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Abstract The present study investigated the eVect of
21 days of horizontal bed rest on cutaneous cold and warm
sensitivity, and on behavioural temperature regulation.
Healthy male subjects (N = 10) were accommodated in a
hospital ward for the duration of the study and were under
24-h medical care. All activities (eating, drinking, hygiene,
etc.) were conducted in the horizontal position. On the 1st
and 22nd day of bed rest, cutaneous temperature sensitivity
was tested by applying cold and warm stimuli of diVerent
magnitudes to the volar region of the forearm via a Peltier

element thermode. Behavioural thermoregulation was
assessed by having the subjects regulate the temperature of
the water within a water-perfused suit (Twps) they were
wearing. A control unit established a sinusoidal change in
Twps, such that it varied from 27 to 42°C. The subjects
could alter the direction of the change of Twps, when they
perceived it as thermally uncomfortable. The magnitude of
the oscillations towards the end of the trial was assumed to
represent the upper and lower boundaries of the thermal
comfort zone. The cutaneous threshold for detecting cold
stimulus decreased (P < 0.05) from 1.6 (1.0)°C on day 1 to
1.0 (0.3)°C on day 22. No eVect was observed on the ability
to detect warm stimuli or on the regulated Twps. We con-
clude that although cold sensitivity increased after bed rest,
it was not of suYcient magnitude to cause any alteration in
behavioural thermoregulatory responses.

Keywords Temperature regulation · Thermal comfort · 
Temperature perception · Cutaneous temperature 
sensitivity · Microgravity · Space

Introduction

Studies on human thermoregulation conducted under con-
ditions of musculoskeletal and cardiovascular decondition-
ing such as microgravity or prolonged experimental bed
rest indicate that, although maintenance of normothermia is
not jeopardised, the core temperature is elevated and some
thermoregulatory responses are attenuated.

The most prominent changes were discovered in the
autonomic thermoregulatory component, particularly dur-
ing recovery from exercise. Exercise-induced heat loss
(sweating and vasodilatation) and heat production responses
(shivering) were shown to be modiWed after bed rest (Fortney
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et al. 1996, 1998; Greenleaf 1989; Mekjavic et al. 2005;
Pavy-Le Traon et al. 2007). Changes in the eYciency
and/or sensitivity of these autonomic responses were sug-
gested to contribute to the elevation in core temperature
observed during spaceXights (Rimmer et al. 1999) and in
bed rest experiments (Ertl et al. 2000; Fortney et al. 1998;
Greenleaf 1997).

However, in addition to autonomic control of body
temperature, maintaining normothermia involves also
behavioural thermoregulatory responses. Under normal
conditions, the temperature of the body is not constant.
Rather, a dynamic core-to-skin thermal gradient exists
according to the shifts in body temperature at diVerent
times of the day, level of activity, etc. Small shifts in core
temperature are counteracted initially by changes in periph-
eral vasomotor tone and behavioural responses; if core
temperature is shifted further, then activation of the
metabolically more demanding autonomic responses, shiv-
ering or sweating, ensues.

Behavioural responses modulate heat Xow from the body
by adjusting insulation and the eVective surface area for
heat exchange. In fact, where regulation of ambient temper-
ature is possible, by actively adjusting an environmental
control system (i.e. heating and cooling), the action of
maintaining a preferred ambient temperature is probably
the most eYcient means of maintaining thermal balance
and in preventing any deleterious displacements of core
temperature.

Such thermoregulatory behaviour depends on the normal
functioning of the thermal sensory apparatus (thermal
information from peripheral and core thermosensors) and is
motivated by the perception of thermal discomfort or rather
an aVective judgement of the thermal environment
(Cabanac 1971, 1981; Hensel 1976; Weiss and Laties 1961).
Thus, if deconditioning induced by microgravity or bed rest
impairs thermal sensation, or the perception of thermal
(dis)comfort, initiation of appropriate behavioural
responses might be modiWed. Inappropriate behavioural
regulation of body temperature may contribute, at least in
part, to the observed thermal imbalance during prolonged
bed rest or microgravity. Changes in thermal comfort and
thermal sensation have been reported in previous studies
during hypokinesia (Panferova 1976, 1989) and experimen-
tal bed rest (Fortney et al. 1996; Greenleaf 1989; Mekjavic
et al. 2005). However, the eVects of bed rest on behavioural
thermoregulatory responses have not yet been investigated.

