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Background

There are two competing drivers for foot temperature during exer-
cise and they seem to be related to thermoregulatory vasodilation
and reflex vasoconstriction, associated with the exercise. However,
the pattern of change in foot temperature kinetics during exercise
has not been described previously. This study provides continuous
measurement data of ambulatory foot temperature in different ambi-
ent temperatures aiming to provide insight into the influence of cli-
mate on ambulatory foot temperature kinetics. These results, in
healthy participants provide the first data on foot temperature kinet-
ics during exercise in individuals living in a Mediterranean climate,
and provide the foundation for the use of this type of technology in
clinical contexts including the evaluation of patients at risk of foot
ulceration.

Methods

Fourteen healthy individuals (5 males, 9 females) were recruited to
assess the influence of ambient temperature on in-shoe micro
climate during ambulation by comparing foot temperature kinetics
during Mediterranean winter and summer seasons. A dedicated ther-
mistor was placed on two locations of the foot — the web space be-
tween the hallux and second toe and below the navicular. After
acclimatizing for 15 minutes, participants walked on a treadmill for
40 minutes while continuously recording foot temperature. This
protocol was repeated on two different occasions representing ambi-
ent winter (17.1 °C at 67% RH) and summer (28.2 °C at 70% RH) con-
ditions, at the same treadmill speed and whilst wearing the same
socks and shoes, on both occasions. Data was recorded every minute
throughout the 40-minute trial.

Results

Foot temperature kinetics approximated a sigmoidal shaped curve in
both seasons, displaying a much ‘flatter’ s-shape during summer.
Overall, ambient temperature had a significant influence on in-shoe
forefoot and midfoot temperatures during the 40 minutes of moder-
ate physical exercise (Paired Sample T-test; p =< 0.05). Results dem-
onstrated that in an ambient temperature of 28.2 °C (+0.6) typical of
summer season in a Mediterranean climate, foot temperature during
exercise increased by 3 °C (from 33 °C to 36 °C). A different foot
temperature kinetic pattern was evident in winter with temperature
increasing by 7 °C (from 27 °C to 34 °C) over 40-minutes of exercise
when the ambient temperature was 17.1 °C (£0.4).

Conclusion

This study has shown a distinct difference between summer and win-
ter in in-shoe temperature kinetics demonstrating that ambient
temperature has a significant influence on foot temperature kinetics
during exercise in healthy participants, revealing that thermoregula-
tory function may be reflected in these measurements. To date there
has been relatively little study of in-shoe foot temperature kinetics
during physical exercise in relation to ambient temperature. There-
fore, this study provides baseline data for comparison with diabetic
participants where any difference detected may reveal presence of
thermoregulatory dysfunction and impaired microcirculation with im-
plications to diabetic foot ulceration development.
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