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ABSTRACT

Foot thermography information is very important to the footwear’s
functional design. The purpose of this study is to investigate the
distribution and change character of foot skin temperature variety during
low-intensity movement. Totally 19 subjects participated in this testing,
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skin surfacetemperature monitor wasusing high-precision Infrared Thermal
Imager. The average foot skin temperature existed asignificant difference
at rest condition. After 30min persistent low-intensity exercise, each area
of thefoot wasincreased, and the increasing trend was quite similar. This
study could provide the basis of foot physiological function

understanding. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Theskintemperature (ST) isanimportant index of
physiological activity to analyze thermoregulation.
Thermography asanon-destructive, touch-lessand fast
temperature measurement method can scan thewhole
body point by point within afew seconds, and provide
comprehensiveinformation of ST. Thermal infrared
imager was widely applied in the fields of sports
science2581118 gch as diagnosis and forecast of
injury, assessment of training quaity, investigateof sports
equipment etc. Feldman et a.1¥ took thethermal images
of cervical vertebraand upper body in healthy people,
which positively promoted the application and
development of thermd infrared imager, and found that
it wasnormal that thetemperature difference on both
sidesof trunk was no morethan 0.62 °C

However, duetothelimitationsof theexperimenta
conditions, measurement sitewas properly limited*,
established the information of the whole body ST
through dividing the whole body into 40 sites and
measuring mean temperaturerespectively?, visudize
the human body anterior cutaneous temperature
variaionsinwell-trained runnersduring graded exercise
using high-resol ution thermal imaging equipment. They
found that at the exercise interruption, cutaneous
temperaturevalueswerein average 3-5 °C lower than
at baseline. Cutaneoustemperatureincreased during
recovery from exercise. During moderateintensity and
high-intensity exercise, ST presented three phases of
decrease— increase — balance 7. During submaximal
exercise, participantsshowed significant changesof core
temperature and marked decrease of skintemperature
inforehead.
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Besdesthese sudies onthewholebody, therewas
local ST. After 10min typing, opisthenar ST of office
worker was went upl. What’s more, someonel67,
observed that hand ST was persistently increasing
followed by decrease with exercise progressed*?. did
avibration test with 40 subjects and found that small
temperature changes significantly influencevibration
sengitivity of hedthy subjectsand should be controlled
during collection of foot sensitivity data. Sawaet al.
(2013) considered that reducing plantar skin
temperatureinducesgait variability among hed thy young
adults.

Therefore, monitoring ST provides very useful
information concerning thermolysis modalitiesand
peripherd vasoregulation during exercise. Furthermore,
thiswasthefirst timeto study on ST of different foot
anatomic sitesusing high-precision thermal infrared
imager during continual low-intensty exercise. Theam
of this study was to observe different foot anatomic
sites temperature changing as exercise progressed,
which could help understanding foot physiological
function and supply important evidence for footwear

company.
METHODS

Participants

Nineteen young hedlthy maevolunteers(26.3+1.2
years, 171.7+2.7cm; 65.44+6.5kg) participated in this
test without any disease and pedopathy. All participants
had no strenuous exercise 24 hours before the
experiment. They werein good condition and no-float
intheexperiment.

| nstruments

Thehigh-precision thermd infraredimager (DaLi,
type DL 700, China) wasused inthetest, with spatia
resolution of 1.13mrad, image pixelsof 384x288 and
temperaturerange of -20°C~+500°C. The instrument
comingwiththethermd imagesanayssand processing
software needed to be calibrated beforetest. And other
equipment indluding atreadmill, sopwatch, temperature
and humidity tester were also used.

Experimental environment
Thetest was completed in an airtight laboratory

commanding therelative humidity in therange of 60%
to 70%with air-conditioning and heating. And theroom
temperaturewas controlled at 26 °C with fluctuation
range of no morethan 1 °C. Indoor air flow was stable
and no strong infrared radiation source around during
thetedt.

Regions

Thefoot surfacewasdivided into threeregionsand
ten sub-regions (Figure 1) to understand thefoot ST in
detail. Media foot (MF): medid forefoot (N1), media
mid-foot (N2), media hind-foot (N3) and medid ankle
(N4). Instep (B): foreinstep (B1), hind instep (B2).
Lateral foot (LF): lateral forefoot (W1), lateral mid-
foot (W2), laterd hind-foot (W3) andlaterd ankle (W4).
Procedures

Thisstudy used alow-intensity jogging asacontinud
exercise, and treadmill has been controlled very well,
treadmill speed: 8km/ h; dope: 0°C; total time: 30min.
ST hasbeen scanned every fiveminutesduring jogging.

