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ABsTr ACT

Functional threshold power (FTP) is defined as the highest 
power that a cyclist can maintain in a quasi-steady state with-
out fatigue for approximately 1 hour. To improve practicality, 
a 20-minute time-trial test was proposed, where FTP is repre-
sented by 95 % of the mean power produced. It is preceded by 
a specific 45-min warm-up, with periods of low intensity, fast 
accelerations, and a 5-min time-trial. Thus, the aim of this study 
was to determine the reliability of this protocol, including the 
reliability of the warm-up, pacing strategy, and FTP determina-
tion. For this purpose, 25 trained cyclists performed a famil-
iarization and two other tests separated by seven days. The 
coefficient of variation (CV [ %]), intraclass correlation coeffi-
cient (ICC), and change in the mean between test and retest 
were calculated. The results show that the 20-min time-trial 
was reliable (CV = 2.9 %, ICC = 0.97), despite a less reliable 
warm-up (CV = 5.5 %, ICC = 0.84). The changes in the mean be-
tween the test and retest were trivial to small for all measure-
ments, and the pacing strategy was consistent across all trials. 
These results suggest that FTP determination with a 20-min 
protocol was reliable in trained cyclists.

Introduction
Laboratory testing has traditionally been used to determine inten-
sities to prescribe training and to detect changes in cycling perfor-
mance [1–3]. Nowadays, research literature suggests that field test-
ing carries a high ecological validity [4], and it is preferred by cy-
clists who use portable power meters on their bicycles [5]. 
Therefore, using portable power meters, time-trials (TT) can be 
used as performance tests in the field. In this regard, the function-
al threshold power (FTP) is defined as the highest power output 
(PO) that a cyclist can maintain in a quasi-steady-state without fa-
tigue for approximately 60 min (e.g., a 60-min TT [FTP60]) [6]. The 
FTP is a metric to establish training intensity zones and to detect 
changes in performance. It is also the key metric in a series of cal-
culations of training load and exercise intensity (i.e., training stress 
score [TSS], intensity factor [IF]) [6]. Moreover, FTP is used as an in-
direct and practical estimate of the anaerobic threshold (AnT) and 

maximal lactate steady state (MLSS) [7–9]. Due to the long test du-
ration (i.e., 60 min), it was suggested that the FTP might be deter-
mined as 95 % of the mean PO in a 20-min TT (FTP20) [6].

According to Allen and Coggan [6], the FTP20 test is divided 
into three different parts (i.e., warm-up, main part, and cool down). 
The first step is the specific 45-min warm-up, which includes a  
maximum effort 5-min TT [6]. To the best of our knowledge, Borszcz 
et al. [7, 8] and Valenzuela et al. [10] are the only studies that have 
used the warm-up recommended by the authors [6]. Others have 
not used this section of the protocol [11–13]. Borszcz et al. [7] re-
ported high blood lactate concentrations ([La]) before the start of 
the test (6.5 ± 2.9 mmol · L − 1). Therefore, the FTP20 warm-up proto-
col is not in accordance with the recent warm-up guidelines, which 
suggested a duration of about 20 min and a [La] of  <  3 mmol · L − 1 
at the end [14]. Additionally, cyclists adopted a conservative pac-
ing strategy at the start of a TT in a recent research [7], despite the 
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fast start strategy presented in several TTs with durations that range 
from 4 to 60 min [7, 12, 13, 15–19].

FTP is one of the most well-known and debated tests in cycling 
and in the triathlon community. A recent concern in sports sciences 
is the applicability of the tests developed for athletes in the “real 
world” [20]. Recent studies [7–9] have investigated the validity of 
the FTP20 test with AnT, MLSS, and FTP60. Overall, trivial differences 
(bias) were found between FTP20 (original warm-up) with FTP60, AnT, 
and MLSS. These metrics were moderately to almost perfectly cor-
related (r = 0.61 to 0.91), despite the individual variability in the pre-
diction (limits of agreement [LoA] of 95 % = 7.8–27.5 %) [7–9]. How-
ever, the tests should be reliable to detect the smallest worthwhile 
physiological or performance changes; reliability is a prerequisite for 
test validity because a measure that is not reproducible is not con-
sidered valid [2, 3, 21]. Thus, the aims of the current study were to 
verify the reliability of the protocol proposed by Allen and Coggan 
[6] and the reliability of the pacing strategy during the 20-min TT.