The present study tested the hypothesis that prolonged
bed rest alters behavioural thermoregulation in humans. We
also evaluated the eVects of prolonged bed rest on cutane-
ous thermal sensitivity, to determine whether changes, if
any, in the preferred thermal comfort zone (TCZ) are a
consequence of an alteration in cutaneous temperature
sensitivity.

Methods

Ten healthy male subjects volunteered for the study. Their
average (SD) physical characteristics were: age = 22.2
(3.9) years, height = 182.2 (6.2) cm and mass = 80.3
(11.2) kg.

Protocol

This study was part of a larger study investigating the
eVects of 35 days of horizontal bed rest on muscle atrophy
and osteoporosis. The protocol of the study was approved
by the National Ethics Committee of the Republic of Slove-
nia and conformed with the Declaration of Helsinki. Sub-
jects were accommodated in a ward of the Orthopaedic
Hospital Valdoltra (Ankaran, Slovenia). During the bed rest
period, subjects were under 24-h health care. Throughout
the entire period of bed rest, they were requested to remain
in the horizontal position at all times and not to perform any
exercises (i.e. undue isometric contractions). All activities
were performed in the horizontal position. Subjects could
support themselves on their elbows during eating, personal
hygiene and transfer between bed and gurney. Subjects
received regular physiotherapy, comprising passive move-
ments of all joints and light massage of the neck and lower
back regions. Active muscle contractions were avoided.
Subjects received physiotherapy also on request.

Cutaneous thermal sensitivity assessment

Minimum detectable temperature (MDT) was assessed on
the 1st and 22nd day of bed rest. Testing was conducted in
a temperature-controlled room at the same time of the day.
Subjects were allowed to equilibrate to the conditions of the
room (ambient temperature was 25°C) for 30 min. Follow-
ing equilibration, two cutaneous temperature (cold and
warm) sensitivity tests were performed in random order, to
assess the inXuence of bed rest on MDT. The protocol used
for assessing cutaneous thermal sensitivity with a Middle-
sex Thermal Testing System (Howe Institute, Canvey
Island, Essex, UK) has been reported previously (Golja
et al. 2004). BrieXy, a controlling unit initiated the thermal
stimuli, which was presented to the cutaneous region via a
thermode (a Peltier element) with a surface area of 24 cm2.
The rate of temperature change during heating and cooling
of the thermode was 1°C s¡1. The thermode was positioned
on the volar side of the right forearm between the elbow
and the wrist. A thermocouple attached to the copper sur-
face of the thermode determined the magnitude and dura-
tion of the stimulus and ensured that the adaptive
temperature of the skin (temperature of the skin below the
thermode prior to initiation of thermal stimuli) was similar
in all trials.
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The stimuli were presented to the skin immediately after
an audible tone was generated by the computer. Each trial
commenced with three stimuli of maximal intensity (either
an increase or decrease in temperature of 3°C from the
adaptive skin temperature) to familiarise the subjects with
the procedure. Subjects were required to detect at least one
familiarisation stimulus. Subjects who failed to detect the
familiarisation stimuli three times (total of nine stimuli)
were excluded from further analysis. Once the trial was
initiated, subjects were requested to conWrm whether they
perceived the stimulus or not. If a stimulus was perceived,
the next stimulus was smaller; if the stimulus was not
perceived, the next stimulus was greater. Intermittently, the
software also initiated a sham stimulus; no thermal stimulus
was generated following the audible tone. We considered
the ratio of false-positive reports (i.e. number of positive
reports to sham stimuli/total number of reports) as a mea-
sure of the reliability of the subjects’ assessments.

