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0.1. Abstract

The purpose of this study was to find the validity and reliability of non-invasive
temperature measuring sensors in measuring core temperature (Tc), compared
with the invasive gold standard esophageal sensor in a neutral and hot
environment during rest, exercise and recovery. The sensors specifically tested
were: Axillary mercury and electronic thermometer, temporal infrared
thermometer, acoustic membrane thermometer and Calera research heat flux
wearable device. To do this an experimental protocol was constructed. The
protocol consists of three phases. Phase 1 lasts 24 minutes where the subject will
be in a resting state sitting on a chair, phase 2 lasts 20 minutes and consists of the
exercise protocolwhere the subjectwill be called to exercise at an intensity of 60%
of the maximum heart rate, adjusted for age according to the Karvonen equation
(Target Heart Rate = [(max HR - resting HR) x %lIntensity] + resting HR) (1) on a
static cycle ergometer. The last part of the experiment Phase 3 consists of the
recovery phase, where the subject will stop the exercise and will be rested for 20
minutes. This concludes the experimental protocolwhich will be repeated 2 times
for each subject. Once In a neutral environment (Trial 1: temperature 23-24°C,
relative humidity 60%) and the other in a hot environment (Trial2: temperature 34-
35°C, relative humidity 60%). Throughout the experimental protocol temperature
readings were taken simultaneously with the gold standard. The study concluded
that out of all the sensors only axillary thermometer was overall valid and reliable
to be used in all setting to measure Tc compared with oesophageal sensor mean
difference (MD) within £0.3 of oesophageal values, Pearson r: 0.60.

1. Introduction

A significant amount of the modern population is being affected by higher
environmental temperatures and or heat-related illnesses. This can be
contributed to climate change and heat waves which have been more recent
worldwide (2, 3) There is requirement of many occupations to work under intense
temperatures (4). Such examples are agriculture and construction workers, who
are the two groups more commonly associated with heat related deaths 35 and
13 times more likely than workers from other industries (5, 6). Also, many athletic
events take place in non-ideal environmental temperatures (7, 8) and athletes
who are expected to perform in these conditions can be harmed. These new
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challenging circumstances have urged the need for ways to predict and prevent
heat stress like the use of proper hydration, protective and task specific clothing
and heat acclimation-acclimatization (9). Although these methods can be helpful
itis of equalimportance to develop and validate methods and tools to measure Tc
for the prevention of heat stress and heat related illness (10, 11). The most
accurate method to acquire Tc is with the use of intrusive sensors like the
pulmonary artery, esophageal and rectal sensors (12, 13). Although these sensors
are reliable, they cannot be realistically used outside a hospital or laboratory
environment (14). The body temperature sensors used as household items are
noninvasive, inexpensive and publicly available such as auxiliary electronic and
mercury thermometers, infrared temporal thermometer and infrared acoustic
thermometer. Despite their convenience and availability these sensors are not
very accurate in measuring Tc in stress conditions like exercising.(15). Although,
the mercury axillary thermometer which has shown accuracy when compared
with invasive sensors (16) and it has proven to be more reliable than its electronic
counterpart (14) there have not been many studies testing its accuracy and
validity in an exercise setting. Meanwhile, there has been a decrease inits use due
to concerns regarding maintenance and safety hazards. Recently many types of
sensors have made an appearance in the market like the wearable thermal
monitor sensors(Saidi and Gauvin 2023),these devices are marketed to
recreational and professional athletes and for workers for tracking down their
temperature in real time. One of these devices is the CALERA® Research device, a
heat-flux sensor targeted towards athletes which incorporates a thermal energy
transfer sensor. CALERA research has been used in a few studies where
deficiencies in accuracy and validity were observed(15, 17).The aim of this study
is to validate noninvasive Tc sensors with the reliable esophageal sensor during
rest, exercise and recovery under different environmental conditions inside an
environmental chamber.

2. Literature
2.1 Exercise in non-ideal circumstances

In arecent study (8), it was observed that Pic performance of athletes competing
in endurance events was calculated to a WBGT between 7.5°C and 15°C. At the
same time 26% of the races were conducted in moderate, high and extreme heat
conditions which exceeded the ideal circumstances parameters. The study also
confirmed that when events took place under higher environmental temperatures
it negatively affected the performance of athletes. Although there are some groups
of people who are specifically susceptible to heat illnesses, even young and
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healthy individuals are at risk of heat stress when engaging in strenuous outdoor
physical activities during hot weather conditions (18).

2.2 Rise of environmental temperature

The rise of environmental temperatures is a phenomenon which affects the
population worldwide. 2024 was the warmest year on record(19) proving this
point, the global average temperature between 2014 to 2023, is estimated to be
the highest 10-year period on record, being 1.2°C above the 1850-1900
average(20), affirming the consensus that there is a progressional rise of global
environmental temperature and climate change is an undisputed existing effect.
Moreover, there has been an apparent rise in the duration of heatwaves in data
collected by 48 US states, a rise in warm days has been observed in a calendar
year and colder nights have been decreased. (1)

2.3 Heat-related illness

Heat related illness (HRI) also known as hyperthermia is a condition in which Tc is
raised beyond normal which is ~37°C, at rest and ~38°C, during moderate-
intensity (21) Heat stress can occur with the combination of different
circumstances, This includes exposure to a high degree of environmental
temperature, external heat load, production of metabolic heat that cannot
properly be expelled (internal heat),(21, 22). The inability of the organism to keep
the Tc within the homeostatic norm under can result in the development of heat
related illnesses or HRIs (22).Heat related illness include: Heat edema, Heat
cramps, Heat syncope, Heat tetany, Heat rash, Heat exhaustion, Heat stroke, all
of which have a variety of symptoms.(23).

2.4 Exercise induced hyperthermia

The inability of the body to expel heat during the production of work derived from
active muscular actions and the subsequent elevation of Tc beyond normal levels
and leads to hyperthermia or exertional heat illness (21, 24) this can affect both
the peripheral and central nervous systems leading to nervous system
fatigue,(25). The body also gets dehydrated through the process of sweating and
vasodilation witch under prolonged time drain body fluids and produce
cardiovascular strain (26) and neuromuscular fatigue (27). During elevated Tc
38.5°C - 40°C the shared need for blood flow between skeletal muscles, vital
organs and the skin gets overbearing for the human body. Subsequently the
cardiac output fails to fulfill the needs of all the tissues leading to heat
exhaustion(9).

2.5 Heat related occupational hazards
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In a meta-analysis that was published (6) its stated that for most occupations
working in conditions over 25C raises the risk for heat strain. The study also
reveals that workers occupied in heat stress conditions were four times more
likely to experience occupational heat strain during or after a work shift compared
with individuals working in thermoneutral conditions. The occupations are not
specific, HRIs have been linked with both indoor and outdoor occupations.
Although non-fatal incidents of HRIs can sometimes be overlooked by workers
and personnel and subsequently go unrecorded the supporting data from North
Carolina, collected from 2008-2010 shows that occupational HRIs resulted in
more trips to the emergency room compared to any other work-related cause
among patients of 19-45 years (28). To further link the rise of environmental
temperature with the engagement of workers in the state Washington it was
observed thatthe rise of even 1 °C increase in maximum humidity index (humidex)
was associated with increase of traumatic injuries(28) there has also been
identified a strong correlation between a higher rate of HRI in the third quarter and
hotter summers(29). Furthermore, HRIs are the most common health effects
experienced by agricultural workers as a result of their prolonged exposure to high
temperatures (3).