(a) (b) (o)
Figurel: Theregionsof foot surface, (a) medial foot, (b)
instep, (c) lateral foot

Satistical analyses

Thermography was analyzed with the analysis
software of thermal infrared imager. All data were
presented asmeansand SD and Statistica anayseswere
carried out usng SPSS11.5 getigtica andysissoftware.
Independent-samples T test and paired-samples T test
were employed to study the distribution of ST, and
repetitive measureANOVA was used for ST changes
comparisonwiththelevd of satistica sgnificancewas
set atthe5%level.

RESULTS

Thefoot ST inten sub-regions at rest was shown
inTABLE 1. In medial foot region, themean ST in
N2 and N4 was higher than that in N1 and N3, so
wasin lateral foot region. For instep region, the mean
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ST inB2washigher than that in B1. Compared with
al sub-regions, the maximum ST wasin N4 and B2
and the values were 31.6+0.8°C and 31.5+0.9°C,
respectively; theminimum ST wasinW1and W4 and
the values were 29.2+1.5°C and 29.6+1.4°C,
respectively.

TABLE 1: Thedistribution of ST in 10 subregionsat rest
(Xs)

Sub-regions ST max’C ST minC Mean STC
N1 31.3+0.9 28.5+1.5 30.0+1.2
N2 32.6+0.7 29.8+1.2 31.1+0.8
N3 31.7+0.7 20.2+1.3 30.3+1.0
N4 33.0+0.8 29.9+0.7 31.6+0.8
w1 30.5+1.1 28.0+1.8 20.2+1.5
w2 32.2+0.9 28.4+1.4 30.2+1.1
W3 30.9+1.3 28.4+1.7 29.6+1.4
w4 32.6+1.1 29.3+1.1 31.0+1.0
Bl 32.1+1.0 28.3+1.6 30.3+1.1
B2 32.8+1.0 29.7+0.9 31.5+0.9

The ST between regions showed a marked
differenceat rest (p<0.01, TABLE 2). Wefound similar
mean ST of 30.8+0.9° Cand 30.9+1.0° Cinmedial
foot region and instep region, respectively. And the
minimum ST of 30.0+1.2°C was in lateral foot.
Moreover, thedifferenceof STmax and STmin between
regions appeared the sametrend of mean ST.

TABLE 2: The ST valuesin threeregionsat rest (X+s)

Regions ST max'C ST minC Mean ST'C
MF 32.240.7 29.4+1.1 30.8+0.9
LF 31.5+1.0** 28.5+1.5%* 30.0£1.2%*
B 32.5£1.0 29.0£1.1 30.9£1.0
Regions ST maxC ST minC Mean STC
MF 32.2+0.7 29.4+1.1 30.8+0.9
LF 31.5+1.0% % 28.5+1.5% %k  30.0+£1.23% %
B 32.5£1.0 29.0£1.1 30.9£1.0

Note: compared with MF, ** p<0.01

Thefoot ST in threeregions and ten sub-regions
after 30min exercise was shown in TABLE 3 and
TABLE 4. From thetables, va ue of mean temperature,
maximum temperature and minimum temperaturedid
not show significant differenceneither inten sub-regions
nor inthreeregions(p>0.05). It illustrated that thewhole
foot ST would tend to consistent after acertaintime
continual exercise.

ST iath jonsduring 30mi i
ﬂmoc%n Q}gﬂ/reereglons uring 30minexercise

wasshowninTABLES. Fromthetable, astheexercise
progressed, thefoot ST increased. At thefifth minute,
the ST inthelateral foot and instep region wascloseto
thetemperatureat rest, whilethat waslower in medid
foot region. In general, the ST was decreased at the
onset of exercise. What’s more, we found that the mean
ST inmedid foot andinstep region after 15minexercise
was higher than the counterpart before 10min exercise
(including 10min); meanwhileit occurred at the 20"
minuteinlatera foot region. Thissuggested that thetime
15min of sustained low-intensity sportswasaturning

TABLE 3: Thedistribution of ST in 10 subregions after
30min exercise (Xs)

