 

40-yard dash time, greater amounts of weight for a one repetition maximum squat movement, a 

higher peak power, and a faster 1.5 mile run for male players compared to the female players (Janot 

et al. 2015). Furthermore, an ergometer bike test reported higher onset of blood lactate 

accumulation, higher respiratory exchange ratios, and a higher consumed volume of oxygen (VO2 

peak) for males than females (Gilenstam et al. 2011). On-ice testing showed faster agility, greater 

acceleration, faster speeds, and a faster full speed in males compared to females (Gilenstam et al. 

2011). In addition to fitness parameters, differences in on-ice sweat loss during both games and 
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practices have been seen between male (Gamble et al. 2019; Logan-Sprenger et al. 2011; Palmer 

et al. 2010; Palmer & Spriet 2008; Godek et al. 2006) and female (Bigg et al. 2020; 2019) ice 

hockey players at various levels of play. Men were shown to have higher sweat rates, even when 

normalized for body mass. Beyond the physiological and physical differences between males and 

females, there is also a difference in the nature of the game between the two sexes. Men’s ice 

hockey has the added intensity factor of being a contact sport, while women’s ice hockey is 

classified as a non-contact sport. As per the Ontario University Athletes (OUA) league rules, body 

checking is permitted in men’s ice hockey, however, it is penalized in the women’s game. With 

all of this in mind, it could be expected that the males can sustain a greater physiological load for 

a longer period of time compared to the females. However, it is not abundantly clear why the 

female defence had a higher TRIMP than the male defence and continued research may be needed 

to explain these findings. It may be attributed to the way the game is played and the nature of the 

game. The biggest difference would be that male ice hockey includes body checking, while the 

female game does not, however, it is difficult to speculate why this in particular may contribute to 

these findings. The differences between the sexes highlights the need to continue monitoring 

internal load for each sex independently, to ensure individual differences are accounted for.  

 

7.2.3 Forward, Defence, and Goalies 

It should first be noted that for positional comparisons, goalies were included when 

comparisons were made for the season as a whole and when stratified into the phases of the season. 

However, when stratified by micro-cycle days, non-congested and congested weeks, non-back-to-

back and back-to-back games, or game order, positional comparisons were only made between 
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defence and forwards given the small sample size for the goalies. In many previous studies, 

positional comparisons were only made between forwards and defence for this same reason. 

However, given that we did have a sufficient sample size (three female goalies and two male 

goalies for many practices and games), it was thought to be an important comparison and worth 

presenting to add to the limited data in the literature for goalies.  

 Positional differences in internal load across a season have been previously reported for 

ice hockey (Douglas et al. 2019a) and in various other team sports including male soccer (Oliveira 

et al. 2019a; Clemente et al. 2017; Malone et al. 2015), female netball (Chandler et al. 2014), and 

male rugby (Waldron et al. 2011). It is consistently noted that it is reasonable to see differences 

between positions given the different roles and requirements for each position during a game. 

Furthermore, given that the game requirements differ, it would be assumed that the appropriate 

training for each position would differ as well. Studies in male (Douglas & Kennedy 2020; Jackson 

et al. 2017; Burr et al. 2008) and female (Douglas et al. 2019b; Jackson et al. 2016; Ransdell et al. 

2013; Geithner et al. 2006) elite level ice hockey players have highlighted the differences, if any, 

in fitness and aerobic/anaerobic capabilities, movement characteristics in games, and HR profiles 

between positions.  

 In male ice hockey players, the defence have been reported to have a higher total distance 

covered, and distance travelled at very slow speeds, slow speeds, moderate speeds, and fast speeds, 

while the forwards have a higher distance travelled at very fast speeds and sprints during games 

(Douglas & Kennedy 2020). Furthermore, it was noted that defence had greater time-on-ice during 

games compared to the forwards. In an earlier study, it was reported that during games, defence 

spent more time in a standing position, backward gliding/cruising, and moderate intensity 
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backward skating, but the forwards spent a greater amount of time forward gliding/cruising, 

forward moderate intensity skating, and forward high/maximal intensity skating (Jackson et al. 

2017). Furthermore, the forwards had a higher average HR peak and HR mean for on-ice shifts 

(Jackson et al. 2017). Lastly, off-ice fitness testing revealed that defence had a higher peak power 

(Wingate test) and absolute VO2max, while the forwards had a higher relative VO2max, with no 

other differences between the two positions in other measures of fitness (Burr et al. 2008).  