2.6 Heat-related deaths in general population, sports and occupation

According to the NATIONAL WEATHER SERVICE for the year 2023 (US Department
of Commerce), in the US 207 deaths were attributed to heat. This number is higher
thanthe 10-year average of 2014 to 2023 which is 188 itis also the highest number
of any other environmental cause of death for that year. Moreover global warming
has contributed to a rise of lethal environmental illnesses such as ischemic heat
stroke (30) and extreme heat levels have been linked with various deaths from
people who suffer from cardiovascular diseases such as hypertension, diabetes,
hyperlipidemia, and coronary artery disease (31). Athletes often experience
thermal stress which results in exertional heat stroke beingin the top three causes
of mortality for athletes in the US (32). It also accounts for 2% of all sport-related
deaths (33) and specifically 15% of all football deaths annually (34). Many
occupations have very high demands regarding physical labor which paired with
extreme heat can be lethal. Between 2010 and 2012 in the United States of
America 13 deaths were attributed to heat exposure while in a workplace
environment (35). When talking about occupational mortality due to heat It is
important to mention the paradigm of the construction worker. Specifically,
between 1992 and 2016 258 construction workers were pronounced dead caused
by heat exposure, of which 75% occurs when environmental temperatures rise
during the summer (36). Another occupation which is very susceptible to heat
mortality is that of agricultural workers. Agricultural workers experience very high
environmental temperatures and endure physically straining work in a daily basis.
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For these reasons Heat related deaths in agricultural workers are 35 times above
the average worker (37).

2.7 Core and Peripheral temperature differences

Body temperature has different values throughout the human body. Therefore, we
categorize the body in two groups regarding the surface the measurement is
extracted from. The first group is the external shell temperature. The sight of its
measurements being the skin also known as peripheral body temperature which
is observed to rapidly change temperature. Moreover, we have the second group,
the internal core temperature known also as Tc, the sight of its measurements
being subcutaneous and, or internal body surfaces. Tc measurements are
generally more stable (38). The center of thermoregulation resides within the
human brain in the preoptic area of the hypothalamus. The function of the
hypothalamus is to analyze stimuli that comes from the different temperature
sensors located all over the human body and react to achieve thermal
homeostasis (39).The thermal sensors in the human body are called
thermoreceptors. They consist of the peripheral thermoreceptors located on the
skin and the internal thermoreceptors located in the brain, viscera and spinal
cord. Peripheral thermoreceptors perceive external thermal stimuli whereas
internal thermoreceptors perceive Tc changes. In case these receptors discern
divergence of temperature using the Central and Peripheral Nervous systems the
signal will notify the hypothalamus which in turn will react accordingly to the
stimuli provided. Subsequently, the mechanisms of thermoregulation will be
utilized with the goal of reinstating homeostasis (39). Changes in skin (Peripheral)
temperature do not always associate with changes in Tc , the former can be a
result of rapid differences of environmental temperature. (40) Even if Tc does not
fluctuate the perceived change in body temperature by peripheral
thermoreceptors can lead to the enabling of physiological thermoregulatory
responses for the pre-emptive maintenance of internal temperature. For this
reason, it is categorized as feedforward mechanism(41).

2.8 Invasive and noninvasive sensors

As it stands the influence of environmental temperature plays a bigrole in the lives
of most people (42) and can have many negative effects especially regarding
public health (43). For this reason measurement of Tc is defining for preventing
HRIs and temperature monitoring during strenuous activity (44). Many thermal
sensors are used by medical professionals and the public to assess body
temperature. These sensors are subsequently divided into two categories
regarding where in the human body they need to be placed to subtract
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temperature readings. Firstly, non-invasive sensors. These sensors extract data by
distance, or by contact without the need of penetrating the skin. Secondly, the
invasive sensors. These are placed inside the human body and derive readings
directly from internal body surfaces (45). Non-invasive sensors although easier
and more comfortable to use do not wield readings that are as accurate as
noninvasive sensors (13, 46) especially during exercise (47)

The most precise Tc measurement is through the use of the Swan-Ganz catheter
the site of the measurement being the pulmonary artery although this method is
regarded as the Gold standard it is only possible to use trough surgery (13, 48, 49).
The next site of Tc readings that is considered to give very accurate information is
the digestive system. Including, oral, esophageal, gastrointestinal, and rectal
surfaces. Esophageal sensors are regarded as very accurate in depicting Tc,(50,
51). Rectaltemperature sensor corelates with pulmonary artery and is considered
to give accurate readings of Tc. Although not with the same accuracy as the
esophageal due to a latency in the depiction of temperature fluctuation has been
observed with the rectal sensor (13, 52). Lastly oral thermometers have been
observed to not give accurate readings for Tc (53). The next site of temperature
measurement regarding accuracy is the head. Temporal thermometers have
shown to not depict accuracy in measuring Tc in exercise and clinical settings (15,
54). The tympanic membrane thermometer is regarded as a good device for Tc
measurement when the device is in direct contact with the tympanic
membrane(55). For this to be possible a well-trained individual needs to be
present and the accuracy drops when using an infrared tympanic membrane
thermometer (56-59), still wields more accurate results than other noninvasive
sensors(60). The least reliable site to gain information about temperature is the
surface of the skin. The reason for the bias can be explained by skin being in direct
contact with the environment. Therefore, its temperature fluctuates throughout
the body.(61, 62). The main thermometers used to derive temperature from skin
surface are auxiliary thermometers which have shown to not give accurate Tc
readings in medical and exercise settings (15, 63).

2.9 Wearable thermal monitoring devices

With the advancement of technology, health and performance monitoring tools
have been altered to support wearable real time monitoring functions. One
notable example includes heart rate monitors in smart watch devices. Similarly,
many companies have made the effort of producing a wearable temperature
measuring sensor that would be of practical use for athletes’ workers and the
general public for the purpose of tracking Tc in real time during activity. Although
this seems to be the direction of temperature monitoring, the ability of wearable
sensors to provide accurate Tc readings during exercise is mixed.(17, 64-69)
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3. Methods-Materials

3.1 Chamber

Both Trials took place inside an environmental chamber. This chamber is housed
in the Environmental Physiology Laboratory of SEFAA of the University of Thessaly
in Trikala.

3.2 Sample Size
This study was directed toward a general population consisting of 9 individuals

who do not have any health problems. The minimum required sample size for
conducting the study was calculated using the G*Power program and data from a
previous study (Verdel et al.,, 2021), in which various measurements were
obtained in both hot and neutral environments comparing the CARELA sensor
with rectal temperature. All participants signed an informed consent form.

3.3 Participants

The participants where 7 males and 2 females all volunteers were athletic and
healthy. The Mean for age was 25 with a Standard deviation of +8 years.

3.4 Cardiac Frequency Recording and Heart Rate Variability

Specifically, the volunteers wore an elastic chest strap that transmits heart rate
data via short-range telemetry at 1,000 Hz to a Polar watch (model RS800CX or
V800 PolarElectro, Kempele, Finland). The data were transmitted via the Polar
Flow application to a computer for subsequent analysis and evaluation of heart
rate variability.

3.5 Height and Weight

Specifically, height will be recorded to the nearest centimetre. Weight will be
measured with an accuracy of up to 0.001 kg using a precision scale (KernDE
150K2D, KERN & SOHN GmbH, Balingen, Germany).

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 08:20:03 EEST - 216.73.216.250



3.6 Esophageal Temperature

Due toits high confirmed reliability and validity to measure Tc oesophageal sensor
was selected to be used as gold standard for this study (50, 51). Specifically,
esophageal temperature will be recorded using an esophageal sensor (Mon-a-
Thermgeneral purposes probe), which is a thin, flexible tube provided to the
volunteer in a sealed and sterilized package. The esophageal probe is coated with
a special lubricant. The volunteer inserts the probe through the nasal cavity
toward the back of the throat. This is followed by swallowing a small amount of
water using a straw to close the tongue, thereby allowing the probe to slide down
into the esophagus. The probe is positioned at approximately the level of the
laryngeal prominence and its insertion length is based on the regression equation
of Mekjavic & Rempel: Insertion Length (cm)=0.479x%(standing height)-4.44(71).
The temperatures will be recorded via a portable unit connected to the sensor and

stored on a computer.

