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Abstract: Workload is calculated from exercise volume and intensity. In endurance sports, intensity
has been measured using heart rate or RPE, giving rise to load indexes such as sRPE or TRIMP.
In cycling, the advent of power meters led to new indexes, such as TSS. All these indexes have
limitations, especially for high intensity exercise. Therefore, a new index for cycling is proposed,
the Power Profile Index (PPi), which includes a weighting factor obtained from the relative exercise
intensity and stage type. Using power data from 67 WorldTour cyclists and fatigue records in different
stage types from 102 road cyclists, weighting factors for intensity and stage type were determined.
Subsequently, the PPi was computed and compared to current indexes using data from a WorldTour
team during the 2018 Tour de France. The proposed index showed a strong correlation with perceived
fatigue as a function of stage type (R2 = 0.9996), as well as no differences in the load quantification in
different types of stage profiles (p = 0.292), something that does not occur with other indexes such
as TSS, RPE, or eTRIMP (p < 0.001). Therefore, PPi is a new index capable of quantifying the high
intensity efforts that produce greater fatigue, as well as considering the stage type.

Keywords: WorldTour cyclists; workload quantification; TSS; RPE; TRIMP; type of stage

1. Introduction

Thanks to technological advances in sport sciences, it is currently possible to directly
measure the mechanical workload (external load) performed by an athlete during training
or competition [1]. An objective workload data collection informs the training process and
facilitates the coach’s decision making in adjusting preparation plans based on metabolic
efficiency, energy expenditure, cumulative fatigue, or readiness to perform [1,2]. Partic-
ularly in road cycling, the development of sensor-equipped cranks or pedals to quantify
power output (PO) as a measure of external load [3–5] is probably one of the biggest
milestones in sport sciences in recent years. Prior to this, athletes, coaches, and scientists
had to use subjective scales, such as the rating of perceive exertion (RPE), combined with
physiological measurements, such as heart rate (HR) or blood lactate, and volume data
(e.g., duration) [6]. Combining these variables, some indexes based on the exercise intensity
and volume emerged, such as the training impulse index (TRIMP), which involves exercise
duration, HR average, and an exponential factor to weight the intensity [7–9], and the
individualized TRIMP (TRIMPi), which links individual HR to the individual blood lactate
curve [10].
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Although HR-based methods are easy to use and HR could be an equally useful
variable as PO when planning training, it should be noted that a minimum duration is
needed to reach a target HR due to a delay in HR response [11], which is not the case
for PO, which is instantaneous. Therefore, despite a large body of published research
using HR to analyze the physiologic demands of competition, it has been suggested that
HR data is not capable of quantifying high-intensity interval training or non-steady state
exercise [12,13]. In addition, HR is influenced by external variables (e.g., temperature,
dehydration, and cardiovascular drift) [14,15] or stored fatigue, especially at the end of
long-duration competitions [16]. In fact, overtraining [17] or acute fatigue may have effects
on resting HR [18–20], submaximal HR [19,21,22], and even HRmax [23]. Moreover, there
can be large differences in HR at the same intensity between race and non-competitive
conditions [14]. For these reasons, the usefulness of any kind of HR-based TRIMP equations
for quantifying training load may be limited [7–10]. More recently, heart rate variability
(HRV), another HR-based metric, has proven useful for assessing daily fatigue and recov-
ery to monitor training status [24,25]. Therefore, combined with other methods of load
quantification, it can be of great help. To overcome the drawbacks of TRIMP, traditional
approaches, such as session-RPE (sRPE) [26], have been used in elite cycling [27]. However,
RPE lacks an objective external intensity factor and relies solely on cyclists’ perceptions.
While RPE represents a reliable method of measuring workloads [13,28], the convoluted
interplay of different factors affecting the personal perception of physical exertion must be
considered. Moreover, Robinson et al. did not observe a correlation between the average
effort scores and the average relative training speed between athletes, suggesting that RPE
scales might be useful for comparing or prescribing training intensities individually, but
not for comparisons between different athletes [29].

