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THE  THER MO VI SION MET HOD IN SPORT TRA I NING

1.0 I ntr odu ction
Ther mo vi sion is a non-con tact met hod for me a su ring he at ra di a tion on the body’s 

sur fa ce that is ba sed on the in fra red part of the elec tro mag ne tic spec tre. In me di ci ne, it 
is com monly used as a non-in va si ve met hod for di ag no sing can ce ro us growth in bre asts, 
in fl am ma ti ons – rhe u ma tism, tra u mas and soft-tis sue di se a ses, in fl am ma tion of the tis-
su es sur ro un ding ar ti fi  cial im plants, di a be tics’ vas cu lar system, blood cir cu la tion in the 
limbs of pa ra- and qu a dri ple gics, skin tem pe ra tu re in new borns etc. In eco logy, this met-
hod is used to iden tify di so r ders and di se a ses of ve ge ta tion, me a su ring le vels of cer tain 
types of en vi ron men tal pol lu tion and de tec ting ob jects bu ried in the gro und. Ther mo vi-
sion is al so ap plied in in du stry, na mely for in spec ting elec tri cal equ ip ment, mac hi nery 
and ot her de vi ces and fa ci li ti es so as to esta blish the ir ope ra ting con di tion. This ena bles 
a pre li mi nary de tec tion of the over he a ting of parts of mac hi nery, the reby pre ven ting 
mo re se ri o us da ma ge in tec hno lo gi cal systems. Si mi lar in spec ti ons are car ried out in 
the con struc tion in du stry. The in cre a sing costs of he a ting, the de si re to cre a te the most 
com for ta ble and he althy li ving en vi ron ment pos si ble and the gro wing awa re ness of the 
eco lo gi cal use of energy pro ducts ha ve al so esta blis hed new cri te ria and re qu i re ments in 
con struc tion. The ther mo vi sion ca me ra has be co me an in di spen sa ble tool for de tec ting 
he at brid ges, con struc tion fl aws and dra ughty win dows and do ors. In the energy in du stry, 
ther mo vi sion in spec ti ons are car ried out to iden tify fl aws in the in su la tion of un der gro-
und cen tral he a ting net works. 

In sports prac ti ce, this met hod was al ready in use thirty years ago (Keyl & Len hart, 
1975; Clark, Mul lan, & Pugh, 1977; Wa de & Veg hte, 1977; Veg hte, Adams, & Ber na u-
er,1979; Buc kho ut & War ner, 1980; Na kayama, Oh nu ki, & Ka no sue, 1981). The ba sic 
aim of the ma jo rity of the se sports stu di es was to me a su re the fall or ri se in skin tem pe-
ra tu re du ring a spe ci fi c sport exer ci se, with chan ging air tem pe ra tu res (run ning, cycling, 
swim ming) and in the ca se of in ju ri es and le si ons. Clark, Mul lan and Pugh (1977) we re 
so me of the fi rst to use the in fra red ther mo vi sion met hod in an analysis of chan ges in 
skin sur fa ce tem pe ra tu re. They me a su red skin tem pe ra tu re in two at hle tes stan ding and 
run ning on an at hle tic track (an out do or en vi ron ment) at an air tem pe ra tu re of 20 °C and 
in a cli ma tic cham ber at 11 °C. They esta blis hed that skin tem pe ra tu res we re hig her over 
the ac ti ve mu scles than over ot her struc tu res and we re con si de rably hig her than pri or to 
exer ci se. Mo re o ver, they fo und that the tem pe ra tu re of the trunk was hig her than that 
of the limbs, whi le the tem pe ra tu re of the skin over the mu scles was 2-4 ºC hig her than 
that over the bo nes. Keyl and Len hart (1975) we re among the fi rst to use ther mo graphy 
in an in ve sti ga tion of chan ges in skin tem pe ra tu re in the area of in ju ri es (te ars, wo unds, 
me ni scus, ten di no pathy and chron dro pathy) on a lo co mo tor system. The in fra red ca me ra 
re cor dings sho wed that wo unds re veal them sel ves as lo cal hypert her mia, but only if they 
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are not too de ep in the tis sue. In com bi na tion with the me di cal hi story and cli ni cal and 
ra di o lo gi cal tests, in fra red ther mo vi sion is one of the most ef fi  ci ent di ag no stic met hods 
and al so used for the sub se qu ent con trol of he a ling an in jury. 

