ABSTRACT

i'JANOT J. M. Hegrt rate and Qeroeived egertion reeponees o
' _gg;;gg,olimbln- in beginnex and recreational sport climbers,

‘MS in Adult Fltnese/Cardiao Rehabilitation, May 1997, 43pp.
| (J Steffen) | | |

Thie study was designed to determlne if heart rate (HR) and
~ perceived exertion regponses (RPE) differed between beginner
-and recreational sport climbers. Thirty-four beginner '
(n = 10 males, 7 females) and recreational (n = 10 males,

7 females) climbers were instructed to climb 2 routes that

- varied in difficulty (5.6 and 5.8) on an indoor climbing
wall, HR responses were recorded at rest (HRrest), during
- the ollmb (HRolimb) and after each climb (HRxecv). RPE _
‘values were also recorded after each climb, Slgnifioant o
- (p < .05) differences were found in HRrest, HRclimb, and RPE
_ Values between olimblng groups in males for routes 2 and 4.
Significant (p < ,05) differences were also found in HRrest,
HRclimb, and RPE hetween climbing groupe in females for
~ routes 2 and 4. An analysis of HRrest and HRrecv revealed
- significant (p < .05) differences for routes 2 and 4 in male
beginner ollmbere. The differences found between beginner
and recreational climbers could have been due to route
fam111ar1ty, efficient olimbing teohnlque, a pressor .
'response, or psychological influences. The extent to which
these factors affected the HR and RPE responsee was not
explored in thls investigation, -
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HEART RATE AND PERCEIVED EKERTION RESPONSES DURING CLIMBING b

IN BEGINNER AND RECREATIONAL SPORT CLIMBERS

INTRODUCTION

‘The use of'the7orosatfaining-principle to supplement

sport-gpecific trainingprogramshae been'widely aocepted.;
for many years. Adding variety to a training program will
likely ensure high motivation to engage.in the program
(Heyward, 1991). Adherence to a trainingregimen,or an

exercise program for'that'matter, ie dependent upon making_,

~ the program as enjoyable as poealble for the partlolpant

- Also, the oroeetraLnlng done by the partloipant must be

_ 'deelgned to help_them 1mprove in the sport for whioh they_
Are tfainingﬁ - - B -

o Accordlng Lo the.Amerlcan Collegeof Sports Medlolne'.
(ACSM) an exercise that-involvee the use.of large muacle'
__groupe over a prolonged perlod of tlme will result in the

.greitest improvement in oardioreaplratory fltness (ACbM
, _1995}  Some'modea of exerolee that meet these.guldellnes f
are runnlng,_walklng,_croaa oountryakllng, hlking, stalr”
cllmblng, and p0851b1y eport/rook olimbing
' _ Rockolimblng as an aot1v1ty or sport hae gained
increased popularity over the last few years by becoming
‘more than a hobby or ‘an alternate for tralnlng in
' other eporte (Jacobs, 1993, Kascenska, DeW1tt, & Roberta,

1992; Ma;tland, 1992; Shlrer,.1990). Maitland (1992)
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ideaoribed various wall climbing oompetitione which have

"'atLracted veteran and new olimbere thrOUQhOUt the world

Not only wae this due to greater advanoementa in equipment
eafety, but also to the adVent_of indoor_olimbing facilitieef
(Bollen, 1988 Kaeoenskaiet al,, 1992;mait1and 1992,
,Shirer1990) These faoilitlee included treadwalle,
laddermllle, or even art1f101al olimblng walle. Olimbing
walls alone have inoreaeed in popularity throughout the
,world during the paet decade..' -
Another faotor thaL hae oontributed to the growth of
olimblng ig the use of olimbing ags a form of exercise
training.(Bannister & Foeter, 1986 ; BOIIEn,-1988:.Cole,
1990F Maitland-.1992). Climbing hae been deeoribed by gsome
researohere as & viqoroua activrty that demande power and
VStrength along with flex1b111ty and aerobic enduranoe
(Kasoeneka et al.; 1992 ; O_Shea, 1976) Some experte have
claimedolimbingehouldbe considered as one of the best

training modes available to improve overall fitness (Jacobs,

1993) .

' Williame, Taggert, and Carruthers (1978) ooncluded that
rock climblng producee a epe01alized type of fltneee that
enablee great 1mprovement 1n.the realm of climbing '
performanr.:te,r but not neoeeearily improvement in overall body.
fltness ' In.oontraet to this clalm, Weetcott (1992) found
that cllmbing on a regular basie elic1ted definite phyeioal

-benefits-in maximum oxygen ooneumptlon'and body compoeition.




Hardy and Martindale (1982) discoVered that'rock CIimbing
compared favorably wiLh other activities like walking,_
tycling, oanoeing, tennis,.and swimming 1n terms of similar

rates of energy expenditure.

Although gome studies have described the aerobic and

strength adaptations necessary to improve_climbing

performance at altitude, fewhaveaddressed the_

'thSiOIOgioal reSponees that occur during'climbing (Otshea, 1

 1976) Further 1nvest1gat1on is needed to determine the

phy51ologioal demand that climbing places on the individual.

The purpose of this study was ‘to determine if the heart
rate (HR) and rating of perceived exertiun (RPE) reeponsee 
differed between beginner and recreational aport climbers '
who climbed eelected routes on an artificial climblng wall

. MATERIALS AND METHODS '

Subjects ' '
Thirty-four volunteers were recruited from an indcor
‘rock climbing class and the general student body at the
University of WlBCOHBln -La Crosee.. ‘All subjects complefed
an 1nformed coneent form (see Appendix A) prior to '
part1c1pat1ng in the study The'subjects_were categorized
1nto 2 groups of beginner or recreational climbers based on
overall experience. The recreational climbers had climbed
in a ¢1a55'7 Weeks prior'to testingand'also hadvaried
experience climbing before attending the class. The :

beginner climbers had no prior experience climbing

* T ’ T e w,T - NCER
*_.i.'_.!:‘qF'.*._‘.h.. . = -.1"'1 U - - ""':1_."" P
FY q . _ ol oy - e e T ER e
- L], Ponlig-F e il -
- R [ A - - = .'.-..q, . b "-|_,..-

Iy - e
R o
b

- + - . B .
s _'H"-r ...._‘r; byl . .
AT AT

- q: o o |
‘#‘-."H-"’l? . i :

s l'",-l. -

] f- - - i - -
e Y L g e

LA e 2
L ] e

- [ - Fl
. . o R -
a o :._’I-""-‘__-_! T nt

1 - -
p - ‘F I"_ 'I
PLEN T - -7
L -
i - o, -ﬁ.-_- L

A T vl ey -

M S 1 N
S e b T - .
T L M —— R P ™ e N e :

T = ‘lr—'"""

R Do
. -y, wT
et ol e dete . ey, iy

- el T, w=

o
'...“f.q- i
o

L BT
. ,:” el o WF. . %

i : . b »,.-
- -.'.."..l"_..-l_...‘-.ﬂ-"-" - .

