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Training Monitoring – Why?

Balance between training, competition and recovery to 
maximise performance at specific time points during 
the competitive season

Optimise performance Prevent excessive fatigue/overtraining
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Internal load metrics in cycling

Heart rate based

Banister’s TRIMP (Banister & Calvert, 1975)

Edwards’ TRIMP (Edwards, 1993)

Lucia’s TRIMP   (Lucia et al. 2003)

Individualized TRIMP   (Manzi et al. 2009)

Subjective

Session-RPE    (Foster et al. 1996)



Zones Intensity measure Weighting factor Specific to…

Banister’s TRIMP No Mean HR Generic blood lactate response Gender

Edwards’ TRIMP Zone 1: 50-60% HRmax HR in zones Arbitrary (1 to 5) Not applicable

Zone 2: 60-70% HRmax

Zone 3: 70-80% HRmax

Zone 4: 80-90% HRmax

Zone 5: 90-100% HRmax

Lucia’s TRIMP Zone 1:  <VT HR in zones Arbitrary (1 to 3) Not applicable

Zone 2:  >VT  <RCP

Zone 3:  >RCP

iTRIMP No Each HR value Individual blood lactate response Individual

Session-RPE No RPE / /

Sanders & Akubat, unpublished



External Training Load

• Power Output based metrics

Training Stress Score (TSS) (Coggan, 2003)

→ Normalized Power, FTP

Training Load Cycling (TLC) (Green, 2016)

→ 3” RA, environmental adjustments, 
power-duration characteristics



Sanders et al. 2018 Lucia et al. 2003

Padilla et al. 2001



The dose-response relationship

• The method used to quantify the training load must be related to the 
outcome of importance 

- Fitness
- Fatigue
- Performance

• Pro-active versus reactive



Assess the dose-response relationship between different 
training load measures and changes in fitness and 
performance in well-trained competitive cyclists



MONITORING PERIOD (10 weeks)
PRE-

TESTING
POST-

TESTING

Laboratory 

test

Time trial

Laboratory 

test

Time trial

• PO and HR data collected 

every training session

• RPE, 30min post-training

Calculate training load:

bTRIMP, eTRIMP, luTRIMP, 

iTRIMP, sRPE, TSS, TLC

Assess changes in 

fitness/performance

DOSE-RESPONSE 

RELATIONSHIP

?





sRPE iTRIMP bTRIMP eTRIMP luTRIMP TSS TLC

% ∆PO

2mMol

0.54±0.39* 0.81±0.17** 0.52±0.34* 0.64±0.28* 0.67±0.32** 0.75±0.25** 0.74±0.36**

% ∆PO 

4mMOl

0.60±0.30* 0.77±0.20** 0.67±0.27** 0.73±0.23** 0.72±0.29** 0.79±0.22** 0.81±0.29**

% ∆PO 

8MT

0.51±0.35 0.63±0.29* 0.40±0.38 0.48±0.36 0.70±0.30** 0.41±0.43 0.32±0.59



Discussion

➢ All training load methods used in the study show large to very large relationships 

between mean weekly training load and changes in submaximal aerobic fitness in 

this group of competitive cyclists

➢ Strongest relationships for both submaximal aerobic fitness variables were 

observed for iTRIMP , TSS and TLC

➢ These results support the use of a training load method that integrates individual 

physiological characteristics  (i.e. HR – blood lactate relationship, threshold 

power, power-duration). 



Subjective vs objective intensity -

influence on training load?

Sanders et al. 2018

“RPE provided moderate to very 
largely different results compared 

to HR or PO. Differences in 

training-intensity quantification 

can have a possible impact on the 

accuracy of training-load 

quantification and the evaluation 

of training characteristics.”
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Fitness – Physiological Assessments

Chicharro et al. 2000
Jamnick et al. 2019



Fitness – Integrating subjective & objective data

Step 1 – 80% CP Step 2 – 90% CP Step 3 – 100% CP

- Mean HR

- End HR

- Peak HR

RPERPE

RPE

“Fitness response”
↓RPE & ↓HR at same 

power output
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Fatigue – Psychometric questionnaires 

• Profile of Mood States (POMS)           
(Morgan et al. 1987)

• Recovery-Stress Questionnaire for Athletes (REST-Q-Sport) 
(Kellmann & Kallus, 2001) 

• Daily Analysis of Life Demands for Athletes (DALDA)
(Rushall, 1990)

• Total Recovery Scale (TQR)
(Kentta & Hassmen, 1998)



Fatigue – Integrating subjective & Objective data

Step 1 – 80% CP Step 2 – 90% CP Step 3 – 100% CP

- Mean HR

- End HR

- Peak HR

RPERPE

RPE

↑ ↑
↑↑



Fatigue – Integrating objective & subjective data

Sanders et al. 2018
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Performance Indicators

• Time trials
→ Power output or “time to complete” measured as performance 
indicator
→ Interpretation based on rider type/specialisation (i.e. W/kg vs W)

• Time-to-exhaustion trials
→ More variable      (Currel & Jeukendrup, 2008)

→ Has some ecological validity for certain aspects of cycling 
performance (e.g. finish climb)

Currel & Jeukendrup, 2008; Paton & Hopkins, 2001



Power-duration curves

Pinot & Grappe, 2011



Summary 

➢Training load metrics that integrate individual physiological 
characteristics show the strongest dose-response validity with changes 
in the training outcome

➢A multivariate approach, including a combination of subjective (e.g. RPE) 
and objective (e.g. HR, power output) measures can provide valuable 
information regarding the adaptive response to training (i.e. “fitness”) or 
fatigue

➢Establishing power-duration curves assist in identifying and tracking 
performance capabilities of road cyclists. 
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Thanks for listening!