The training load can be divided into two components: internal load (e.g., HR or RPE)
and external load (e.g., power) [30], with the ideal being the combined use of both [31]. The
introduction of power meters in road cycling allowed for the monitoring of PO. This led
to important advances in the real quantification of effort during training or competition,
allowing for changes in performance to be examined throughout the season [32], or even
along a session or race [33]. Furthermore, power profiles can be automatically updated
from training software databases without the need of performing specific tests, resulting
in a better description of reality (describing the current athlete status based on the actual
work performed during training or competition during a desired time window), as well as
time savings. A new external load index based on PO outcomes, the Training Stress Score
(TSS), was also developed with power meters. This value is obtained from an estimate of
Functional Threshold Power (FTP), the maximum power a cyclist can maintain at a near
constant pace for approximately one hour [34]. Nonetheless, the TSS presents important
limitations, one of its main problems being that it does not sufficiently weight intensity with
respect to volume. Because of this, short, high-intensity exercises (e.g., time trials) score
much lower than longer, very low-intensity exercises, as PO and time are directly related
in a hyperbolic way [35]. Moreover, the TSS cannot be individualized nor adjusted to a
particular exercise intensity zone, both being critical factors for an accurate management of
the relationship between training dose and training outcome or response [32]. In addition,
while FTP has been suggested as a non-invasive and practical alternative for estimating
physiologically relevant events, such as maximal lactate steady state (MLSS) [36], recent
investigations demonstrate a large variability between traditionally established events
(e.g., ventilatory and lactate thresholds) [37,38]. Thus, two individuals cycling at 80%
of their FTP could, be exercising at dissimilar physiological levels, resulting in different
intensity, adaptations, fatigue, and recovery times [39,40].

A plausible approach to make the index adjustable could be the use of the theoret-
ical available time to exhaustion (TTE) at different cycling physiological events, namely
maximal oxygen uptake (VO2max), respiratory compensation point (RCP), MLSS, and first
ventilatory threshold (VT1) [38,41–47]. It has also been suggested to use the hyperbolic
energy production curve for different times of efforts in order to contemplate changes
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in energy production during the exercise session [48]. However, this proposal has not
yet been incorporated into a training intensity quantification method. Besides, adding
an exponential factor to weight intensity based on the stage type (e.g., high mountain,
middle mountain, flat, long time trials, or prologues) could help to increase the accuracy of
the estimations.

This study proposes a new quantification metric, the Power Profile Index (PPi), which
includes a weighting factor based on the individual PO profile, relative exercise intensity,
and stage type. The study comprised two experiments with data from professional cyclists
(1) to validate the weighting factors, and (2) to cross-validate the PPi against current load
quantification methods.

2. Materials and Methods
2.1. Experimental Design

The PPi design process involved three phases: first, the variables and formula were
determined by the researchers; then, data from high-level cyclists in competition were
used to simulate PPi and determine weighting factors; finally, data from a professional
WorldTour team competing in the 2018 Tour de France were used to compute PPi and
compare the records against the current indexes.

2.2. Participants

The first experiment (PPi weighting factors) involved PO data from 67 WorldTour pro-
fessional cyclists (VO2max: 77.33 ± 6.02 mL·kg·min−1 [49]; age: 26.95 ± 5.70 years, weight:
64.9 ± 7.8 kg) and records of fatigue incurred during different stage types from 102 road
cyclists (41 professional, 13 elite, and 48 under 23; VO2max: 67.25 ± 8.21 mL·kg·min−1 [49];
age: 23.45 ± 9.01 years, weight: 68.0 ± 2.8 kg). The second experiment (PPi comparison
against other indices) involved performance records of 8 professional cyclists (VO2max:
81.19 ± 3.82 mL·kg·min−1 [49]; age: 32.89 ± 4.54 years, weight: 67.0 ± 7.1 kg) during the
2018 Tour de France (3-week tracking metrics), all from the same WorldTour professional
cycling team. All participants volunteered to take part in this study and provide a written
consent, according to the Declaration of Helsinki.

