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ABSTRACT
Introduction The measurement of heart rate is 
commonly used to estimate exercise intensity. However, 
during endurance performance, the relationship between 
heart rate and oxygen consumption may be compromised 
by cardiovascular drift. This physiological phenomenon 
mainly consists of a time- dependent increase in heart 
rate and decrease in systolic volume and may lead to 
overestimate absolute exercise intensity in prediction 
models based on heart rate. Previous research has 
established that cardiovascular drift is correlated to the 
increase in core body temperature during prolonged 
exercise. Therefore, monitoring body temperature during 
exercise may allow to quantify the increase in heart rate 
attributable to cardiovascular drift and to improve the 
estimate of absolute exercise intensity. Monitoring core 
body temperature during exercise may be invasive or 
inappropriate, but the external auditory canal is an easily 
accessible alternative site for temperature measurement.
Methods and analysis This study aims to assess the 
degree of correlation between trends in heart rate and in 
ear temperature during 120 min of steady- state cycling 
with intensity of 59% of heart rate reserve in a thermally 
neutral indoor environment. Ear temperature will be 
monitored both at the external auditory canal level with a 
contact probe and at the tympanic level with a professional 
infrared thermometer.
Ethics and dissemination The study protocol was 
approved by an independent ethics committee. The results 
will be submitted for publication in academic journals 
and disseminated to stakeholders through summary 
documents and information meetings.

INTRODUCTION
The regular practice of cardiorespira-
tory endurance exercise of appropriate 
intensity and duration improves aerobic 
capacity and contributes to maintaining 
health and physical fitness.1 The phys-
iological adaptations responsible for 
the increase in aerobic capacity mainly 
depend on the intensity of cardiorespira-
tory training performed.2 3 Therefore, an 
accurate assessment of training intensity is 
essential to achieve the desired results and 
avoid overtraining.4

Exercise intensity is defined as the 
amount of metabolic energy required 
in the unit of time to perform a specific 
muscular work and can be monitored 
through variables which are closely 
correlated to energy expenditure, such as 
oxygen consumption (V̇O

2
), power output, 

speed and heart rate.5

In endurance performance, exercise 
intensity can easily be estimated using a 
percentage of maximum heart rate (% 
HRmax) or a percentage of heart rate 
reserve (% HRR).1 6 These methods, 
based on the assumption of a linear rela-
tionship between heart rate and oxygen 
consumption, were validated in short- 
term incremental exercises.7 8 However, 
in prolonged exercises this assumption 
may be compromised by the physiological 
phenomenon of cardiovascular drift with 
potential repercussions on the valid esti-
mation of metabolic intensity.5 6 9

Cardiovascular drift occurs after 
10–15 min of continuous exercise 
performed at moderate intensity in a 
neutral or warm environment and consists 
of a progressive increase in heart rate and 
a concomitant decrease in systolic volume 
and mean arterial pressure, without signif-
icant changes in cardiac output.10 11 These 
time- dependent changes in cardiovascular 
responses are associated with a gradual 
increase in core body temperature12 and 
are exacerbated by dehydration through 
reduced blood volume and impaired ther-
moregulatory capacity.13

Therefore, monitoring core body 
temperature during prolonged exercise 
may allow to quantify the changes in heart 
rate which are attributable to cardiovas-
cular drift and, consequently, improve the 
prediction of metabolic intensity. Indeed, 
during stationary exercise, when the abso-
lute intensity is maintained constant, the 
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increase in heart rate may lead to overestimate the 
metabolic intensity with important implications on the 
exercise prescription and on the estimate of energy 
expenditure, in particular in training programmes 
aimed at weight loss.6

The most reliable site for monitoring core body 
temperature is the pulmonary artery because it trans-
ports blood coming directly from the internal districts, 
while other accepted sites are the oesophagus, rectum 
and gastrointestinal tract.14 Unfortunately, these sites 
require procedures which are either invasive or inap-
propriate during sport training. When it is not possible 
to measure core body temperature directly, alterna-
tive easily accessible sites can be used, such as the oral 
cavity and the external auditory canal.15 In clinical 
settings the sublingual temperature is recommended 
as a surrogate measure of core body temperature,16 
but the time required for the thermal stabilisation 
of this site, the possible interferences deriving from 
respiration and from the ingestion of liquids or foods 
discourages its use during and after exercise.14 15

An alternative site potentially suitable for monitoring 
body temperature during exercise is the external audi-
tory canal because the tympanic membrane is located 
near the internal carotid artery and hypothalamic 
thermoregulatory centres,17 although its reliability 
as a surrogate measure of core body temperature is 
controversial.16

Purpose
The primary objective of this study is to estimate the 
extent of the association between trends in heart rate 
and in ear temperature during prolonged steady- state 
exercise. This could allow future studies to develop 
predictive models of absolute intensity based on heart 
rate and ear temperature, thus indirectly estimating 
the increase in heart rate attributable to cardiovas-
cular drift.