- [ ]
.%tﬂ., -2
- T . E ‘_-' F"J \
- m mqﬂ._[__gﬂ - “.ﬁ . =y

F o T,
— g W

el
[ .
B

e, ST LIS ooty
ROoF Hee-

- -, 1
- ¥
-11__"" A ; +“ . W . . - P T LN -~ I':' ”. P _‘-_‘_-r._‘_.-'_. ___"'__.
- LT ] -h...-"w'rl'-.-,-:-"l',.-.‘_.,,"' _H__.—' & "'.-l I '-;M'n - -ﬂ - I'H.'

-"h-l:::" .

- = i J—
™ -+ B
i s B

- .h....ﬂ.l r“F
WV gl Ty

.-.#'

AL ey T e

il QWY P
.- - -

M b




Procedures
'anh subjeot oompleted-z olimbing trialedthnt'were

' performed within 20 mlnutee of each other‘  The'eubjecte
‘were asked to not eat, drink (except water) or smoke for at

least 3 hours prior to the.teeting.eeseiOn"'The routee that
were ueed in the olimbing triale were previously selected by
the inVeetigator ' : ' '
“ On the day of the testing eeeelon, eaoh eubject'
uheight welght and age were determlned Shortly
lthereafter, eubjects were glven proper inetructlon on eafety
'preoautions and on the use and meaning of the 15 p01nt Borg
.(1970) RPE eoale (eee Appendlx B). Any questions that’the
eubjecte ‘had were anewered at that time. -
After the 1n1tia1 inetruotlonal session, each eubjeot
_wae asked to begln the ollmblng trlale. Each route on the
hcllmbing wall was represented by a number that pertalned to

_the-grade of dlfflculty Accordlng to the Internatlonal

,p.Sport CllmberS'Federatlon, the flret.route-(route 2) was

repreeented by a dlffloulty rating of 5.6 and the eecond
 route (route 4) was glven a dlfflCUlty ratlng of 5.8. Thesge
 routee were ooneidered as belng achlevable by novmce
,cllmbere; Every eubject ¢limbed the routes in the game

"exaot order with route 2 be:ng the flret route olimbed

| Prlor to each cllmblng trial the subjects were alloweda

to reet for 1 minute and etudy the route after they tied the.

rope_to the safety_harneee; After'thle'initial rest period,




a standing, resting HR (HRrest) was recorded. Final
instructions, testing reminders, and thoughts were aléo
briefly discussed at this point. The subjects were required
to reach the halfway point on each route (determined by the
investigator). The subjects were agked nétto remain 
gtationary for more than 5 eeccndﬂ in order to make each
climb as uniform as possible, This was closely monitored
during-eaCh climb performed, ' .
Other than the 5 second restriction, each climber was

allowed to climb at a self-selected pace. All subjects

completed'at 1eQSt_half of each required route. After the

zhalfway'pOint;'subjects varied ae-to how much of eadh route

was completed. This was most evident during route 4 in
which only 2 subjects completed the rdute; whereas all
subjects completed route 2. -
A climbing HR (HRclimb) was.reCOrded at the moment the
c1+mbér reabhéd the top of the wall or at fallure. After
~each successful or falled climb, the subjects were
71mmed1ately returned to the ground at which point the RPE
value.was reCOrded. A standing, recovery HR (HRrecv) ‘was
recorded following a 10 minute rest period after each
‘climbing trial. '
Data_ Collectlon
"; The HR was measured with theuse of a Polar Advantage
XLHR,monltor. The monltor consisted of a belt that was

‘worn on the chest which contained electrodes. This belt




6
tranemitLed the HR, monltored by the electrodee,to a watch
worn on the wrletl The HR was Obtained from the watch

An indoor cllmbing wall wae ueed for the cllmbing
trialein thle study. The climbing wall contalned routes
with varied degrees of difficultyr The routes were set ‘upon
a etrictly vertlcal wall and an overhang portion of the

7wa11. rphe routes aleo contained various types and sizes of
hand and foot holds which added to the overall difficulty ofl
the routes, The height of the wall was 33 1/2 feet,
Statistics ' '

Standard descriptive etatietice were used to evaluate

_Lhe characterietice of the male and female climbing groups

(eee Tables 1 and 2)

Table 1. Subject characterletice f beginner (n = 7) and
. recreational (n = 7) female ¢limbers '
 Beginn§; _ - Recreational

Mean+SD _ - Mean+SD

Age (yr) o _ 21.4
Height (in) 644

“ Weight (lbs) 139.1 ) , 136,3 + 14.8

The phyelological and peychological reeponees to
fcllmbing among beginner and recreational female and male

climbers were analyzed using a two-way ANOVA.




~ Table 2. Subject characterletice of beginner {n e'10) end'
' recreational (n = 10) male climbere - S

Begi! - Recreational
fMeeniSD ' , Mean+SD }
20.9 + 0.6 21,4 4 0.7
71.7 & 2.1 _ 70.4 £ 1.7

184.5 £ 27.3 181.4 & 22.3

']The phyeioloqical reeponeee within climbing groupe were

'compared ueing paired t - teete. Alpha level wae seL at .05

'to achieve etatistical e»gnificance.

- RESULTS
. The HR.and RPE reeponeee to climbing in beginner and
redreatibnal climbere-are preeented in Tables 3 through.8. -
The twowﬁay'ANOVAirevealed no interaction between male and
female climbing groups for ell HR and RPE valuee.

However, it wae diecovered that female climbere had

higher HRelimb and RPE values than male ¢limbers, thus
physiological and peycholegical vaﬂuee for malee and femalee-
are preeonted in eeparate tables in this study. I
| HR_and RPE Responsen to Climbing in Penales

o The mean HR and RPE reeponeee ko dlimbing in beginner

~and recreational famale climbera are preeented in Table 3.'

The HRreet valuee were eignifiaantly (p & .05)'|

different between the recreational and the beginner group




rable 3. HR and RPE responses tc climbing in beginnerj

l(n.= 7) and recreational (n = 7) femele climbere '

'R;mténz B 'ﬂ Route 4

Beginner Recreaticnal Beginner Recreationali

HRrest (bpm)

~HRalimb (bpm) 9 i 1o.1 156 + 9.9% 182 & 11.2 166 i 19 9*  “'-

HRrecv (bpm) 82 + 10.6 78 £ 9.2 861 11.1 84 & 9.