2.3. Power Profile Index (PPi) Equation

The PPi was computed as

PPi =
∑6

i=1[(%tZi)·(%di f Zi)·K + t]
100

where %tZi are the percentages of time relative to total exercise duration spent in each of
the six intensity zones, %di f Zi are the percentage differences that each intensity represents,
referring to the previous intensity, K is the weighting factor for the stage type, and t is
the total exercise duration (in minutes). The %di f Zi was computed, taking the peak PO
as reference (100%), and then calculating the percentage power loss of each zone with
respect to the previous one. For example, for peak PO of 20.35 W·kg−1 and mean PO
values of 17.81 W·kg−1 (5 s effort, upper limit of Z6) and 12.27 W·kg−1 (30 s effort, lower
limit of Z6), the %di f Z6 shall be the average of the percentage power loss of the two limits
(12.5% and 27.3% respectively), resulting 19.9%. These differences are multiplied by the
stage weighting factor (K), which is a mathematical constant introduced in the algorithm
with the aim of obtaining the best possible result in the correlation analysis between PPi
and perceived fatigue (Figure 1). Each value of K is the number that best adjusts the PPi
results with perceived fatigue in the four types of stages analyzed.
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spectively using a 0–10 Likert scale [52]. 

2.5. Data Analysis 
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Figure 1. Correlation analysis between perceived fatigue measured with a 0–10 Likert Scale and the
Power Profile Index (PPi) for each of the four stage types when applying the weighting stage factor (K)
of 3.9 for high-mountain, flat, and time trials, and 2.3 for prologues. Perceived fatigue data obtained
retrospectively from 102 professional cyclists, and PPi computed from 67 WorldTour cyclists.

2.4. Data Collection

A power meter (Power2Max, Type S, Nieder Seifersdorf, Waldhufen, Germany) was
used to record PO (W) and cadence (rpm) [50] and an HR strap (HRM Dual band, Garmin
International, Inc., Olathe, KS, USA) was used to record HR (bpm). Data for PO, HR,
and cadence were transmitted to a unit display (Garmin Edge 1000, Garmin International,
Inc., Olathe, KS, USA). During every stage of the 2018 Tour de France, HR and PO were
continuously recorded (1 Hz). Prior to every stage, cyclists performed zero-offset, according
to the manufacturers’ power meter instructions. Finally, 30 min after completing the stages,
RPE was collected using a Borg CR-10 scale [51].

Additionally, the fatigue incurred during four different stage types (high-mountain:
4.5 h race, cumulative slope 3000–4000 m; flat: 4.5 h race, cumulative slope < 1000 m;
time trial: ~35 km race; and prologues: ~10 km race) from 102 road cyclists was recorded
retrospectively using a 0–10 Likert scale [52].

2.5. Data Analysis

Potential spikes were checked and removed using specific software (Data Spike ID and
FIX chart, WKO5 Build 576; TrainingPeaks LLC, Boulder, CO, USA). Data were extracted
using the specialized software WKO5 (Peaksware LLC, Lafayette, CO, USA).

