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ABSTNACT OF TiiES]S

A revlel¡ of the l-iterature has revealed- a scarcity

of research on age changes in pain sensitivity" The few ex*

perimental studles on this topic are open to questfon because

no attempt has been mad.e to make d.lff erent age groups conrþar-

abl-e wlth respect to sexe race and. socÍo-economi-e status"

The purpose of the present investigation lras to

stud.y tlte re] atlonship between age and tbe paÍ.n sensitivity

of fj.ve bod.y areas, na:nely, forehead., upper ar'IrLt forearrn,

thÍgh and 1eg"

Quantitative measurements of the paln tlrreshold-s

'i^Iere made on the five bod.y areas by the Hardy', t^¡olff and

Good.ell d.olorimeter using the time method-" .4. group of 1Jl-

i,¡hi'be rnalesu all of them from skilled and. unskilled labor

backgror.md.s and ::a¡ging in age from 12 to BJ years, se:rred

as experiraental subjects, To appraíse the effect of socj-o-

economic status on pain sensi.tivÍty, a group of 21 college

students and- graduates were testeC. in add.ition to tl. e main

experimental group" The college group was compared ir¡ith a

section of the main experimental group of tl.e sartle age range.

The over-all pain sensitivity, a composite of the

sensiti.vity of the five body areas, lras found- to remain
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constant betr,ieen the teens and. the late fiftfes a.::d to d.ecline

sÍgnificantly th.ereafter" The various bod.y areas r¡rere found.

to differ in the rate of d-ecLine and the age at which d.ecline

beglns. Th.e paln threshold. of the college group 'nas for:nd to
be much higþer than that of the correspond.ing section of the

main experlmental grou.p6

ïn the dlscussiorl an attempt r,ias mad.e to compare

the results of this stud.y with d.ata on age changes in other

sense mod.aliti-es and to suggest factors which rrigþt be res-

ponsible fon the d-ecrease in pain sensi.tlvity.
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CHAPT}]R T

TiiE TROBLEI{ AND I}ì]IRODUOTION

I. STATM,E}]'I OF THE PROBLEM

Since the end of lrtorld 't¡Iar ïT, consid.erable experi-

mental lnterest Ïras been shornm in the effects of age on var-

lous sensory processes. Vision and. hearíng in particulan

have received" arr ur:.usual amount of attention. Other senses

sueh as the chemical, kÍ.nesthetic and cutaneous also have

been studied.u but to a muctr lesser d.egree" 0f these relatÍve-
ly neglected sensese paln sensitj-vity 1s one seu.sory process

that Ïras received. little experimental attention.

Althougþ experímental work on pain sensiti-vity as

a function of age is meagre, interest in the problem has been

with us for marìy years. Nurnerous case histories have appeared.

in the d.ental and. clinical medicine literature suggesting de-

creased pain sensltivity 1n old age" These resn-lts, hor'.tever,

have never been based. on quantitative measurements. More re-

cently several- reports, utllizing quanti-tative rreasur"ements

of pain sensi.tivity, have appeared." They are, however., in-
coneluslve, since they Ïrave often been based. on small samples,

and 1n additlon have made no attempt to make different age

grou.ps comparable with respect to sexe racial origin, socio-

economlc status and other variables which may affect pain
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sensitivlty. Furtherrriore, data on age changes have been pre-

sented as incid.entar b¡r-produets of research on a different
problem. No experiment has been carcied out to d.ate which

has had as lts rnain objective the investi"gation of age changes

in pain sensitivity.

The purpose of the present study i.s to i.nvestigate

changes in pain sensitiviÌ;y with age in five areas of the

bod.y, namoly, forehead, forearm, upper aem, thigh and leg.

Quantitative measurements of pain sensitiviüy r^iill be carried.

out using the Eard.y, iúolff ancl Good.ell dolorirneter" An at-
tempt l,¡il1 also be mad.e to make i;he various age groups colìL-

parable with respect to several important variables,

TT " HISTORTCAL BACKGROTII{D

Introduction

Ðuring the last jO years there has been a gradual

increase in the nurnber of old. people 'ooth in absolute nun-

bers and. relative to the population, due to the conbined

effect of a decline in the birth rate and success in thera-

peutics, This trend. has resul-r,ed in an ever increasing in-
terest in the nature and problems of aging" This interest
is reflected fn such ihlngs as the d-evelotrxaent of geri.atrics

and gerontoi-ogy into autonomous disciolines, the establish-
ment of the Division on lvÍaturity and 01d Age within the

American Psychological Association, the establishment of the
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Inter-University Instituie Ín Social Gerontology at the Uni-

versify of Michigan, and the establ-i-shment of sections on

aging i,¡ithin national insti.tutes of mental heal-th" These

d.evelopraents provid-e. ample evidence for a growing awareness

of the importance of reliable Ínformation about the biolog-

ica1, psychological and social aspects of aging.

fn order to adjust to its environment an organÍ-sni

must be able to obtain information abou-t it" Si-nce the orEa.n-

ismrs ability to obtain such i-nformation d.epends on the sen-

sitivity of its receptors and its ability to interpret these

stlmuli correctly, researchers on aging have been ver;r in-

terested. in changes in sensory frxrctions with age and the

psyehological and social consequences of such changes.