Behavioural thermoregulation assessment

Behavioural thermoregulatory function was assessed after
the conclusion of cutaneous thermal sensitivity tests. Sub-
jects remained supine whilst thermocouples were attached
to their skin and a water-perfused suit (WPS) donned on
them. The WPS was made of Wve components covering the
entire surface of the body with the exception of the hands,
feet, neck and face. All Wve components were fed from a
common manifold and consisted of identical length of
small-diameter (inner = 4 mm, outer = 5 mm) PVC tubing,
which was woven in intervals of 1 cm in the meshed lining
of the suit. Velcro strips embedded in the suit ensured a
good Wt to the surface of the skin. Once fully instrumented,
the temperature of the water perfusing the WPS (Twps) was
set at 27°C, which was perceived by the subjects as being
cool. Thereafter, their behaviour in maintaining thermal
comfort was evaluated. The Twps varied in a sinusoidal
manner from 27 to 42°C. The rate of change of the water
temperature was 2.1°C min¡1 and each warming and cool-
ing phase lasted approximately 15 min. Subjects were
instructed that by depressing a button on a manual control,
they could initiate a change in the direction of the Twps once
it became either uncomfortably warm during heating or
uncomfortably cool during cooling. Subjects were
requested to maintain Twps within a preferred range for a
total duration of 1 h. We did not coach the subjects or give
them any further instructions during the trials. The resultant
magnitude of the sinusoidal Twps pattern deWned as the reg-
ulated TCZ and its lower (Tlow) and upper (Thigh) tempera-
ture boundaries were compared between days 1 and 22 of
bed rest.

Subjects were unaware of the actual temperature of the
water perfusing into the suit during the trial. The eVects of

circadian rhythm were minimised by testing the subjects at
the same time of the day.

Ambient conditions

The conditions in the experimental room were monitored
by a portable weather station (BAR 938 HG OS, Huger,
Germany). The ambient room temperatures were 25–26°C
in all testing days and the relative humidity 40–50%.

Skin temperature

Skin temperature (Tsk) was measured with T-type (copper-
constantan) thermocouples attached to six sites covered by
the WPS (calf, thigh, abdomen, chest, forearm and arm)
and two sites that were not covered (foot and hand). The
distance between the tubes in the WPS was approximately
1 cm, which ensured a uniform stimulation of the skin areas
covered by the suit. The thermocouples were attached to
the skin at the right side of the body using a thin, breathable
transparent Wlm dressing (3 M™, Tegaderm™). Skin tem-
peratures were continuously recorded with a data logger
(Almemo 5990-2, Ahlborn, Holzkirchen, Germany). The
proximal-to-distal skin temperature gradient was measured
in the hand as the diVerence between Tsk at the forearm and
the second digit (�Tforearm-Wngertip), and in the foot as the
diVerence between Tsk at the calf and toe (�Tcalf-toe). These
values were assumed to reXect peripheral blood Xow
(Rubinstein and Sessler 1990).

Core temperature

The core temperature (Tc) was estimated from measure-
ments of tympanic temperature using an infrared thermom-
eter (ThermoScan IRT 3020, Braun, Kronberg, Germany).
Three consecutive measurements of Tc were performed
before and immediately after each trial, and the highest
value was considered representative of the core tempera-
ture. We did not continuously measure Tc during the trial,
since we did not expect it to change whilst the subjects
were at the vicinity of their TCZ. We previously showed
that the tympanic temperature remains unchanged during
automatic oscillations of the Twps in the range 27–42°C, and
that the preferred Twps for thermal comfort is within this
range (Yogev and Mekjavic 2007). Thus, in the current
experimental design, changes in Tsk, rather than in Tc, were
the driving force for the behavioural responses involved in
maintaining the WPS thermally comfortable.

Data analysis

A paired t test was used to compare diVerences in ambient
room temperature and relative humidity between days 1
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and 22 of bed rest. Measurements were taken during the
Wrst 10 min (equilibration time) before testing. Mean Tsk

was calculated as the unweighted mean of the Tsk at eight
sites (forearm, arm, abdomen, chest, neck, forehead, back,
thigh, calf, foot, Wnger and toe) measured at the right side
of the body. A paired t test was used to compare the Twps,
Tsk, �Tforearm-Wngertip and �Tcalf-toe as measured on the 1st and
the 22nd day of bed rest. Data are expressed as means (SD)
and the limit of statistical signiWcance was set at 0.05.

Assessment of cutaneous thermal sensitivity

The MDT was calculated as the smallest of the last Wve
positive responses. A paired t test was used to compare
diVerences in the cutaneous thresholds for detecting warm
and cold stimuli between days 1 and 22 of bed rest.