A _ ' [ Y

RPE . 12,6 £ 0.9 12 % 0, a% 15, 9 + 0.5 14, 8 ;g 0, 4*
'] HRrest- EEEEIEE“HE5?E“EEEET“ﬁEETIEE““STIﬁETH““HLart rate; '
" HRrecv: recovery heart rate; RPE. rating of perceived -
~exertion. .
~ All values represent mean + standard deviation.
' E*Beginner different than recreaticnal (p < .05).
for rcuteB 2'and 4, HRreet valuee were 8.1 end 8 6% higher
in beginner vereue recreaticnal climbere fcr routee 2 and 4,
The HRclimb deta for bcth routee were eignificantly
{p <« .05) different between the climbing grcupe._ These HR
-valuee were 7. 7 and 8,8% higher in beginner vereue
irecreaticnal climbere for rcutee 2 and 4. No eignificant
_(p E .05) differencee were found in HRrecv between the
;'female climbing grcupe fcr either route.
. The RPE values were eignificantly (p < ,05) lcwer in
.the recreaticnal vereus the beginner grcup (1 1 and .5 RDPE
'unita) fcr rcutec 2 and 4- -

Ccmpariecne between HRrest end HRrecv within the female

 beginner and recreaticnal,climbing groups are presented in




Table 4. HRreet and HRrecv in beginner (n_=-7) and
- recreational (n = 7) female climbers
Route 2 = Route 4

HRrGSt HRréCV o HRrest HRredV

Beginner 87 4 7.1 82 & 10.6 93 + 8.8 86 & 11.1
Recreational 80 £ 4.1 78 £ 9.2 85 £ 5.6 B84 & 9.5
_HRreet* resting heart rate,HRrecv:'recoveryheertrate.'

All values represent mean i standard deviation. -
: *Beginner different than recreational (p < ,08).
' Tab1e 4 . Although mean HR values were higher at rest

_versue racovery for both climbing groupe, theee HR values

Were not signifiﬁantly (p > .05) different

QQ“Qlimélng_lD#Mngu
The mean HR and RPE regponses to climbing in beginner
and recreational wmale climbers are presented in Table 5. It
was found thet HRrest values were significantly (p < .05)
different between the beginner and recreational male
climbing groups for routes 2 and 4. HRrest values were

6.7 end'7'7% higher in beginner versus recreational climbers

',for both routeei

The HRclimb valuee ware aleo found to ba eignificantly
(p < .05) different between the climbing groups for routes 2
“and 4. These HR valuee-were 6,1 and 6 8% higher in'beginner
'than in the recreational subjects for both routee. There

were'ne signifipant (p > .05) differences in HRrecv values




'Tables "HR and RPE reeponeee to olimbing in beginner
R (n = 10) and recreatlonal (n = 10) male olimbere

B Eeu&em& ' | - Bouge_i

Beginner Reoreational Beginner _Recreational -

'HRrest (bpm) _?91;1 8.2 85 4 5.0% 91 £ 6.1 B84 % 6.7%
+

_ HRolimb (bpm) 155

;_8.6 145 + 9, 9% 178 + 8.2 166 t 1l.1%

[ =)

. HRrecv (bpm) 84 & 4,1 83 & 7.8 83 4 8.2 87 4 10,1

' ~ REE 12.1 £ 0.5 11 4 0.7% 14.4 & 0.6 13.9 3 0.8%

" HRrest . resting heart rate; HRolimb~ climbing heart rate,_' -

HRrecv: Yecovery heart rate; RPE rating of perceived
 exertion
" All values represent mean __etandard"deviation.i
*Beginner different than reoreational,(p < .05).

x between beginner and recreational climbers concerning

routes 2 andl4. The RPE valuee were eignificantly (p < ,05)
"1ower ( GIand  8 RPE unite) in the reoreational vereus the
beginnex group for both routea. ' .

. Comparisons between HRrest.and HRrecv within male
) olimbing groupe are preeented in_Teble_G Signifioant

"(p < .05) differences were found between HRrest and HRrecv

in beginner olimbers for routes 2 and 4, No'differenoee '

Ap >_.05) were found between HRrest and HRreov in the

-'reoreational group




.Tablelsi' HRreet and HRrecv in beginner (n = 10) and
recreeticnal (n = 10) male climbere
Route 2 Route 4

 HRrest  HRrecv HRrest Hnrecv

'Recreational 85 & 5.0 83 & 7.8 84 1 6. 7 87 & 10,1
i]HRreet-'resting neart rate}'HRrecv}“reccvery heart rate B
All values represent mean + standard deviation.
'*Beginner different than recreational (p < .05).
DISCUSSION
The purpoee of this etudy wae tc determine 1f the HR

B and RPE reepcneee differed between beginner and recreaticnal

-"climbere. In the current etudy, HR ang RPE reeponeee were

found to be eignificantly different between beginner and

*'recreaticnal climbere in most ccnditicne for both male and

;female climbing groups.

In the current study, HRreet wasg eignificantly lower in

' recreaLicnal climbere ccmpared tc beginner climbere.. Thig
finding was in dieagreement with Hardy and Martindale (1982)
and Keener, Uttech and Gilbertecn-(1996)* Keener and
 cclleaguee fcund "o difference in HRrest veluee amonyg
-_'ncvice, intermediate, and experienced climbere. chever,g

*Hardy-and Martindale repcrted higher HRrest valuee in the

  ._expert eubjects ccmpared Lc the beginner eubjects.' The“

methcdclcgy cf this etudy wa s designed in crder tc ccntrcl

' fcr anxiety as a pcssible extraneous variable.'
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'. The elevated HRe were attributed to increaeed psychclcgical -

_arcuaal that the expert aubjecta experienced to prepare

"i themaelvee for climbing

N The beginner climbera in the preeent atudy expresaed

appreheneion when queaticned abcut how they felt before

beginning the climbing taaka, whereaa the recreational

-_climbera did nct The anxiety expreaaed by the beginner

o climberamay have influenced'HRreat'tc producea difference

Ybetween beginner and recreational ciimbing groupa. '

There were no current atudiee found in a aearch of the
 literature that compared HRreet and_HRrecv within-climbing
groups. In the present study, a compariacn wae made between
_HRrest and HRrecv within eubject grcupa to explcre the
poaeible influence of. anxiety on HR. Significant . '

 Vdifferencea ware found batween HRreat and HRrecv in the male-
“baginnera for beth routea. chever; no diffarencea were '

,fcund between HRrest and HRrecv in either male or female
. recreaticnal grcupa, oY in the female beginner grcup In

general HRrecv may have more accurately reflected the true

baseline “reating" HR value becauae it waa meaaurad after a'

10 minute rest and reccvery period. Alsc,_the climbera-were_

-'nct expactad to climb immediately'aftar HRrecv was taken,

- whereaa HRraet was measured 1 minute befcre tha climbera

began the climbing triala- '

Kf Landars (3980) fcund that techniquaa or taeka haaoma

laaa difficult and more familiar with 1earning. This




~ allowed the learners, in this case the recreational

'.;c1imbers,-to ccncentrate”more on the'aCtivity'tO'be done and
”nct on cutside atimuli such asg fear or anxiety Experience

'and wall/route familiarity may explain why the male

.,'recreatienal HRreet and HRrecv valuee were eimilar and male

beginner HRreet'and HRrecv valuee were not. Anxiety_may

' haue'p1ayed'a'ro1e in prcducing a difference'between HRrest

.'-;and HRrecv values in the male beginner climbers.