The current thesis revealed that forwards had a higher TRIMP than defence during training 

and competition throughout the phases of the season and during the periods of the games for the 

males. It can be speculated that the HR associated with the greater bursts of speed and the greater 

amounts of time spent specifically in the high-speed and sprint-speed zones results in a greater 

load requirement for the forwards, even though defence have been shown to have greater time-on-

ice (specifically during games). Furthermore, drills during training sessions often involved 

position-specific roles and therefore, it would be reasonable to assume that the same reasons for 

load during games may apply during training sessions. One notable difference, however, would be 

that when using sRPE, the defence often had a higher internal load than forwards. In this case, the 

increased time-on-ice may play a larger role and the longevity of events may have a greater toll on 

the recall of a session compared to an acute but intense burst of exercise. Regarding the goalies, 

the internal load requirements were higher than both defence and forwards. These findings are not 

surprising given it has been previously shown that during practices of various levels of professional 

and junior level ice hockey, the goalies do have higher sweat rates, supporting potentially higher 

workload requirements (Gamble et al. 2019). 
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 In female ice hockey players, defence have been shown to have a higher peak HR and mean 

HR during game shifts compared to forwards (Jackson et al. 2016). This may be attributable to the 

findings in the current thesis that the female defence had a higher TRIMP during training and 

competition compared to the forwards. In-game movement assessments revealed that defence 

spend greater amounts of time in standing positions, forward and backward gliding/cruising 

positions, and moderate intensity forward and backward skating, while the forwards spend a 

greater time high/maximal intensity forward skating (Jackson et al. 2016). In a recent study in 

national female ice hockey players, both internal load (TRIMP) and external load (PlayerLoad, 

PlayerLoad/minute, and explosive efforts) were greater for forwards than defence during games 

across a season (Douglas et al. 2019a). Despite greater times spent at higher intensities, the 

forwards often had lower averages for time-on-ice given that there were 4 lines of forwards 

compared to 3 lines of defence players. Given the added amount of time and the potentially higher 

HR during shifts or drills, it is not unreasonable to find that defence had higher sRPE and TRIMP 

compared to forwards. Regarding the goalies, training internal load was the lowest but competition 

load was the highest compared to forwards and defence.  

 Similar to the male and female comparison, the practicality of monitoring internal load for 

the individual positions is highlighted in the differences between positions. To fully optimize team 

performance during training and games, it is important to consider the individual parts that make 

up the team. Given that the nature and the demands of the games vary between positions, it is 

assumed that training will vary, or at least would be beneficial to be different to optimize training 

adaptations. Therefore, it is important to monitor each position separately. Overall, internal load 

was highest for the male goalies but low for the female goalies. The men’s varsity ice hockey team 
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only had 2 goalies on roster compared to the 3 goalies on the women’s team. In a practical sense, 

it may be beneficial for the men’s team to have an additional goalie to assist during practices to 

minimize the load requirement and the potential fatigue, particularly in the day or two before a 

game. For the females it may be beneficial to increase the load by adding goalie-specific drills or 

rotating goalies more frequently throughout drills to increase the exposure and to reduce the gap 

in load between competitions and training. Pertaining to forwards and defence, the male forwards 

had the highest internal load, whereas the female defence had the highest internal load. From a 

practical standpoint, it appears that given there is consistency between training and competition, it 

is believed that the position-specific training for both males and females is appropriate for 

mimicking games. In an example of a different scenario, given that training loads for male 

forwards were less than defence but competition loads were much higher than defence, 

recommendations may include increasing training loads for male forwards or decreasing training 

loads for male defence for greater consistency between session types.  

 

7.2.4 Within the Periods of Games 

 It was found that both male and female players had an increase in internal load (as measured 

by TRIMP only) from periods 1 to 3 of a game. It would not be unreasonable to expect that players 

would show a decrease in the internal physiological load as the game and periods proceeded due 

to fatigue in the last period. The increase in fatigue could lead to a decrease in effort and therefore, 

a decrease in the physiological demand. HR maximum and average HR have been assessed in 

many stop-and-go sports, including female field hockey (McGuinness et al. 2019; Lythe & Kilding 

2011), female basketball (Matthew & Delextrat 2009), male futsal (Barbero-Alvarez et al. 2008), 
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female soccer (Krustrup et al. 2005), and female basketball (Rodriguez-Alonso et al. 2003).  Two 

of these studies reported a significant decrease in %HR maximum (Barbero-Alvarez et al. 2008), 

or time spent at >70% HR maximum (McGuinness et al. 2019), however, the other four studies 

reported no change across the games. To the best of our knowledge, there are no studies involving 

ice hockey in terms of HR-based parameters. 

