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  The dependence of cooling-induced  decrement in muscular  performance  on  several  physical

characteristics  was  studied.  The characteristics  were  : the amount  of subcutaneous  fat, body

weight,  height and  surface  area,  maxirnal  aerobic  capacity  and  rnaxirnal  veluntary  isometric

contraction  of  the trunk flexors. Ten male  subjects  wearing  shorts  and  jogging shees  were

exposed  to 27℃ and  10℃ for 60 min.  The  cooling  resulted  in a  decrease of  6.8± O.3℃ {mean±

SE} in mean  skin  temperature.  The  temperatures  of m.  tn'cops and  m.  dettoidee{s were  de-

creased  by  2,8± 1.0℃ and  5,1± O,4℃ , respectively.  Rectal temperature  was  virtually  unaffected.

A  significant  negative  correlation  (r= -O.785> was  found between the amount  of  subcutaneous

fat and  decrease in mean  skin  temperature  after  cooling.  After the  exposures  to 27℃ and  10℃ ,

the subjects  performed  an  overhead  ball throwing  test to measure  rnuscular  performance.  The

test was  performed  in a  standing  position  using  both arrn.s.  Five balls weighing  from O,27kg to

3.ekg were  thrown, On the average,  cooling  decreased muscular  performance  7.6%. The

decrease correlated  significantly  only  with  the  amount  of  subcutaneous  fat (r=-O.71e). The

resurts  indicate that from the measured  physical  characteristics,  varying  within  normal  range,

only  subcutaneous  fat had significant  effect  on  thermal responses.  Accordingly, the decrease

in muscular  performance  correlated  only  with  the  amount  of  subcutaneous  fat.

                                       CAnn. Physiol. Anthrop. 12(6) : 335-339, 1993>
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  Decrement in Inuscular performance due to coo-

ling is well  verified  (Bennett, 1984 ; Faulkner et al.,

1990 ; Ok$a  et al., 1993). The decrease is related  to

the degree of cooling  (Bergh, 1980}. During short

term dynamic exercise  the performance has been

reported  to be reduced  by 4-8%･ ℃
mi

 decrease in

muscle  temperature  (Bergh and  Ekblom, 1979;

Davies and  Young, 1983 ; Sargeant, 1987).

  Individual differences in physical  characteristics

could  modify  the thermal  responses  to cooling.

Firstly, subcutaneous  fat acts  as  a  thermal  insulator

against  cool  environment,  slowering  the rate  of

cooling  as  well  as  increase in oxygen  consumption

(Buskirk et al., 1963 ; Cannon  and  Keatinge, 1960 ;

Keatinge, 1960). Secondly, with  increasing body  size

the surface  area-body  mass-ratio  decreases, conse-

quently  decreasing the relative  area  for heat loss.

Along  with  the increase in'body size  the body  heat

content  also  increases, Due  to these factors, in-

creased  body size  slowers  the rate  of  cooling  (Bus-
kirk and  Kollias, 1969>. Thirdly, the level of  physical

fitness affects  thermal responses  because a  fit sub-

ject with  high aerebic  capacity  is able  to produce

more  heat than  an  unfit  <Keatinge, 1961). However,

the consequences  of  altered  thermoregulatory

responses  on  muscular  performanee have not  been

reported.  Therefore, the purpo$e  of  this study  was

to evaluate  whether  physical  characteristics  affect
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the cooiing-ind

mance.

uced

Physical characteristics  and  performance  after  cooling.

decrernent in muscular  perfor-

                METHODS

  Ten  sedentary  and  healthy men  {age 24±4,

mean ± SD) volunteered  as  test subjects  (Table 1).

They  were  medically  examined  before the study,  the

experimental  protocol was  exp]ained  and  their

written  consent  was  obtained.