Materials and Methods

Subjects
Twenty-five male competitive cyclists (mean ± standard deviation [SD]: 
age = 34.7 ± 6.7 years, weight = 76.0 ± 9.4 kg, height = 1.77 ± 0.05 m, 
peak power output [PPO] = 381 ± 38 Watts [W], and ˙VO2max = 57.8 
± 7.3 mL · kg − 1  · min − 1) voluntarily participated in the study. The cy-
clists had at least 2 years of experience in regional and national com-
petitions and trained 10 ± 3 h and rode 211 ± 82 km per week. The 
cyclists were classified as Performance Level 3 (PL-3; trained cyclists) 
[22]. After verbal and written explanations of the procedures, all 
participants signed an informed consent form, approved by the in-
stitutional ethics committee and conforming to the Declaration of 
Helsinki. This study was performed in accordance with the ethical 
standards of the International Journal of Sports Medicine [23].

Study design
The cyclists completed four laboratory tests during the three visits 
to the laboratory, each test separated by seven days. In the first ses-
sion, the cyclists performed an incremental exercise test and a fa-
miliarization of the FTP20 protocol; each test was separated by a re-
covery period of 30-min. In the second and third sessions, cyclists 
performed two identical self-paced 20-min TTs for the determina-
tion of FTP20 reliability. The cyclists were asked to refrain from 
strenuous exercise in the 48 h preceding each test. All tests were 
carried out under standardized laboratory conditions of 20 ° C and 
40–50 % relative humidity. All tests were performed on an electri-
cally braked bicycle ergometer Velotron (Dynafit Pro, Racer Mate 
Inc, WA, USA) that was modified with a racing saddle, adjustable 
stem, and the subject's pedal system.

Incremental exercise test
The test was preceded by a warm-up of 10 min at 100 W. Immedi-
ately after warm- up, the load was increased continuously by 25 W 
every minute until voluntary exhaustion was reached. During the 
test, oxygen uptake (V̇O2) and heart rate (HR) were measured con-
tinuously with a gas analyzer (Quark PFTergo – Cosmed Srl, Rome, 
Italy) that was calibrated in accordance with the manufacturer’s in-

structions using alpha gas standards. PPO was determined as PO 
of last completed stage. If the stage was not completed, PPO was 
calculated according to Kuipers et al. [24]. ̇VO2max was determined 
as the highest 30-s average in ̇VO2.

Functional threshold power tests
The cyclists performed two laboratory-simulated 20-min TTs to de-
termine the FTP20 on the Velotron (RacerMate Inc, WA, USA). The 
accuracy of the ergometer was previously determined ( < 1 % error) 
[25]. TTs were performed on a flat terrain with no wind as simulat-
ed by the software RacerMate Interactive 3D (RacerMate Inc, WA, 
USA). During the test, participants could view their progress over 
the course on a computer monitor, and they were provided with 
information on the time completed and gear selected. All other in-
formation was blinded, no verbal encouragement was provided, 
and water was allowed ad libitum[2].

TTs were performed following the procedure described by Allen 
and Coggan [6]. The duration of the warm-up was 45 min, divided 
into 5 sections: 1) 20 min at self-selected low-intensity (rating of 
perceived exertion [RPE] 8–10), 2) 3  ×  1-min fast pedaling accel-
erations (100-105 rpm) with a 1-min recovery period between the 
efforts, 3) 5 min at self-selected low-intensity (RPE 8–10), 4) 5 min 
at maximal effort, and 5) 10 min at self-selected low-intensity (RPE 
8–10) and 5 min in passive rest. It is important to note that during 
self-selected low-intensity cycling, the authors [6] recommended 
that cyclists perform at 65 % of the FTP; therefore, a pretest would 
be necessary. Thus, we instructed the cyclists to cycle at an RPE 
8–10, in accordance with FTP-based training recommendations 
(i.e., 65 % FTP ~ RPE 8–10). During the fast-pedaling accelerations, 
no intensity was suggested in the test description; therefore, we 
instructed the cyclists to select an “easy” gear (i.e., 52 × 21–23) and 
accelerate between 100–105 rpm. Athletes were instructed to 
choose similar gears during each part of the warm-up during the 
retest. The main part of the test consisted of a 20-min TT where 
the participants were asked to produce the highest average PO pos-
sible. Blood samples were obtained from the earlobe before 
([La]PRE) and immediately after ([La]POST) the warm-up and were 
immediately analyzed (YSI 1500, Yellow Springs, OH, USA) for [La] 
determination. The RPE was measured at the end of each warm-up 
step and every 5 min during the 20-min TT. PO, cadence, and HR 
were monitored throughout the test. An example of the protocol 
is presented in ▶Fig. 1.