 It was previously noted in female field hockey players that between the halves of the game 

no change was observed in HR, which could be attributed to ample opportunity during shift 

changes for rest and rehydration/fueling (Lythe & Kilding 2011). Ice hockey also provides many 

opportunities for rest and rehydration given the short shifts, followed by periods of rest on the 

bench, and the two 15-min intermissions separating the three periods of play (Bigg et al. 2020). 

The allowance of proper rehydration and rest may help to alleviate the accumulation of fatigue in 

the later stages of the game. This in turn can help to minimize any fatigue-related performance 

decreases. It was also noted previously that an increase or decrease in demand in the later stages 

of a game could depend on the tactical strategy employed by the team. A large determining factor 

of tactical strategy is the score of the game entering the third period and even the later parts of the 

third period. Given a lead in score, coaches have been shown to adjust their team’s play to be more 

conservative and defensive in efforts to maintain the lead. While in the case of being behind or 

tied in the score, there is a preferred fast-pace aggressive style of play that dominates (Douglas et 

al. 2019b; Dennis &Carron 1999).  

With that being said, the results of the current thesis demonstrate an increase in internal 

load (TRIMP) across the game. Perhaps this increase in the physiological demand may be 

attributed to the maintenance of the external load across periods. It has been reported in male ice 
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hockey players that very few external load measures experienced a change across periods (Douglas 

& Kennedy 2020). It may be that in order to maintain the external demands of the game throughout 

the periods and to compensate for the fatigue that may be felt in the later stages of the game, an 

increased physiological toll from the players is required. However, a study in female ice hockey 

players did report that skating load and explosive efforts decreased across periods and it was 

thought to be a result of fatigue and/or tactical strategy (Douglas et al. 2019b). 

From a practical standpoint, monitoring the periods, or even the shifts, of a game can 

provide immediate feedback which can subsequently provide opportunity to properly adjust in the 

intermissions and between shifts of the game. Furthermore, understanding how the physiological 

demands of a game change throughout the periods, and what changes can occur in the later stages 

of the game can provide resourceful information to coaches, players, and training staff for training 

and tactical game strategy. This would also involve establishing a baseline over several games. 

Are there training drills that can be done that are better suited to optimize period 1 play and are 

there are others to better prepare for period 3 play? As previously mentioned, it is suggested to be 

beneficial to prescribe training that mimics game requirements (Higham et al. 2016). Given that 

we see the highest loads in period 3, it could be argued that specific drills during training sessions 

earlier in a week would be better suited to mimic the play of period 3. Furthermore, it appears that 

the physiological efforts are not of major limiting concern in the later stages of a game, and this 

may be attributed to the conditioning achieved through several training sessions in a week. The 

varsity season allows for several training days in addition to the competitions and it could be 

argued that the training that does occur is proving beneficial.   
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7.3 Internal Load Periodization 

7.3.1 Meso-Cycle Periodization 

 For both the males and females, meso-cycles were categorized by the preparatory (pre-

season) and two distinct competitive phases (regular season and post-season playoffs). For the 

males, the regular season had the highest internal load (both sRPE and TRIMP), followed by the 

pre-season and then post-season when using sRPE, but followed by the post-season and then the 

pre-season when using TRIMP.  In two previous studies evaluating the meso-cycle periodization 

of male volleyball players, it was reported that the preparatory phases had the highest internal loads 

compared to the competitive phases (Andrade et al. 2018; Debien et al. 2018). This was also seen 

in male soccer players (Fessi et al. 2016). For the female varsity hockey team, the post-season 

competitive phase had the highest internal load (sRPE), followed by the pre-season preparatory 

phase and then the regular season competitive phase. It should be noted that TRIMP for both 

training and competition together was not compared between the phases because TRIMP was not 

obtained for either the pre-season or the post-season due to timing and availability of equipment. 

One previous study in female futsal players over a season reported that, similar to the previous 

findings in male volleyball and soccer players, the preparatory phases had higher internal loads 

than the competitive phases (Lago-Fuentes et al. 2020).  

The high internal load found in the competitive phases for both the males and females 

reported in this thesis is thought to be attributed to the dense practice and game schedule of a 

varsity season. Any varsity athletic season takes place throughout the standard academic year 

(September to March). The regular season for varsity ice hockey commences in early October, 

leaving a short window of time for a pre-season (the month of September) and the necessary time 
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for teams to organize training and game strategies, as well as conditioning for the athletes after a 

several month period of light workloads for most athletes.  The regular season is played over 3 to 

3.5 months, being October, November, January, and the first week or two of February. The month 

of December is a league-wide mandated break for student athletes during the exam period and the 

inter-semester break. If teams are successful during the regular season, they can secure a spot in 

the post-season playoffs. The playoffs consist of three weeks of densely scheduled games and one 

week of a single game, finishing the first week in March if the team reaches the final game. With 

the short season, most weeks consist of 2 or more games played, and games are often scheduled 

towards the end of the week (Thursday to Sunday).  