The activity of climbing can impcee phyeical and
psychological stress cn the person doing the climbing
'{Keener et al., 1996) In the present etudy, HRclimb values
'were on average 6. 5 and B 3% higher in the beginner climbing-
'grcup. ' ' '

Williame and associates (1978) determined that
increaeed HRe during climbing may be due more tc anxiety-
type peychclcgical influencee than phyeical The climbere -
in their etudy were required tc cleb a route after taking a

beta blccker (oxprenclcl) and a placebo tabletr Mean'
climbing HRe were eignificantly higher during the placebo
tria] than during the cxprenoicl trial as expected An
'analysie of plaema catechclamine ccncentraticne revealed no
“eignificant increasesd in norepinephrine levele during either_
'_trial. Williams and aeacciatesletated“that the_climbere'in '
thelr study expreeaed coneiderable anriety during the wlimb
_-while experieneing lcw phyeical exertion.  since'increaeee

in ncrepinephrine leveis are aescciated with increaeee in
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'phyeical act1V1ty, it was determined that increased HRclimb -

b  ”va1uee were 1ike1y due to an anxiety mediated withdrawal of

'vagal tone. Thig may explain the differences found in

.  HRclimb valuee between beg1nner and recreational climbers 1n-'
I.the present etudy. '

' Another poesible reason for the difference in HRclimb
"1ibetween recreational and beginner climbere could have been
”-that a preeeor reeponee occurred in the beginner group

' Keener and colleagues (1996) found eignificantly lower

' HRclimb values in eXperienced climbere compered to novice _

- climbers.. Aleo, the novice ciimbers produced Eignificantly

lower aerobic power outpute then the experienced climbers._
Power output wae calculated by using body weight vertical
.dieplacement,-and elapeed time - The low aerobic power

outpute were attributed to increaeed ieometric contraotione
'which occuzred when the novice climbere etopped during the
climb to decide on how to continue the route. '

In the preeent etudy, the eubjecte were instructed hot
to etop for more than 5 eeconde in order o produce a
_continuous, uniform movement throughout the elimb. Thie wasg

"aleo done Lo prevent large amounte of ieometric muecle

N oontractione from occurring.-

Ballor, Becque, and Katch (1988) concluded that

 'eimulated climbing produced the 8aMme physiological reeponeee-

'(increased oxygen coneumption and HR) as thoee found in

'atreadmill running and cycling, activities that do not.
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;, produce a'preesor'reeponee; Brahler and Blank (1995) have

attributed high HRcllmb valuee to the need for greater
.perquion Lo overcome the forcee of gravity in the arms as

- they are held in an overhead position. Becque and Huber
(1996) found that climbing greatly increaeed cardiac etreas

' and elicited high energy expenditures to. meet the energy
_demands of climbing. ' '

The current etudy g climbing pro'ocol may have been

B _effeotive in 1imiting the influence of a preaeor response on

fHRclimb Hthver, acknowledging the abaence of oxygen pulse
-measuremente, an indicator of the preasor response, limited ,
7thie argument (Abadie,_1990)
.Other factors that may have contributed to the
'-;differences in HRclimb between_the climbing groups were
route familiarity and overall climbing techniquei
The recreational climbere in the preaent etudy had
__ eXperience climbing on this wall in a-claea for 7 weeke
 prior to the etudy and had climbed before the claas while'
:‘Lhe beginnere had not. Tht experience gained by the '
'_recreational climbera probably aided them in chooeing the '
‘best way-to-compiete_the route.'
'Hardyand Martindale 1982) found that experienced
 -climbers, when compared Lo beginnere, climbed much further
on a more difficult roure while uaing 1eas energy. This

finding euggeated that akill and technique played an

important role in determining the eueiny cost of climbing in
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 %theee aubjecte In the current etudy, the beginner climbera'
had a tendency to use their arma more than their leqe which .
' produced a leea efficment climbing technique.  It was

| coneidered less efficient becauae the emaller muaclee in the'

arme fatigued more quickly than the larger muscles in the

lege, which decreaaed climbing performance.

program climbed moxe efficiently during a climbing test at
the end of the program than they had 3 weeks into the .
program. Both of theae atudiee eupported the not i.on that
good climbing technique and route familiarity could have'

produced the recreational groupe' HRclimb reeponaea in the

current atudy._

Varied levele.of aerobic fitness could also have
.produced the differenoea in HRclimb valuea between climbing
-groupa. Weatcott (1992) showed increaeed aerobic fitneaa

'capaoitiea in climbera who had engaged in an 8 week climbing
: 'fprogram.' However, Williams and associates (1978) concluded

'that climbing produced a epeoialized type of fitness, one

- that improved climbing performance and not neceeaarily

increaaad performanoe in othey areae.

' In the ourrent study, HRreov was not significantly

different batween beginner and recreational climbing groupa. 

Aa mentioned earlier, HRreov waa oonaidered the true

baeeline HR because 1t wae recordad when aubjecte ware given_'

an opportunity to reet without being expactad to climb




immediately ' This findlng suggested that beginner and -

' recreaticnal climbers were similar at rest and changed only
,when they were faced_with the task of climbing; '

- In the present study, RPE values were gignificantly

greater in beginner versus recreational climbers. The RPE

veluee.veried frcm 11 to 12, 6fbrroute2 and 13.9 to 15.6

for route 4 in both climbing grcupe‘ ' I o

' Keener and colleagues (1996) fcund Similar differences

in RPE values between experienced and novice groups. It was

concluded that psychological stress may have contributed to
the differences in RPE between subject groups in their
study, but not to what degree. Bollen (1988) stated that.
'the activity cf climbing had the game demands as gymnaetics
‘with the added psycholcgical preseure of performing further
~ from the ground. The extent to which anxiety.cculd have_
influenced the RPE values was not explored in the current

study .
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"When the RPE values were recorded in thecurrentetudy;;f

most of the beginner eubjecte experienced gome dieccmfort inj?