3.7 Axillary temperature with Mercury Thermometer

Axillary temperature was measured using a mercury thermometer. The
measurement was performed in the volunteer's left armpit while the armpit was
kept closed. More specifically, the thermometer needed to be kept inside the
participants armpit for 4 minutes (72) in order to ensure an accurate temperature
measurement. For this to be possible every 4 minutes one mercury thermometer
would be removed and simultaneously another would have to be inserted. During
the experimental protocol in hot environment (Trial 2) the mercury thermy:neters
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would be situated outside the environmental chamber so that there would not be
complications.

3.8 Axillary temperature with Electronic Thermometer

Axillary temperature was measured using the Biopharm Metricy Classic DT-01D
Digital Thermometer. The measurement was performed in the volunteer's right
armpit while the armpit was kept closed. More specifically the electronic
thermometer would be inserted at the 3" minute of the mercury thermometers
measurement and was removed when it made the distinctive sound roughly at the
same time as the mercury thermometer. This ensured that both thermometers
were operating at the same time. During the experimental protocol in the hot
environment (Trial 2) the thermometers were situated outside the chamber to cool
down.

METRICY - A

3.9 Acoustic membrane temperature.

Acoustic membrane temperature was measured using the Microlife IR 150
infrared ear thermometer, which by emitting infrared radiation can evaluate the
temperature of the eardrum and surrounding tissues. Per measured there will be
three repetitive readings taken in the volunteer’s left ear, and the highest value was
recorded. To perform the measurement, the ear was gently pulled back to
straighten the ear canal. The probe of the thermometer was inserted into the left
ear canal and activated subsequently a temperature reading was obtained. The
measurement took place between the 3 and 4" minute of the mercury
thermometer measurement and was removed when it made the distinctive sound
roughly at the same time as the mercury thermometer. Before the experimental
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protocolinahotenvironment (Trial 2) The thermometer
would be keptinside the environmental chamber for 20 \
mins so the device would reach thermal equilibrium. @

3.10 Temporal Temperature

Temporal temperature readings were measured using the BRAUN-BTN400CA No
Touch Forehead Infrared thermometer, which evaluates the infrared radiation
emitted by the forehead and surrounding tissues. To ensure proper measurement,
the sensor needed a small distance approximately 2 cm from the volunteer’s
forehead. The measurement took place between the 3™ and 4" minute of the
mercury thermometer measurement and was removed when it made the
distinctive sound roughly at the same time as the mercury thermometer. The
thermometer would stay inside the environmental
chamber prior to the experiment to reach thermal ( (o
equilibrium.

Y

3.11 CALERA research sensor:

The CALERA Research sensor is a portable, non-invasive device used for
measuring core body temperature, developed by greenTEG A.G., based in
RUmlang, Switzerland. It uses a thermal energy transfer sensor that is placed on
the skin to collect data. According to the manufacturer, its design is similar to the
CORE sensor, but the CALERA Research sensor offers additional features tailored
for research applications. Data from the device is stored on an electronic device
using the Calera — Core Body Temperature application. The CALERA research
sensor was calibrated using the personal anthropometric measurements of the
volunteer, after that the sensor would be attached on the left side of the
volunteers’ ribs on the height of the heart. The CALERA sensor would be
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connected to a phone and give measurement readings live through the Calera -
core body temperature app.

calera®

3.12 Study Design

Participants will be invited to visit the Environmental Physiology Laboratory of
SEFAA at the University of Thessaly in Trikala three times. On the first visit,
volunteers will complete the questionnaire (see Appendix), undergo
anthropometric measurements, and become familiar with the experimental
protocol, after that two different meetings will be arranged with at least 48 hours
between the two experimental protocols.

3.13 Experimental session

When the subjectis deemed ready, all measurement devices will be attached and
then start the experimental session of the study. The experiment consists of three
phases. Phase 1 lasts 24 minutes were the subject will be in a resting state sitting
on a chair, phase 2 lasts 20 minutes and consists of the exercise protocol where
the subject will be called to exercise at an intensity of 60% of the maximum heart
rate, adjusted for age according to the Karvonen equation (Target Heart Rate =
[(max HR - resting HR) x %lIntensity] + resting HR) (1) on a static cycle ergometer.
The last part of the experiment Phase 3 consists of the recovery phase, where the
subject will stop the exercise and will be rested for 20 minutes. This concludes the
experimental protocol which will be repeated 2 times for each subject. Once In a
neutral environment (Trial 1: temperature 23-24°C, relative humidity 60%) and the
other in a hot environment (Trial2: temperature 34-35°C, relative humidity 60%).
Throughout the experimental protocol temperature readings will be taken
simultaneously with the gold standard oesophageal sensor (ESOPH) by other non-
invasive temperature monitoring sensors in different body sites. The mercury
(MERC) and electronic (ELEC) axillary thermometer will be used for axillary
temperature readings, temporal infrared thermometer (TEMP) will be used for
forehead readings, acoustic membrane infrared thermometer (ACOUST) will be
used for aural readings. Finally, the Calera sensor (CALERA) although can be used
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in many surfaces around the body’s circumference it will be placed on the left side
of the subject’s thorax.

Experimental exercise protocol

® \ ®
. = 2\ V7§ — .
\ ‘g\) \
Y 4
o ® ®

Table 1. Experimental protocol

3.14 Statistical analysis

For the statistical analysis the software used was IBM SPSS Statistics Version 29
and Microsoft Excel, Version 2024.

Pearson Correlation Coefficient: Pearson's correlation coefficient (r) was used to
evaluate the reliability between the esophageal sensor and every other sensor.

Paired t-test: The paired t-test was employed to assess systematic differences
between the measurements from the noninvasive sensors and the esophageal
sensor to compare the accuracy and subsequently the validity of measurements
between the other sensors with gold standard sensor.

The mean difference (MD) is calculated by pared t-test esophageal mean - non-
invasive sensor = MD. Subsequently when the value is positive (+) the non-
invasive sensor undervalues Tc while a negative value (-) overestimatesTc. For
the accuracy of the sensor the cutoff was placed at £0.3 similar to other studies
of the same nature(15, 17, 70) in our study a sensor would be considered
accurate if MD was within 0.3
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4 Results

Phase Trial1 Mean+SD (°C) Trial2 Mean+SD (°C)

Phase 1 36.76£0.16 36.77+0.18

Phase 2 37.04+0.29 37.06+0.30

Phase 3 36.93+0.26 37.05+£0.24

Table 2. Mean and SD for esophageal!

Sensor Pearsonr Pearsonr

MERC 0.60 (Moderate) Sensor Trial1 Trial 2

ELEC 0.64 (Moderate) MERC 0.51 (Moderate) 0.71(H!gh)
ELEC 0.53 (Moderate) |0.75 (High)

TEMP 0.64 (VeryWeak) TEMP  |-0.10 (VeryWeak) |0.08 (VeryWeak)

ACOUST 0.35 (Weak) ACOUST |0.35 (Weak) 0.64 (Moderate)

CALERA 0.09 (VeryWeak) CALERA [0.06 (VeryWeak) [0.13 (VeryWeak)

Table 4. Pearson r, overall, for all sensors.