Another point worth noting is the difference in duration between the three phases of the 

season. The pre-season preparatory phase for each of the male and female teams were 4 and 5 

weeks, respectively, followed by 15 and 14 weeks for the regular season and 4 weeks and 1 week 

for the post-season playoffs, respectively. In previous studies investigating meso-cycle 

periodization that found the preparatory phases to have the highest internal load, the duration of 

the preparatory phases were 8 weeks compared to an 8-week and 5-week competitive phases 

(Andrade et al. 2018), two 7-week preparatory phases compared to a 6-week and a 16-week 

competitive phase (Debien et al. 2018), and a 13-session preparatory phase compared to a 7-

session competitive phase (Fessi et al. 2016). In these studies, the preparatory phase was longer 

and in two of the studies, the preparatory phase was close in duration (Andrade et al. 2018) or 

longer (Fessi et al. 2016) than the competitive phase. Given that the pre-season was longer and 

therefore, the conditioning phase for athletes was greater, it would not be unreasonable to see 

higher internal loads for the pre-season preparatory phase. 
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 This study provided novel insight into what meso-cycle periodization may look like in 

varsity ice hockey players. While it is different from what has been seen previously in professional 

athletes, this is the reality for varsity athletes due to the nature of the season. There is little time 

during the competitive phases to have substantial periods of lower load. It has been shown that 

games require a higher internal load than training and there are numerous games in a week. 

Furthermore, for individuals and teams to improve, skill development and fitness development are 

necessary, and there are a limited number of days to hold training sessions. The days that are free 

from games are, therefore, used when available. The concept of assessing meso-cycle phases is to 

find optimal times to implement high training loads in order to optimize adaptations to ultimately 

improve performance, while balancing periods of low training loads to allow for sufficient 

recovery and focus on the demands of games.  

There is no definitive training prescription that guarantees a successful outcome in every 

game. However, understanding load and the subsequent response associated with different phases 

of the season can allow for manipulations to the training regime to better suit game performance. 

However, due to the compact schedule of the varsity season, the assessment and manipulation of 

internal load during game periods at a meso-cycle level may be less relevant and a more narrowed 

focus on training and competition is better. From another standpoint, given that there was no 

decline in the later phases of the season and internal loads were maintained, it may be speculated 

that the demand throughout the phases was manageable and appropriate for these athletes. It could 

be argued that meso-cycle periodization for this particular population is not relevant. Maybe time 

is best concentrated on the day-to-day training and micro-cycle periodization with immediate focus 

on the next game and a more secondary focus being on the longitudinal adaptive responses.  
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7.3.2 Micro-Cycle Periodization 

 For both the males and females, training sessions earlier in the week (MD-5, MD-4, and 

MD-3) had the highest internal loads (both sRPE and TRIMP) and tapered as game day 

approached, with MD-1 consistently requiring the lowest internal load. These findings were not 

unreasonable to expect given the understanding of fatigue and recovery, and the desire to be game 

ready by coaches and players. Training sessions on MD-2 and MD-1 typically consisted of drills 

associated with special teams (power play and penalty kill) and tactical strategy to address the next 

game’s opponent. A significant portion of these practices was light movement with several minutes 

of discussion and explanation from coaching staff. Training sessions on MD-5 and MD-4 typically 

consisted of more fast pace flow drills, skill development, and endurance training after a rest day 

on the weekend following the game(s) played in the preceding week.  

Comparable to the findings in this thesis, several studies in male athletes assessing micro-

cycle periodization across a season including soccer (Goncalves et al. 2020a; Oliveira et al. 2020), 

roller hockey (Goncalves et al. 2020b), volleyball (Clemente et al. 2019a), handball (Clemente et 

al. 2019b), and American football (Clarke et al. 2013), have shown tapering in internal load from 

training sessions MD-5/4 to MD-2/1, with MD-1 having the lowest internal load. One investigation 

in female futsal players also reported the same trend (Lago-Fuentes et al. 2020).  

This thesis provides novel insight into the micro-cycle periodization that occurs at the 

varsity ice hockey level, for both males and females. That being said, the importance of 

periodization is to optimize training bouts of high load to stimulate positive adaptations, whilst 

balancing low load training sessions to ensure sufficient recovery and longevity of athlete 

performance and well-being. The ultimate goal of these athletes is to win games and therefore, the 
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true measure of success of the periodization schedule would be winning games and maintaining 

healthy athletes. Performance is a challenging variable to define, particularly in team sport athletes. 