Since Ïrumans obtain most of their information abou.t the en-

viror:¡nent by vision arld hearing, most of the research on age

changes in sensory functions lras d-ea.lt with th.ese two setlses"

A comprehensive ancl up-to-d.ate review of the lii,erature on

age ch.anges in vision anci hea.ring may be formcl iu the lIapd-

book on Asi.ng and the Tnd.ivid.ual-. (Birren, A959)

Research on age changes in the chemical, kines-

thetic and cutaneous senses has been lagging considerably

behind that on vision and hearing boi;h in quenÙity and qu-al-

ity. There are several reaaons for this 1ag: (a) These

senses are relatively unimportant in providing huroans r,ritkr
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information about their environ¡nent. (b) Iviany problems

about the neurophysiological mechanisms u:rd.erlying these

senses are unsoLvecl and controversial, (c) Effective stim-
u1i of these senses are often difficutt to identify, to

quantify and to control. The lÍttle research that is avail-
able incl-icates a progressive clecrease in sensitivity ltith
increasing age. A comprehensive revier^¡ of the l_iterature
on these relatively neglected senses mali be found- i-n Birrenrs
(1959) ÏIand.book on Aging and the Iqdividual a¡rd- Zubek and

Solbergt s (a954) Hrman Develo'prnen_L.

As stated above, very little research was done on

the cutaneous senses. This staternent 1s especially true for
pain, In the folloi.iing sectj-on a cornÐrehensive review lrill
be made of r,¡hat l-ittle is knoi,m aboui age changes in pain

sensitivity--the topic r,¡i.th rvhich this thesis is concerned.

A.ge Changes. in Pain Sensitj-vity

Although very little systematic research on e.ge

changes in pain sensitivity has been done, clinicians in
medicj-ne and clentistry have long believeo that pain sensi-

tivity is d-irninished. in old. age" Clinical reports suggest-

ing that pain sensitivÍty decreases with advancing age are

very comrnon. However, statistical clata rarelg if ever¡ âc-

corûpanJr these repori;s. Crj-tchleyr s observations a_re lai r.l v



representative of those found- in clj-nica1 repor=ts" In 1931

he wrote! rro..It is a coTTrmorr observation that in old- age

there may be a general d.iminuati-on in the acuity of percep-

tion as regards the 'special senses and also in respect of

the visceral eiÌd. cutaneous sensations. ".Severe thoracic and.

abdominal disease exists in thre aged without pain; an exten-

sÍve pner.:rnonia or peritonltS-s can be entirely unsuspected."""

Plinor surglcal operations a:rd" d,eni;al ext:'actions can be car-

ried out r,¡ith but littl-e paj.n and d.iscomfort" The catastro*

phe of coronary thrombosis can take place with none of the

agonizing symptoms fourrd- in yoi:nger inoividuals" "."
ïn contrast to the wealth of clinical d-ata, re-

search on â.ge changes in pain sensitivÍty usi-ng experlmental

and- differentlal statistlcal method-s of investiga-tion is very

scaree, Furtherrûore, there has not been a single resear"ch

project hraving as its maÍn objective the investigation of

age changes in pain sensj-tivity" The few d-ata on that topic

that are available are more or less incidental by-products

of research on a d.ifferenÌ; problem, for example, effects of

analgesics, pain in neurotlcse general variability of the

pain threshol-d etc" Experinrental stud.ies of pain sensitiviiy
had to wait for tire development of rnethod-s whereby noxlous

stimulation cou-ld- be quantified. ano controlled." The clevolop-

ment of the Hard.yu 1do1ff and Goodell dolorimeter in the late
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r93o t s provid.ed a reasonably sa-r,isfaetory sorution of that
problern" Although quanti.tative research orÌ age changes in
pain sensj.tivlty was possible since about lgbo¡ no serious
effort has been made to investigate that problem. The rea-
son for this lack of researeir may lie in the fact that medi-
cal and, d.ental clÍnicians regarded such research as be-

l-aboring the obvlous and developmental psychologists i,,rere

priroa::1ly interested in the psychologically more Ímportant

senses of vi-sion and hearing.