  The  amount  of  subcutaneous  fat (F%) was  esti-

mated  frQm  skinfold  thickness measurements.  The

measurements  were  done with  a  Harpenden caliper

(British Inclicators Ltd, UK), exerting  a  constant

pressure  on  the skinfold.  The  four measuring  sites

were:  m.  bicops, m,  tn'cops, m,  subsmpulan's  and

iliac c?est according  to the method  of  Durnin and

Rahaman  (1967). At each  site  the measurernent  was

repeated  three tirnes and  the mean  was  taken  to

represent  the skinfold  thickness,

  Bedy  weight  (BW) was  measured  with  a  balance,

with  the accuracy  of  10g  (Datex WM  204 B, In-  .strumentarium,

 Finland) and  body height (BH) with

the accuracy  of lcrn. Body  surface  area  (BSA) was

calculated  using  BW  and  BH  according  to the equa-

tion ef  DuBois and  DuBois (1916) :

BSA=  O,2025 ･ BWOA2  
･
 BHo･ns

Table 1

                        .
  Maximal  aerobic  capacity  (VOz max>  was  deter-

mined  during a  maximal  oxygen  consurnption  test

using  arm  ergometer  (Monark). This test started

with  a load of 25 W.  The  load was  increased 12.5 W

every  third minute  until  exhaustion.  The  pedalling

rate  was  50 rounds  
･
 min-'.  The  oxygen  consumption

(Medikro 202 ergospirometer,  Medikro, Finland)

and  heart rate  (Polar sport-tester,  Polar-Electro,

Finland) were  rneasured  continuously.  The  highest

value  of  oxygen  consumption  was  taken  to repre･

sent  the maximal  aerobic  capacity.

  Maximal  voluntary  isometric contraction  (MVIC)

of  the trunk  flexors was  measured  by a  strain  gauge

dynamometer  (Digitest, Finland), with  the accuracy

of  10 N. This test was  done in a standing  position,

The  subjects  were  fixed to the dynamometer from

the chest,  sacral  region  and  knees, Three maximal

flexions were  performed with  1 rnin  intervals and

the highest value  was  taken  to represent  the MVIC

of  the trunk  flexors.

  To  measure  the effects  of  temperature  on  muscu-

lar performance  the subjects  were  exposed  to 10℃

(cool) or  27℃ (control) for 60 min  in a  climatic

chamber.  They  were  dressed in shorts  and  jogging

shoes.  During the exposures  to different ambient

temperatures,  skin  temperatures  (7 sites) and  rectal

The  physical  characteristics  of the  test subjects.  Abbreviations denote : amount
of  subcutaneous  fat (F%), body  weight  (BW) and  height (BH), body  surface  area

(BSA), maximal  aerobic  capacity  (V02 max)  and  maxlmal  voluntary  isometric
contraction'  (MVIC) of  the trunk flexors,

Subj   F%(%･BW-i)BW(kg) BH(crn) BSA(M2)
.V02

 max

(ml'kg-i)MVIC (N)

12345678910 9.0

 9.1
 9,110.215,610.7

 7,816.7

 8,4
 8.9

63,976.071.071,O78.263.460.472.669.964.41691831841781801691681641701671,731.981.931.881.971.731.681.791.811.7231.236.241.430.435.939.042.730.932.135.0700850560590860740780700960960

mean ±SE

  range  711
± 1.0 69± 1.8

.8-16.7 60.4-78.2
 173± 2164-1841.8±O.04 35,4± 4.3 770± 43

1.68-1.97 30,4-42,5 560-960
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temperature  (Tr, 10cm  depth) (YSI 40e-series, Yel-

low Springs Instrument, USA)  were  measured  with

one  minute  intervals and  stored  in a  data Iogger

(Squirrel 1200, Grant, UK>, Mean  skin  ternperature

<T,k) was  calculated  by weighting  the 7 local skin

temperatures by representative  areas  (Mitchell and

Wyndham,  1969). Body  temperature  (Tb) was  calcu-

lated by the equation  : Tb =  T,k ' O.35 +  T, 
･
 O.65, Body

heat content  (Q) was  calculated  by the equation:Q

(kJ) :3,48  ･ Tb ･ BW  (Minard 1970).