Because ear temperature can be easily monitored 
either by measuring the heat transfer by conduc-
tion from the external auditory canal with a contact 
probe or by radiation from the tympanic membrane 
with an infrared thermometer, the secondary objec-
tive is to assess the degree of agreement between the 
temperature of the external auditory canal and the 
temperature of the tympanic membrane.

Hypothesis
During prolonged steady- state exercise in a thermally 
neutral indoor environment, the increase in heart 
rate is correlated to the increase in ear temperature.

METHODS
Subjects
Thirty healthy and normal weight adult subjects of both 
sexes will be recruited for the study. The subjects will 
be trained cyclists with a performance level ≥3 on a 1–5 
scale18 19 and with medical clearance for competitive 
cycling.

Inclusion criteria
1. Subjects of both sexes and aged 18–45 years.
2. Body mass index (BMI) of 18.5–24.9 kg/m2.
3. Having received sports medical clearance for com-

petitive cycling in the current year.
4. Cycling training experience ≥3 years for both males 

and females.
5. Cycling training frequency ≥3 days per week for both 

males and females.
6. Cycling training time ≥5 hours per week for both 

males and females.
7. Maximum absolute power output ≥320 W for males 

and ≥235 W for females.
8. Maximum relative power output ≥4.6 W/kg for males 

and ≥3.8 W/kg for females.
9. Relative V̇O

2
max ≥55 mL · min−1 · kg−1 for males and 

≥48 mL · min−1 · kg−1 for females.
10. Absolute V̇O

2
max ≥4.2 L/min for males and ≥3 L/

min for females.

Exclusion criteria
1. Presence of cardiovascular diseases.
2. Presence of ear diseases or obstructions in external au-

ditory canal.
3. Presence of diseases capable of influencing thermo-

regulation.
4. Use of medicines capable of influencing heart rate, 

blood volume, blood pressure or thermoregulation.
5. Use of medicines capable of influencing psychophysi-

cal abilities.
6. Pregnancy or menopause (for females).

Recruitment
The recruitment of subjects will be carried out in the 
cities surrounding the University of Cassino and Southern 
Lazio, in particular at amateur sports associations, gyms, 
sport events and shops operating in cycling sector 
through word of mouth, dissemination of announce-
ments and organisation of illustrative meetings. Before 
participating in study, the experimental protocol will be 
explained in detail and sufficient time will be allowed to 
process the information received. Moreover, informed 
consent and authorisation to process personal data will 
be acquired in writing and a notification of recruitment 
will be sent to the subjects’ personal doctor to exclude 
contraindications.

Collection of baseline data
In the initial phase of the study, participants’ personal 
data will be recorded, copies of an identification docu-
ment and medical certification for competitive cycling 
will be deposited. Each participant will be assigned 
an identification code to guarantee anonymity, inclu-
sion and exclusion criteria will be verified and main 
anthropometric measurements and familiarisation 
with experimental procedures will be carried out. In 
particular, body composition will be estimated from 
body density20 21 through plicometry by measuring the 
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thickness of abdominal, triceps, pectoral, middle axillary, 
subscapular, suprailiac and quadriceps skin folds.22 23 The 
thickness of skin folds will be measured with a profes-
sional mechanical plicometer (Skinfold Caliper, GIMA 
27320, Metrica S.p.A.) by repeating the operation three 
times. In addition, with subjects sitting in a comfortable 
position and after relaxing for least 20 min, the tympanic 
temperature of both ears will be measured alternately 
three times with a professional infrared tympanic ther-
mometer (Genius 2, Covidien llc), with the aim of 
estimating the possible difference between right and left 
ear. The same measurement procedure will be carried 
out after isolating the external auditory canal of both ears 
for 5 min with a preheated antinoise headband (JAZZ- 
BAND 2, Moldex- Metric AG & Co. KG) and repeated 
again 5 min after removal, with the aim of estimating the 
possible effect of insulation from external environment 
on the tympanic temperature. The antinoise headband 
will be heated by placing it under the subjects’ clothes at 
abdominal level for at least 10 min before use. To ensure 
the best hygienic conditions, both earplugs will be coated 
with a disposable cover obtained from a low- weight (~3 g) 
and small size (S) nitrile glove for food use (nyte, walking, 
Brenta S.r.l. or Reflexx 77, Reflexx S.p.A.).