This ar tic le fo cu ses on the ap pli ca tion of the IR met hod as a di ag no stic/mo ni-
to ring met hod for ob ser ving the physi cal ac ti vity of mu scle gro ups when track and fi -
eld at hle tes and ot her sport sper sons are exer ci sing. The aim of the study is to eva lu a te 
sig ni fi  cant chan ges in the tem pe ra tu re fi  eld me a su red on the skin’s sur fa ce in spe ci fi c 
body parts and cor re la te them with the in te gral exer ci se pa ra me ters.   New tec hno lo gi es 
in sports tra i ning ena ble the ap pli ca tion of ever mo re ac cu ra te met hods for mo ni to ring 
physi cal lo a ding.  In many sports, physi cal lo a ding has al ready re ac hed the pe ak of at-
hle tes’ abi li ti es, which is why mo dern tra i ning mo del ling pro ce du res un der pin ned by 
ob jec ti ve met hods will ena ble the furt her de ve lop ment of sports re sults. One met hod for 
iden tifying physi cal lo a ding is ther mo vi sion which is ba sed on the de tec tion of tem pe ra-
tu re fi  elds on the skin’s sur fa ce. The met hod ena bles a ti me- and po si tion-re la ted ve ri fi -
ca tion of tem pe ra tu re fi  elds, de pen ding on the type and in ten sity of an at hle te’s lo a ding. 

It is pos si ble to hypot he si se that, by in cre a sing an at hle te’s lo a ding, a sig ni fi  cant 
chan ge in the tem pe ra tu re fi  eld on the skin sur fa ce will oc cur. In ad di tion to an in te gral 
ri se in tem pe ra tu re, lo cal tem pe ra tu re va ri a ti ons may al so be ex pec ted in di ca ting the 
type and in ten sity of an at hle te’s lo a ding. In the fra me work of this study an ex pe ri ment 
was con duc ted to iden tify the sig ni fi  cant de pen den ce of the me a su red tem pe ra tu re fi  eld 
on the sur fa ce of a se lec ted seg ment (thigh mu scle) with va ri o us types of lo a ding.  We 
thus tried to esta blish the ap pro pri a te ness of the IR vi su a li sa tion met hod for mo ni to ring 
at hle tes’ lo a dings in va ri o us pha ses of the tra i ning pro cess.

2.0 Met hods
2.1 Ex pe ri men tal pro ce du re
One su bject par ti ci pa ted in the ex pe ri ment, na mely a tra i ned track-and-fi  eld at hle-

te (aged 24, body we ight 84.5 kg, body he ight 187.5 cm, per so nal re cord for the 400-me-
tre run 49.65 sec). Fo cu sing on an in ve sti ga tion of qu a lity re la ti ons bet we en the in te gral 
pa ra me ters of a track-and-fi  eld at hle te’s exer ci se and the re ac tion on the sur fa ce of a se-
lec ted body seg ment, the ex pe ri ment was di vi ded in to two parts. The fi rst part re la ted to 
the pro to col of fo ur types of lo a ding. Af ter each lo a ding, the tem pe ra tu re was me a su red 
on the skin sur fa ce over the thigh mu scle at de fi  ned ti me in ter vals. The tem pe ra tu re was 
me a su red by in fra red ther mo graphy, ena bling the ti me mo ni to ring of the tem pe ra tu re on 
the en ti re sur fa ce of a se lec ted seg ment of the thigh mu scle. The pro to col of me a su ring 
the mo tor tasks and im ple men ting the ther mo graphy are pre sen ted in ta ble 1. 