-_Lhe fingere and forearms which they expressed made climbing '

mcre_difficult, Cole (1990) found that a static hang by a
70 kg person using only the fingers.produced an encrmcue
preeéureofloookpa on.the'finger”'{20 kPa u 150 mmHg)
This could have been a ccntributing factor to the '

'differences observed in RPE valuee between the climbing !

groups. Likewise, Pandolf, Kamon, and Noble (1978)




 suggested that sensations of muscular discomfort and

awkwardneee may bave oaused elevated'RPE'valuea betWeen
: subjeota who ueed different laddermill olimbing teohniquee.
In oonolueion, it wae determined that HRreet HRclimb
‘and RPE valuea differed between beginner and reoreational
 .01imbera.“ Thege differenoee between climbing groupa could
"have:been due to varied efficiency in climbing teohnique,'a
_pressor response, or payohological faotore, guch as anxiety
or route familiarity Theee factore oould be reeearched in'.
greater depth to determine how each influencee HR and RPE
during climbing by inoluding meaaurementa of oxygen
coneumption in future inveatigatione. The implicatione for'
.the health and fitneea induatry that this study preaented
'were fairly negligible, in that aerobic fitneea benefite of
u'rock olimbing were not reaearched in any detaii However,
l in the context of inatruotional climbing programs, thie
.-atudy preaented information that could be uaeful to phyaical
aducation inatruotore._ It provided inatruotora with
information about how olimbera at varied akill levels
reaponded during a ¢limbing exeroiae‘.IWith this
information,'an inatruotor could deaign a olimbingprogram
to filt the individual neede of the climber basad on their
overall akilly
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APPENDIX A

INFORMED CONSENT




B : . _ INFORMED CONSENT I o
-?;HEART RATE AND PERCEIVED FXERTION RESPONSES DURING CLIMBING
o IN BEOINNER AND RECREATIONAL SPORT CLIMBERS o

' 7~"Dr;_JeffCSteffén 79546535 '
- Jeff Janot 782-9757

o W;”TI, L L ' . - agree to participate

- in thia study which will determine heart rate and perceived
~ exertion differences between beginner and Leoreational sport

- climbers. Participation in this study requires that I o

:-perform two - climbing trials on the climbing wall while my

' fheart raLe response is being monitored

pCllmbing trials will consist of completing a olimbing route '

- from top to bottom or until failure. This will be done on

- one day of climbing, All testing sessions will be soheduled
‘during my climbing class, or at my convenlence. I also give
- consent to the researcher to publish the results of thlE '

'7;test

 As wlth any exerC1se, there exists the possibility of

. adverse cardiovascular changes (abnormal heart rate

- response, dizziness, shortness of breath, etc.) during the '
~climbing activity. I understand that with any climbing

~ there exists the possibility of equlpment failure and the _
~ danger of falling, but that all precautions have been taken
by trained staff to minimize these risks to extremely rare,
I am in full control of the testing procedure and can e
 terminate the c¢limbing trial at any point for any reason I
~ deem f£it. In addition, I will most likely feel tired or

' jexperienCe mu561e Boreneﬁﬂ Or tlghtneEE after eaCh Cllmblngw
| trial | o | | | | |

p" ,I conslder myeelf to be in good health and to my knowledge;' [
- devoid of anything that would preclude my part1c1pation in .

~ these trials. I know that I may withdraw at any time -

"  w1thout penalty

"lI have read the above document and have been fully adv1sed
~ of the nature of the procedures and the possible risks and
 complications 1in it, all of which risgks and complications I

'thereby aesume voluntarily

SIGNATUREOFSUBJECT

. SIGNATURE OF WITNESS__




APPENDIX B

15 POINT BORG RPE SCALE




Very light
Fairly light
Somewhat hard
Hard
very hard

Very, very hard

*From Borg, G: Med Sci Sports Exerc 14:377-387, 1982,
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REVIEW OF LITERATURE




REVIEW OF RELATED LITERATURE
I TR DUCT g ';_:

'“'This reView of literaturo relates to the physiological

.I-responsea that ooour during the activity of olimbing.;.A:

_laok of research on outdoor rook and indoor wall olimbing'”

"ffrequires the inolu51on into this ieview of certain modes of

7 ['exeroise that are most similar to the olimbing done 1n the

 present study, This reV1ew will examine the following

_ areae. Lhe physiologioal reaponses that occur during the aot.i

- 7of cllmbing,_the fitness benefits of climbing, the training

involved with climbing, and various injuries assooiated With 

climbing S . . o
- MMMM

, The majority Of research studles on the subject of
climbing dealt primarily with physiologioal effeots of

n _gclme1ng at altitude (Hardy & Martindale, 1982) However,

"'i'; several studies have solely measured the phy91ological

':7Rj7responses of the act of climbing itaelf 1ndependent of the

,'altitude 1nfluence. - 

Kamon, Metz, and Pandolf (1973) measured Lhe oxygen
'f consumption of subjects who exercised on a oyole ergometer_

1i'and on a laddermill Fourteen male subjects were asked to

h'climb on a 1adderm111 at varying speeds (7 5, lO 5,-and 14 |

'”Q 'm/m3n) with an 1ncline of 10% - They were also asked to

pedal on a cyole ergometer at 50 and 70 rpm with and withoutff




.
'ferternal weights on the extremitiee.The training eeeeions' R
' fwere 5 minutee 1ong, two to three timee per day for a total
of 21 eeeeione.- The loadlng of the extremities produted '
';little change in oxygen ccneumption compared to no 1oading

'* whiie climbing the laddermill The relative oxygen

 'i coneumption wae linearly related to the climbing epeed only

” ;and not the 1oading Comparatively, cycling Wlth weight

' “ 51oaded extremitiee at a pedaling raLe of 50 and 70 rpm

 ' e1icited an increaee in oxygen consumption of 1 34 and 1. 44 o

o ml/kpmr respeCt :I.Ve:iy.

Pandolf Kamonr andNoble'{J978) measuredthe
phyeiological and exertional reeponeee of doingpoeitive '
"(aecending) and negative (deecending) work on a laddermill
”Fifteen male eubjects climbed up a 30% grade at a climbing
__rate of 7 5 10 5, and 14.5 m/min for four climbing eeseione 
u)that laeted 5 minutee each Two climbing techniques were .
femployed during thie study the foot over foot climb
'.{regular climb) and the rung by rung climb (etepping climb)
' Ae eprcted oxygen coneumption wae significantly greater .