Table 3. Pearsonr, for Trial 1 and Trial 2
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TRIAL 1
Phase Mean (°C) | SD(°C) Pearsonr Mean Diff (°C) | Mean Diff SD (°C) | Effect Sized LoA (°C) CV cutoff (+0.3°C)

'::I'lf::: Phasel | 3670 | =0.31 0.24 (Low) +0.06 £0.31 0.25(Small) | 0,06:0.61(Wide) | 0.84(Low) pass
Thermometer Phase 2 37.23 +0.29 0.40 (Moderate) -0.03 +0.41 -0.09 (None) 0.03+0.80 (Wide) | 1.10 (Moderate) pass
Phase 3 37.27 +0.27 0.57 (Moderate) -0.08 +0.31 -0.18 (None) 0.08+0.62 (Wide) 0.85 (Low) pass

Electronic | Phase1 36.38 +0.23 0.02 (Very low) +0.38 +0.25 1.98 (Large) 0,38+0.50 (Wide) 0.69 (Low) fail
Axillary Phase 2 36.59 +0.36 0.43 (Moderate) +0.45 +0.35 1.36 (Large) 0.45+0.69 (Wide) 0.96 (Low) fail
Thermometer| Phase 3 36.61 +0.34 0.66 (High) +0.31 +0.26 1.08 (Large) 0.31+0.51 (Wide) 0.71 (Low) fail
Phase 1 36.40 +0.48 0.15 (Very low) +0.36 +0.48 1.06 (Large) 0,36+0.9 (Wide) | 1.32(Moderate) fail

Thzﬂgg:::er Phase2 | 36.21 | #0.63 | -0.21* (Low) +0.83 £0.75 1.68(Large) | 0.831.46 (Wide) | 2.04(High) fail
Phase 3 36.08 +0.57 0.09 (Very low) +0.84 +0.61 1.85 (Large) 0.84+1.19 (Wide) 1.66 (High) fail

Aoustic Phase 1 35.43 +0.50 0.17 (Very low) +1.33 +0.50 3.78 (Large) 1.33+0.98 (Wide) | 1.38 (Moderate) fail
Membrane | Phase2 35.74 +0.60 0.26 (Low) +1.30 +0.59 2.76 (Large) 1.30+1.16 (Wide) 1.63 (High) fail
Thermometer| Phase3 35.59 +0.52 0.42 (Moderate) +1.33 +0.47 3.14 (Large) 1.33+0.93 (Wide) | 1.31 (Moderate) fail
Calera Phase 1 37.22 +0.44 | -0.08* (Verylow) -0.46 +0.48 -1.39 (Large) 0.46+0.94 (Wide) | 1.30 (Moderate) fail
Thermometer Phase 2 37.16 +0.51 0.17 (Very low) -0.12 +0.55 -0.33 (Small) 0.12+1.07 (Wide) | 1.47 (Moderate) pass
Phase 3 37.35 +0.57 0.08 (Very low) -0.42 +0.61 -0.96 (Large) 0.42+1.19 (Wide) 1.64 (High) fail

TRIAL 2
Phase Mean (°C) | SD(°C) Pearsonr Mean Diff (°C) | Mean Diff SD (°C) | Effect Sized LoA (°C) CV cutoff (+0.3°C)

'::Ir:::; Phasel | 36.84 | +0.26 0.33 (Low) 0.08 +0.26 ~0.36(Small) | 0.0820.5(Wide) | 0.71(Low) pass
Thermometer Phase 2 37.23 +0.29 0.78 (High) -0.17 +0.20 -0.56 (Medium)| 0.17+0.39 (Wide) 0.54 (Low) pass
Phase 3 37.27 +0.27 0.57 (Moderate) -0.22 +0.24 -0.83 (Large) 0.22+0.46 (Wide) 0.64 (Low) pass
Electronic Phase 1 36.47 +0.27 0.40 (Moderate) +0.29 +0.26 1.29 (Large) 0.29+0.51 (Wide) 0.70 (Low) pass
Axillary Phase 2 36.86 +0.34 0.79 (High) +0.20 +0.21 0.62 (Medium) | 0.20+0.42 (Wide) 0.58 (Low) pass
Thermometer| Phase 3 36.92 +0.26 0.69 (High) +0.13 +0.20 0.54 (Medium) | 0.13+0.39 (Wide) 0.53 (Low) pass
Tl Phase 1 36.22 +0.56 0.06 (Very low) +0.55 +0.58 1.38 (Large) 0.55+1.13 (Wide) 1.59 (High) fail
Thermometer Phase 2 36.30 +0.44 0.19 (Very low) +0.76 +0.48 2.01 (Large) 0.76+0.94 (Wide) | 1.31 (Moderate) fail
Phase 3 35.90 +0.48 0.21 (Low) +1.15 +0.48 3.08 (Large) 1.15+0.95 (Wide) | 1.33 (Moderate) fail
Aoustic Phase 1 36.67 +0.33 0.43 (Moderate) +0.10 +0.30 0.38 (Small) 0.10+0.59 (Wide) 0.82 (Low) pass
Membrane Phase 2 37.00 +0.37 0.57 (Moderate) +0.06 +0.32 0.18 (None) 0.06+0.62 (Wide) 0.86 (Low) pass
Thermometer| Phase 3 36.98 +0.35 0.64 (High) +0.07 +0.27 0.24 (Small) 0.07+0.53 (Wide) 0.73 (Low) pass
Phase 1 37.19 +0.33 0.04 (Very low) -0.42 +0.37 —1.59 (Large) | 0.42+0.73 (Wide) 1.00 (Low) fail
The::r::::raeter Phase 2 37.16 +0.39 0.21 (Low) -0.10 +0.44 -0.29 (Small) 0.10+0.87 (Wide) | 1.20 (Moderate) pass
Phase 3 37.45 +0.41 | -0.06™* (Verylow) -0.40 0.49 -1.21 (Large) 0.40+0.96 (Wide) | 1.32 (Moderate) fail

Table 5. Phase 1,2,3 all data for Trial 1 and Trial 2

Table 2. Depicts mean and SD readings for esophageal sensor during Trial 1 and

Trial 3. Depicts the absolute Pearson r values between esophageal and non-
invasive thermometers (all Phases and both trials combined). Table 4. Depicts

Pearson r values between esophageal sensor and noninvasive thermometers

separately for Trial 1 and Trial 2 with all phases combined. Table 5. Depicts
analytically all data for every Phase separately (Phase 1, Phase 2, Phase 3) under
each trial (Trial 1 and Trial 2) separately. All data provided further comes from
Table 2. Table 3. Table. 4 and Table. 5.

4.1 Mercury Axillary Thermometer

Under neutral environmental conditions In Trial 1, MD were minimal, Phase 1:
+0.06°C, Phase 2: +0.03°C, and Phase 3: -0.08°C. Making the thermometer be well
within the accuracy threshold (MD of +0.3C° accordingly). SD, Phase 1: £0.31,
Phase 2: +0.29, Phase 3: +0.27.The corresponding effect size Phase 1: 0.25, Phase
2:-0.09, and Phase 3: -0.18 were considered small, Pearson r values ranged from
Phase 1: 0.24 (low), Phase 2: 0.40 (Moderate), Phase 3: 0.57 (Moderate) showing
increase in correlation with rise of internal temperature due to exercise. Mean
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difference standard deviation (MDSD) of Phase 1: £0.31°C, Phase 2: +0.41°C, and
Phase 3: +0.31°C are regarded low and coefficients of variation (CV) ranging from
low to moderate, Phase 1: 0.84 (Low) Phase 2: 1.10 (Moderate) Phase 3: 0.85
(Low).

In Trial 2 (35°C), despite the elevated ambient temperature, MD remained low
Phase 1: -0.08°C, Phase 2: -0.17°C, Phase 3: -0.22°C again, making it eligible for
accuracy (x0.3°C). SD, Phase 1: £0.26, Phase 2: £0.29, Phase 3: £0.27. The effect
size (d) had a wide range from Phase 1: —-0.36 (small) Phase 2: -0,56 (medium) and
Phase 3: —-0.83 (large) thus showing some statistically significant differences
compared to gold standard when internal temperature is rising due to exercise
Pearson (r)values ranged from Phase 1: 0.33 (Low), Phase 20.78 (High), and Phase
3: 0.57 (Moderate) again correlation was higher when internal temperature
increased due to exercise. Similarly, (MDSD) decreased Phase 1: £0.26, Phase 2:
£0.20, Phase 3: £0.24, CV also had low values Phase 1: 0.71 (Low) Phase 2: 0.54
(Low) Phase 3: 0.64 (Low). In both Trials Limits of agreement, (LoA) were wide.
Trial1: 0,06+0.61(Wide),0.03+0.80 (Wide),0.08+0.62 (Wide). Trial 2 :0.08+0.5
(Wide), 0.17+0.39 (Wide), 0.22+0.46 (Wide).