Values of PO were divided into six intensity zones, according to the TTE associated
with each physiological event: Zone 1 (Z1): 2 h to 5 h, exercise intensity around VT1 [44,53];
Zone 2 (Z2): 30 min to 2 h, efforts near the MLSS [38,46,54]; Zone 3 (Z3): 10 min to 30 min,
exercise intensity near to RCP [38,45,55,56]; Zone 4 (Z4): 2 min to 10 min; efforts slightly
above or below maximal aerobic power (MAP) [38,42,43,45]; Zone 5 (Z5): 30 s to 2 min,
efforts slightly above or below the anaerobic capacity [57,58]; Zone 6 (Z6): 5 s to 30 s,
exercise intensity near to maximal anaerobic power [57,59,60]. Values of HR were divided
into five intensity zones, according to their percentage of the maximum heart rate (HRmax),
as follows: Z1 < 60% of HRmax; Z2 = 60% to 70% of HRmax; Z3 = 70% to 80% of HRmax;
Z4 = 80% to 90% of HRmax; and Z5 = 90% to 100% of HRmax.
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For each stage, different intensity scores (internal and external) were calculated as
a function of RPE, PO, HR, and duration: (1) sRPE was computed by multiplying the
stage duration (min) by the RPE [26]; (2) mean power was shown in absolute (W) and
relative (W·kg−1) terms; (3) mechanical energy spent was calculated in absolute terms (kJ),
as follows, and in relative terms (kJ·km−1); (4) TSS was calculated as follows, where t is the
time spent (in seconds), NP is the normalized power, IF is an intensity factor (calculated
as the ratio between NP of the race stage and the individuals’ FTP) [34], and FTP was
determined as 95% of the highest 20 min mean power achieved during the last 6 weeks
prior to the start of the Tour de France; (5) Edward’s TRIMP (eTRIMP) [9] was calculated,
using the accumulated time in the five HR intensity zones (tZi), as follows:

Absolute mechanical energy =
Pav(W)·ride length (s)

1000
(kJ)

TSS =
t·NP·IF

FTP·3600
·100

eTRIMP =
5

∑
i=1

tZi·i

2.6. Statistical Analysis

Descriptive analysis included means, standard deviations (SD) and range (minimum
and maximum). Normal distribution was checked by the Shapiro–Wilk test. Associations
between the perceived fatigue and PPi and between the different load quantification indices
analyzed (eTRIMP, RPE, sRPE, TSS, and PPi) were examined by Pearson’s correlation
coefficient. One-way ANOVA was used to assess the differences between the intensity
quantification indexes and the Tour de France stage type. The coefficient of variation (CV)
was calculated as the ratio of the SD to the mean, expressed as a percentage. Calculations
were performed using JASP (version 0.14.1).

3. Results
3.1. Experiment 1: PPi Weighting Factors

The mean PO and the resulting %di f Zi from professional cyclists for the six exercise
intensity zones, according to physiological events, are shown in Table 1, while %tZi in each
of the four stage types is shown in Table 2. Simulations of PPi using the population data
yielded a weighting stage factor (K) of 3.9 for high-mountain, flat, and time trials, and 2.3
for prologues, for a strong correlation (R = 0.9998) (Figure 1).

3.2. Experiment 2: PPi Comparison against Other Indices

The average daily data from the 2018 Tour de France were 3.4 ± 0.8 W·kg−1, 3189 ± 115 kJ,
2202 ± 1395 m elevation, volume of 245 ± 83 min, and average HR of 139 ± 17 bpm.
Different values of intensity scores (e.g., PPi, sRPE, TSS, eTRIMP, etc.) for each stage of
competition, as well as their duration and stage type, are shown in Table 3. Overall daily
average data for the indexes were: PPi = 31.6 ± 3.2 (range 26.9–37.3), RPE = 7.1 ± 1.5 (range
of 4.6–9.4), TSS = 172.45 ± 24.55 (range of 57.43–314.71), and eTRIMP = 657.6 ± 239.8 (range
of 102.4–1001.2). ANOVA revealed that for the load indices analyzed, the quantification
of intensity differed by stage type (p < 0.001), except for PPi (Table 4). For this index, the
load values were similar for all stage types (p = 0.292). Figure 2 displays the tracking of the
resulting intensity quantification for PPi and the rest of indexes during the Tour de France.
There was a significant correlation with a medium or low effect size of PPi with TSS, RPE,
and sRPE, while there was no significance with eTRIMP (Table 5).
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Table 1. Mean power outputs for different exercise durations, showing the power intensity zones and the calculation of the differential factor of each zone with
respect to the previous one. Average data from 67 WorldTour cyclists.