Data analysis
Descriptive results are reported as mean ± SD. For determination 
of the systematic error between test and retest, paired Student  
t tests were performed. Additionally, the magnitude of the test-re-
test changes was assessed via Cohen’s d effect sizes and interpret-
ed using the thresholds of:  <  0.2 (trivial), 0.6 (small), 1.2 (moder-
ate), 2.0 (large), 4.0 (very large) [26]. In order to analyze the ran-
dom error of the measurements, the typical error of measurement 
(TEM) was calculated in raw units, after logarithmic transformation 
in percentage units (i.e., coefficient of variation [CV]) and in stand-
ardized units (TEMs; calculated as CV divided by the "pure" be-
tween-subject SD %) [27]. To interpret the magnitude of TEMs, the 
Cohen’s d effect sizes thresholds were halved [10]. Additionally, 
the intraclass correlation coefficient (ICC) was calculated and inter-
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preted as follows:  <  0.10 (trivial), 0.30 (small), 0.50 (moderate), 
0.70 (large), 0.90 (very large), 0.99 (nearly perfect), and 1 (perfect) 
[26]. Confidence intervals (CI) of 95 % were calculated for d, TEM, 
CV, TEMs, and ICC. The above calculations were performed using 
Hopkins’ spreadsheet [27].

For the pacing strategy analysis, PO data were averaged at every 
2-min segment and were normalized in percentages of the mean 
PO of the 20-min TT. Then, the TEM, in raw units (percentage of 
mean PO), was calculated for each segment [18, 19]; this method 
has been well accepted for analyzing the pacing strategy reliability 
[18, 19, 28]. In addition, a two-way repeated measure ANOVA was 
used to compare the PO in each part of the warm-up and the pac-
ing strategy. The assumption of normality was verified using Sha-
piro-Wilk’s test. Mauchly’s test of sphericity was used to test this 
assumption, and a Greenhouse–Geisser was used when necessary. 
When the main effect was significant, the Bonferroni post-hoc test 
was applied. Effect sizes (partial eta squared, ηp

2) was calculated 
for the ANOVA main effects, and the magnitude of ηp

2 was classi-
fied as small  ≤  0.06, moderate 0.07–0.14, and large  >  0.14 [29]. 
Statistical significance for ANOVA was accepted at a p  ≤  0.05. Anal-
yses were performed using IBM SPSS software version 21.0 (SPSS, 
Chicago, IL, USA).

We conducted a sensitivity analysis in G * Power (Version 
3.1.9.4, Germany) to determine the smallest effect that one could 
have detected with high probability given n = 25, p  ≤  0.05, and sta-
tistical power = 80 %. In this present study, the effect size for the  
t-tests was d = 0.58, for ANOVA main effect analysis ηp

2 = 0.26, and 
ICCs = 0.50.

Results
For the familiarization trial, the mean PO was 231 ± 41 W during the 
20-min TT. Compared with the first test (20-min TT), the familiari-
zation trial results were as follows: d = 0.41 (95 % CI,  ± 0.09); p  <  
0.001; TEM = 7.4 W (95 % CI,  × / ÷ 1.3); CV = 3.3 % (95 % CI,  × / ÷ 1.3); 
TEMs = 0.20 ( 95 % CI,  × / ÷ 1.3); and nearly perfect ICC (r = 0.96; 95 % 
CI, 0.91–0.98).