Assessment of behavioural thermoregulation

The lower and upper peaks of the oscillation pattern
obtained during the last 30 min of each trial were consid-
ered to represent the boundaries of the subject’s TCZ (Tlow

and Thigh, respectively). Pre- and post-BR values were aver-
aged and compared using a paired t test. Changes in the
accuracy of the behavioural response (i.e. in the ability to
behaviourally maintain thermal comfort) were estimated by
calculating the coeYcient of variation (%) within the series
of Thigh and Tlow made by the subject during each half of the
60-min trial.

Results

EVects of bed rest on cutaneous thermal sensitivity

Familiarisation trial

All the subjects (n = 10) could detect the initial 3°C
decrease in their adaptive Tsk during familiarisation. The
warm stimuli, however, were harder to detect and most sub-
jects (seven on day 1 and Wve on day 22) required more
than one familiarisation trial until a 3°C increase in their
adaptive Tsk was detected.

Adaptive temperature

Testing of cutaneous thermal sensitivity was initiated at
similar adaptive Tsk before and after bed rest. Due to the
familiarisation pre-trial, warm testing was initiated at a
slightly higher adaptive Tsk compared to cold testing. Dur-
ing the warm trials, the adaptive Tsk was 32.9 (0.7)°C on
day 1 and 32.1 (1.6)°C on day 22 and, during the cold trials,
it was 31.6 (0.7)°C on day 1 and 30.7 (1.4)°C on day 22.

Cutaneous thermal sensitivity

The 21 days of horizontal bed rest resulted in an increase in
cold sensitivity. The MDT during cold stimuli signiWcantly
decreased (P < 0.05, power = 0.71) from 1.6 (1.0)°C on day
1 to 1.0 (0.3)°C on day 22. In contrast, the sensitivity to
warmth tended to decrease, albeit not signiWcantly, after
bed rest; three subjects were unable to detect any of the
warm stimuli after bed rest (compared to one subject before
bed rest), and the MDT amongst the rest of the subjects
did not signiWcantly change after bed rest (P > 0.05,
power = 0.20). It was 1.3 (0.5)°C on day 1 and 1.6 (0.9)°C
on day 22. Individual diVerences in the MDT during warm-
ing and cooling are presented in Fig. 1.

Reliability

The percentage of false-positive reports was not evenly dis-
tributed among the subjects. As demonstrated in Fig. 2, two
subjects (S6, S7) had a particularly low reliability score
(over 50% false-positive reports). If the results from these
subjects are not considered in the analysis of MDT (n = 8),
a more homogeneous eVect can be observed. Seven sub-
jects experienced a decrease in warmth sensitivity (i.e.
increase in MDT/unable to detect stimuli) and six subjects

Fig. 1 Individual thresholds for cutaneous thermal sensation of cold
(negative values) and warm (positive values) stimuli. Zero-point
(missing bars) indicate that the threshold could not be determined
(e.g. MDT > 3°C)
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experienced an increase in cold sensitivity (i.e. decrease in
MDT) after bed rest.

EVects of bed rest on behavioural thermoregulation

The comfort regulation trials on day 1 and 22 were conducted
with minimal experimenter supervision and/or feedback. The
subjects received a thorough explanation on the purpose of
the trial before it started; however, they were not coached or
given any further instructions during the trial. Consequently,
three subjects completed the trials without regulating Twps

during the entire duration of the trial. The boundaries and
width of the TCZ could not be determined for these subjects.
The remaining subjects were able to appropriately regulate
Twps (Fig. 3) to attain a comfortable level of Tsk (Fig. 4).