ZONE 6 ZONE 5 ZONE 4 ZONE 3 ZONE 2 ZONE 1
Time of Effort 1 s 5 s 30 s 1 min 2 min 5 min 10 min 20 min 30 min 60 min 120 min 180 min 240 min

Power (W·kg−1) 20.35 17.81 12.27 9.89 8.28 7.23 6.60 6.11 5.80 5.30 4.71 4.47 4.28
% Power 100.00 87.54 60.28 48.61 40.70 35.52 32.42 30.03 28.52 26.05 23.16 21.95 21.05

% Power Lost 0.00 12.46 27.25 11.67 7.91 5.18 3.10 2.39 1.51 2.46 2.89 1.21 0.90

%difZi 19.86 19.46 6.55 2.74 1.99 1.67

Table 2. Average percentage time spent at a given zone (%tZi ) in each of the four stage types. Data from professional WorldTour cyclists.

Power Intensity Zones Flat (n = 63) HM (n = 56) TT (n = 49) Prologue (n = 43)

Zone 1 45.12 70.33 9.42 11.64
Zone 2 8.12 5.59 2.87 1.36
Zone 3 26.03 11.42 29.57 6.84
Zone 4 7.42 4.68 29.47 23.82
Zone 5 8.51 4.44 22.22 38.55
Zone 6 2.96 3.26 4.40 15.42

IGNORE (add to Zone 1) 0.04 0.06 0.00 0.10

Data are percentages (%). HM, high mountain; TT, time trial.
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Table 3. Quantification load during 2018 Tour de France (n = 8).

Stage Type PPi RPE sRPE Pavg (W) Pavg
(W·kg−1)

Energy
(kJ)

Energy
(kJ·km−1) TSS NP

(W) IF HRavg
(bpm) eTRIMP Elevation

(m)
Volume

(min)

Day 1 Flat 29.65 5.08 1341.71 184.86 2.72 2921.13 1.04 142.25 228.88 0.57 132.8 719 616.25 264.51
Day 2 MM 30.25 5.43 1341.88 192.31 2.83 2851.13 1.02 161.63 251.75 0.62 134.8 708.44 1403.88 247.47
Day 3 ITT 37.29 8.71 361.93 343.79 5.1 848.88 0.3 58.5 370.63 0.92 179.5 102.41 307.75 41.26
Day 4 MM 30.91 5.57 1488.61 194.25 2.86 3110 1.11 170.63 248.5 0.62 125.2 649.78 1236 267.25
Day 5 M 36.01 7.43 2172.58 217.98 3.24 3819.13 1.37 245.38 283.88 0.71 137.25 892.05 2729.63 292.9
Day 6 MM 32.31 6.57 1705.01 215.12 3.18 3257.75 1.16 204.13 280.38 0.7 131.75 657.14 1988.63 258.61
Day 7 MM 33.19 5.79 1975.3 168.08 2.48 3435.63 1.23 210.75 243.13 0.61 118.6 702.26 2270.63 341.9
Day 8 MM 26.91 4.57 1212.73 162.57 2.4 2332 0.84 129.63 226.63 0.56 112.5 454.8 1300.88 265.28
Day 9 Flat 32.59 8.67 1738.58 235.3 3.46 2839.86 0.86 168.14 286 0.7 157.75 709.43 729.43 201.52

Rest day 1
Day 10 M 30.43 7.75 2200.07 236.03 3.5 3604.43 1.09 220.86 291.14 0.72 148.75 1001.23 3656 281.09
Day 11 M 30.53 8.5 1958.66 272.63 4.05 3730 1.13 222.86 311 0.77 154 854 3696.29 227.72
Day 12 M 35.87 9.42 3183.43 261.47 3.87 5250 1.59 314.71 304.71 0.75 145.33 836.36 4871.57 336.14
Day 13 MM 27.23 5.58 1262.78 176.89 2.61 2398.86 0.73 133.86 241.57 0.6 117 409.95 1095.14 226.26
Day 14 M 29.31 7 2076.53 208.95 3.13 3687.17 1.12 211.17 263.17 0.66 128.4 752.84 2948.43 297.62
Day 15 M 34.85 7.58 2085.55 244.52 3.58 4041.14 1.23 258.86 304.86 0.75 137.2 732.57 2801.29 276.23