For test-retest the mean values of PO, HR, RPE, cadence, and 
[La] for the warm-up and for the 20-min TT are shown in ▶Table 1. 
All measures presented trivial to small and non-significant changes 
(d  ≤  0.27; p  >  0.05) between test and retest. The average warm-
up and 20-min TT measures presented moderate to nearly perfect 
ICCs (r = 0.55–0.97). The TEMs for all measures during average 
warm-up were classified as moderate, and during the 20-min TT 
the TEMs were small for PO and cadence, moderate for HR, and 
large for RPE (▶Table 1).

For PO measured during warm-up (▶Fig. 2c), the ANOVA showed 
that there was no main effect between the trials (F(1,24) = 0.699, 
p = 0.411, ηp

2 = 0.03) and there was no interaction between the fac-
tors trials  ×  time (F(3, 60) = 0.765, p = 0.496, ηp

2 = 0.03). The low in-
tensity segments presented CV values between 12.7–20.4 % (95 % 
CI,  × / ÷ 1.3) (▶Fig. 2b), classified as moderate to large TEMs, and 
the 5-min TT presented a CV of 4.8 % (95 % CI,  × / ÷ 1.3), classified 
as moderate TEMs (▶Fig. 2a).

For analysis of the pacing strategy during the 20-min TT (▶Fig. 3), 
the ANOVA test showed that there was no main effect between the 
trials (F(1,24) = 0.194, p = 0.664, ηp

2 = 0.01) and there was no inter-
action between the factors trials  ×  time (F(5,118) = 2.027, p = 0.081, 
ηp

2 = 0.08). The analysis of TEM for each of the 2-min segments 
(▶Fig. 3b) showed the smallest variability between 4 and 12 min 
(TEM = 4.4–5.8 %; 95 % CI,  × / ÷ 1.3), and the highest variability at 
the start (TEM = 7.4 %; 95 % CI,  × / ÷ 1.3) and between 14 and 20 min 
of the TT (TEM = 7.9–11.4 %; 95 % CI,  × / ÷ 1.3); in all segments, the 
TEMs were deemed large to very large (▶Fig. 3a).

Discussion
The main finding of the present study was the nearly perfect test-
retest reliability in PO, HR, and cadence in determining FTP using 
the 20-min TT. In contrast to that, poor reliability was found for the 
long warm-up. Furthermore, the distribution of PO during the 20-
min TT presented large to very large TEMs. Interestingly, despite the 
high variability in each part of the warm-up and the moderate CV 
for the overall warm-up (5.5 %), the reliability of the mean PO of the 
20-min TT does not seem to be affected (▶Table 1). This is in ac-
cordance with the variability found in the TTs of different durations 
using shorter standardized warm-ups (CV = 2.0–3.4 %) [30–32].

To our knowledge, this is the first study to analyze the reliability 
of the protocol proposed by Allen and Coggan [6]. The results of 
the present study show trivial to small changes in the mean (d  ≤  
0.27) between test-retest measures (▶Table 1). A likely reason for 
the high reliability is the familiarization trial [2, 3, 33]. In addition, 
there was enough time for proper recovery between test and re-
test (7 days). A meta-analysis showed that between the first two 
trials the CV is 1.3  ×  higher than the CV between subsequent tri-
als; there is a reduction in the change in the mean (1.2–0.2 % [3]). 
Additionally, a study showed an increase in the ICC between famil-
iarization-test and test-retest comparisons [32]. In the present 
study, the CV between test and familiarization was 1.1  ×  higher 
than between test-retest. However, the present study showed a 
change in the mean of 15 W (6.4 %) between the familiarization and 
the test. Thus, because familiarization was performed after the in-
cremental test, it is not possible to isolate the learning effects and 
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▶Fig. 1 FTP20 protocol of a representative cyclist. For details, see 
the Methods section. LI = low-intensity; TT = time-trial.
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residual fatigue from the incremental test. The protocol proposed 
for the FTP20 identification was composed of a complex 45-min 
warm-up. The results demonstrated high variability in the PO 
(CV = 13.0–14.1 %) during the low-intensity parts of the warm-up. 
This is in accordance with the findings observed in the lowest in-
tensity (60 % of maximal HR) part of the Lamberts and Lambert 
Submaximal Cycle Test warm-up protocol (CV = 12.4 %) [34]. Fur-
thermore, we found high variability in PO measured during the high 
cadence sprints (CV = 14.4–20.4 %). Eston and Williams [35] exam-
ined the reliability of V̇O2 measured during the constant load in-
tensity regulated by RPE. The reliability assessed by coefficient of 
correlation between tests 1–2 and 2–3 for V̇O2 measured at the 
RPEs 9, 13, and 17 were r = 0.26–0.83, 0.64–0.94, and 0.92–0.96, 
respectively. Therefore, the regulation of PO is more reliable at high 
intensities compared to low intensities, in accordance with the re-
sults of the present study, where the TTs are more reliable than the 
low-intensity parts of the warm-up.