In a practical setting, there are an infinite number of uncontrollable factors associated with each 

individual, the opposing team and their athletes, the referees officiating the games, the 

environment of the games, among many others. However, it may be easier to identify an 

unsuccessful periodization schedule given the occurrence of a negative response to athlete health 

and performance. Are the athletes being pushed too hard or not hard enough that it is leading to 

injury and/or decreases in performance? Are the athletes unprepared and are there no 

improvements in their abilities and play? If no negative consequences are apparent, could the 

players push a little harder on certain days? In answering these questions, we can manipulate the 

training schedule to establish micro-cycle periodization that allows for sufficient balance between 

load and recovery to induce positive adaptations. Moving forward, to build on the current results 

of this thesis, it is important to consider the responses to load on each training session day and 

potentially start to fine-tune the load requirements for each day to best optimize game day 

performance. However, it is worth noting that in a practical setting, coaches and players would 

likely not allow for manipulations during the season as there is potential for negative results occur.  

With that in mind, as discussed earlier when comparing training and competitions, it has been 

suggested that to fully optimize game performance, training sessions should include drills that 

closely mimic the game plan. Given that games have been shown to have higher internal load 

requirements, the training sessions designed according to game play and intensity may be 

beneficial in the earlier days of a weekly cycle, particularly MD-5 or MD-4.  That allows for 

tapering and lighter workloads in training sessions later in the week as game day approaches.  
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7.4 sRPE and TRIMP Correlation 

 There are currently numerous methods used throughout the literature in an attempt to 

quantify internal load, with no absolute gold standard measure. Two of the more common and 

consistently used methods are sRPE and TRIMP, as used throughout this thesis. As with any 

measure, there are advantages and limitations to each method. Given that there is no gold standard 

for comparison purposes, it is difficult to assess content or criterion validity. Given that the 

practical intent of athlete monitoring is to assess intra-subject variations, as long as the method 

used to monitor internal load is consistent, it is more easily acceptable to assess construct and face 

validity between two measures.  

 Several previous studies in male and female team sport athletes have assessed a correlation 

between sRPE and Banister’s TRIMP (Costa et al. 2019; Naidu et al. 2019; Clarke et al. 2013; 

Scott et al. 2013; Akubat et al. 2012; Manzi et al. 2010), Edward’s TRIMP or heart rate zones 

(Duarte et al. 2019; Naidu et al. 2019; Campos-Vazquez et al. 2017; Weaving et al. 2017; Campos-

Vazquez et al. 2015; Clarke et al. 2013; Scott et al. 2013; Waldron et al. 2011; Manzi et al. 2010), 

Lucia’s TRIMP (Wilke et al. 2016); team TRIMP (Campos-Vazquez et al. 2015), and 

individualized TRIMP (Weaving et al. 2014). Particularly between sRPE and Banister’s TRIMP, 

all six studies reported significant correlation r values (p<0.01) between 0.70 and 0.82, or 

qualitatively interpreted with an effect size of being a large or very large relationship.  

 For the male varsity ice hockey players, the association between sRPE and TRIMP for the 

season as a whole revealed a moderate and significant relationship (r=0.43). While for the female 

players, it was a large, significant relationship (r=0.59). For the regular season specifically, for 

both males and females the relationship between sRPE and TRIMP was strong and significant. 
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However, for both the males and females the strength of the relationships were lower than what 

was previously reported. It is difficult to speculate why there is a discrepancy between this study 

and previous findings; however, there is evidently a strong positive relationship between the two 

internal load measures of sRPE and TRIMP. Again, there are advantages and disadvantages to 

each measure, and despite not being validated against an absolute gold standard measure, there is 

supporting evidence of both measures being a useful assessment of internal load.  

 

7.5 Limitations 

 As with any study done in a practical setting or in the field, there are limitations to the 

studies presented in the current thesis. The first limitation is that the studies of this thesis, along 

with most studies in this field of research, are descriptive, with no interventional procedures. 

However, these studies are descriptive by design because the intent is to capture data in a real-

world setting without manipulating the normal routines of athletes and coaches. Furthermore, one 

strength of this descriptive data, is the longitudinal factor of monitoring over an entire season, as 

opposed to a selective few training sessions and games. To the author’s knowledge, there are no 

similar studies in this field that have manipulated training regimes or periodizations to assess the 

relationship between athlete load and response. In a practical setting, and in a sport scientist 

position, it is much more likely to see manipulations of training and other factors (nutrition, 

hydration, etc.) of individual athletes in efforts to ‘tweak’ various parts of an individual’s and team 

performance. However, from a research perspective and a non-coaching or team staff member, it 

is difficult to manipulate and alter normal routines for the purpose of investigating the effects on 
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the outcome measure, particularly during the competitive phase. It is highly unlikely that coaches 

and athletes will comply with this, given that the immediate intent is not always game performance. 