Cycling tests
In the central phase of the study, two submaximal cycling 
tests will be carried out with non- invasive monitoring 
of heart rate, external auditory canal temperature and 
tympanic temperature. The tests will be spaced from 
a minimum of 24 hours up to a maximum of 10 days. 
In female athletes, cycling tests will not be performed 
during the mid- luteal phase of the menstrual cycle to 
limit the influence on body temperature and heart rate.24

Before performing the cycling tests, the baseline 
values of heart rate and external auditory canal tempera-
ture will be monitored for 10 min with subjects sitting 
in a comfortable position and after relaxing for at least 
20 min. These baseline values will be obtained by aver-
aging the last 5 min of monitoring. The baseline value of 
the tympanic temperature will be determined by carrying 
out a measurement at the end of the monitoring of the 
other physiological variables to avoid influences on the 
heart rate.

The first cycling test will consist of incremental exer-
cise up to 80% of the theoretical maximum heart rate 
(HRmax) estimated with the formula 220 − age.25 This 
test will be necessary to estimate the subject- specific rela-
tionship between heart rate and power output, that will 
be used to determine the power corresponding to the 
target intensity of the second cycling test. The choice of 
this submaximal test instead of a maximal test may limit 
the estimation of the exercise intensity. However, the 
use of a maximal incremental test with respiratory gas 
monitoring would require more resources and adequate 
clinical care limiting the feasibility of the study in a non- 
hospital setting.
Incremental cycling test protocol:

1. Initial intensity of 100 W for males and 50 W for fe-
males at 70–90 rpm and increments of 25 W every 
3 min until achieving and maintaining 80% HRmax 
for 3 min.

2. 10 min cool down with intensity of 50–100 W at 
70–90 rpm.

The second cycling test will consist of a prolonged 
steady- state exercise at the upper limit of moderate inten-
sity in a thermally neutral indoor environment, with the 
purpose of assessing the association between trends in 
heart rate and in ear temperature.

The moderate exercise intensity of the prolonged 
steady- state cycling test will be estimated using a 
percentage of heart rate reserve.1 6 26–28 In cardiorespira-
tory endurance exercise, a moderate level of intensity is 
between 40% and 59% of heart rate reserve or oxygen 
consumption reserve.1 The target heart rate (HRtarget) 
corresponding to the desired exercise intensity will be 
calculated using the following equation:

 HRtarget = {[(HRmax − HRrest) × % HRR]/100} + HRrest  

where HRmax is the maximum heart rate, HRrest the 
resting heart rate and % HRR the percentage of heart 
rate reserve. The target heart rate will be converted into 
power using the subject- specific relationship between 
heart rate and power output, in order to maintain the 
absolute exercise intensity constant.

Prolonged steady- state cycling test protocol:
1. 10 min warm up with increasing intensity until reach-

ing the target (5 min at 50% of target, 3 min at 80% of 
target and 2 min at 90% of target) at 70–90 rpm.

2. 120 min exercise with intensity equal to the power cor-
responding to 59% HRR at 70–90 rpm.

3. 10 min cool down with intensity equal to 50% of target 
at 70–90 rpm.

The cycling tests will be carried out with one of the 
bicycles usually used by athletes to maximise comfort 
during the exercise and wearing a light cycling uniform. 
Bicycles will be mounted (fixing the rear carriage) on a 
professional training roller with magnetic brake with 30 
certified positions (MagneticDays JARVIS, O.R.F. S.r.l.) 
equipped with software (MD Training, O.R.F. S.r.l.) 
to develop training protocols, to acquire and transfer 
data and to view the working parameters in real time 
(elapsed time, speed, power output, pedalling cadence 
and heart rate). This professional training roller used for 
the cycling tests is capable of automatically adjusting the 
resistance based on the pedalling rate to maintain the 
power output constant.