A 5-min TT was inserted during the warm-up in the FTP20 pro-
tocol. According to Allen and Coggan [6], the main goal of the 
5-min TT inserted in the warm-up is to “‘open’ up the legs for the 
rest of the effort”. The FTP20 determined using this protocol was 
not statistically significantly different from FTP60, AnT (i.e., IAT and 
Dmax), and MLSS (p  >  0.05), despite the random errors (LoA = 7.8–

27.5 %) [7, 8,3 7]. However, when the 20-min TT was performed 
after a warm-up of 15 min at moderate intensity, the FTP60 corre-
sponded to 90 % of a 20-min TT PO [12]. This is not in accordance 
with the suggested 95 % of 20-min TT PO to determine the FTP20; 
thus, the warm-up subsequently influenced the prediction of FTP60, 
changing the correction factor from 5 to 10 % [12]. Previous work 
demonstrated high reliability in the 4- and 20-min TTs performed 
in the same session but separated by a 30-min low-intensity exer-
cise in well-trained and elite cyclists (CV = 2 % and 1.6 %, respective-
ly [CVs calculated by us from LoA]) [17], and in the 4- and 20-min 
TTs performed on separate days (CV = 2.2 and 1.4 %, respectively) 
[12]. However, we found the CVs of 4.8 and 2.9 % for the TTs of 5- 
and 20-min, respectively, separated by 15 min. Therefore, the 
5-min TT inserted in this warm-up had poor reliability compared 
to the 5-min TT performed alone (CV = ~1.7 %) [36]; consequently, 
it had a limited capacity to detect small changes in the perfor-
mance.

Cycling events include several pacing profiles such as negative, 
positive, all-out, even, parabolic-shaped, and variable pacing strat-
egies [28]. In the present study during the 20-min TT, the cyclists 
adopted the “negative” pacing strategy using the full warm-up pro-
tocol, in accordance with a previous study [7]. However, when the 
20-min TT was performed without the 45 min warm-up, the cyclists 

▶Table 1 Reliability of the physiological variables, cadence and power output during the FTP20 protocol.

Measures Test 
(mean ± sD) * 

retest 
(mean ± sD) * 

Mean 
change ± sD * 

d (95 % CI) TEM *  
(95 % CI)

CV  %  
(95 % CI)

TEMs  
(95 % CI)

ICC  
(95 % CI)

Overall warm-up
PO (W) 128 ± 15 129 ± 18 1 ± 10 0.06T 

(–0.23–0.35) 
7 (5–10) 5.5 (4.3–7.7) 0.46M 

(0.36–0.64) 
0.84VL 
(0.67–0.93)

HR (bpm) 114.3 ± 14.0 114.1 ± 15.8 –0.2 ± 6.4 –0.01T 
(–0.22–0.20)

4.6 
(3.6–6.4)

3.9 (3.0–5.4) 0.32M 
(0.25–0.45) 

0.92NP 
(0.82–0.96)

RPE (au) 11.0 ± 1.4 11.1 ± 1.8 0.1 ± 1.3 0.06T 
(–0.33–0.45)

0.9 
(0.7–1.3)

8.2 
(6.4–11.0)

0.64M 
(0.50–0.89) 

0.72VL 
(0.45–0.87)

Cadence (rpm) 88.3 ± 5.9 88.5 ± 6.2 0.2 ± 3.1 0.03T 
(–0.21–0.27)