Characteristics of comfort regulation behaviour

Subjects (n = 7) used diVerent approaches to regulate
thermal comfort. Some preferred to regulate Twps within a
narrow range (Fig. 5a), whilst others allowed the Twps to
Xuctuate within a wider range (Fig. 5b). Nevertheless,
21 days of horizontal bed rest did not signiWcantly alter the

manner in which subjects controlled the Twps to maintain
thermal comfort during a 60-min trial (Figs. 3, 4). A typical
learning curve was noted in the Twps pattern with larger
oscillations in the Wrst half of the trial followed by smaller
oscillations in the second. The mean (SD) frequency of
oscillation was similar before and after bed rest. Subjects
inverted the direction of the Twps change 21 (9.2) times on
day 1 and 24.9 (11.5) times on day 22. The coeYcient of
variation of Thigh and Tlow chosen during the last half of the
trial was lower (1.7%) than that observed in the Wrst half
(3.5%), indicating a greater accuracy in controlling the

Fig. 2 False-positive reports during cutaneous sensitivity testing

Fig. 3 The average (SD) Twps pattern of the subjective regulation of
the temperature of the water perfusing the suit (Twps) to maintain ther-
mal comfort was similar on the 1st (open circles) and 22nd day of bed
rest (closed circles)

Fig. 4 Average (SD) mean skin temperature during regulation of ther-
mal comfort on the 1st (open circles) and 22nd day of bed rest (closed
circles)

Fig. 5 Representative Twps patterns obtained by two subjects regulat-
ing the temperature of a water-perfused suit to maintain thermal
comfort on the 1st and 22nd day of bed rest
123



286 Eur J Appl Physiol (2010) 108:281–288
temperature towards the end of the trials. Similar accuracy
in Twps control was observed after 22 days of bed rest.

Characteristics of the thermal comfort zone

As shown in Tables 1 and 2, the mean (SD) Twps, Thigh and
Tlow were not signiWcantly diVerent after 22 days of bed rest
as compared to the Wrst day. Nevertheless the decrease in
the width of the TCZ after bed rest was signiWcant
(P < 0.05).

EVects of bed rest on skin and core temperatures

The core temperature of the subjects was slightly increased
(P < 0.05) from 36.7 (0.1)°C  on day 1 to 37.0 (0.2)°C  on
day 22. However, after the trial ended, it was not signiW-
cantly diVerent anymore. Mean skin temperature (Tsk) was
slightly higher (P < 0.05) after bed rest. It increased from
32.1 (0.7)°C  on day 1 to 32.9 (0.9)°C  on day 22. In con-
trast to previous reports (Golja et al. 2002), in the current
study, the skin temperature measured at the extremities (the
toe and the third digit of the hand) was not signiWcantly
diVerent between the 1st and 22nd day of BR. Accordingly,
the diVerences in skin temperature between the forearm and
Wngertip (�Tforearm-Fingertip) and between the calf and toe
(�Tcalf-toe), indices of blood Xow in the extremities, were
not signiWcantly diVerent between days 1 and 22.

Discussion

The main Wnding of the present study is that following
3 weeks of horizontal bed rest, there were no signiWcant
changes in thermal comfort or its behavioural control
despite small changes in cutaneous temperature sensitivity.

EVects of bed rest on thermoregulation

Previous studies have reported that the physiological adap-
tation following prolonged periods of inactivity attenuates
thermoregulatory responses (Fortney et al. 1998; Greenleaf
1989). Changes in the sensitivity (gain) and threshold of
activation of autonomic heat loss and heat gain responses
have been suggested as possible mechanisms for these
observations. In addition, since activation of behavioural
thermoregulatory responses relies on similar thermal aVer-
ent neural information as autonomic thermoregulatory
responses, it was hypothesised that behavioural responses
might also be aVected in such conditions.

Mekjavic et al. (2005) reported that subjects perceived
similar combinations of skin and the core temperatures as
warmer and thermally less uncomfortable after 35 days of
horizontal bed rest. Reports from earlier studies indicate
that some changes in thermal sensitivity occur (Fortney
et al. 1996; Panferova 1976) and that subjects in bed rest
studies often complain of cold feet (Fortney et al. 1996;
Mekjavic et al. 2005; Taylor et al. 1949). Using weekly
infrared thermograms during a 35-day bed rest, Golja et al.
(2002) showed a signiWcant decrease in skin temperature at
the feet and concluded that cold sensation was due to an
actual cooling of extremities rather than alteration in ther-
mal sensory function. In the current study, after a 21-day
bed rest, the mean Tsk and the core temperature were
slightly increased; however, there were no signiWcant
changes in extremity Tsk. The results from the current study
are in agreement with the studies demonstrating that
changes in peripheral thermal sensitivity might occur after
bed rest (Fortney et al. 1996, 1998; Panferova 1976). In the
current study, the changes in cold sensitivity were not due
to actual cooling, since the adaptive skin temperature was
not signiWcantly diVerent after bed rest and the mean Tsk

tended to increase. Furthermore, increased sensitivity to
cold can also explain why bed rest did not increase, but
rather tended to decrease the regulated TCZ. These changes
in local thermal sensitivity appear to be too small to signiW-
cantly aVect the preferred temperature or its behavioural
regulation.