The first attempt to correlate quantitatively
measured paln threshold with age bras carried. out by wil der,
1940" ïfe was j.nterested in relating paÍn thresholds to such

variabl-es as sex, occupation, obesity and age. Approximate-

1y l-¡00 patients at the lvlayo crinic were used as su.bjects"

Paln was produced. by applying a blood pï"essure cuff r,slth a

roughened. metal grating inserted into it on the subject¡s
arm just above the elTror+ and, then tightening the cuff urrtil
the subject started to i,,¡inee" The attitud.e of the subjects
l{as controlled. by avoid.ing any rnention of pain and- merely

telLing them that the test r,¡as a rou-tine measurement of bIood.

pressu.re. The pressure at whieh the subjects started to
wince was taken as the pain reaction threshold.. lJj-lder re-
ported briefly that he found no particular d.ifferences be-

tl¡een age groups. He does not give any qu.antitative data
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or graphs which would ind-icate how the pain threshold was dis-
tributed arnorig different age groups. l¡kren evaluating Wild"errs

data on age changes in pain sensitivity, it is importarrt to
note that i^Iilder made no attempt to insu.re that subj ects in
diff erent age grou:os biere comparable rniith respect to vari a-

bles r-hich rnight affect the pain threshold" Furthermore,

idild.er measured- the pain reactio$ tkrreshold, --i.e. the

stimulus j.ntensity at which pain became uncornfortable enough

to eLicit an overt reaction--rather than the pai-n perceptj-on

threshrold---i-,e. the roinimun stimulus intensj.ty at which pain

is just fe1t" The ;oain reaction threshold rnay be e poor

illeasure, since it cepend"s not only on the sensitivity of the

receptor organs but al so to some d-egree on personality fac-
tors such as self eontrcl arrd. perseverarrce"

[he second study on the relatj-onship between age

and pain sensitivity r,,ras carried out by Sherman in 191!-3.

The .ourpose of his stud,y was the investigation of possible

correlations of the pain -uhreshold '',¡ith other vari.ables such

as sex, âgê¡ thickness of the slcin, etc. Pain lvas produced.

by applying a blood pressure cuff r^riii'L roughened- rnetal grat-
ings on the subjectts arm and- then i-ncreasing the cu-ff pres-

sure until the subject started- to wince. ï{ospital patients
'i^Iere used as subjects. fn his discussion of results Sherraan

mentions briefly the distribution of paín thresholds among

d.ifferent age groups. 0n basis of their pain reaction
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threshold.s patieni;s Ì.rere classlfied into hyposensitives, nor-
mals, and hypersensitives. The percentage of me¡nbers of each

class was calculated and tabulated", On the basis of these d-ata

Sherman concluded. that there are no definite clifferences in
pain sensitiviiy betrveen d-ifferent age groups, The resultso
however, al?e open to question, since sherman gives no irr-for-
mation about the cut-off points betr^¡een the d.iffer"ent sensi-
tivity elasses, nor" d-oes he give any details about tÌ:e nature
of his sample. shermanrs data on age changes in pain sensi-
tivi-ty have all the limitations of those of '.o,iil-der. First,
the pain reaction rather than the pain perception threshold

was rneasured." second-, no effort r¡as made to rrtake the sub-

jects in different age groups comparable"

The tvro previous stud.ies were concern€d with measure-

ment of pain reaction thresholds, The remaining studies r.¡hich

will be reviewed- eoncern pain pereeption thres}-old-s. The first
of these was carried. out in ]-9)+3 by Hardy, trriolff and Goodell"

TheÍr resèarch was d.esigned- mainly to measure the variability
of the threshold. between subjects, between different bod-y

parts of the sarne sulcject and betr,¡een different nhysiological
and- psychological conditions. rnterest in age changes was

only incid-ental. A group of 200 ind.ivid-uals of both sexes

and r"anging in age from 1o to 85 years served as subjects"
No further speci-fication of the sample r^ias given. pain per-
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ception thresholds l'¡ere measured on th.e forehead b;r the iher-
mal stimulation techníque using the }Iarcly, .rdoLff and Good.ell
d.olorimeter. Ttre interval method r.¡as used. (i.e. -the thresh_
ol-d. r+as measured. i.n terms of the lor,¡est heat intenslty
f-t),
¡m cal/cm'/sec) need.ed. to produce pain within 3 seconds,) Tn
the discussi.on of their" results, the experimenters reported.
briefly that the pain perception threshold was found_ to be in_
dependent of âg€r sex, emotional states and fatigue. unfor-
tunately, Hard.y et aL give no numerical data or graphs whieh
might ind.lcate how the pain threstrold. rqas distributed among

various age groups" ]¡ütlen evaluating their data on age charrges

Ín pain sensitivity, it should be noted. that their sample r^râs

very hetenogenous and that no attempt r^¡as mad_e ùo assure com_

parability of subjects in different age grou.ps.

chaprrran in 1914 also mad.e some incídental observa-
tions on pain perception thresholds as a fr:nction of âge"