0.4 
(0.3–0.6)

2.4 (1.9–3.3) 0.37M 
(0.29–0.51) 

0.89VL 
(0.76–0.95)

[La]PRE (mmol  ·  
L − 1)

1.21 ± 0.47 1.10 ± 0.32 –0.1 ± 0.4 –0.27S 
( − 0.75–0.21)

0.3 
(0.2–0.4)

25.6 
(20.0–35.6)

0.93M 
(0.73–1.30) 

0.55L 
(0.20–0.78)

[La]POST (mmol  ·  
L − 1)

4.90 ± 2.58 4.75 ± 2.51 –0.2 ± 1.8 –0.06T 
(–0.40–0.28)

1.3 
(1.0–1.8)

37.0 
(28.9–51.5)

0.64M 
(0.50–0.89) 

0.72VL 
(0.45–0.87)

5-min TTa

PO (W) 299 ± 48 296 ± 49 –3 ± 18 –0.06T 
(–0.24–0.12)

13 (10–18) 4.8 (3.7–6.7) 0.31M 
(0.24–0.43)

0.93NP 
(0.85–0.97)

20-min TT

PO (W) 246 ± 35 245 ± 36 –1 ± 10 –0.03T 
( − 0.16–0.10)

7 (5–10) 2.9 (2.3–4.0) 0.19S 
(0.15–0.26) 

0.97NP 
(0.93–0.99)

HR (bpm) 159.8 ± 12.2 157.6 ± 11.7 –2.0 ± 5.4 –0.17T 
(–0.39–0.05)

3.8 
(3.0–5.3)

2.6 (2.0–3.6) 0.35M 
(0.27–0.49) 

0.97NP 
(0.93–0.99)

RPE (au) 15.4 ± 1.6 15.4 ± 1.7 0.0 ± 1.2 0.00T 
(–0.35–0.35)

0.9 
(0.7–1.3)

5.9 (4.6–8.2) 0.62L 
(0.48–0.86) 

0.74VL 
(0.49–0.88)

Cadence (rpm) 99.6 ± 9.7 98.2 ± 9.2 –1.4 ± 3.5 –0.15T 
(–0.33–0.03)

2.5 
(2.0–3.5)

2.7 (2.1–3.8) 0.28S 
(0.23–0.39) 

0.93NP 
(0.85–0.97)

 *  = the same unit of measure presented in the parameters; a = 5-min TT performed during the warm-up; au = arbitrary units; bpm = beats per minute; 
CI = confidence interval; CV = coefficient of variation; d = effect size; HR = heart rate; ICC = intraclass correlation coefficient; mmol  ·  L − 1 = millimole per 
liter; PO = power output; TEM = typical error of measurement; TEMs = typical error of measurement standardized; RPE = rating of perceived exertion; 
rpm = revolutions per minute; W = watts; [La] = blood lactate concentration. Magnitude inferences: T = trivial; S = small; M = moderate; L = large; VL = very 
large; NP = nearly perfect
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adopted the “even” [17] or “parabolic-shaped” [12, 13] pacing 
strategy. Therefore, we believe that the pacing strategy for the 20-
min TT was modulated by the long warm-up and by the [La] before 
the start of the TT (4.9 ± 2.6 and 4.8 ± 2.5 mmol L − 1; test-retest, re-
spectively). The cyclists appear to have adopted a conservative 
strategy of up to half the time to complete the test. Burnley et al. 
[37] demonstrated that the majority of cyclists with [La]  >  4 mmol 
L − 1 before the start of a 5-min TT had decreases in the PO relative 
to the control warm-up. Moreover, the warm-up with greater [La] 

caused the adoption of a more conservative pacing strategy at the 
beginning [37]. Another factor behind the initial conservative strat-
egy is may because the FTP20 is a time-based TT. As showed in a 
previous study [15], the pacing strategy is more conservative dur-
ing the initial stages of time-based TTs compared to distance-based 
TTs of similar duration.