It therefore seems unlikely that the increase in core tem-
perature observed after bed rest and spaceXights is the
result of an inability to activate behavioural thermoregula-
tory responses near thermal neutrality. This is in agreement
with previous bed rest studies where core temperature only

Table 1 Average (SD) subjectively chosen temperature of the water
perfusing the suit (Twps), the temperatures of the water perfusing the
suit at the upper (Thigh) and lower (Tlow) borders of the thermal comfort
zone (TCZ) and the magnitude of TCZ on the 1st and 22nd day of bed
rest

* Statistically signiWcant diVerence (P < 0.05) compared to day 1

Day 1 Day 22

Average WPS temperature (°C) 36.8 (6.2) 35.9 (0.7)

Upper boundary of TCZ (°C) 38.9 (4.8) 37.7 (1.3)

Lower boundary of TCZ (°C) 34.7 (8.4) 34.3 (1.0)

Width of TCZ (°C) 4.2 (2.0) 3.2 (1.2)*

Table 2 Average (SD) mean skin temperature (Tsk) and the proximal-
to-distal skin temperature gradient in the hands (�Tforearm-Wngertip) and
feet (�Tcalf-toe), and index of peripheral blood Xow at the upper (Thigh)
and lower (Tlow) boundaries of TCZ (at the 1st and 22nd day of bed rest

* Statistically signiWcant diVerence (P < 0.05) compared to day 1

Day 1 Day 22

Thigh Tlow Thigh Tlow

Mean skin 
temperature (°C)

35.0 (0.7) 34.4 (1.6) 35.9 (0.8)* 35.5 (0.5)*

�Tforearm-Wngertip (°C) ¡1.4 (2.4) ¡1.4 (1.4) ¡1.0 (1.4) ¡0.9 (1.1)

�Tcalf-toe (°C) 3.6 (3.6) 3.1 (3.5) 4.1 (8.4) 3.7 (7.7)
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occasionally increased in resting subjects (Greenleaf 1997).
More consistent are reports of a bed rest-induced “exces-
sive” increase in core temperature during exercise (Golja
et al. 2002; Greenleaf 1989, 1997; Mekjavic et al. 2005), or
greater decrements in core temperature during immersion
in water at 28°C (Mekjavic et al. 2005). The former may be
attributed to attenuation of the sweating and/or vasodilata-
tory responses consequent to a reduced circulating blood
volume (Crandall et al. 2003; Wilson et al. 2003), and the
latter to attenuation of shivering and/or cold-induced vaso-
constriction.

In the present study, there was no change in Tc after
60 min of comfort regulation. Furthermore, we have previ-
ously demonstrated that oscillations in Twps in the range of
27–42°C lead to Xuctuations of 3–4°C in mean Tsk, without
signiWcantly changing the tympanic temperature (Yogev
and Mekjavic 2007). As previously, regulation of the Twps

in the current study was limited to the same range. We
therefore assumed that the core temperature was unaltered
during the entire duration of the trials. Therefore, any
change in thermal perception or thermal sensitivity could
not reXect changes in the function of either the sweating or
the shivering responses.

As there were no signiWcant diVerences in any of the
variables related to vasomotor tone (skin temperature at
the extremities, �Tforearm-Wnger and �Tcalf-toe), the observed
changes in our study most likely resulted from changes in
the perception of thermal stimuli. The latter incorporates
not only the transduction of thermal energy into neural
coded information, but also the central integration of ther-
mal aVerent information from the core and the skin that
results in a subjective perception of thermal (dis)comfort.