Hls main interest was in stud.ying the paln perception of neu-
rotics. rlotrrever, as a part of his stud.y he employed a con-
trol group of 200 normar subjects who r^¡ere equally divided by
sex and- rr¡hich inelud.ed members from various socio-econoäric

and ethnic gl"onps, r"arrging in age f rom ro to 85 years.
Chaprnan measured. the pain nerception a:r.d. the pain reaetion
thresholds on the forehead- r,¡ith the llard¡r, 't{olff and Gooclell
d'olorimeter, using the interval roethod. Age and. ethnic
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o:'igin Ì'rere the only variabLes wirich yie1ded significant d.if-
ferences" It r¡as found that d.artrr slcinned. subjects are rûore

sensitive to pain than fair skinned oeople (eg. Tire mean per_

ception threshold.s for i'-legros bras 268 m cat/erÊ/sec versus

318 m car/cm7/sec for rrNortherrrrt white. ) rn regard. to age

changes, chapman forrncl a pain perception th.r"eshoLd. of
aô^-t)289 m caL/cm¿/sec for ages lO to Z2o 329 m cat/cmz/sec for
ages 2J to !-tl years, and.3\7 n cat/cmz/sec for ages [! to 85

years. The age ciranges i-n pain reac-r,ion thresholds paralleted
ttrese" Thus these data suggest that erderl;r peo;ole are less
sensiti.ve to pain than yotrr.g people" These data oïr. âge

changes in pain sensitivity form a sma1l part of the resr-rlt
a:rd are mentioned. only briefly" In evaluating chaprnanrs d.ata

on age changes in pain sensitivity, it should be notecl
(a) that Chaprnanrs sample was extremely kreterogeneous i^rith

respect to sex, race and socjo-economic status, and. (b) that
chapmarr rnade no attempt to melre different age groups com;oar-

abLe in these respects. since there are racial and soci.o-

eeonomic d_lfferences in pain threshold_ it r.¡ould be necessary

to lmow whether there r^¡as any racial or socio-economic bias
ln the age d.istribution to evaluate the effects of age per so.

The most recent d.ata on age changes in rrain sensi-
tivity were published. by Birren, schapiro and Miller, l95ou

ln their research on the effects of salicy'lic acid. The

pain perception thr-estrold- was measured. with the l{arcl¡r, -riolff



11

and Goodell d-olorimei-er, using .bire inierval method. Tire study

included. a control gï'ou.p of 16 subjecis ranging in age frorn

19 to 82 years. The researchers mention briefly ¡¡r¡ no sig-
nifican-r, age changes, in pai.n thresholds could, be detected.

These findings cannot be regard-ed- as conciusive because

(a) the sample was extremely srnallu (b) no d.escription of the

control group r^ras givon.

The preceding revi_er^i of the literature has shor.;-n

i;hat verlr littLe systematic research has been done on ege

changes in the pain tirreshold.. r¡'jl:at data are avail-able on

that subject are more or less incidental observations re-
sulting from research on a clifferent problem" fnese obser-

vations on age changes in pain sensitivity are almost alrriays

descri.bed very brJ-efly, seldom exceed.ing one paragraph,

Quantitati.ve data about tire pain threshold in different age

groups are often absent and. the statistical significance of
differences between age groups is never examined." Further-

rnore, no attempts have been mad.e to make sllre that subjects

i-n various age groups a?e cornparable in respect to sexe nation-
al ofigln, socio-economic status and. other varlables rrùr.ieh may

affect the pain threshold..

The present investigation rras d-esigned to overcome

these d.eficiencies. A d.eliberate attempt was made to raake

the subjects in various age groi;ps compa::a.ble with respect
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to sex, race and socio-economic leveL. Measurements of the

pain perception thresholcls T^rere taken not only on the fore-
head but also on both arfirs, wrists, legs and thigþs" The

significa-nce of differences ì-n pain threshold.s r,¡i1l be ex-

arnined. by sta-r,istÍcal method.s"
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CTÏAPTER ]f

TIIE II'Tì/ESTTGATTON: APPÁ,RÁ.TUS, suBJEcrs Ai,iD pROcEDtrRE

I. TFIE PROBLH']

The preced.ing survey of the literature has revealed

a d.earth of research on age ehanges in pai.n sensitivity. rt
was because of this paucíty of d.ata that the,oresent investi-
gation r'vas carried. out, Tts main purpose j-s to -r,hrol.l some

light oTr. age changes in the pain sensiti.vity of various parts
of the body as neasured- by the Hard-y, llolff and. Gooclell

dolori.meter.

r]" APPARATUS: TTIE DOLOR]].[E"IER

ïn thls study, pain thresholds r,iere measured by

the Hard-y, ldolff and. Goodell d.olorimeter (rnodel ERa - ESz).