Despite the moderate warm-up reliability (CV = 5.5 %), the pac-
ing strategy presented no systematic error between test and re-
test, that is, no statistically significant ANOVA main effect and in-
teraction (p  >  0.05; ηp

2  <  0.06, small effect). However, the random 
error expressed as TEM ( %) in each 2-min interval showed large to 

1.0

a

b

c

Large

Moderate

Small

TE
M

s;
 9

5
%

 C
I

CV
 (%

); 
95

%
 C

I
Po

w
er

 O
ut

pu
t (

W
)

0.6

0.3

0.1

30

25

20

15

10

5

0

400

350

300

250

200

150

20-m
in LI

Rec 1

Acc
elerat

ion 3

Acc
elerat

ion 2

Acc
elerat

ion 1
Rec 2

5-m
in LI

5-m
in TT

10-m
in LI

100

50

Test Retest

▶Fig. 2 T.ypical error of measurement standardized a, coefficient 
of variation for power output measure b, and power output c at each 
part of the warm-up. Values are TEMs ± 95 % confidence intervals in 
A, CV ± 95 % confidence intervals in B, and means ± SD in C. LI = low-
intensity; TT = time-trial.

1.5a

b

c

1.0

TE
M

s;
 9

5
%

 C
I

TE
M

 (%
); 

95
%

 C
I

Po
w

er
 o

ut
pu

t r
el

at
iv

e 
to

 m
ea

n 
(%

)

0.6

0.3

16

14

12

10

8

6

4

2

140

130

120

110

100

90

80

2 4 6 8 10
Time (min)

Moderate

Large

Very large

12 14 16 18 20

Test Retest

▶Fig. 3 Typical error of measurement standardized a, typical error 
of measurement of pacing strategy b, and pacing strategy c during 
20-min TT. Values are TEMs ± 95 % confidence intervals in A, 
TEM ± 95 % confidence intervals in B, and means ± SD in C.

179

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Borszcz FK et al. Reliability of the Functional … Int J Sports Med 2020; 41: 175–181

Training & Testing Thieme

very-large variability in the pacing strategy, especially between the 
start to 2 min and between 14 to 20 min (▶Fig. 3a and b). This var-
iability does not correspond to the variability observed in the 4- and 
20-km TT tests [18, 19], wherein the high TEM was observed only 
during the initial and the final segments. In addition, the TEM of 
the present study at the initial and final segments (7.4 and 11.4 %, 
respectively) were higher than the TEM reported during the 20-km 
TT (~6.7 %) [19]; at the midpoint of the TT, TEM (4.4–7.9 %) was 
also higher than that reported during the 20-km TT (TEM = 1.8 % to 
3.4 %) [16, 19]. The high variability found in the present study was 
also probably due to the TT type. Previous studies [16, 18, 19] an-
alyzed the reliability of a distance-based TT; a meta-analysis 
showed that the time-based TTs were 1.2  ×  less reliable than dis-
tance-based TTs [3]. Therefore, it seems that athletes can better 
control their pacing strategy in TTs similar to official races (i.e., dis-
tance-based).

Finally, the smallest worthwhile change (SWC) is defined as 
0.3  ×  CV [26]. In well-trained and professional cyclists (Perfor-
mance levels 4 and 5 [22]), the SWC for a 20-min TT is 0.4–0.5 % 
[12, 17]. However, the present study showed an SWC of 0.9 % for 
FTP20, in trained cyclists, using the Allen and Coggan warm-up. 
Therefore, FTP20 should be used to detect performance changes in 
trained cyclists, but not in well-trained and professional cyclists, 
because sensitivity is too low for athletes with a higher fitness level. 
Nevertheless, more data is needed to elucidate about the variabil-
ity of the 20-min TT using different warm-up protocols at different 
performance levels.

Practical applications
These results suggest that the FTP determined from the Allen and 
Coggan [6] protocol is reliable, which should be considered as val-
uable information for practitioners implementing this protocol. 
Therefore, it should be used by coaches and trained cyclists (i.e., 
Performance levels 2 and 3 [22]) to detect changes in performance.

Conclusions
In conclusion, despite the low warm-up reliability in trained cyclists, 
the FTP20 determined was reliable based on the protocol proposed 
by Allen and Coggan [6]. Future studies should verify the influence 
of the different warm-up strategies on FTP20 determination and the 
reliability of the FTP20 in elite professional cyclists.
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