The eVects of bed rest on cutaneous thermal sensitivity

An important factor aVecting thermal sensitivity is the
adaptive temperature of the skin: the steady-state tempera-
ture of the skin prior to the application of a thermal stimu-
lus. Alteration in skin blood Xow can alter this temperature
and consequently aVect cutaneous thermosensitivity. Previ-
ous bed rest studies show that the naturally occurring cen-
tral-to-peripheral thermal gradient that enables heat Xow
from the core to the periphery is altered after lying down
(Golja et al. 2002). Such alteration in the thermal gradient
may be attributed to redistribution of blood from the
peripheral to central regions caused by increased peripheral
vasoconstriction (Convertino 2002).

The adaptive temperature in the cutaneous sensitivity
tests was not signiWcantly diVerent after bed rest; however,
the mean Tsk was about 1°C lower on day 1 compared to
day 22. Such a change in the skin temperature may have
contributed to reduction of the warm- and exaggerated cold
sensitivity, since it approaches the temperature corresponding

to the maximum activity of the cold thermal sensors
(Kenshalo 1976). Thus, we cannot exclude the possibility
that the observed increase in cold sensitivity and reduced
warm sensitivity were inXuenced by a small bed rest-induced
change in skin temperature.

The eVect of bed rest on behavioural regulation 
of thermal comfort

It was previously reported that thermal perception changes
after bed rest (Mekjavic et al. 2005). Since thermal percep-
tion is the basis for behavioural thermoregulation, it was
suggested that these changes might lead to inappropriate
behavioural thermoregulatory responses. Assuming that
similar changes would occur in microgravity, this might be
of practical importance to astronauts during space explora-
tion missions. Namely, during extravehicular activity
(EVA), the liquid cooling garment (LCG) worn next to the
skin, and designed to maintain a thermoneutral microenvi-
ronment, is controlled manually. In this study, rather than
asking the subjects to passively evaluate the degree of ther-
mal (dis)comfort using a rating scale (a non-parametric var-
iable), we assessed the manner by which they actively
regulate the temperature of the WPS according to their
comfort. We have previously shown that the Twps at which a
discomfort perception appears and the Twps at which sub-
jects initiate a behavioural response to counteract it, are
highly correlated (Yogev and Mekjavic 2007).

The facts that no signiWcant diVerences were observed in
the preferred skin temperature, the upper and lower bound-
aries of the TCZ and in the characteristics of the control of
Twps suggest that the changes that occur after 3 weeks of
bed rest do not signiWcantly attenuate the ability to behavio-
urally maintain thermal comfort in the WPS.

A limitation to the current study is that we did not esti-
mate the contribution of local discomfort. Thus, we cannot
determine the relative contribution of certain skin regions
to the resultant thermoregulatory behaviour. Previous stud-
ies have demonstrated that diVerent skin regions do not
equally contribute to thermal sensation and comfort (Burke
and Mekjavic 1991; Cotter and Taylor 2005; Zhang et al.
2004). It would be interesting to examine how subjects,
given control over their skin temperature, would regulate
the diVerent regions of the skin to maintain an overall
thermal comfort.

Our results are in line with previous observations indi-
cating that prolonged inactivity may lead to changes in
thermal sensation (Mekjavic et al. 2005), and suggest that it
is primarily the peripheral sensation of cold. Future studies
on thermal sensitivity after bed rest will have to eliminate
any change in adaptive temperature of the skin, a conse-
quence of the bed rest-induced increase in peripheral vaso-
constriction. The ability to behaviourally maintain thermal
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comfort was not compromised under the prevailing, rela-
tively mild conditions of this study (vicinity of thermal neu-
trality, rest, no additional tasks). However, the results of
this study indicate that small changes in thermal perception
after bed rest may occur not only as a result of alteration in
core temperature (induced by exercise or immersion in cold
water), but also at rest, within the boundaries of TCZ.
Although these changes seem to be too small to result in
signiWcant changes in the behavioural thermoregulatory
response, it would be premature to dismiss the role of
behavioural thermoregulatory responses when thermal bal-
ance in actual microgravity is considered. In such condi-
tions, an astronaut might have to perform accurate tasks
after strenuous activity over long periods. Even a small
shift from thermal comfort might increase the metabolic
demand and exhaust an astronaut, thus jeopardising his
safety. Future studies will have to widen the scope of
conditions under which behavioural thermoregulation is
examined.
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