During the cycling tests, heart rate, external audi-
tory canal temperature of the right ear and tympanic 
temperature (infrared radiation) of the left ear will be 
monitored. Before carrying out temperature measure-
ments, the external auditory canal of both ears will be 
visually inspected to verify the absence of obstructions 
and/or anomalies.
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Heart rate will be monitored with a wireless chest strap 
heart rate monitor (Soft Strap Premium Heart Rate 
Monitor, Garmin Ltd) positioned under the chest. For 
data transfer, the heart rate monitor will be associated 
with the training roller through a short- range wireless 
connection (ant+).

The external auditory canal temperature will be moni-
tored in the right ear through continuous measurement 
with a wearable device (C- Temp, Cosinuss GmbH) 
consisting of a retro- ear module and an adjustable contact 
probe. A firmware modification was made by the manu-
facturer to obtain absolute temperature values without 
corrections. For data transfer, the auricular device will be 
associated with a smartphone or tablet through a short- 
range wireless connection (Bluetooth). The software 
application (cosinuss° saveXport, Cosinuss GmbH or 
cosinuss° Lab, Cosinuss GmbH) provided by the manu-
facturer allows to view the measured temperature in 
real time and to acquire data for subsequent transfer to 
a PC. To ensure the best hygienic conditions, both the 
ear probe and the retro- ear module will be coated with a 
disposable cover obtained from a low- weight (~3 g) and 
small size (S) nitrile glove for food use (nyte, walking, 
Brenta S.r.l. or Reflexx 77, Reflexx S.p.A.).

To avoid the release of the probe from external audi-
tory canal or unwanted movements, a suitably modified 
antinoise headband (JAZZ- BAND 2, Moldex- Metric AG 
& Co. KG) will be used. The modification consists in the 
partial removal of the support of the right earplug and 
the insertion on the remaining part of a small cylinder 
in non- toxic plasticised polyvinyl chloride able to accom-
modate the base of the probe and exert a slight pressure 
(~1.2 N). The unmodified contralateral earplug will be 
positioned at the entrance of the left external auditory 
canal. To ensure the best hygienic conditions, a dispos-
able nitrile cover will be applied to both earplugs, as in 
the case of the auricular device. In addition, to adjust the 
length of the probe and redistribute the pressure exerted 
by the antinoise headband, disposable cotton pads will 
be inserted between the probe and the entrance of the 
external auditory canal.

The tympanic temperature will be monitored in the 
left ear by manual sampling with a professional infrared 
tympanic thermometer (Genius 2, Covidien llc) by 
carrying out the otoscopic manoeuver to straighten the 
external auditory canal and directing the probe towards 
the tympanic membrane. This manoeuver, which will be 
carried out by a trained operator, allows for more accu-
rate tympanic temperature measurements and consists 
of moderate traction posteriorly and superiorly of the 
auricle carried out in the midpoint between the apex of 
the helix and the lower end of the lobule.29 The tympanic 
thermometer will be set in ear mode (EAR) to obtain 
absolute temperature measurements without correc-
tions for equivalence with other sites. This instrument 
is equipped with replaceable probe covers (Tympanic 
Probe Covers, 303030, Covidien llc) to ensure the best 
hygienic conditions.

During the incremental cycling test, the tympanic 
temperature will be measured every 3 min, while in the 
prolonged cycling test every 5 min. Before carrying out 
these measurements, the left earplug of the antinoise 
headband will be temporarily moved to allow access to 
the external auditory canal.

In order to limit dehydration (body weight loss >2%) 
during prolonged steady- state test, subjects will take every 
10 min a dose of mineral water (SANGEMINI, Acque 
Minerali d’Italia S.p.A.) at room temperature for a total 
quantity between 0.4 and 0.8 L/hour, based on the initial 
body weight.30

Hydration based on athletes’ body weight:
1. 50–<60 kg = 0.4 L/hour.
2. 60–<70 kg = 0.5 L/hour.
3. 70–<80 kg = 0.6 L/hour.
4. 80–<90 kg = 0.7 L/hour.
5. ≥90 kg = 0.8 L/hour.

In order to prevent disorders or discomfort due to 
permanence on the bicycle during prolonged steady- 
state test, subjects will perform an out of the saddle every 
20 min lasting ~5 s.

Body weight of subjects will be measured before and 
after the cycling tests with a digital scale (RD-953, inner-
Scan DUAL, TANITA Corporation) to assess dehydration. 
The measurements will be carried out with the body dry 
in undergarments and possibly after urinating.