Rest day 2
Day 16 M 35.95 7.83 2311.17 250.08 3.68 4413.14 1.33 273.71 302.14 0.74 141.8 804.18 3001.29 297.44
Day 17 M 27.82 8.42 1331.27 303.32 4.51 2715.43 0.82 174.14 338.71 0.83 159.6 493.66 2931.29 155.24
Day 18 MM 28.88 5.92 1351.87 204.2 3.01 2774.14 0.84 157.86 262.43 0.64 124.6 495.52 1273.86 228.16
Day 19 M 35.15 9.3 3283.24 253.13 3.77 4903.57 1.49 301.43 303 0.75 144.6 994.26 4645.86 348.87
Day 20 ITT 28.53 7.33 332.48 331.03 4.91 844.14 0.26 57.43 362.86 0.89 156.5 183.56 537.57 46.51

Day 21 Fainal day Paris, loss data

PPi, Power Profile Index; RPE, Rate of Perceive Exertion; sRPE, Session-RPE; Pavg, Average power; TSS, Training Stress Score; NP, Normalized Power; IF, Intensity Factor; HRavg, Average
Heart Rate; eTRIMP, Edward’s Training Impulse; MM, Medium Mountain; ITT: Individual Time Trial; M, Mountain.
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Table 4. Differences in the intensity quantification indexes regarding the stage type during the 2018
Tour de France.

Time Trial Flat Medium Mountain High Mountain p

PPi 32.9 ± 6.2
(18.8%)

29.9 ± 2.3
(7.7%)

32.5 ± 3.4
(10.5%)

32.9 ± 3.3
(10.0%) 0.292

RPE 8.0 ± 1.0
(12.5%)

5.8 ± 1.2
(20.7%)

7.0 ± 0.5
(7.1%)

8.4 ± 0.8
(9.5%) <0.001

TSS 58.0 ± 0.8
(1.4%)

159.3 ± 25.8
(16.2%)

220.2 ± 22.0
(10.0%)

252.3 ± 49.6
(19.7%) <0.001

eTRIMP 143.0 ± 57.3
(40.1%)

606.1 ± 130.2
(21.5%)

767.3 ± 118.1
(15.4%)

816.6 ± 172.7
(21.1%) <0.001

Data are presented as Mean ± SD, with CV in parentheses. PPi, power profile index; RPE, rate of perceived
exertion; TSS, training stress score; eTRIMP, Edward’s training impulse.
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Data from 2018 Tour de France. TSS, training stress score; PPi, power profile index; RPE, rate of
perceive exertion; eTRIMP, Edward’s training impulse; MM, medium mountain; HM, high mountain;
ITT, individual time trial.

Table 5. Values of Pearson correlation between PPi, eTRIMP, TSS, RPE, and sRPE.

PPi eTRIMP TSS RPE

PPi
eTRIMP 0.294

TSS 0.494 * 0.863 ***
RPE 0.582 ** 0.230 0.421
sRPE 0.456 * 0.874 *** 0.969 *** 0.430

PPi, power profile index; eTRIMP, Edward’s training impulse; TSS, training stress score; RPE, rate of perceived
exertion; sRPE, session-RPE. * p < 0.05; ** p < 0.01; *** p < 0.001.

4. Discussion

This study proposed PPi, a new multifactorial method for quantifying cycling exercise
load (i.e., intensity × volume) based on the individual power profile. This index is intended
to overcome some of the limitations found in other load quantification indices currently
in use, such as TRIMP or TSS. For example, TRIMP is not able to reflect short, very high
intensity efforts due to the delayed HR response [13], while TSS does not sufficiently weight
intensity to volume (e.g., a maximum effort in one hour, such as the UCI Hour Record,
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which causes great fatigue, is 100 TSS, while a light effort of 3 h at 60% of the FTP is
106 TSS).