  Another limitation of the studies was the controlling of, or accounting for, external 

variables when considering the load requirement for training and competitions. Again, in field 

studies, the opportunity to control external variables is limited. However, the intent is to capture 

real-world data and it is argued that the inclusion of these external variables is important in many 

cases. Particularly for the psychological measure of internal load (sRPE), athletes are reporting 

how they felt during the exercise bout, in terms of how hard they felt the session was. This 

subjective reporting can encompass fatigue, tiredness, energy, motivation, emotions, etc. With that 

said, all these feelings can be influenced by numerous factors leading up to exercise bouts 

including, but not limited to, nutrition, sleep, stressors related to school (grades, assignments, class 

schedule, etc.), stressors related to relationships, family, and friends, mental health, physical well-

being, and of course, stress and emotion related to sport. And it can certainly be argued that this is 

exactly what is intended in the measure, an all-encompassing measure of internal load. Regarding 

the physiological measure of internal load (TRIMP), all these same factors can influence the 

parasympathetic and sympathetic nervous system balance and response of the body, subsequently 

affecting HR and TRIMP.  

 It is difficult to control or account for every external variable when assessing internal load. 

Although, no athlete is immune to all external factors and they do play a role in an athlete’s ability 

to perform and maintain health. The internal load measured during a practice or game may not be 

an exact representation of the internal load required for the specific drills or exercise performed, 

but it is the internal load required by that athlete for that training session or game on that particular 
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day in addition to all of the other ‘life load’ requirements. It can certainly be argued that we cannot 

truly maximize performance or athlete health without considering all of these factors, be it as a 

summation in internal load, because no athlete can simply ‘turn off’ the outside world during 

training or competition. In conjugation with manipulating load, we can manipulate nutrition and 

sleep habits and provide resources to minimize and cope with the stress of life. It is a combination 

of many factors that will optimize potential for athlete performance and well-being. The main take 

home point is that while not controlling for external variables may be limiting in some cases, these 

studies were intended to be based on a real-world application and in the real-world, there are many 

additional factors outside of sport training and competitions that can be influential on performance.  

In a similar sense and worth noting in more detail, another limitation of the studies was an 

inability to control or account for the emotional contribution to HR during games and training. The 

physiological measure of internal load (TRIMP) was a measure derived from HR. However, HR 

is influenced by several factors, one of which includes emotion. Particularly during games, there 

is a large emotional factor due to excitement, adrenaline, stress, anticipation, among others. This 

emotional factor and its contribution to the physiological internal load would vary between athletes 

and it is difficult to separate from the exercise component of the internal load. Although, as 

mentioned above and in similarity to including the influence of external factors, emotion is a part 

of any sport. It is what makes the athletes competitive and helps to drive performance. It can, 

therefore, be argued that the emotional toll is important to keep in part of the internal load measure. 

It is still a physiological demand even though it is not a direct result from the physical demands of 

the sport. 
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One technological limitation of the studies was the inability to capture the physiological 

load at away games or practices not held at the home-ice arena. The HR monitors were Bluetooth 

connected to a local positioning system (LPS) that was fitted to the home-ice arena only. The LPS 

was a highly advanced system that included 16 sensors strategically placed around the ice surface, 

a server set up on a closed network, and power switch. It was not portable without major costs and 

highly advanced technological expertise. Due to high costs of one system and the required 

installation, it was not feasible to have a system installed in each arena in which the teams played. 

Although the physiological measure of internal load was unattainable at away games and practices, 

the psychological measure of internal load (sRPE) was still obtained and used. Therefore, at least 

one measure of internal load was captured at all practices and games throughout the season. 

However, as with any subjective self-reported measure, there is the potential for self-report biases. 