Details about its constructions, includ-ing eircuj.t d.iagrams

and- blue printsr mal be found- in its fnsigucti-on ji[aqu,a-l-"

The dolorimeter consists of a heat projector and

a control box. The heat projector is coimectecl to the con-

trol box by mearrs of a long connector cable, The control
box, r+hich. is connected to the poT'ler rine, eontalns all the

circuits and. control knobs associated. '¡ith the control of
the projector.
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The funetional part of the dororimeter is a spe-

cial LOo watt i.ncandescent lar¡rp. The the:soal- rad.iation pro-
duced- by thÍs larrrp, which is focused by a system of mirrors
and. lenses, leaves the heat projector througþ a circular
aperture. tr{hen measuring the pain threshoLd the experi.menter

holds the pistol-sh.aped. heat projector in such a r,iay that
the rim of its aperture touches the subjectrs ski_n. The in-
candescent lanrp '.^¡i11 operate rvhen an operating bu'r,torr on the
heat projector Ís pushecl"

The rad.iant heat outpu.t of the projector is regulat-
ed. by a heat setting d.ial on the control box. cal_ibration
of the dial is from 50 to 5oo'm ea!/c-nt2/=ec, r."rith callbration
poÍ.nts every ten m1llícalories. The control box ís also
provided i^¡ith a tirne selector switch. With the time sel-ector
switch at "3 second.s'the 1amp lvill operaie for a period_ of
3 second.s whenever the operating button is held d.ornnr. witkr
the time selector switch at rrmanual't the larnp will operate

:

as long as the operating button is pustred..

i'Jith this apparatus the pain threshold. ca:r be

measured by either the interval rnethod, i.e" iï1. terms of
miniraum heat intensity required to er-icit pai.n, keeping ex-
posure tirire constant t or by th.e time method, i.e. in terms
of minimun exposu.re time at a constant stimuLus level needed.

to procluce paino
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ÏÏI. SUBJECTS

The sample consistecl oÍ 171 male subjects ranging
in a-ge f :rom 12 to 83 )'ears o The teen age group (tZ to 16

years) conslsted. of 'jr:nior and senior high school students
from the Fort Garry school DÍstrict. The subjects ranging
in age from 17 Lo 59 years, all of v,ihrom i^rere i:nemployed,
were obtained. from the l-oca1 rrnernployrnent insu-rance cornmission"

The subjects 60 years of age and. over earne from trvo senion
cÍti zens cl-ubs 

"

The subjects were selected in such a r^ray as to
make t}:-e experirnental sample homogeneous with respect to
r"acial o::igin and socio-econoralc status. All subjects were

of Northe::n Ebr"opean descent (Anglo-sâxon, seandinavian,
and Dutch). Furthermore, only subjects r^¡i-th skilLed and. un-
skilled labor backgrounds were inclu_ded in the sample: The

age group from 16 to 59 included both skilled laborers such

as carpenters r electrici-ans, cooks, plumbers, etc. , and. urr-

skl-1led laborers such as caretakers, farrnhand_s, dishr+ashers,
etco All suìrjects 60 years of age and, overhrere employecl as

skillecl or unskilled. laborers before retirement. fkre fathers
of subjects in the teen age group ïrere also employed in
skil-Ied. or unskilled_ occupations.

For purposes of statistical a'alysis, the subjeets
r¡rêrê divÍd.ed i-ni;o four age groups, namel¡,, LZ to 29, 3O to L¡d,
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\-5 to 60, and 6O to 83. Table I shor,.is the nrmber of subjects

in each age group together r¡ith the median age of each of

the four g"oups.

All_ subjects tested. were volunteers who T.Íere paÍd

for -r,aking nart in the study" voh:nteers wi-ih spinal injuries
or i.nflama.tory skin diseases r',rere not accepted. as experÌrnental-

subj ects.

Ðuring the course of an exploratory stu_dy it r.¡as

observed that there appeared to be sor¡1e d.ifferences in pain

threshold.s bet'çveen subjects of tne same age but d-iffering in
socio-economic background. In ord-er to appr"aise the influenee
of this var.iable, a group of 2l college stud.ents arrd college

graduates, ranging in age from 17 to 2) years, hrere testecl"

These subjects caroe alrnost exclusively from professional and

semi-professional familiesn f'he pain sensitivity of this
col-lege group was tiren cor,rpared witn that of the section of
the main experimental group covering the sane age range and-

ne8n. ì

TABLE Ï

DTSTRTBUTIOi\T OF SUBJECTS BY AGE A]ùD STZE OF SAMPLE

_.Age Gqou;o t\rußber of Subjecì;s i.ieclian Aee

t2-29
3o - Lrlr
\5-5e60-B¡

4Ll

?7
t,2LL'

lrR

¡f

{h

5z
7o
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The exi¡eri.rnent was carrÍed out during the l.¡inter
roonths. Tire pain th::eshold rneasu::ements tnrere taken in a rootn

