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The environment of room needs to be thermally more comfortable and healthy. The immediate physiological
effects of cold exposure are well documented, and include vasoconstriction activated by thermal receptors in the
skin, increased blood pressure, and increased secretion of stress hormones. What we do not know is how long it
takes cold exposure before people are at risk of suffering the effects of cold exposure. As front region of the body
is commonly the body part most exposed to the cold when people are standing at air conditioner, this study is
aimed to examine the relationship between EMG activity and human sensibility during cold air exposure of
different temperature. EMG was recorded from four muscles of the front region of the body. The subjects exercised
during 15 minute under 8.4 met condition and were exposed for 15 minutes in cold air. We measured the muscle
activity and human sensibility assessment. We watched the sensibility apparatus per 1 minute for human sensibility
assessment during experiment. In levator labii superioris m., we found that the time periods to reach the maximum
EMG activities were 140s at 16°C, 380s at 17°C and 580s at 18°C. The time periods of human sensibility assessment
were 20s, 80s and 100s, respectively. In the rectus femoris m., time periods of EMG maximum activity were 180s,
500s and 820s, respectively and time periods of human sensibility assessment is 80s, 110s and 140s, respectively. In
comparison to 16°C, the exposures to ambient temperatures of 17°C and 18°C significantly increased time periods
of the maximum EMG activity and human sensibility assessment. The time decreased significantly after the
exposure to 16°C. In comparison to time measured at 16°C, the time periods of EMG maximum activity at 17°C
and 18°C were shorter. The subjective human sensibility assessment and skin temperature was afforded to the
proof of this result. Consequently, we provided the proper time periods of air conditioning which makes
comfortable thermal environment for human in cold air.
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1. Introduction
People are often exposed to cold which causes uncomfortable
cold thermal sensations. In occupational conditions, frequent
exposure to cold has been suggested to be a risk factor for
musculoskeletal disorders by increasing the physical strain of workers
and increasing the risk of accidents [1]. The same could be true also
for leisure time and sports activities in cold environments. The
amount of cold exposure that is sufficient to cause deterioration of
muscle performance is not known [2].
According to Knight, the rate of temperature decrease during cold
exposure depends on the temperature between the body and the cold
modality, regeneration of body heat and modality during cooling, the
heat storage capacity of the cold modality, the size of the cold
modality, area of the body in contact with the cold modality, the

duration of application and the individual response variability. In
addition, the rate and magnitude of the temperature reduction depends
on the cold modality used (e.g., ice pack, cold pack, ice massage,
immersion in ice water, cold air) and the tissues that are trying to be
cooled [3]. It has been established during cold exposure skin
temperature decreases faster and to a greater amount than deeper
tissues [4]. There is a rapid decline in the temperature of the skin
during the first couple of minutes, and then the rate of cooling slows
until the skin temperature is a few degrees above the temperature of
the modality [5]. Barnes and Larson [6] demonstrated cooling the
forearm in 10°C water for 30 minutes decreased skin temperature
over the flexor digitorum superficialis muscle to 16.29°C, while
62.7% of the total temperature decrease occurred during the first two
minutes of cold exposure. Immersing the hand in 15°C water for 10
minutes reduced skin temperature over the first dorsal interosseous
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Fig. 1 Experimental schematics

Fig. 2 Locations of EMG and skin temperature sensors

muscle to 21.5 ± 0.16°C [7]. However, Oksa et al.[8] showed an
average skin temperature of 25.8 ± 0.6°C following 60 minutes
exposure to 10°C ambient air, thus indicating a lesser degree of skin
temperature decline with ambient air-cooling. This is due to the fact
that water is a 20 times greater conductor of heat than air [9]. Haymes
and Rider [10] showed thirty-five minutes of cooling the anterior
thigh with ice decreased skin temperature to approximately 15°C,
while subcutaneous temperature decreased to approximately 19°C.
There is not much information in the scientific literature on EMG
activity and functional changes in the muscle after cold exposure. The
studies that have been done have examined the effects of cooling on
EMG-activity during isometric and submaximal exercise compared to
dynamic and maximal exercise. The number of active motor units in
the muscle and the frequency of motor unit discharge have been
found to determine the amplitude of the EMG signal [11]. In addition,
the duration of motor unit action potentials, the number of active
motor units and frequency of motor unit discharge influence the
frequency components of the EMG signal [12]. Conflicting results
during exercise following muscle cooling have been found in the
EMG signal; muscle cooling has been shown to decrease the EMG
frequency [13], increase the amplitude [14], and decrease the
amplitude [13]. The different results may be due to different cooling
and exercise protocols. It has been shown that exposure to ambient air
temperature of 10°C for at least 60 minutes increased the EMG
amplitude compared to exposures at 23 and 40°C during isometric
contractions of the quadriceps muscle ranging from 10 to 100% of
maximum voluntary contraction [14]. Oksa et al. [15] found that
repetitive dynamic work in the cold causes enhanced muscle EMG
activity and increased level of coactivation of the agonist-antagonist
muscle pairs. Participants performed wrist flexion-extension exercise
at 10% maximal voluntary contraction for 20 seconds and repeated it
six times at 25°C (muscle temperature 35.3 ± 0.80°C) and at 5°C
while exposed to both systemic (muscle temperature 32.8 ± 0.6°C)
and local cooling (muscle temp 32.6 ± 0.8°C) of the forearm.
During concentric contractions the EMG activity of the forearm
flexors and extensors was significantly higher in both cold conditions
compared to the 25°C condition. During the eccentric contraction, the
EMG activity of the forearm flexors was significantly higher and the
activity of the extensors was higher at the beginning of the first work
bout in relation to the 25°C activity. In agreement with these findings
Bawa et al. [16] found EMG activity indicated that during light arm
extensions the biceps brachii and triceps brachii muscles cocontracted
together in cooled subjects. In contrast, Bergh and Ekblom [17] did