There is the potential for athletes to under-report in fear of being shamed for fatigue and fitness 

level, or the potential to overreport in fear of being thought of as not working hard enough. These 

are just two examples of many possible reasons for under- or over-reporting of how hard they felt 

the practice or game was.  There is stigma behind effort and being a team player that impacts how 

athletes react, particularly around other athletes and coaching staff. To minimize this bias, RPE 

scores were reported on a tablet by each athlete to avoid verbal communication and the potential 

for others to hear the score. Additionally, the tablets were placed in an isolated corner in the 

dressing rooms to allow for privacy when selecting the score and coaches had no access to the data 

to ensure player privacy. Another limitation of the sRPE measure is that is a single measure 

representation the entirety of each training session or competition. It is difficult to administer more 

than one scale, particularly during the on-ice play, as it will interrupt normal routines of the players 
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and coaches.  Lastly, the RPE measure is captured roughly 20-mins after each exercise type, and 

this is consistently done throughout the literature. Does this allow time for athletes to cool-down 

and recover to a point where they are under-reporting what they felt during the exercise? It is 

difficult to know the best timing to administer the questionnaire. There is also the potential for 

over-reporting if done too soon after exercise given the last drill of a practice was the most intense.  

A final limitation of this thesis was that there were no additional assessments that included player 

lines, individual players, external load, injuries and pain symptomology, recovery, game success, 

etc. This thesis provided novel descriptive data that contributes to a baseline foundation that can 

be further used to assess the load and response relationship, and how additional factors influence 

this relationship. Continued investigation is needed, and the addition of these assessments are 

worth pursuing. 

 

7.6 Application and Future Directions 

 This thesis provides novel insight into various aspects of both psychological and 

physiological load requirements from male and female varsity ice hockey players across a season. 

Every training session and competition was monitored across an entire varsity season and the data 

was collected in an undisturbed manner to ensure a real-world investigation. A common question 

for sport scientists, particularly using this information in the field with athletes is, what to do with 

these findings in a practical sense. Furthermore, there is importance in understanding the value of 

spending the time and resources to monitor internal load. It has been noted previously that the 

intent for monitoring athlete load, internal and/or external, is to establish relationships between 

load and the various responses seen in athletes. In general, the hope is to use this information to 
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manipulate training prescription, on both an acute and chronic time scale, to optimize positive 

adaptations, including increased performance capabilities, improved athlete aerobic/anaerobic 

capacities, and increased power/strength, while decreasing the risk for negative adaptations, 

particularly athlete fatigue, injury, and/or illness (Impellizzeri et al. 2019; Halson, 2014). 

It should be noted that this thesis includes three chapters that concentrated on quantifying 

internal load, with a focus on periodization and comparing the demands between the stages within 

games. Beyond the data used in this thesis, there is a vast amount of data pertaining to pain and 

symptomology, injury, subjective psychological well-being, sleep habits, body composition, and 

hydration habits during exercise that have yet to be analyzed. All of these additional measures can 

be categorized as responses to training and competitions. Future studies should intend to explore 

the associations between the internal load presented in this thesis and the toll it has on these 

athletes. The main idea is to establish potential relationships, to understand optimal ranges and 

acute increases in workload, or to be able to identify the potential occurrences of negative 

adaptations before major consequences occur (i.e., time loss from training and/or competition, 

performance decreases).  

 This thesis provides an initial assessment of internal load for these athletes, as a whole, 

across a season, which is crucial in providing a foundation or baseline. We need to understand 

what is happening before we can make any changes to alter the potential outcomes (responses). 

However, now the question may evolve to, is there more value to monitoring internal load on an 

individual basis? It could be argued that in a true practical setting with a team or organization, that 

yes, it would be more beneficial. As shown throughout this thesis, whether it be males and females 

or goalies, forwards and defence, the response to exercise varies drastically between individuals. 
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To truly optimize a team’s performance, it is important to consider the individual parts that make 

up that team and ensure that each athlete is able to compete and perform at their peak. Furthermore, 

this particular cohort of varsity athletes may differ from a recreational or a professional athlete. It 

could be argued, that to see the greatest benefits, an accumulation of even the smallest benefits, 

adjustments and manipulations need to be made at the individual level. The training prescription 

for one athlete is not necessarily the best prescription for another.  

Also, in line with the point above, when manipulating training regimes to assess the 

responses, statistically significant differences are less important and irrelevant to coaching and 

training staff. Even the smallest improvements or advantages become of importance in a real-world 

setting and a required sample size to satisfy power for a study becomes extraneous. Comparisons 

to game success and player metrics during games would also be important to assess the ultimate 

outcome goal of team performance and even the slightest advantage is important for teams. 

Another question that may be asked could be, what method is the most appropriate? Why 

use sRPE or TRIMP and why choose one over the other? There is a strong correlation between 

sRPE and TRIMP and it could certainly be argued that simply using sRPE is enough for monitoring 

athlete internal load. Comparing the two methods, sRPE is more readily available given all that is 

necessary is the appropriate numbering scale (CR-Borg 10 or 100), be it on a piece of paper (in its 

simplest form) or on a communal electronic device, as opposed to each athlete having their own 

individual device. This allows for convenience and accessibility in all environments, whether it be 

training or competition, off-ice or on-ice sessions, or sessions taking place at home or away arenas. 