4.2 Electronic Axillary Thermometer

In Trial 1, MD was insufficient, Phase 1: +0.38, Phase 2: +0.45, Phase 3: +0.31,
with Phase 3 barely exceeding the cutoff for sensor accuracy (+0.3°C). MDSD
was low Phase 1: £0.25, Phase 2: £0.35, Phase 3: £0.26. SD: Phase 1: £0.23,
Phase 2: +0.36, Phase 3: +0.34. Large effect sizes were observed Phase 1: 1.98,
Phase 2: 1.36, and Phase 3: 1.08 and r values spanning from very low Phase 1:
0.02 to moderate Phase 2: 0.43 and high Phase 3: 0.66. Underscoring a moderate
level of variability relative to the esophageal sensor. and CV was found low Phase
1: 0.69 (Low), Phase 2: 0.96 (Low), Phase 3: 0.71 (Low).

In contrast, in Trial 2, the sensor’s performance improved under all three Phases
with MD decreasing in all Phases, Phase 1: +0.29, Phase 2: +0.20, Phase 3: +0.13,
all are below cutoff (¥0.3°C). MDSD also decreased, Phase 1: £0.26, Phase 2:
=0.21, Phase: 3 £0.20. SD: Phase 1: £0.27, Phase 2: £0.34, Phase 3: £0.26. Still
effect size increased Phase 1: 1.29 (Large), Phase 2: 0.62 (Medium-sized), Phase
3: 0.54 (Medium-sized), showing better agreement when internal temperature is
rising during exercise. Moreover, Pearson r values increased to moderate to high
levels Phase 1: 0.40 (Moderate), Phase 2: 0.79 (High), and Phase 3: 0.69 (High)
showing better correlation in warm environment and during or after exercise. CV
further decreased Phase 1: 0.70 (Low), Phase 2: 0.58 (Low), Phase 3: 0.53 (Low)
showing even lower variability in measurements. LoA was found wide in both
trials. Trial 1:0,38+0.50 (Wide), 0.45+0.69 (Wide),0.31+0.51(Wide), Trial 2:
0.29+0.51 (Wide), 0.20+0.42 (Wide), 0.13+0.39 (Wide),
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4.3 Temporal Thermometer

In Trial 1, the device produced MD of +0.36°C during Phase 1, +0.83°C during
Phase 2, and +0.84°C during Phase 3 indicating low accuracy by far exceeding
(x0.3°C) cutoff. These large biases were accompanied by high effect size Phase
1: 1.06, Phase 2: 1.68, and Phase 3: 1.85 showing very significant statistical
differences compared with gold standard. SD, Phase 1: £0.48, Phase 2: +0.63,
Phase 3: +0.57. MDSD was found big Phase 1: +0.48, Phase 2: £0.75, Phase 3:
+0.61. rwas found very low (0.15) in Phase 1, negative and low in Phase 2 (-0.21),
and very low again in Phase 3 (0.09) showing very low and even negative
correlation, with wide LoA In Phases 1, 2 and 3 (¥0.95°C, £1.46°C, £1.19°C
respectively) and CV was moderate to high, Phase1: 1.59 (high), 1.51 (moderate)
1.53, (moderate).

In Trial 2, the discrepancies worsened, with MD increasing to +0.55°C in Phase 1,
+0.76°C Phase 2, and +1.15°C Phase 3, no Phase manages to be within threshold
of accuracy (+x0.3°C). SD, Phase 1: +0.56, Phase 2: £0.44, Phase 3: +0.48. Also
effect size escalated further,1.38 for Phase 1, 2.01 for Phase 2 and 3.08 for Phase
3. MDSD were lower, Phase 1: £0.58, Phase 2: £0.48, Phase 3: £0.48, or values
ranged from very low to low 0.06 for Phase 1, 0.19 for Phase 2, and even negative
-0. 21 for Phase 3. CV moderate to high Phase +1:1.59, Phase 2: +1.31, Phase 3:
+1.33 showing again high variability.

In both Trials Loa was wide, indicating further variability in measurements. Trial
1:0,36+0.9 (Wide), 0.83+1.46 (Wide), 0.84+1.19 (Wide) and Trial 2: 0.55+1.13
(Wide), 0.76+0.94 (Wide),1.15+0.95 (Wide)

4.4 Acoustic Membrane Thermometer

In Trial 1, the sensor dramatically underestimated temperature with very big MD
Phase 1: +1.33°C, Phase 2: +1.30°C Phase 3: +1.33°C and big MDSD Phase 1:
£0.50 Phase 2: £0.59 Phase 3: £0.47. All MD values exceeded cutoff (+0.3°C),
resulting in very large effect sizes Phase 1: 3.78, Phase 2: 2.76, Phase 3: 3.14
indicating very statistically significant differences with gold standard sensor. r
values ranged from very low to moderate, Phase 1: 0.17 (Very low) Phase 2: 0.26
(Low) Phase 3: 0.42 (Moderate) indicating better correlation us internal
temperature rises. CV values ranged Phase 1: 1.38 (Moderate), Phase 2: 1.63
(High), Phase 3: 1.31 (Moderate). SD, Phase 1: +0.50, Phase 2: +0.60, Phase 3:
+0.52.

Conversely. In Trial 2, the sensor’s performance improved substantially, MD
reduced, Phase 1: +0.10°C, Phase 2: +0.06°C, Phase 3: +0.07°C and MDSD
lowered for every Phase, Phase 1: £0.30, Phase 2: +0.32, Phase 3: £0.27. ALl MD
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values did not exceed cutoff (+0.3°C), making it distinctively accurate. SD, Phase
1: £0.33, Phase 2: +0.37, Phase 3: £0.35. Effect sizes were negligible to small
Phase 1: 0.38 (Small) Phase 2: 0.18 (None) Phase 3: 0.24 (Small) and r values
ranged from moderate to high Phase 1: 0.43 (Moderate), Phase 2: 0.57 (Moderate),
Phase 3: 0.64 (High) reassuring the pattern of better correlation after rise of
internal temperature.

In both Trials Loa was wide, indicating further variability in measurements. Trial 1:
1.33+0.98 (Wide), 1.30%+1.16 (Wide), 1.33+0.93 (Wide) and Trial 2: 0.10+0.59
(Wide), 0.06+0.62 (Wide), 0.07+0.53 (Wide)

4.5 Calera sensor

The Calera Thermometer consistently overestimated temperature In Trial 1, MD
for Phase 1:-0.46°C, Phase 2: -0.12°C, Phase 3: -0.42°C, with corresponding
effect sizes of —-1.39 (large), —0.33 (small), and —-0.96 (large) and MDSD for Phase
1: £0.48, Phase 2: +0.55, Phase 3: £0.61. Only Phase 2 MD is within the accuracy
threshold (£0.3°C). SD, Phase 1: £+0.44, Phase 2: £0.51, Phase 3: +0.57. r showed
very low and even negative correlation compared with gold standard, Phase 1: -
0.08 (Very low), Phase 2: 0.17 (Very low), Phase 3: 0.08 (Very low). The CV for
Phase 1: 1.30 (Moderate), Phase 2: 1.47 (Moderate), Phase 3: 1.64 (High) showed
moderate to high variability in measurements.