The te  m pe ra tu re fi  eld was re cor ded by a fast Ther mo sen so rik CMT384SM ther-
mo ca me ra. This IR ca me ra ope ra tes in the in fra red spec tre bet we en 3 and 5 μm. It was 
ca li bra ted aga inst the en vi ron ment which was used to si mu la te a black body with a 
con stant tem pe ra tu re and with a pro por ti o na te tem pe ra tu re di stri bu tion on the sur fa ce. 
The tem pe ra tu res of a ca li bra ted seg ment we re me a su red by Pt100 pro bes. Even tho-
ugh the ap plied met hod ena bled an ac cu racy of me a su red ab so lu te tem pe ra tu re of ±0.5 
K – in vi ew of our goal, na mely to me a su re and eva lu a te a ti me- and lo cally-de pen dent 
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temperatu re fi  eld – we co uld en su re the much gre a ter ac cu racy of the me a su red re la ti ve 
tem pe ra tu res in the ob ser ved seg ment. In the end, the re la ti ve ac cu racy of the me a su re-
ment was ±0.02 K.

Ta ble 1: In te gral lo a ding of a track-and-fi  eld at hle te
Se ri es Lo a ding de scrip tion
1 un war med mu scle
2 thigh mu scle af ter 15 mi nu tes of war ming up
3 1 x 60-me tre sprint (max. 70% in ten sity) 
4 5-mi nu te bre ak 
5 1 x 60-me tre sprint (max. 90 % in ten sity) 
6 5-mi nu te bre ak
7 4 x 50-me tre sprint (90% in ten sity)
8 5-mi nu te bre ak
9 ver ti cal jumps (30 sec)

The ther mo vi sion ca me ra was used to re cord the tem pe ra tu re fi  eld on the skin sur-
fa ce over the thigh mu scle. The sa me po si tion of the ca me ra, fa cing the se lec ted skin sur-
fa ce, was ma in ta i ned thro ug ho ut the ex pe ri ment. The am bi ent con di ti ons (a ten nis co urt 
at the Fa culty of Sport), in clu ding the tem pe ra tu re of the en vi ron ment, we re con stant (i.e. 
va ri a ti ons we re ne gli gi ble). All ot her ef fects such as skin sur fa ce con di ti ons, in clu ding 
hu mi dity, we re in te gra ted in the me a su red skin tem pe ra tu re and yiel ded a di rect re sult 
which de pen ded on the in te gral lo a ding pa ra me ters.  An in te gral – qu an ti ta ti ve va ri a ble 
is the mean tem pe ra tu re cal cu la ted for dif fe rent lo a dings from ther mo vi sion re cor dings 
of a de fi  ned sur fa ce of the thigh mu scle and the per ta i ning stan dard de vi a tion of tem pe ra-
tu re on the sa me sur fa ce. Both va ri a bles are gi ven as ti me se ri es cal cu la ted from a se ri es 
of sub se qu ent IR re cor dings in the ob ser ved ti me in ter val. 

3.0 Re sults and Di scus sion
Fi gu re 1 shows the cha rac te ri stic IR ther mo vi sion re cor dings with va ri o us de-

gre es of lo a ding du ring tra i ning. Each re cor ded shot shows the tem pe ra tu res on the skin 
sur fa ce in equ al con di ti ons of ta king IR shots and, at the sa me ti me, re gar ding the star-
ting ti me of re cor ding the se ri es of IR shots. Mean tem pe ra tu res Ts we re ad ded to the IR 
ther mo vi sion re cor dings and the per ta i ning stan dard de vi a ti ons.