Ifduring pOSlthe climbing than negative climbing in each

'  “eucceeeive climbing rate for eimilar climbing methods. The

:7HR and RPE reoponses were eignificantly greater during

  hpoeitive climbing than negative climbing as well ' The mOEt B

'   intereeting finding of the etudy involved the comparieon of  "

' the RPE reeponeee during positive (regular) climbing and

-%negatlve (etepping) climbing ' The RPE responses found in .




hie instance did not differ significantly 'Itmwas
l-generally accepted that feelings of muscular etrain and

:  discomfort IeportEd bY the QUbjECCB tontributed to the

_-oh01oe of the RPE point Although much less metabolical]y

. afchallenging than positlve work negative (stepping) cLimbing

'fwas reported to be just as stressful as posltive climbing

In another study that involved the use of a 1addermill

IKamon and Pandolf {1972) compared the maxlmum oxygen cost of

vuphlll running on a Lreadmlll .cyclinq, and c]imbing'on a-~

_.ftladdermlll A group of male and female eubjects (11 and 12,

.*)respectlvely) were tested to determlne the differences

' :f'between these modes of exercise. To determine maximum

'f  'oxygen consumptlon while treadm:ll running, subjects were

' Fmeasured on consecutlve days until the values obtained dld

 ;not dlffer by more than 2.1 ml/kg/mln. The cycling prot0001  |

' cons1sted of cycllng at a pfeﬂet workload that was predlcted'

"hito YlEld maximum oxygen consumptlon. Laddermill work was |

'ffdperformed at a 30% grade until maxlmum was reached The

-   mean oxygen consumption for females was the greatest during

' gcllmblng and the lowest durlng cycllng “ In contraet, the o

flmean oxygen consumption for the males was greatest durlng

d”uphlll runnlng and the 1owest duxing cycling Maxlmum HR

was simllar for c]imblng and runninq in most subjects and

lower during cycling Although cllmbing 1nvolves the use of ~7

H'yylupper and lower body muscles, thlE study showed that the use




of both upper and lower body mueolea to perform work doee -
not alwaye elicit a hlghtr metabolic ooat. ' - o

- Brahler and Blank (1995) compared the maximum oxygen

..' ieonsumption reeponaee during treadmill running, rowing

"ergometry, and eimulated olimbing on a VereaClimber. Theee
'%modalitiee were choeen beoauae treadmill running elicited
the higheet maximum valuee, rowing and climbing involved
greater ueage of the upper and lower extremities than doee 
treadmill running, and the eubjeota were female collegiate
‘rowers. The reeults of the atudy 1ndioated that the
greateet maximum oxygen_consumption L/mln) value waa '
obtainedduringVeraaClimber exerciae. Indeed thle may
have been due to the eubject pOpulation choeen who were
hlghly trained in both upper and lower body segments.
However,51nce the running values were higher than the
rowlng valuee,thia may not have been the caae" The
reeearchere conoluded that the hlghercllmbingvalues might
,have been the product of good cllmbing technique and an

-H'excellent cllmblng protoool

In an earller etudy, Ballor, Becque, and Katch (1988)

"'dexamlned the relationehlp between oxygen ooneumption and

:5olimb1ng epeed uELng a VeraaCllmber cllmblng elmulatori

1'Eleven male eubjeote were aeked to ollmb on the VereaCllmber

o ,until a maximum oxygen consumption was attalned Cycle

:”ergometer and treadmill exer01ee teste were alao performed

~bytheaubjects. The reeulta of thia etudy ahowed that
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I eimulated climbing elicited eimilar metabolic reeponeee to'

anreaeed workloade as wae eeen in treadmill ‘and cycle

.ergometryexerciee. In ccmparieon, maximum oxygen
coneumption was the higheet during treadmill running‘

R The following studies used a rock olimbing wall and
'were cloeely related to the current etudy, Von Schurch
' Haas, and Diere (1986) measured the influence that differing_

_degreee of difficulty and coordination had on hemodynamic
' fand metabolic reeponees in eubjecte who wall climbed. The

eubjecte in the etudy were aeked to climb three routee with

-  varied difficulty In additlon to theee triale, the

eub]ecte were aeked to climb a eelf eelected route once in a
;"epeedy" manner and once in a "moderate" manner, Blood
lactate concentration and HR were mea;ured after.each olimb
'_and were found to be higheet after the moet dlfflCUlt cllmb
and loweet after the eaeieet The "epeedy“ tlimb that was
performed resulted in higher HRs and lactate levele than the
 ”moderate" climb., 1In this ccmparieon, a negative
correlaticn wasg ehown between elapeed t ime and 1actate.
Theee results indicated that a better, more controlled
climbing technique led to an economic rate of energy
“expenditure. .

Williams, Taggert, and Carruthers (1978) observed the
HR responses and plasma catecholamine concentrations of 11
 male r0ck'climbere during 2 climbing trials. Each subject

was administered a placebo tablet 1 hour prior to the first
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climb and then was given a beta-blocker (oxprenolol) 1 hour

prior to the second climb - Mean maximum HRe were
 sign1f1cantly higher following the administration of the
-fplacebc tablet. The only significant dlfference in the-_
plasma catecholamine concentration was obseryed.in the
adrenaline(epinephrine}maasurements duringtheplacebo
trial. The subjects remarked that the routes were
relatively easy physically, but harder on the psyche because
of the steepness of the route, The results of this study
showed thaL, overall, climbing challenged the climber_
psychologlcally more go Lhan physiologically. The
researchers stated that an increase in noradrena]ine
(norepinephrlne).is associated with an increase in physical
exertion, The absence of an increased norepinephrine I
concentration pointed to'the influence of'anxiety_on'the
-increased HR responsei .With.this rationale 1n mind, the
"1ncreased HR response during this ¢climb may have been due to
- decreased vagal tone rather than increased hormonal
‘activity.

Other physiological (and psychological) elementS'such
as lactate concentration, caloric expenditure, power, and
psycho-somatic features were measured in other studies that
involved the actiyity.of rock climbing (Becque & Huber,
1996;.Hardy.& Martindale, 1982; Keener, Uttech, &

Gilbertson, 1996; Lefebvre,'IQBO; Mace, 1979) .




Lefebvre (1980) and Mace (1979)'etudied psychological
'7 and aroueal experiencee during climbing._ Lefebvre (1980}
'. found that beginning olimbere experienceddifferent feelings
~ and attitudee before olimbing, while climbing, and after
climbing. In general climbera felt excited to take on the
.'taek at the beginning and felt aelf aesuranoe and poeitive

about the experience after the climb .