  Resting muscle  temperatures  (Tm) of four subjects

from m.  triceps brizchii and  m,  deltoidezas were

measured  with  a  needle  electrode  CYSI 511, Yellow

Springs Instrument, USA) from the depth of  2emrn

and  30mm  in another  occasion  after  similar  expo-

sures,

  After the exposures  the subjects  performed  an

overhead  throwing test with  both arms,  in which

five balls, weighing  O.27, O.58, 1,O, 2,O and  3,Okg were

thrown,  The  flight times of  the balls were  measured

with  the accuracy  of  O.eOls (Digitest 1500, Finland)

by using  ten infra-red beams and  a  contact  mat

functioning with  onlofi  basis (Digitest, Finland).

Time  measurement  was  activated  when  the ball

reached  the infra-recl beaxns and  stopped  when  the

ball hit the contact  mat  attached  to the wall  2.5m

behind the infra-red beams, This test was  performed

in a  standing  position. The  subjects  were  helding the

ball in front of  them  and  after  a signal  they  lifted

the  ball above  their head and  threw  it with  full

Table 2

RIN'rAMAKI

The  effect  of  60 min  exposures  to

(Tsk) and  muscle  temperatures  (Tntt=m, triceps brachii
from  the  depth of  30mrn  and  20mm).
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effort  The  velocity  (V) of  each  ball was  calculated  :

V!=Dlt 

'

where  D=distance (m) and

      t=  time  (s)

  Before the tests the subjects  were  allowed  to get

accustomed  with  the throwing  exercise,  The  test

was  randomized  by exposure  and  ball weight.

  In statistical  analysis  of  the data, Student's t-test,

correlation  analysis  and  multiple  regressien  analy-

sis were  used,  Significance was  acceptecl  at p<O.05

level.

                RESULTS

  After the exposure  to IO℃ the calculated  heat

debt was  9kJ 
･
 kg-i ･ A  significant  decrease in T,lt

and  T.  was  ebserved,  whereas  Tr was  virtually

unaffected  (Table 2).

  Tsk and  the local temperature  of the arm,  mea-

sured  at  the end  ef  the exposure  to 10℃
,correlated

significantly  with  F%  and  BW  (Table 3),

  The  decrement in ball velocities  after  cooling

variecl  from 1.4m･ s-i (O.27kg ball) to O.6m - s-' (3.0kg
ball), the average  decrement of  all  balls being  O.93±

O.16m 
･
 s-t  (mean± SE). The  average  decrement in

ball velocity  corresponds  to 7.6% decrement in

muscular  performance.

  A  signigicant,  negative  correiation  was  found

between F%  and  decrease in muscular  performance

{Table 3). Other physical  characteristics  did not

correlate  significant]y  with  the decrernent in perfor-

27℃ and  10℃ on  rectal  (T,), mean  skin

               ,
 Tmd=m.  deltoideus

30nnm depth 20mm  depth

Tr Tsk Tmt Tmd Tmt Tmd

27℃

10℃
diff

36 9± O.1 31.8± 05  32.7± O

36.8± O.2 25.0 ± O.6 32.2± 1.
 Ol ± 02  68 ± 05  05 ± O
  NS  

...
 NS

7 34.e± 1.1 32.1± O.8 33.4± 1.2
1 30.8± O.7 29.3± O.9 28.3± O.7
2 3.2± O.8 2.8± IO  5.1± O.4
      * * **

The  values  are  mean ± SE, n=:  10, in muscle  ternperature n=4.  
'

OOI and  NS==not  significant.

==p<O.05,  
*.*=

 p<O.
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Table 3

Physicar characteristics  and  performance  after  cooling.

 Correlation coefficients  between  physical characteristics,

 selected  thermal  responses  <at the end  of  exposure  to 10℃) and
 average  decrement in muscular  performance.

  Rectal
temperatureMean

 skin

temperature

 Upper arm  Decrementin
temperaturefl performance

F%BWBHBSAV02

 max

MVIC

-O.522

 e.261

 O,393-O.129-O

 162

 O.414

-o.

 o.-o.

 o.
 o.-o.