The aim of pre sen ting dif fe rent tem pe ra tu re di stri bu ti ons on the skin sur fa ce is to 
pro vi de a qu a li ta ti ve eva lu a tion of va ri o us to po lo gi cal struc tu res which in di ca te cha rac-
te ri stic va ri a bi lity, thus ena bling an eva lu a tion of the thigh mu scle lo a ding.  It may be 
con clu ded from Fi gu re 1 that dif fe rent lo a ding con di ti ons are re fl ec ted in the me a su red 
skin sur fa ce tem pe ra tu re as well as on the tex tu re i.e. the struc tu re of the tem pe ra tu re 
di stri bu tion on the skin sur fa ce.  An in cre a sed lo a ding on the mu scle sig ni fi  cantly bo-
osts the mean tem pe ra tu re. The tex tu re, i.e. the tem pe ra tu re fi  eld di stri bu tion on the skin 
sur fa ce, is cha rac te ri sed by re la ti vely high lo cal tem pe ra tu re gra di ents in the tran si tory 
lo a ding re gi mes that are re la ted to the ac ti va tion of mec ha nisms for tran sfer ring he at 
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from the mu scle co re to the skin sur fa ce. With the in cre a sed lo a ding, the tem pe ra tu re 
fi  eld ho mo ge ni ses at a hig her tem pe ra tu re le vel. Jud ging from the qu a lity eva lu a tion of 
tem pe ra tu re fi  elds in Fi gu re 3, it may be con clu ded that the cha rac te ri stic tem pe ra tu re 
dif fe ren ces in the re cor ded IR shots oc cur with lo a ding re gi mes un der con stant am bi ent 
con di ti ons, ena bling this met hod to be used in the di ag no stics of lo a ding con di ti ons. 

Fi gu re 1: Im pact of lo a ding re gi mes on the tem pe ra tu re fi  eld struc tu re in the
IR re cor dings

Al go rithms 1 to 4 we re used to ca rry out an analysis of the ti me va ri a tion of the 
tem pe ra tu re fi  eld in a se lec ted win dow on sub se qu ent di gi ti sed IR shots, as shown in 
Fi gu re 1. Fi gu re 2 shows the cur ves of stan dar di sed tem pe ra tu re T(-) de pen ding on ti me 
for dif fe rent lo a ding con di ti ons. All cur ves are cha rac te ri sed by a mo no to nic in cre a se in 
tem pe ra tu re from the mo ment the lo a ding pha se is com ple ted and the IR re cor ding starts, 
with a ti me in ter val of re cor ding of  = 120 secs.  The ob ser ved phe no me non de ri ves 
from the he at fl o wing from the mu scle co re to the skin sur fa ce as a re sult of the need to 
re du ce the tem pe ra tu re owing to the physi cal stress on the or ga nism. 
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Analysis of the stan dard de vi a tion of the tem pe ra tu re fi  eld in the ob ser ved win-
dow un der dif fe rent lo a ding con di ti ons, as shown in Fi gu re 2 al so shows one po int in 
com mon. A mo no to nic dec re a se was no ti ced in the va ri a ble that de scri bes the he te ro ge-
ne ity of the sam ple of ima ges, which me ans that du ring re la xa ti on of the or ga nism af ter 
physi cal exer ci se the tem pe ra tu re fi  eld on the skin sur fa ce ho mo ge ni ses, thus in di ca-
ting the hig her in ten sity of a he at tran sfer from the sur fa ce to the ex ter nal en vi ron ment. 
Exam ple 9 – lo a ding con di tion (30-se cond ver ti cal jumps) – was used to de mon stra te 
the ti me li ne of the tem pe ra tu re on the skin sur fa ce in a se lec ted win dow as well as the 
re la ted stan dard de vi a tion of the tem pe ra tu re fi  eld in a se lec ted win dow. The di a gram in 
Fi gu re 3 shows that the chan ging of the ob ser ved stan dar di sed tem pe ra tu re over ti me can 
be de scri bed by a 3rd de gree polyno mial, in di ca ting the adap ti ve re ac tion of the or ga nism 
du ring tem pe ra tu re re la xa ti on af ter lo a ding. 

y = -0.0405x + 13.559
R 2  = 0.9262 

y = 2E-05x3 - 0.0056x2 + 0.614x + 68.167
R2 = 0.9788
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Fi gu re 3: Lo a ding re gi me – se ri es 9

The cur ve (%), re pre sen ting the stan dard de vi a tion of the tem pe ra tu re fi  eld in a 
se lec ted win dow, can be de scri bed as a li ne ar mo no to nic dec re a sing fun ction of ti me. 
Both fi n dings are typi cal of all lo a ding con di ti ons, only varying in terms of the in ten sity 
of the ti me va ri a tion with re gard to the lo a ding con di ti ons.