Mace (1979} 1nveetigated what effect pretraining to
produce taek familiarity had on aroueal during abeeiling
" The pretrainingconeietedof practioing smaller abeeiling '-
tasks before taking on larger abseiling tasks. The results
- showed that the practice abseils had no effect on reducing'
anxiety during the bigger abeeile; Certainly through any
type of practiceor'pretrainingone develope.aflearning
'effect' be it a great or small improvement in overall
performance. .

Hardy and Martindale (1982) COmpared the energy coste .
of'climbing in beginner and expert'climbere. The .
inexperienced climbers were required to climb for as long ae
pogsible on a route with a 4a/4b difficulty rating. The
experienced.climbere did the same protOCOl, but on a route
with aISb/Sc difficulty rating. Prior to and after each
climb, HR, tidal volume, oxygen consumption, and lactate
concentrations were taken for each subject Oxygen
coneumption and HR'were meaeured during the climb as well.,

Energy costs for the climbs were converted to calories per
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minute (kcals/min) which allowed for a'comparison_to be'Made__

' 'to other activities., The mean energy coets for the?subject
groupe were 6.7 to 9,3 koals/mln which were similar to the
energy demande of walking, canoeing, tennle, oyoling, and
sw1mm1ng.- NoO dlfferencee weregfoundI1n the energy cost for-
the climb and the energy cost per minute between the two '
subject groupe._ This suggeeted.that there was no difference
between the energy costs of climbs with varying difficulties
for cllmbers who were famlllar Wlth the difflculties.
Convereely, the experlenced group had a 81gnif1cantly lewer
proportional energy cost per meter than that of the -
| beginners, In fact, the experts climbed further in tne'eame'
time pericd on a mere'difficult route while using less
energy than the beginners. Lactate levels indicated that
the expert group had a much greater resistance to lactate
“buildup than the beginner group. The researchere-conCIUded
that skill and technique probably played a larger role in
climbing than'whét had been previonslythought.

Becque and Huber (1996) determined the exertional
intensity end energy expenditure parameters of rock
Climbing. " 8ix elite climbers climbed a vertical and an
overhang route (three times each) that was categorized with
a.difficulty level of 5.10. Oxygen consumption,
ventilation, and HR were measured during the climb and later
compared to maximum Values_obtained prior to the climbing

session. Climbing HRs were 185 bpm (93% of maximum) for the




vertical climb and 190 bpm (96% of waximum) for Lhe overhang
,olimb.' The olimblng minute ventilations were 56 L/min for
fthe vertloal olimb and 59.9 L/min for the overhang olimb
The vertical ollmb e1101ted an average relative oxygen
"uptake of 41.8 ml/kg/min (62% of maximum) and the overhang
c1imb ellolted an oxygen cost of 46,9 ml/kg/min 65% of
'maX1mum).' Energy expendlturee for the verLioal and the
overhangolimb were measured at 14 koale/mln and 14, 7
-kcale/mln, respectlvely The reeearohere concluded that
accordlng to theee resulte, cllmbing was a moderate '
intenslty activity which produced hlgh ratee of enerqgy
expendlture that plaoed high etreee on the cardiovaeoular
syetem,_ ' ” .
. Keener, Uttech, and Gilbertson (1996) tegted the
hypothesis that the characteristics of low power output. and
high HR responses would represent inexperienced climbers in
a climbing situation, Thirty-two volunteers were divided -
into three groupe (novice, intermediate, and experienced)
baeed on overall experlence. There were ﬁo differencee_in
the feeting HR between groupe, but cllmblng HRs were
significantly lower in the experienced climbers. Power
output,rcaloulated by using body weight, vertical
displacement, and elapaed time, was significantly greater in
experienoed climbers compared to novice climbers. In
contrast, there was no difference between the experienced

and intermediate groups regarding power output. These
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'iresults lndicated that the high HRs in novice climbers may

"_ have been the result of a pressor responae and not increasedﬂ'f-

  aerobic activity The researchers also concluded that

"- etress may have contributed to the HR responses due Lo the

higher RPE values that were collected from the novice,
climbers. . - | '
Eitnesg Bene it-ltf '-ck Clinb n-.,ni T ain 3' H

The physical challenge of rock climbing has bean

"”-  “genera1ly regarded as beneficia] from a fitness standpoint.

'However, the magnitude to which the activity of olimbing

'_-bsnefits one 5 fitness ‘has not been studied in great detailf

fSeveral articlea have been publiahed on the benefiLs of
'ciimbing and the training involved with Llimbing (Kascenska,_
DeWitL, & Roberts, 1992, Shirer, 1990, Weatcott, 1992).

weeLcott (1992) studied the benefita of rock Climbing-'

‘with the uge of a Treadwall climbing simulator. The subject |

: groups were comprieed of 20 olimbing and 11 nonclimbing
 subjects. The exercise gioup climbed twice a week for
7 weeks and each session conaiated of continuous c¢limbing

_foi 15 to_20 minutes._ Pitness teeLs were complated-on each7

subjectbefcre andafterthe7weekclimbingprogram. AfterJ;

3 weeks of climbing, the olimbihg aubjecta were teeted on a
specific climbing proLocol , Tha climbing 1eve1, time, and
_dietance were recorded after the test wae Lerminated After
7 weeka, the aubjecta were teated again on the aame climbing

_proLocol. The xssults indioated that the exerciae group




 -'51gnificantly improved their body composition, joint

- o flexibility, and etrength after participating in the,_-"

'71 c1imbing program Climbing performance aleo improved in the
.? eubject group with increaeed climbing time, level, and

dietance during the poettraining climbing tegt, The

reeearcher concluded chat climbing waa ar intenae activity |

fthat wae challenging and eatiefying to the eubject group

A second etudy done by Weetcott (199&) inveetigated the-' -

I"cardiovaecular changes that otcurred ae a reeult of a

climbing training program Ten men and women parLicipated f

in an 8 week training program in which they climbed twice )

week 15 to 20 minutee each eeeaion.. Each eubject completed  ~-

fa fitneee Leet before and after participating in the

.ftraining program. The reeulta revealed that the eubjecte

aignifioantly improved their predicted maximum oxygen

conaumption from 44 ml/kg/min o 48 ml/kg/min._ Coupled with
f the resulte found in the previoue atudy by Weatcott, the '
researcher concluded that improvemente in body compoeition,
.flexibility, etrength and endurance were made by subjette
‘who engaged in a chmbing program. _
o Jacoba (1993) outlined eeveral ways profeeeional
_climbera trained in an article deeigned to adviae the
'”aspiring climber. According to the author, climbing
produced beLLer overall fitneae in climbers, but: havinq a
,leolid cardiovaecular enduranco base devaloped outeide of