The associated costs are low given the simplicity of the measure, and the skills required to operate 

are minimal. On the other hand, TRIMP requires each athlete to have a HR monitor and strap, 
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which has a much higher cost associated with equipment and a required electronic platform for 

capturing and storing data. To ensure proper data collection, a Bluetooth connection to an external 

system or a Wi-Fi connection to the platform is required. This poses additional challenges when 

being in unfamiliar environments such as opposing teams’ arena, or training sessions held outside 

of the home arena. Furthermore, the technical expertise (i.e., set up and proper usage) and 

maintenance of the equipment (ex. charging) is much more substantial. There is greater room for 

error associated with technology failures, validity and reliability of various devices, and the 

sensitivity of the devices while recording.  

 Despite the many supporting arguments for simply using sRPE, there is still a strong 

argument for the continued use of an objective physiological measure of TRIMP. The main 

supporting argument being the potential for biases associated with subjective reporting by athletes. 

Anecdotally, it is not uncommon for athletes to under-report or manipulate the results of questions 

pertaining to health, injury, or well-being. For decades, it has been accepted that athletes play 

through pain or ignore the physical or mental signs of fatigue and distress from their bodies. It is 

often viewed as: if you aren’t playing, regardless of the reason, then someone can take your spot 

in the game and you may not get it back. To sit out of a game has been stigmatized to be a sign of 

weakness, not caring, or not being a team player and the team not being your first priority 

(Weinberg et al. 2013; Deroche et al. 2011; Messner 1992; Nixon 1993).  Given that a team has 

the resources (financial and technological support) to fit each of the athletes with an HR monitor, 

it could be argued to be the more beneficial measure of internal load, which can physiologically 

stress without the biases of self-reporting. It also has the advantage of giving moment to moment 
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data during a training session or game. sRPE is a single measure representing the entire session, 

whereas TRIMP can be established across various time frames. 

 With the limitations in mind and the consideration of the practical approach, from the 

author’s perspective, it is believed that athlete monitoring of internal load during every training 

session and game is important and worth the time and efforts. However, for future manipulation 

of training schedules and load management, a more individual approach should be considered. 

Athletes will respond differently to the same bouts of exercise and will be able to manage different 

loads. While monitoring the whole team is valuable and is recommended, the crucial impact is 

thought to be seen on the individual level for the purpose of individualized manipulations of 

training. It is also argued that the most appropriate measure of assessment is the objective measure 

of TRIMP. Given a team is willing to comply and has the resources to fit athletes with a HR 

monitor, the physiological measure is valuable and leaves less room for subjective biases. The 

continuous monitoring allows for assessments both acutely and chronically and provides 

substantial detail for assessing additional relationships. Building from the data collected in this 

thesis would be to assess the relationship between load and the athlete response (adaptivity). From 

there, in a more practical approach and given there is interest from coaches and players, it would 

be then worth suggesting changes to training to decrease any negative outcomes (fatigue, pain, 

injury, inappropriate weight changes, etc.) and increase the positive adaptations (desired body 

mass changes, performance increases, game success, etc.).  
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7.7 Conclusions 

 In conclusion, this thesis provides novel insight and a foundation for understanding the 

psychological and physiological internal load of male and female varsity athletes across a season. 

The data is descriptive, however, the longitudinal data collection, the thoroughness of collecting 

all training sessions and games, and the true real-world scenario provides great strength for the 

outcomes and conclusions of the studies. Overall, competitions require a higher demand from 

athletes than training, male forwards demonstrate higher internal loads than male defence, but the 

opposite was shown for females, the male forwards had higher internal loads than the female 

forwards, but the female defence had higher internal loads than the male defence during games, 

and  higher internal loads are reported in the later stages (period 3) of games compared to the first 

two periods. Furthermore, the competitive phases of the season were shown to require higher 

internal loads compared to the preparatory phase, and training days further from game day have 

the highest demand with tapering seen in training sessions as game day approached.  Lastly, there 

was a strong correlation between the two internal load measures of sRPE and TRIMP. This thesis 

helps answer the questions of what is happening in varsity ice hockey, but now future questions 

associated with athlete adaptations and responses, a more individualized approach, and what are 

the best and most appropriate measures to use given the resources can start to be answered. Athlete 

monitoring of load may be a useful resource to coaches, training staff, and sport scientists to aid 

in athlete health and performance. It is an ever-evolving field of research that can assist in the 

world of ever-evolving sport. 
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