4.0 Con clu sion
The in fra red ther mo vi sion met hod is a non-con tact pro ce du re for me a su ring he at 

ra di a tion on the body’s sur fa ce and can be ef fec ti vely used in sports prac ti ce. The met-
hod is ba sed on a re gi stra tion of the chan ge in the tem pe ra tu re fi  eld as a re sult of in cre a-
sed physi cal lo a ding. Wit hin the fra me work of this study an ex pe ri ment was con duc ted 
to esta blish the de pen den ce of the me a su red tem pe ra tu re fi  eld on the sur fa ce of a se lec ted 
seg ment (thigh mu scle) with va ri o us types of lo a ding. We pre sen ted the met ho do logy for 
analysing a tem pe ra tu re fi  eld in a se lec ted win dow on the sur fa ce of the thigh mu scle, 
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whe re the lo cally ave ra ged stan dar di sed tem pe ra tu re on the skin sur fa ce in a se lec ted 
ti me in ter val was analysed. The ti me chan ge in the tex tu re of the tem pe ra tu re fi  eld was 
al so ob ser ved in the sa me se lec ted win dow. The re sults ob ta i ned show a cha rac te ri stic 
qu a li ta ti vely and qu an ti ta ti vely dif fe rent tem pe ra tu re di stri bu tion, which de pends on the 
type of lo a ding. The se re sults lead us to con clu de that the IR ther mo vi sion met hod is an 
im por tant ex pert tool for mo ni to ring lo a ding con di ti ons re sul ting from dif fe rent tra i ning 
me ans and met hods.
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THE THER MO VI SION MET HOD IN SPORT TRA I NING

The a rti cle pr esents the  the rm ov ision d ia gn ostic me thod as one of the t ools for 
m on it oring cha nges in a thl etes’ l o ading co nd it ions d uring th eir tr a ining. The me thod’s 
adva nt age l ies in its q ua nt it at ive a ppr oach, fast analysis and the co mp ar at ive st ud ies 
i nvo lving an a ppl ic ation of this me thod. All b asic me ch anisms of h eat tra nsfer to the 
skin’s su rf ace are pr ese nted, en abling a co mpr ehe nsion of the e xp er ime ntal r esults. In 
this a rti cle the r esults are pr ese nted as a te mp er at ure fi  eld d istr ib ution on a s ele cted skin 
se gment and they cha nge with t ime, d epe nding on the i nt egral p ar am eters of an a thl-
ete’s l o ading. A lso ex am ined w ere the ch ara ct er istic cha nges in the te mp er at ure fi  eld 
which d epend on an a thl ete’s phys ical l o ading. In a dd ition to a q u ality ev al u ation of 
the te mp er at ure fi  eld’s t op ol og ical stru ct ures, t ime-r el ated cha nges in l ocally av er aged 
te mp er at ures in a s ele cted wi ndow w ere ev al u ated as well as the pe rt a ining t ime-d epe-
ndent l ocal te mp er at ure v ar i at ions in i nd iv idual tr a ining l o ading r eg imes. The r esults of 
the study i nd ic ate the r at i on ality of applying the IR me thod for m on it oring v ar i ous types 
of l o ading on an a thl ete’s m uscle se gments. This me thod may a lso be used as a co mp ar-
at ive tool for est abli shing the e ffi  c iency of di ff erent m eans and me thods in the tr a ining 
pr ocess. 

Keywords: ther mo vi sion, di ag no stics, mu scle lo a ding, tra i ning.

"Pobjeda", 30. septembar 2009.
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