-climbing was beneficial The,benefita of an intenae weight




o
training program were not generally accepted by most veteran

climbers because they believed that enough strength was

- fgained by just climbing The climbers ‘that were interviewedc'l

'” also agreed that flexibility was very impcrtant when

~ climbing to overcome difficult routes. Finally, the author B

Istated that climbing is as much mental as it is physical and'
that the mental part of climbing should receive more
.;;attention - . .
_ Kascenskaand associates {1992) outlined fitness'
.guidelines for students who engaged in the sport of rock
_climbing " The authors addressed how fitness related to
,climbing and what training principles and guidelines were
. _'useful to ¢limbing students, The components of fitness were ,
'listed as muscular strength muscular endurance, '
'fcardiovascular endurance,_and flexibility By developing
these components along with the three energy systems _
:(ATP CP, anaerobic,_and aerobic), the authors felt thab :
climbing skill and Lhe prevention of injuries would be
increased The auLhors stated Lhat, to maximize the"
benefits of training, climbing techniques ehould be
developed along with general fitness._ This was done by wall
”climbing, which the authors agreed was the best way to
train. The authors concluded that by carefully designing a
training program that challenges the climber, while stayingl
' within their limitations, led to increased performancs, '

 “anjoymenL._and a reduced chance of inJury.




,_  In a 1990 artlole, Shirer described how to develop a

climbing conditioning olaes for university studente.5 The“ -

' author outlined the objectives of a class that was developed

-at Montana State University The objettives of the ClaSs| 7

 were to improve overall fitnees, improve mental selfu.

.diecipline and oonfidenoe, provide olimbers with informationp'

to be ueed in the future,-and familiarize the climbere with
| ';fitness concepte related to c]imbing The class was dividedp'

.hinto three topicsz flexibility, strength and technique._

' _ Advioe and teehniques were given to aohieve greater .

 7 f1exibility and atrength training was taught in the -

weightroom. Climbing teohniquee were taught to the atudenta

~-- with emphaeis on proper balance and footwork The author

_'oonoluded that the studente who participated in the class

- expressed Lhat they were in better shape for Lhe outdoor '

 ?olimbing geason than expaoted.

tedmtg_glimbing

Rook olimbing ia generally oonsidered to be a high risk.,' ;

jeport (Cole, 1990)- The Lerm high risk described the risk
'_climbera take of experiencing traumatio injury due to a
_fall ‘The majority of c]imbing injury gtudies have fotuaed
.on the traumatio typaa of injuriea as well as altitude
'sicknees and exposure oonditione (Maitland, 1992) .
However, with the drowing popularity of climbing,

E couplad with improved aafety teohniquee, more people have

; ?h. baEn climbing wiLh greater frequency. WiLh the advent of
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indoor cllmbing fac1lities, climbers were now trainlng and N

"climblng year round (Bollen, 1988)i hlB hae led to an -

”'- increaeed plevalence of overuse injurles in climbere which

had occurred 1958 frequently than traumatic injuries in the.“
'paet Overuee injuries were categorized an occurring in tha”f

regtone of the upper oY the lower limbs of ‘the body

'f.d‘ Qppe;_and Loﬁer mep ngrieg

In one of the moeL comprehen51ve atudiea done.on _
' climbing injuries, Mait]and (199?)'outlined the most common
injurlee LhaL occurred in a group of 148 olimbers._

'Traumatic 1njuriea accounted for 18% of all of the injuries
reported The majority cf traumatic injuries were reported  '
 .ae affecting the lower limb area of the climbere. In f

contraet, 82% of the injuriea reported were described as

" 7being overuse injuriee. Upper extremity injuries were the

| most common and accounted for 63% of all overuce injuriee.
 Hand and elbow overuae lnjuriee ware the moet frequently
reported and accounted for 28 and 19% of all upper extremity
.injuries, respectively. Lower extremity injuriee, more
specifically the knee, were less common;and accounted_for 4%
of all injuriss reported. The results of this study clearly

ehowed that the predcminance of injuriee that ocourred were

N due to overuse. The general frequency of Upper extremJty

injuriea revealed the faot that cltmbing eubjected the upper'
'extremitlee to greater 1evele oi etreae than the lower bedy.j

Pemforming difficult ¢limbs, especially on a safe and




. “
” controlled indoor wall also contributed to the frequency of
'overuse injuries ' ' ' o ”

Cole i1990} attributed these ‘overuse injuries to the 

'_increased intensity of training whioh allowed climbers to‘-

.attempt more diffioult climbs. The researcher added that',

u'-”-.finger tendon injuries were a partioularly problematic -

s 7"overuse injury These injuries were due to the extreme '

-pressures plaoed on the fingers which oan reaoh

approximately 1000 kPa (20 kPa = 150 mmHg preseure) during a*L

'J7etatic hang using two fingere.- _ _
'- In a study by Bannister and Foster {1986),the

reeearohera presented four case studies of climbers with -

overuse injuries.. The injuries in this study were

attributed to intensive training done by eaoh subject as:

eaoh injury ocouried in the upper extremitieu. .

" Bollen (1988) surveyed 86 olimbers (76 males and 10
-females) about any injuries that they had experienced 0f 

all the injuriss that occurred 89% involved Lhe upper -
 extremities and RO% of Lhese involved the wrist and hand

To further clarify these peroentages, two interesting

findings were made in this study.- The firat was that almost, _;

half of Lhe injuries reported ocourred during training
These injuries nay on may not have-been attributed to

‘overuse. The second finding was the absence of a

, .correlation batween injury ocourrence or Lypt and the

- difficulty of the cltmbing routeet Binca'hhe-ﬂurvey




. examined injury occurrence during intensive training i
"."per.ic:m::’ls‘r the amcunt or vclume cf tralning ee551cns may have_.
ccntrlbuted tc the climbing injuries Imprcper warm up
.techniques may have ccntributed tc the occurrence cf injury o

"“aa wall

In a later study, Bcllen and Gunaon (1990) fUrther'

expcunded on climbing'injury'raaearch and'examinedﬁthe'
iﬂcharacterlstlca cf hand 1njuries. Sixty- qeven competitora
fat a climbing ccmpetltlcn were examined fcr hand injuriea;
' . both past. and present Thc mcat commcnly affljcted glte was;
the finger, mcre apecifically Lhe prcximal Jnterphalangeal
.joint. Thia 1njury waa due to the high preaaures placed on b
'the fingera whi]e the climbers grippad on Lo small hclds. |
_The reaearchera ccncluded thar these injuriea can be “
prevented rhrough prcpar-training and atretching. However,'
there was littlereaearchthat dealt with proper training
techniquea and injury prevantion to guida climbers in thair'

training xagimeni
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