"¡hose temperature wâs about z5oc" At this temperature the
subjects felt coitfortably rriarm, but there iras rro visible pers-
piration. The skin surface r¡as first sponged r"¡ith ru_bbing

alcohol. rt was tkren bl-ackened rrnifomnl_y r,aith d_olorimeter

ink--a mixture of poster black, rubbing arcoÌrol and. glycerine.
ldo testing was carrj.ed. out rrntil- the irlackened areas T,üere

thor"ougþly dry"

The subject was told that the purpose of the stud.y

was not to determine his ability to end.ure pain, but to rneasure

his ability to perceive the liggt, trace of pain. ï{e r,,ras also
tol d that r,rhren the rad.iation hras turned on, at first Lre woul-d.

feel nothing, then he would feel Í\ianTr and. hot, and finally
he would feel a slight burrring or pricl<ing pain. The sub-
ject was insiructed io start the stop watch, which he held.

Ín his harld out of slght cluring and. between measurements, r^ilren

the heat was tu-rned- on and to stop it at the first trace of
pain. Tn ord-er to make sure that the subject i:nderstood- the
instrlciions, the experimenter aslced. him to repeat them in
his or^nr word_s.

During the pain threshold. rneasurements the subject
lay air rnattress" The experimenter heLd the heat pro-



-ôIO

the subjectrs blackened skin. The experimenter sl.ritched. the
radiant heat on and off by pressing and reLeasing the opera.b_

ing button. The heat was kept at a constant l_evel of l-50

m car/cmZ/r". for al-l slcin areas. The pain threshold rvas

measured by the time method., i.e. in ter",.'ns of the minimum

duration of the heat sor-lrce requirecl to elicit .i;he first
trace of pain" Readings Ïrore taken to the nearest second."

The pain th.reshold_ of the following body areas was

rneasured : (r ) tr:.e f orehead ju-st above the nose ; (z) tne
volar side of both upper arms l0 cms. above the erbow;

(3) ikre volar sid.e of both forearms 5 cms. above the r,mists;
(4) the l-ateral sid.e of both thighs 15 cms" above the lmee;
(5) the lateral side of both legs T cns, above th.e anj<le.

To elimj-nate seriaL a¡d. ord-er eífects, the oroer j-n which
these skin areas were stimulated v¡as randomized- beh^¡een sub-
jects' Six measurements r,Jere mad.e on ihe foreheail, eacir trial
being separated by a 30 second. rest period.. sj-x measurements

were also taken on the forearrns (3 trials each), u.pper arms,
thighs and. 1egs, with the trials being presented. in alterrrate
ord.er fT.om one sid.e of the bod.v

trial preced.ed. ilre measurernents

to

on

the o-,,her. One practice

each of the nine skin areas "
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C}IAPTER TTT

TFJ-E RESÜITS AND DISOUSS]OÌ\] OF RESIILTS

I. THE RESUITS

Figures I anð- z and Tal¡l-e rr surnlrarize the resulì;s
cn age differences in pain sensitivity" The data l.rere aria_

lyzed as a Type 1 inixed. ctesígn (Lindquist, lg53)" The basic
assurr:.ptions und-erlying this test of significance, i.e. normal
d.istríbuti-on of scores in every age group, homogeneity of
variance, and. homogeneity of treatment and subject interac_
tions 

'^rop€ 
exam¡'ned. a'd- found. vaIid.. The analysis of variance

is sunnnarized- in TabLe rrr. rt can be seen that the F ratios
for age groups and for body areas are significant at the o.o1
level. Tne interaction of age and bod¡" area was also signi_
ficant at'the .01 level, i,¡hich ind.icates that the age crr_rves

for pain sensitivity for different body areas are not parallelu
that is, the paì.n sensiti-vity of different ,oody areas declines
at diffe::ent rates with age, After the analysis of varla'ce
I{as carried out, the significa-T-lce of d.ifferences betr+een j-n-
d'lvidu-al pai.rs of age groups was iested- by t-tests (2-tailed-,
cl'01 l-eveI. ) The only significant differences were betr,¡een
the 60 - 83 grolr.p and- each of the younger groups.
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TABLE TT

AGE DIFT'EREIVCES T}i PAT][ SFI.ISIT]VTTY
FOR FTVE DIFFERTil{T BODY ¿,REASêi

Bod-y Age GroupsArea tz-29 30:44 L5-59 60_83 Averaqe
Forehead.
Upper Arm
Forearrn
't'nl c|n_-^_cr-