The PPi has been designed as a new index capable of quantifying the high intensity
efforts made by cyclists during a training session or competition, considering the time
spent at a given PO and weighting the intensity according to power zones (Z1 to Z6) and
the type of competition. The comparison against current methods suggested that PPi may
be a more stable index to quantify cycling exercise load. This could help coaches in the
process of load quantification and training planning by providing a more comprehensive
view of high-intensity efforts.

To the best of our knowledge, this is the first index adjusted by stage type (prologue,
time trial, flat, and high mountain) in an attempt to solve existing problems inherent in the
current indexes in discriminating maximal efforts, regardless of the type of competition. In
addition, because the PPi is based on a cyclist’s power profile, data can be automatically
obtained in an individualized manner from real athlete performance and adjusted at a
preferred time window. For this purpose, we provide an open-access chart in the specialized
software WKO5 to easily calculate the PPi.

4.1. Based on Improvements

The PPi proposal was inspired by previous studies such as that by Pinot and Grape [60]
who attempted to calculate, for the first time (to our knowledge), the intensity zones from
the peak PO achieved by the cyclist for a given time of effort. Notwithstanding, PPi may
represent a further step in the quantification of intensity from power outcomes by including
training zones based on TTE. In addition, the PPi uses an exponential factor (%di f Zi) to
adjust and weight exercise intensity (power) against volume (time of effort), based on
the well-known described exponential rise in blood lactate, which occurs when exercise
intensity exceeds the lactate threshold [61–63].

Another contribution of PPi is its ability to weight intensity by stage type. This is im-
portant given that, according to our results, previously available indexes (e.g., TSS, eTRIMP,
and sRPE) showed large variability when quantifying different stage types (Table 3). Cer-
tainly, these differences can be expected considering that the effort performed, and fatigue
incurred will depend on the competition, training session [63], and the stage type, and
are not merely related to the cyclists’ skills and thus, to their race performance profile
(e.g., sprinters, climbers, and flat specialists) [64].

Regarding what Borresen and Lambert suggested about the need to measure markers
that reflect how athletes adapt to training their global capacity [65], the main advantage
of the PPi is that values will be self-adjustable to the cyclists’ PO, thus providing a more
realistic picture of their fitness level and to the type of cyclist they are, according to their
strengths and weaknesses in performance. This is an important point, since exercise
intensity zones might be different according to the cyclist’s categories and their physical
skills [60,64]. Accordingly, for validation purposes, factors based on data from professional
cyclists were used first (Table 1).

4.2. Understanding the Differences Compared to Other Load Metrics

The large variability found between the different quantification indexes (Table 4 and
Figure 2) could be explained by the items used in the respective equations. In this sense,
as it is well known, RPE, sRPE, eTRIMP, or TSS have their strengths and also different
weaknesses. While TRIMP, RPE, and TSS are able to identify differences in loading for
different stage types, PPi is shown to be a more stable index. This could be interpreted
negatively for PPi, as it would not be able to identify differences between stage types.
However, we believe that this stability in its values is due to the higher weighting of
high intensity with respect to volume, which is not the case for TRIMP, TSS, and sRPE.
The differences between stages identified by the rest of the indices are mainly due to the
duration of the effort. Hence, the flat stage (although the RPE for this stage is clearly
lower than for the rest of the stages), obtains much higher score values via TRIMP, sRPE,
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and TSS compared to the time trials. In fact, the high intensity of a time trial causes
fatigue comparable to mountain stages. While the other indices are not able to adequately
quantify the workload of a time trial and its consequent fatigue, PPi is more consistent.
These similarities between TRIMP, sRPE, and TSS can be seen in the strong correlation
between the three indices (Table 5). In all three, a common element that may explain
the strong correlation is the importance of volume in their calculation. On the other
hand, the higher weighting of volume over intensity in the calculation of these three
indices may explain the lack of statistical significance in the correlation between them
and the RPE (Table 5), which is greater in high-intensity efforts such as time trials. In
contrast, PPi shows a strong correlation with RPE, while it also moderately correlates
with TSS and sRPE. This could be interpreted as a strength of the PPi and would be a
consequence of integrating the RPE into its calculation, weighting high intensity efforts
more heavily in relation to volume. The lack of a significant correlation between PPi and
eTRIMP could be due to the difficulty of this index to identify short and high intensity
efforts because of the HR delay [11], as well as the excessive weighting of volume in
its calculation.