785.445192204632490-O.850..

 O.802*.
-O.219

 O.623-O.510

 O.097

-O.710.
-O.474.

 0.113-O,226

 O.560
 O.073

.=p<O.05,
 

.*=p<O.Ol

alecal
 skin  temperature  measuredabove  the midpoint  of  m.  triceps.

rnance.

  Multiple regression  analysis  gave  similar  results

as  correlation  analysis,  The  most  powerful factor to

explain  the average  decrement in muscular  perfor-

mance  was  F%  (R=46%, p<O.05).

               DISCUSSION

 Whole  body cooling  used  in this study  decreased

the body  heat content  9kJ･kg-i, on  the average.

The  decrement was  due te cooling  of  the superficial

layers of  the body, since  T,k decreased 6,8℃ where-

as  Tr was  virtually  unaffected  Though  the cooling

did not  affect  Tr it did however, decrease signifi-

cantly  the temperature of the working  muscles

(Table 2).

  The  only  physical characteri$tics  which  signifi-

cantly  affected the degree of  cooling  was  F%  (Table
3), This was  seen  as  higher skin  and  lower rnuscle

temperature  of the leaner subjects.  A  6%  decrease

in the amount  of  subcutaneous  fat decreased Tm  by

2℃ at 10℃ . This observation  is in agreement  with

earlier  studies  where  increased amount  of  $ubcuta-

neous  fat has been found to decrease the rate  of

cooling  (Baker and  Farrington Daniels, 1956) by

acting  as  a  thermal  insulator (BrUck, 1986).

  With  the whole  body cooling  used  in this study,

the thermal  responses  were  not  affected  by differ-

ences  in physical fitness (V02 max,  MVIC)  nor  in

body  size. On the other  hand, the local skin  ternpera-

ture above  the working  muscle  m.  tn'cops was

affected  by body weight  (Table 3), indicating that

large body rnass  can  slewer  the  rate  of  cooling.

  Becau$e only  F%  affected  thermal responses,  lt is

assumable  that it would  also  affect  muscular  perfor-

mance,  This was  confirmed  by a  high correlation

between  F%  and  decrernent in muscular  perfor-

mance.  The  decrement was  more  pronounced  with

leaner subjects  having lower T.. The  dependence

was  surprisingly  clear  considering  the narrow  range

of  F%  (variation between  7,6-!6.4%). This obser-

vation  iurther emphasizes  that even  small  amount

of  subcutaneous  fat has a  significant  role  as  a  ther-

mal  insulator against  cooling.  However,  when  the

decrement in muscular  performance  is analyzed  by

multiple  regression  analysis,  F%  alone  can  explain

only  46%  of  the decrement. Therefore, even  though

the ether  factors of  physical  characteristics  did not

reach  statistical  significance  in the present stucly  in

explaining  the decrease in performance,  their effect

can  not  be disregarded.

  The  power  output  during short-term  dynamic

exercises  has been reported  to decrease after  coo-

ling approximate]y  4"8%  
･
 ℃

-i
 decrease in T.

{Bergh and  Ekblom, 1979 ; Davies and  Young, 1983 ;

Sargeant, 1987). Considering the mean  temperature

of  m.  tricops and  m,  dettoldeus (from the depth of

3emm)  as  an  overall  representative  of  muscle  tern-

perature, the difference in T.  between exposures  to

27℃ and  10℃ is 1.8℃ . Consequently, the cooling-

induced decrement in muscular  performance  in this

NII-Electronic  Mbrary
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study  was  4.0% ･ ℃ -'
 decrea$e in T., which  corre-

sponds  wel!  with  the previously reported  values.  In

conclusion,  the thermal  responses  of  norrnal,  seden-

tary  subjects  after  cooling  were  significantly

affected  only  by the amount  of  subcutaneous  fat.

Accordingly, the amount  of  subcutaneous  fat was

the only  physical  characteristics  which  effect  was

seen  in muscular  performance.

RINTAMAKI and  Tero
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