6o?
{.J(
X trX
o ô'r

7.32
7 "95B.Tz
0"(J

B .69 9 "hB
7 "33 9.az9.7r 10"ó3
B. BT 9 "65

H IrO
A rn
oÁA
ono

!u* e.o7 B. zg____qJq_ j a.?e 4:záOver-alI
sensi.tívit

B.1z B. eB g.?i. 9. Bo

-)iThe scores .r."efer to
of the heat source
of pain.

tbre rninimtrn cl_uration, i.n second.s,
required to elicit ihe first trace

TABLE I]T

SU}î,IARY OF T}iE AT.]ALYSTS OF VARTANCE

F
lelweeg suþjgcrs_ 1ZO j,
åf:^f":"o" (A) 

. ^Z ^Z|f:p+ - sa"e7 I "t+tr
githln_ssbjecrs _ éBL ¿jqq"3É --:Bo_dyarea (B) 4- ---z8a.lV ia.o.e-- 4"g5:,:It r{ B rz roz:t+) ' B",1Lt z.g1,,error ïü _ 668 l9l9 . i6 p --p,i
;-!-

'oEa-L --- 89+ 55to )n
')Fsignificant at pç .01
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Figure 1 surn¡rarizes the age changes in over_ar-l
pain sensitivity (1"e. the mear. of the thresholos of the
! Uoay areas). It can be seeu. that over-alt pain sensitivity
remains relativery constant 

'ntil the fifties, after l.¡hich
it shol.rs a sharp d.ecline. The ap;oarent decline in over-all
pain sensitivity from the teens to the late 50,s j.s not stat-
istically significaTrt. The sharp cleclj.ne after the age of
60, hor.rever, is highly significant (p( "01),

Figu-re z and rabre ïr sr.mr:.arize the rerationsirip
between age and the pain t?rreshold.s of the five body areaso
ït can be seen thai the decline in pai.n sensitivity is not
the same for arl body areas" The pain sensitivity of the
more rostral bod.y' areas, i.e. forehead., Llpper arm, and. fore-
affiL' shorvs a much greater d.ecline than the more caud.al_ areas,
i.e. the thigh and. 1eg. rt can also be seen that the d.ecrj.ne
in pain sensitivity begins at different ages for d.ífferent
body areas. For the fore}.ead. and. foreago, sensitivity is sig_
nifÍcantly rrorse a-fter the mid"d-le L¡-ors (p( "01). i,trone of the
differences prior to this age are significant. fr-r the other
harrd', the uppev artûe thÍgh and. leg shol^¡ a slgnificant d_e-

erease in se'sitivity only after the age of 60 years (p<_.01)"
None of the d-ifferences prior to this age are significant.

_j
-----lt

i
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The oven_all pain sensitivit¡r of the 2l_member

-:]:":: ïo"o 
(me1 rhr"eshold 11.05 sec) ¡¡as much Loi+er rhanu¿¿d'v u¿ E'e corresponding 18 member"s of the section of themain experimental group covering the saïre age range (meanth'eshor'd 7-50 sec), The d.ifference in sensiti.vity is hiehlysignificant (2-taited' t-testr p ( 'oo1). The stand.ard. devÍa-tions of the pain thneshold of both groups are about equal(college group Z.L6 sec, expenjmental_ group 2"36),

rt is inieresting to note trat the difference i.npaÍn sensitivity betrrreen the tr^¡o socio-econornic grouþs isgreater than the greatest difference between any il.,ro agegl3oups of the main exper"imental saraple. Age changes in painsensi'tivity are therefore easil¡r obscured in cross-sectionalstudles ¡'¡Ïren d'iffenent age groups ane not compa'able r+iihrespect to socio_economic status.

f I. DTSCUSSTO1ü OF RESULTS

The resuLts of the present investigation shor,¡

:::."it 
rhat over-ar-r- pain sensj.riviry remains constanr dun_+*g âo.olescence a-i:d adulthood but d.ecr_ines noticeably aftenthe late 50ts. Although the decli.ne in pain sensitivity

during o1d age is statistically highly significant, it is not
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as spectaculâI- as cfinical reports su,ch as Critchleyrs (1931)
would suggest. rn fact, ti'e over-all threshord of the sub_
jecis agecl 6o-83 (g"Bz sec) r+a-s fo*nd to be r-or,¡er than that
of a s;oecial g'oup. of college stud.ents in their 20?s (11.05
sec). The extreme insensiiivity. to paÍ.n d.uring sell.escence
reported_ by Critchle-v r^ras proba_bl;r ca-rr-secì- ijy I,a.bl:c-i_çrgical
conclitions raiirer than by the norrnar aging process"

The fínd'ing that pain sensitivity declines in old
age is supported by the worlc of Chapman (194L), but eontra_
d-ieted try the studies of i¡-ilder (f940), Sherman (1943), Ilardy,