not find any changes in timing of onset and termination of EMG
activity in the vastus lateralis, semitendinosus, and biceps femoris
muscles of one subject during tests of isokinetic maximal strength,
isometric strength, vertical jumping, and cycle ergometer sprinting
after cooling the legs in a water bath (muscle temperature 30-35°C).
The study is aimed to examine the relationship between EMG
activity and human sensibility during cold air exposure of different
temperatures.

2. Method
2.1 Experimental design
A total of five students from Sungkyunkwan University were
voluntarily participated in this study. Their mean age was 26 (SD ±4)
years, mean body height 170 (SD ±5) cm, mean body mass 68 (SD ±
6) kg. The subjects were informed of the nature, purpose and possible
risks/inconvenience caused by the experiment. A medical
examination was conducted to confirm that they were healthy. A
written consent to participate in the study was obtained before starting
the experiments.
They performed the experiments each day first under control
conditions in a climatic room (20m2) in which temperature was
adjusted to 30.0±0.3℃. In climatic chambers the relative humidity
was 50±3% and air velocity less than 0.2 m/s. During the experiments
the subjects were lightly clad in shorts, socks and athletic shoes. EMG
and skin temperature was recorded from four muscles of the front
region of the body by using a computerized data recording and
analysis system. The subjects exercised during 15 minutes under 8.4
met condition and were exposed to cold air at 16, 17, and 18 ℃ for
15 minutes. In cold air, we measured the muscle activity and skin
temperature and human sensibility assessment. We watched the
sensibility apparatus per 1 minute for human sensibility assessment
during experiment. We set the period of time of human sensibility
assessment as the time subject feel the sensation of coldness for the
first time.

2.2 EMG measurements
EMG signals from four muscles were acquired and recorded for
10 min. The EMG data were acquired simultaneously from both
heads of four muscles, using an eight-channel portable system of
EMG amplifiers connected in parallel (MyoSystem 1400, Noraxon
USA, Inc.). After having and scrubbing the skin with alcohol,
disposable Ag/AgCl surface electrodediscs with a diameter of 9 mm
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Fig. 3 An example of EMG activity and skin temperature of levator
labii superioris m.
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Fig. 4 Difference of human response times due to cold air (The
location sensor: levator labii superioris m.)

(Noraxon Dual Electrodes) were attached to the subject’s skin at
locations recommended by Perotto and Delagi [18].
For each muscle, two electrodes were placed at a distance of
approximately 30 mm in the direction of the muscle fibers. A
reference electrode, shared by the six measurement channels, was
placed on the bony part of the lateral aspect of the knee joint. Cables

and interfaces were shielded to eliminate interferences. EMG was
recorded from four muscles of the whole body using a
computerized data recording and analysis system (MyoSystem 1400,
Noraxon USA, Inc.). EMG signals were pre-amplified by factors in the
range of 1000–4000 (depending on the subject) and captured by a 12bit A/D board (PLC 818, Scientific Solution Lab, USA) at a sampling
rate of 1 kHz. Signal envelopes were calculated using a digital band,
10-200Hz band pass filter and six-order Butterworth 7–11 Hz [19]
filter to evaluate the activity time frames of the EMG bursts and to
locate the mid-time values of their duration. The selected four muscles
were as follows: levator labii superioris m., extensor carpi ulnaris m.,
rectus femoris m., tibial anterior m.. In the study, EMG of extensor
carpi ulnaris m., and tibial anterior m. was not significant. The focus of
this article is therefore the oscillations in the levator labii superioris m.
and rectus femoris m..

3. RESULTS
An example of EMG activity and skin temperature of levator labii
superioris m. is shown in Fig. 3. In levator labii superioris m., we
found that the time periods to reach the maximum EMG activities
were 140s at 16°C, 380s at 17°C and 580s at 18°C. The time periods
of human sensibility assessment were 20s, 80s and 100s, respectively
(Fig. 4). In the rectus femoris m., time periods of EMG maximum
activity were 180s, 500s and 820s, respectively and time periods of
human sensibility assessment is 80s, 110s and 140s, respectively (Fig.
5).. In comparison to 16°C, the exposures to ambient temperatures of
17°C and 18°C significantly increased time periods of the maximum
EMG activity and human sensibility assessment. The time decreased
significantly after the exposure to 16°C. In comparison to time
measured at 16°C time values of EMG maximum activity at 17°C and
18°C were shorter. The subjective human sensibility assessment and
skin temperature was afforded to the proof of this result (Fig. 6).

Fig. 5 Difference of human response times due to cold air (The
location sensor: of rectus femoris m.)

4. Conclusions
This study examined the relationship between EMG activity and
human sensibility during cold air exposure of different temperature.
The results of this study show a relationship between the degree of
cooling and the decrease in muscle performance as well as in the
changes of EMG activity of the muscles. Three level of cooling was
found to be sufficient to cause a significant change in EMG activity,
skin temperature and human sensibility assessment. Also, this study
was that Human bio-signals are significantly correlated with human
sensibility during exposed to cold air.

Fig. 6 Human response times due to cold air exposure
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