In Trial 2, the sensor continued to overvalue temperature in every Phase. MD for
Phase 1: -0.42°C, Phase 2: -0.10°C, and Phase 3: -0.40°C and relatively lower
MDSD, Phase 1: £0.37, Phase 2: £0.44, Phase 3: 0.49. SD, Phase 1: £0.33, Phase
2: +0.39, Phase 3: £0.41. Effect sizes ranged, Phase 1: -1.59 (Large), Phase 2: —
0.29 (Small), Phase 3: -1.21 (Large). Again, only Phase 2 managed to not exceed
the threshold of accuracy (#0.3°C). The r values Phase 1: 0.04 (Very low), Phase 2:
0.21 (Low), Phase 3: -0.06 (Very low and negative) showed weak and negative
correlation with gold standard in this Trial. CV ranged from low to moderate, Phase
1:1.00 (Low), Phase 2: 1.20 (Moderate), Phase 3: 1.32 (Moderate).

In both Trials LoA was found wide. Trial 1: 0.46%£0.94 (Wide), 0.12+1.07 (Wide),
0.42+1.19 (Wide). Trial 2: 42+0.73 (Wide), 0.10+0.87 (Wide), 0.40+0.96 (Wide).
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These graphs provide a visual representation of the correlation between sensors

throughout all Phases of the protocol for Trial 1 and Trial 2 respectively
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Table 6. Correlation of sensors Trial 1.
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Table 7. Correlation of sensors Trial 2
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These graphs provide a visual representation of the mean and SD values of
sensors throughout all Phases of the protocol for Trial 1 and Trial 2 respectively.

TRIAL1
38
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PHASE 1 PHASE 2 PHASE 3
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Table 8. Mean and SD all sensors Trial 1.

TRIAL 2
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37
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Table 9. Mean and SD all sensors Trial 2.
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5 Discussion

The purpose of this study was to find the validity and reliability of non-invasive
temperature sensors. To achieve that we compared the non-invasive sensors to
the gold standard esophageal sensor in different physiological parameters (rest,
exercise, recover) and different environmental conditions (neutral, 23-24°C and
hot, 34-35°C, relative humidity 60%).

Our data indicates that the Mercury Axillary Thermometer provides the most valid
andreliable temperature measurements across diverse environmental conditions
and physiological states, exhibiting minimal bias, and overall good correlation r:
0.60. Also, coefficient of variation (CV) and standard deviation (SD), were small
indicating good reliability. However, effect size d increased during exercise and
recovery in heat and although Its measurements succeed in being accurate
(x0.3°C) a slight impairment in correlation of the thermometer was observed in
these specific conditions. It is important to inform, that LoA was found wide in
both Trials. Indicating that despite good overall validity, variability is present, and
individual measurements can vary from invasive reference. This shows that
Mercury axillary indeed does not function as a replacement for esophageal sensor
but as a reliable, non-invasive, easy to use alternative. Regarding the Mercury
axillary thermometer there is no study comparing its validity and reliability in an
exercise setting. But regarding its clinical application its notable precision is well
known in the scientific community (16).

The Electronic Axillary Thermometer exhibited notable environmental and
physiological dependence. With initial underestimation of Tc in a neutral
environment that improves under warmer conditions. It also showed better
correlation with gold standard during exercise and recovery phases in both trials.
Its accuracy succeeds in being sufficient in hot environments (x0.3°C). The LoA
was found wide in both Trials indicating a variability in measurements. Overall, the
Electronic Axillary Thermometer is reliable with low CV and small SD. Its overall
correlation with esophageal sensors was the best r: 0.64, showing a slight dip
during rest and in neutral environment. The overall validity of the thermometer is
not sufficient, but if specific parameters are met, in this case a warm environment
and raised internal temperature, the electronic thermometer might be able to
provide valid measurements. The electronic axillary thermometer has been tested
for its validity and reliability by other studies during exercise in warm environment
(15) and although the correlation was found moderate, the mean bias was high
exceeding the cutoff rendering it invalid. In our study the axillary thermometer
showed higher accuracy in hot environmental conditions. This difference could be
the product of the difference in gold standard invasive sensor chosen, our study
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used esophageal sensor which is regarded as more accurate in detecting Core
body temperature in relation with rectal sensor (50, 73) that was used in the
aforementioned studies. Rectaltemperatures have proven to be higher than those
in other parts of the body and it displays a considerable delay during rapid
temperature changes (13). In contrast, the Temporal Thermometer exhibits
substantial differences under all conditions, rendering it unsuitable for precise
monitoring. With its overall accuracy being the lowest and having the weakest and
even negative correlation with esophageal thermometer r: -0.02 (Very Weak) With
high LoA. It also showed High CV and SD rendering it unreliable. The infrared
temporal thermometer had the worst performance under both Trials therefore is
invalid and unreliable and should not be used especially in scenarios where
clinical importance is valuable. Concerning the temporal thermometer, other
studies support our findings. Large discrepancies in accuracy have been
detected, in a hot environment both at rest (15, 74) and during exercise. But in
contrast to our findings, others(15) support that in thermoneutral conditions the
temporal thermometer is valid. This could be attributed to the type of temporal
thermometer they used in their study, which was a contact infrared thermometer
whereas in our study we used a contactless infrared thermometer. Knowing that
temperature measurements from contactless and contact temporal
thermometers can differ (75) contributing to the difference between results. The
Acoustic Membrane Thermometer's performance is highly dependent on external
factors, achieving acceptable validity and reliability only under the elevated
temperature of Trial 2, compared to neutral conditions. In Trial 1, the Acoustic
Membrane sensor overestimated temperature by approximately +1.30°C with very
large effect size. However, in Trial 2, its MD dropped to between +0.06°C and
+0.10°C with negligible effect sizes and moderate-to-high Pearson r and variability
decreased with low CV. Also, the correlation seems to be better in the phases of
exercise and recovery compared to rest indicating stronger correlation with rise of
internal and environmental temperature. Overall, the sensor shows low
correlation with gold standard r: 0.35 (Weak) it shows low reliability with big SD
and high CV and bad validity with large discrepancies in MD, MDSD and Wide LoA.
But similarly to axillary thermometer it seems that in high environmental heat and
during exercise the Acoustic membrane thermometer Might be useful in
temperature measuring. According to other studies(55), when measuring
acoustic membrane temperatures the readings can be accurate for Tc
measurement when the device is in direct contact with the acoustic membrane.
For that to be possible, it needs a well-trained individual and a modified
thermocouple, probe the accuracy drops when using an infrared tympanic
membrane thermometer. Similarly to our study the low accuracy of tympanic
membrane thermometer during resting in thermoneutral conditions has been
previously recorded (47, 56, 70) and although high corelation with invasive
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sensors was previously reported (7) our results identified high accuracy present
when used in a hot environment during exercise, rest and recovery. This could be
a matter of multiple reasons such us airflow (59), degree of hyperthermia (70),
difference between device calibration and the differences in accuracy of invasive
sensors. More specifically, in our study the esophageal sensor was used as gold
standard whereas in the aforementioned studies(47, 56, 70) a rectal sensor was
used. Comparatively the esophageal sensor is considered more accurate (13, 50,
51, 73). The Calera sensor, which generally overestimates temperature, appears
to perform relatively better during exercise (Phase 2) compared to resting or
recovery phases. In both trials, the Calera sensor showed MD around -0.12°C
(Trial 1) and -0.10°C (Trial 2) during exercise, values that are considerably lower
than the underestimations observed during resting and recovery. This
improvement may be attributed to the physiological changes during exercise,
such as increased peripheral blood flow and vasodilation, which minimizes the
thermal gradient between the body’s core and peripheral sites. As a result, the
Calera sensor’s inherent overestimation is mitigated during exercise, leading to
readings that are closer to the esophageal measurements. This might be due to
the calibration of the sensor due to its specialization to a sports performance
driven audience. Although Calera seems to display better precision during
exercise, the weak and even negative correlation compared with gold standard
sensor renders it unfit for overall temperature monitoring. These findings
underscore the importance of considering both environmental conditions and
physiological state when selecting and calibrating temperature sensors for
clinical, common and sports specific usage. Lastly, regarding the Clera sensor
other studies have also recorded low accuracy in temperature measurements,
(17,67, 76, 77). Only one of them recorded the overestimation of Tc by The Calera
sensor and only in neutral environment (76) same study and others showed
significant underestimation of Tc by Calera sensor (66, 77). Furthermore, two
studies found the Calera sensor valid for estimating Tc during exercise(67, 78).
These differences in results could be attributed to the exercise protocol
difference. In our study we used lower intensity than the studies also the length of
our protocol was also shorter. Another contributing factor could be the difference
in gold standard sensors, in other studies gastrointestinal temperature measured
by telemetric pill was used whereas in this study we used esophageal
temperature. Differences between Esophageal and gastrointestinal temperature
in neutral and hot conditions during exercise have been recorded, with the latter
showing consistently higher Tc readings (52).1t is also important to note that
esophageal temperature is considered highly accurate do to its comparable
performance in Tc measurement with pulmonary artery Swan-Ganz catheter.(13,
51)
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6 Limitations and Future proposals