According to Passfield et al., using power-based metrics to quantify cycling intensity
provides solid advantages compared to other methods (e.g., TRIMP). These include the
possibility for mechanical power to be analyzed in depth from the data available at any
time during training or competition, including the evaluation of the cyclists’ endurance
capacity outside laboratory conditions [66]. Nevertheless, power-based metrics have
associated limitations. These include the influence that some factors (e.g., drafting, team
tactics, environmental conditions, or terrain types) may have on the fact that the highest
PO recorded (in competition or training) may not be the maximum achievable by the
cyclist [60]. Moreover, differences between subjects in their ability to attenuate fatigue-
induced declines in mean maximal power (MMP) values, which is a key determinant for
endurance performance [33], must be considered. Therefore, we cannot claim that the
use of power to quantify workload is better than the HR or RPE methods. In fact, the
ideal would be to integrate or consider all indices, including the HRV. This will provide an
overview of the external and internal loading and the balance between fatigue and recovery.
However, we do believe that PPi corrects some aspects existing in other indices, such as TSS
or eTRIMP, although at no time do we claim that it is better than the rest, but just another
index to consider. One of its advantages lies in combining elements of external load (power)
and internal load (perceived fatigue). The strength of this approach is supported by the
strong correlation between PPi and fatigue incurred in different stage types (Figure 1) as
an independent subjective indicator of workload, as well as by the differences found with
respect to the other quantification methods analyzed (i.e., eTRIMP and TSS). Based on the
results shown, it could be concluded that TSS or eTRIMP do not adequately reflect the
workload of a high intensity, short duration session, such as time trials or prologues. This
can have a major impact on the quantification of workload, the fatigue produced, as well
as the assimilation of training.

4.3. Limitations

As data were collected from professional cyclists, there may be some limitations to this
study. Twenty MMP were recorded during competitions and accordingly, it is uncertain that
these marks are the best possible in a specific test. Additionally, basing the calculation of HR
zones on recorded HRmax, rather than the actual HR zones from individualized thresholds
obtained in an incremental test, could have interfered with the actual values recorded for
the eTRIMP. Unfortunately, it was not possible to schedule controlled laboratory tests due
to the needs of the cycling teams.

Likewise, the same PO may entail a different effort or workload depending on the
accumulated fatigue during training or competition (e.g., 10 min of FTP at the beginning
of the stage or after 4 h). This difference arose from the individual characteristics of each
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cyclist to resist fatigue. However, we do not know how this could be taken into account to
quantify the workload.

Finally, because the PPi proposal has been analyzed using professional cyclists, we
cannot claim that the weighting factors of this index can be generalized to non-elite cyclists.

5. Conclusions

This study offers coaches and practitioners a robust methodology to quantify profes-
sional cyclists’ workloads in order to monitor the produced fatigue and possible adaptations
during training or competitions. It is based on the constantly updated individual power
profile, at different training zones (Z1 to Z6), and specifically considering the type of
competition (i.e., prologue, time trial, flat, and high mountain).

Therefore, it will help both coaches and athletes to better understand the fatigue
generated by a given training session or stage. This does not occur with the current indexes
in some cases (for example, in time trials). Consequently, the proposed index will help to
adjust successive training loads by being able to assess very intense efforts more accurately.
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