ST maxC ST min’C Mean STC

N1 34.4+1.0 32.3+1.1 33.5£1.0
N2 34.7+1.1 31.9£1.5 33.4+1.3
N3 33.9+1.3 31.3+1.2 32.6+1.2
N4 34.8+1.0 30.8+3.0 33.4+1.1
W1 33.5+1.2 31.1+£1.1 32.5+1.2
W2 34.1+0.9 31.3+0.9 32.8+1.0
W3 34.0+1.2 31.1£1.3 32.7+1.2
W4 34.6+0.6 31.7+0.9 33.2+0.8
B1 34.3+1.1 31.4+1.2 33.0+1.2
B2 34.7+1.0 32.0+1.2 33.4+1.1
F 1.101 0.792 0.787

P 0.376 0.624 0.630

TABLE 4: Thedistribution of ST in 3regionsafter 30min
exercise (X+s)

Regions ST max°C ST min°C MeanST°C
N 34.5£1.0 31.6+1.6 33.2+1.1
w 34.0+0.9 31.3+1.0 32.8+1.0
B 34.5+1.0 31.7+1.2 33.2+1.1

F 0.422 0.190 0.361

P 0.662 0.828 0.702

TABLES5: Thevariation of mean ST inthreeregionsduring
exercise (X+s)

Mean ST° C Medial foot Lateral foot Instep
rest 30.8+0.9 30.0£1.2 30.9£1.0
10min 31.242.2 30.6+1.3 31.5+1.5
15min 32.2+1.3% 31.3+1.1 32.4+1.2%
20min 32.5£1.6% 31.7+1.4% 32.6+1.3%
25min 32.9£1.0%*  32.3+0.8"*" 32.8+0.6""
30min 33.2+1.1%*  32.8+1.0"*"  33.2+1.1%F

Note: compared with the values measured before 10min, *
p<0.05, ** p<0.01
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point of changing foot ST for thewholefoot. It could
beseenvisudly intheFigure2.
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Figure2: Thevariation of mean ST in threeregionsduring
exercise
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DISCUSSION

Thehuman body isaspontaneoussourceof infrared
radiation, emitting infrared radiation continualy to the
surrounding. Thebody’s infrared radiation owning its
specid physologica mechanismand sructurd basishas
a close relationship with energy metabolism, heat
bal ance and organization structure. Skinisthe most
important place of thebody heet transfer. Thestructura
characteristicsof the skin blood circul ation determine
that skin blood flow can changein awiderange®. ST
changesby avariety of factors, mainly related to the
skin microcirculation blood flow, sympathetic nervous
excitability level aswell asmetabolic activity of local
organizations. Furthermore, it may be affected by the
ambient temperature, air flow, the human spirit state
and secretory activity of sweat glandd®¥. Therefore,
therelated condition exercised strict control over the
samelevel to ensureobjectiveand accuratetest datain
thisstudy.

Theresults of thisstudy indicated that the foot
ST valueswere effectively different between these
regions at rest. It was most likely due to the
differencesin the distribution of innervation and
cutaneous/tissue vascul arization between peripheral
and central regionsg*. Aspreviousliteraturesreport,
the ST wasdistinct from various parts of body which
wasthe more closeto thetrunk and head the higher,
otherwise, the limbs ST was relatively lower®,
Therefore, temperature needed to be considered
when making shoes.

————, FyurL PAPER

And wefound another result that the ST dropped
after the start the exercise. Asthe exercise progressed,
the ST wasincreased indl threeregionsand presented
to be consistent. These findings of the present study
were supported by many researcherd”. Exerciseis
associated with largehemodynamic changesinvolving
multiple regulatory processes. Blood circulation is
fundamental for heat removal from deep regionsof the
body and heat transportation to cutaneous layers. At
the beginning of the exercise, the ST wasfallen. A
cutaneous vasoconstrictor response attributableto an
increasein catecholamine and other vasoconstrictor
hormonesrd eased in order to satisfy thesupply of blood
for activated muscles®®. However, as time going,
exercise caused more heat generation withinthe body
resultinginvasodilation and invoked cutaneousthermo-
regulatory processes.

CONCLUSION

In this study, the temperature of foot cutaneous
surfacewas monitored using thermal infrared imaging
system during continud low-intensity exerciseyielding
a specific time evolution of cutaneous temperature
modifications. Generally, foot ST was shown to be
increased during low-intensity movement, but different
regions exists temperature difference. It seems 15
minutes|liketurning point after which thetemperature
increasing lowly. Theresultsin our study providethe
bas sof understanding foot physiological functionand
supply objectiveevidencefor producing shoesfunctiond
property especidly likefootwear comfort.
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