In this study the time of exercise was relatively short (20 minutes) and the intensity
of the exercise protocol was low 60% of the maximum heart rate, adjusted for age
according to the Karvonen equation (Target Heart Rate = [(max HR - resting HR) x
%lIntensity] + resting HR) (1). Also, we did not re-introduce exercise after recovery
to see how the sensors would react to fluctuations in temperature. Subsequently
to extend further scientific testing for temperature measuring sensors in the
future, a prolonged experimental protocol could be used, with a more intense
exercise phase and the addition of post recovery exercise to see the reaction of
the sensors.
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The International Physical Activity Questionnaire (IPAQ was used in Greek
translation)
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Zuvropo AieBvég EpwtnuatoAdyio Duoikng ApaoTnpidoTnTag
Mia ouvn@iopévn efdopada

OL NOpoKATW EPWTATELG aPOPOUV TO XPOVO MOU £XETE APLEPWOEL YA KAnola
OWHaTIKA dpaoTtnpdTnTa Katd 1n didpkeia yiag guvnBiopévng eBSouddag.
Mep\apBavouv EpWTAOEIG OXETIKG PE OPAOTNPLOTNTEG NOU KAVATE KATA TNV
€£pyaoia 0ag, OTIG HETOAKIVAOELG 0OG, OTIG DOUAEIEG TOU OMITIOU, TOU KFAMOU KOt
atov €AelBepo XpOVO 0ag Yo Yuxaywyia, doknon ) dBAnon. oG NapoKaAw
vVa anavtAOETE OAEG TIG EPWTAOELG, OKOMA Kal €AV MOTEUETE OTL OV €i0TE £va
OWHATIKA OPACTAPLO ATOUO.

Mpwv anavtioeTe TIG EPWTACELG 1 Kal 2, OKEPTEITE ONEG TIG EVIOVEG

OWHATIKEG OPAOTNPLOTNTEG NOU KAVATE KATA TN S1dpKEla piag ouvniouévng
EB%ouddag. M évtovn OwHATIKA JpacTNEWOTNTO Ava@EPETAl  OF
0paoTNPEIOTNTEG MOU analTolv £VTOVN CWHATIKA NPoondeela kal oag Kavouv
VA QVONVEETE ONUAVTIKA BUOKOAOTEPA and OTL ouVNOWG. ZKePOEeiTE PoVO TIG
£VIOVEG OWHATIKEG OPAOaTNPIOTNTEG NOU KAvVATE Kal eixav Oldpkela ueyaAutepn
ammd 10 Aemrrd kGOe @opd.

1. Kard 1n di1dpkeia piag ouvnBiopévng eRSopddag, ooeg NUEPES
KAVOTE KATTOIO METPIO CWHMOTIKA 3pacTtnpiéTnTa, O6TTWG TO VvV
ONKWOETE KAl VO HETAPEPETE EAa@pd Bdpn (MIKpOTEPA aTrd 10 KIAG),
OUVOAIK] KOaBOpIdTNTA TOU OTITIOU, NTIEG PUBUIKEG OOKNOEIS
owpatog, TodnAacia avayuxAg ME XaunAnR TaxutnTa, XoAapn
KOAUUBNON; Zag MapakaAw va un oUPTTEPIAAGBETE TO TTEPTTATAUA.

......... NUEPEG ava eRdOGdA
av Oev KAVOTE PETPLAG EVTOONG CWHATIKEG OPACTNPIOTNTEG, ONHEWOTE X

edw [ kal npoxwpriote oTnv epwtnon 5.

2. Tig nUéPEg TTOU KAVATE KATTOIA WETPIO CWHATIKA dpaoTnpioTnTa
mOoN WPA APIEPWVATE CUVHBWG;

...... Aentd ava nuEpa dev yvwpilw/Sev sipat BéRatog [

Mpv anavtAoeTe 0TI EPWTNAOELG 5 Kal 6, OKEPTEITE TO XPOVO NOU NEPNATAOATE

Kard 1n Sidpkeia piag ouvnOiouévng eB3ouddag. Na ocupnepi\dpete To
nepndTnua OTO XWPO TNG €PYOOIOG 0OG, OTIC HETAKIVACEIG OAG Kal OTOV
€AelBepPO XpOVO 0ag yia yuxaywyia, doknon i aBAnon.
3. Kard tn Sidpkeia piag ouvnbiopyévng edopadag, TTOOEG NUEPES
TEPTTATHOATE VI TTEPICCOTEPO ATTO 10 cUVEXOUEVA AETTTG;
......... NUEPEG ava eRdOGdA

av dev NePNATAOOTE Kapia nuépa neplocdtepo and 10 ouvexdpeva

AenTd, onpewote X €dw [ kat npoxwprioTe otnv epwtnon 7.

4. Tig nMEPEG TIOU TIEPTTATACOTE, Yid TEPICCOTEPO amd 10
OUVEXOMEVA AETTTA, TTOOT WPA TTEPACATE TTEPTTATWVTAG;

...... AenTd ava nuépa dev yvwpilw/Sev sipat BéBatog [

5. Noéoo xpovo mepdoare KaBIopEVOI O€ pia cuvnBIoPEVN Pépa KOTA
TN Sidpkela piag ouvnBiopévng eBdopadag; O xpovog auTdg UTTopEi
va mepIAaUBAvEl TO XPOVO TTOU TTEPVATE KABIOHEVOI OTO OTTITI, OTO
ypa@eio, OTaV EMIOKEMTEOTE QiAoug, OTav dlaBddere, peAeTdTe 1
BAEmeTe TNAEOpaOT, aAAd Sev TTEPIA GVEL TOV UTTVO.

...... wpeg ava nuépa dev yvwpilw/Sev eipat BéRatog [

TéAog epwTnuaToAoyiou. Zag EUXAPICTOULE VIO T CUUHMETOXN OOGg
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Epyaotrpio Neppariovrikrig Duowloyiag FAME Lab
Doppa latpikou lotopuol

Do Huep.: __/ __f Huep. __/ _J
MEvenonc:
i RAR X000 HE RART X0
MAPODYES KATATTATH
1, And ooo wiepilete, elote o gakn vyeln Ty nopoUon nepiodo; Mat |:| [0}y D
Av omavoionte Oy, nopokoiu sEnyiote toug Adyoug:
2. Eiore umd tn dpovtibo warpal v mapobon mepioba; Mot |:| Ox |:|

Av omavtioarts “Nan”, mapakahn eEnyRate Toug Adyouc:

3, AouPGVETE KAMOLD SUVTayOYRopoUUET GOpUOKELTIER Gywyn TNy mapolan mepiobo;
Ml |:| Oyl |:|
A amovTn oot N, mopagahin avadpEpETE AEMTOUERELEY
IuvToyoypodboBEYT myuwyn: foagohoyia:

4, Ao Pavete kamow pn ouvtayoypadoluevn gopuakeuTre aywyr Tnv napolon neplodo;
M |:| Lyl |:|
Ay amovoioate “Nad”, nopagadw avapepeTe AEMTOPERELES
M ouvtayoypadsopeyn apwyn: doaohoylo:
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5.'Eyete wtopkd uvinAnc aptnpuakic mieon Mo |:| (8} |:|