Before the cycling tests, study participants should:
1. Take at least 1.9 L/day of water in the previous 48 

hours.
2. Take an adequate amount of carbohydrates (~60% of 

kcal/day) in the previous 48 hours.
3. Refrain from taking caffeine, alcohol, nicotine or oth-

er stimulants for at least 4 hours.
4. Take the last meal 4–6 hours before.
5. Refrain from moderate physical activity for at least 

2 hours and from strenuous exercise for at least 14 
hours.

6. Take 500 mL of mineral water in the previous 60 min.
7. Rest for ≥20 min before monitoring the baseline val-

ues of the physiological variables.
During this phase of the study, subjects will draw up a 

diary on the diet and exercise for the 48 hours preceding 
the cycling tests to assess the congruence with the indica-
tions provided.

At the end of the cycling tests, participants will receive 
packaged food and beverages and a self- compiled ques-
tionnaire to investigate the perceived level of comfort/
discomfort during the experimental procedures. The 
questionnaire is composed of the following four items, 
each based on a 5- point Likert scale: the use of the chest 
strap heart rate monitor, the auricular device supported 
by the modified antinoise headband, the tympanic ther-
mometer and the training roller.

Statistical analyses
Numerical data (age, height, weight, BMI, percentage of 
body fat, HRrest, theoretical HRmax and power output 
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at 80% HRmax) will be presented using mean and SD 
in the case of normal distributions or median and IQR 
in the case of non- normal distributions, while categor-
ical data (sex and performance level) will be presented 
through frequency tables.

The degree of agreement between the two measure-
ments of ear temperature (ie, external auditory canal 
temperature of the right ear and tympanic temperature 
of the left ear) will be assessed through the Bland- Altman 
analysis.31 The association between two time series of 
numeric data (ie, heart rate vs external auditory canal 
temperature and heart rate vs tympanic temperature) 
will be assessed through the analysis of cross correla-
tion.32

Statistical significance will be set at a level of p<0.05.

Work environment
The study will be conducted in a suitable room 
equipped with sanitary facilities at the Laboratory of 
Physiology of exercise and sport ‘Marco Marchetti’ of 
the Department of Human Sciences, Society and Health 
of the University of Cassino and Southern Lazio. In this 
room there will be an adequate air exchange between 
inside and outside, a temperature of 20°C–25°C and a 
relative humidity of 40%–65%. These environmental 
conditions are comfortable for carrying out cardiorespi-
ratory exercise with a light cycling uniform. During the 
experimental procedures, the temperature and relative 
humidity will be monitored with a thermo- hygrometer 
with data logger and display for real- time visualisation 
of the measured values (PCE- THB 40, PCE Deutschland 
GmbH).

Safety of procedures
The study was approved by an independent ethics 
committee and will be conducted in compliance with 
the European Union’s Good Clinical Practice standards 
and in accordance with the Declaration of Helsinki. The 
experimental procedures will be carried out by qualified 
sports science experts and a medical doctor.

To ensure adequate safety standards, the room destined 
for the experimentation will be equipped with a first aid 
kit for the cardio- pulmonary resuscitation including an 
external semiautomatic defibrillator, an Ambu resuscita-
tion flask for adults with mask, an assortment of sterile 
Guedel cannulas, a tongue forceps and a conical helical 
mouth opener.

Specific containment measures will be taken to prevent 
the risk of contagion of infectious diseases, with special 
reference to SARS- CoV-2. The laboratory intended for 
the experimentation will be sanitised periodically, while 
the support surfaces and the instruments will be thor-
oughly disinfected before and after use. In addition, a 
continuous air exchange between inside and outside will 
be guaranteed. The operators involved in the study will 
wash their hands thoroughly and wear disposable masks 
(FFP2) and gloves.

Personal data processing
The personal data of the study participants will be 
processed anonymously and exclusively for the realisa-
tion of the study and the purposes of scientific research, 
in accordance with national legislation (Legislative 
Decree 196/2003 and subsequent adaptation of Legis-
lative Decree 101/2018) and the provisions of the 
European regulation (GDPR 679/2016) on the protec-
tion of personal data.

Patient and public involvement
Representatives of cycling organisations worked with the 
investigators to refine the experimental protocol; they 
will also be actively involved in the recruitment of cyclists. 
At the end of the study, a dissemination document will be 
delivered to the participants and the interested public to 
illustrate the results and potential practical applications 
of this research. In addition, information meetings will 
be held in academic and sport contexts.
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