6. ExeTe wotopike Suafin; N [] om[]
7. ExeTe wropko kophoxol epdpayporeg, Bupokikel mdvou,

n dhhwy kepdiokoy madnoewy; New ] o [
8. EXETE LOTopIKG TpNEiaTog Twy Tobui; New ] o]
9. EXETE LOTOPIKS OyYELKAS vaaou; New ] o [
10 EXETE WOTORIKG ULV MovoKEpaAwy; Na [ ] O[]
11 EYETE WOTORIKS SURADY NIKROLLEY; N[ ] O[]
12 ExXeTE \oTopikd SugkoldotnTa Mo |:| (45) |:|
13 EYETE LOTORES VAR KL IOToC, Mo |:| Oy |:|
14 EXETE IOTORIKG UTIVLERS GrvoLms; New ] oo [
15 ExeTe wotopwd Suahimibopiog Na [ ] O[]
16 Exete woropud vy tpryhuepibioy; Na [ ] O[]
17 ExeTe 1omopikd uinhns yAukaing Na [ ] O[]
18.Exete wotopikd peTafolol auvlpduou; Mo |:| L |:|
19 EXETE LWOTop s VEPRIENG OVETADKE LIS Mo |:| L |:|
20, ExeTe WwTopued movou/asuvaping Tuy appioeny; Mo ] o []
21, EXETE Lomopied movoufafuvouiog Twy oo Mo |:| O |:|
22, Exete wropwd acbivewag tou Bupeoebolg; Mo |:| Ol |:|
23, EXETE 1oTOp0 avoosohoyiky aoBevewy, Mo |:| L1 |:|
24, EXETE LOTOPWD Kapklvou; Mo |:| L |:|
25. EXETE WoTopLed katdypnans akodh; Mac[] o
26, EXETE LOTOPWS ¥prong vop KWy ouaLu; Mac[] o[
27, Exete wiopwd aypoppodihiog Mac[] o
28. Exete wtopwd natinboc Mac[] o
29, Exete wropwd vnepBepplog Mac[] o
30, Exete woTopwd ramvloparod: Mac[] o

Ay gmavinoate “Nad avadépete mooa noxféta ganvilets ) eameilate nuepnoiuc

Ay anovinoote "Nad” avadépets ndoa yodvia kanvilete i kenviloe:
31, Kanviiete tnv nopotaa neplodo; Mot |:| O |:|

32, KpnouUonoleme onoaSimate ahin popdn kameoo; Mo |:| Ty |:|
Av amovtnoote “Noal”, mopakai eEnyhate
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33, Exete wotopxd cofapliv TRoupRaTiaLny; Mo |:| O |:|
A gmovetriooTe “No, mopaxado avadEpeTE AEMTOUERELES Kol NUEpOUnViES:

34, EyETE LOTOpKG YEIpOURYIKIDY EMERRdTEWY; Nau[] o] ]
Av gmoeTnoome “Nat”, mopoagaho avibEpETE AETTOUEPELES KO NUEPOUNVIES:

NAHPOMOPIEE FOMATIEDY BAPOYE

35, Mowo elval To EmBuUNTS oog fapog (ke)

36, Mows elval To WEYIOTD BApac mow EYETE $TA0EL [S¥L O8 KETAOTREN EYEUMOTUVC); {kg)
37. Nowa Aoy 1o fdpoc oac npwy 1 ypovo: (kg)

3E. Mowa fay 1o fapoc oac otny nhikia twy 20 £t (kg)

39, Moo fTav 10 Papoc oad Kata T yEvnon 0ag; (k=)

NAHPODQOPIEY BPE@IKHE HAIKIAY:

40. NMow exete yevwrbel;

Xuwpud/Ndkn MNopde Xiwpa
41. Moo ypovo Moy n WTEpE Gos oTay yevwnBrfgate;
42, Nbgo ¥poviry ATV 0 TOTEpEG oo Aoy yevwnankare?

43, Nz mogous pRves Brhalers;

LETORIKD Ay Exouy
CHKOTENEIAT anofuias,
Anhworte antia
HAuxia AgBEveLEC Bavatouw
Marépo YrnépPapoy; NﬂLl:l tl_xLD
MiTépa YrépBapoy New[ ] O[]
Abehdol Yrépfapoy Mo | D[]
Afiehdes Yréppapoy N[ | ox[ ]

YrdpPapoy Mo O[]
YrépBopoy, r-.Irrl.|:| 'ﬂ}{LD
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TMHMA EHIXTHMHX ®YXIKHE AT'QI'HY KAI AOAHTIEMOY.
IMANEHNIXTHMIO OEXXAAIAX

KAPYEX

TPIKAAA 42100

Ovouoten®vouo:

Huepounvia:

I.D.:

Huepounvio yévvnonc:

( Znpewwote X av woydet)

Iotopiko HMEPOMHNIA
( Etyate moté; )

Awpnm tomov 1

Awftn tomov 2
Pevpatiko mopetd
dvonua oV Kapdd
YynAn aptnplokn tieon
Kdémoo xapdiakd Tpdfinpa
Aptnprokn acOévela
DAefikovg Kipoovg
[Tvevpovikn acOévela
Eyyeipioeig
Tpavpoaticpots otn péon,

oTo YOVOTO, TNV TOOOKVILUKT ()

Eninyia ()

O,1dMmote GALo ()

Eénynorte:

IoTopikd okoyeveiog Hlkiao Yvyyéveln

( Efyxe xbmorog amd tovg cuyyeveic 6og;)

Kopdiaxn tpocsforn

YynAn aptnplokn tieon
YynAd enineda yoAnotepivng
Awpnm

Zvyyevn kapdromadela
Eyyepnoeig kapdidg
O,ndnmote GAAO

Eénynore:

AN AN AN AN AN AN AN
~— O

déappoxa:
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TMHMA EMNIZETHMHEI Q@YIIKHLI AIrQrHI KAl AOGAHTIZMOY

MANEMIZTHMIO OEZZAAIAZ

Ecwtepikn Enttponr) Asovtohoyiag

TpikaAa: 3.4.2024
AplBu. Npwt.: 2373

BeBaiwon £ykpLong Ttng mpotaong yLa Ste€aywyn €peuvag pe Ttitho: Eykupotnta pn mapeBatikwy
UETPROEWV BEPUOKPACIOC CWUOTOG O OXEon e TN Bepuokpacia olcopdyou o npepia, doknon
KalL TNV amokatdotacn os Bepuod katl oudétepo mepPaiiov

Erotnovikweg unteVOuvoe-n / emiBAénwv-ovoa: GAouprig Avpiag
1816tnTa: Avarinpwtng Kadnyntig

18pupa: Mavemnotipo Osocoaliag

TuAuo: TEQAA

KUprog epeuvntrc-tpa / portntig-tpla: Poditng Oduccéag
Npoypappa Zoudwv: MpomTuxLako

18pupa: Mavenotrpo Osccaliog

TuApo: TEQAA

H nipotewvopevn épeuva Ba eival: Mtuylakn epyaocia

Adaipeon npoocwrikwv dedopévwy (Ynnpeoia BIBAL0BAKNG & MAnpodopnong

TnA. enuowwviag: Mavemniotnuiou Oscoaliag)

Email emwkowvwviag:

H Ecwtepwkn Emutpornr Asovtohoyiog tou T.E.M.A.A., Mavemotnuiov OecoaAiog LETA TNV UTT.

AplBp. 1-8/3.4.2024 cuvebpiaon TN eyKpivel Tn Sle€aywyr TG MPOTEWVOUEVNC £EPELVALG.

O Mpoebdpog Tng
Ecwrteplkig Emutponng Asovtoloyiag
—TEDAA

Tolokavog ABavaotog
KaBnyntng
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