'lolff 
and Good-e'i- (lgtr-3) an¿ Biri-en, schapiro and. Milr-er

(rg5o). The resurts of these last four studjes are,l:.owever,
inconcl-usive, i;ecause their research ïras unsystematic and.
thelr samples were highly heterogerreous. such factors as
socio-economic status and race often have a greater effect
on pain sensitivity tha::. age (eg. cirapman 1g44, this thesis).
Age changes in paÍn sensitivit;r are therefore easi.ly obscured
j.n a heterogeneous sarnple,

The find'ing that pain sensitivlty begins to ci_ecline
quite late, after the late fifties, is in rine with resurts
obtained' on other sense modalities. Jalavisto, orma a.d-
Fov¡ast (1951), invesf,igating the press1lre sensitivity of the
cornea, fou¡.d tirat pressure sensitivity d.ecreased. srorvry
at fÍrst, but abruptly, after the age of 50. Similarly f:or



Ri-..
]::

ll

4
vibratory sensitivity (Ì,Íeuman and. Cobrin 1936) anA for taste
sensitivity (Cooper, Bilash and Zubelc Lç59). tiisiak (1951),
stu-dying the relationship between age and eriticaL fliclrer
frequency, reports, that only after the age of 55 is the de_
cr-ine statistically significant. Birren¡ Bick and Fox (lg,hs)
reporfed no signiflcant changes in d.ark adaptation thresholds
bet'een the ages of 18 and 50, but a progressi.ve d.ecline after
this age 

'ange. Thus the later age cira*ges in pain sensitivity
conforrn to those occurring in sorre of ihe otner sense mod.aI_
ities.

The results of this st'd.y also suggest that differ_
ent body areas are not equally senslti.ve to pai.n, that pain
sensitivity declines at d.ifferent rates for differ.ent bod.y
areas and that the d-ecline begins at different ages for dif_
ferent bod-y areas, since these thr"ee observecr effects are
aLl within subject's effects, they are ge'uine, i.e. they
ca'not be attributed to rand.ora variations in subject selec_
tion. rt'is interesting to note that the sensÍtivity of the
tl¡o relatively exposed areas, forehead. and. fonearra, not onry
declined to a greater extent than that of the legs, br-rt arso
started- to decli.ne at arr earli_er age. Differeni rates of
nerve and r-eceptor d.egeneratÍon and. the effects of exposure
on the erastici-ty and thi.chress of the skin might possibry
accourrt for the differential d.ecr_ine in pain sensitivity.
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Because the sensi-tivÍty of only five bod-y areas rüas examined.
in this siudy, the d.aia on differenti-al rates of aging ¡rust
be regarded. as exproratory. More systematic research ínvor_v_
ing'Lhe testing of.ma'y more body areas is need.ed befo'e any
broad generalizations can be made. It can be _oointed out,
however, that differentiar rates of d.ecline are Imoun: to
exist i.n other sense mod.alÍties, laidlar.¡ and- Hariiil-ton (Ig3Z),
testinpç the vÍbratory sensitivity of /6 points of the bodyu
forrnd- that ãge changes in sensi.tivity were rnost pronounced
in the caud'al har-f of ihe body" simir-ar'y, cooper, Bi'ash
an. Zubek (L959) reported that taste sensi.tivity for sour i.s
less affected by age tha.* ihat of sweet, bitter and_ saliy"

Although this stucly indicates that pain sensitivity
decreases du-ring ord age, it d.oes not give any Índ.ications
about what factors are primarily responsible for this d.ecline.
The data on d.ifferen'i;iar decline for" different bod.y areas
argue against purely psychological factors, such as attii,d_
inal changes in criteria for pain, because the bod.y area _
age group interaction i.s a within subject effect. on the
other hand there are some anatomlcal changes witÌ: wrrich the
data of thÍs study could be correlated. Stud.;ring the volan
skin of the distar- segment of the index finger, Ronge (1glr3)
fourrd' a decrease wi.th age in the nurnber of l,ieiss'errs cor-
trluscles and- other receptor end- organs. Hor"¡ever, since
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Rongers preparations cåme from only nine subjects, his resurts
must be treated lvith cauti.on, Cobrin ancl Gardner (. 937) re_ponted a d"ecr-ine with increasing age in ure number of rriyelin_
ated nerve fibres gf the penipherat nerves. Their resu_lts
'¡'rÊre 

confi'rmed by cottrell (1g[o) i.¡ho reported a reductionjn the number of nerve fi'res of peripheral nerves .egirrning
arorrnd- the fourth and fifth d.ecad.e a,'d becoming more and more
pronouilced- with ad-vancing years. cottrell also 

'eported the
degeneration of myelin sheaths and the accumulation of connec_
tive tissue and neuroglia round the ner.ves. These results
would- seem to suggest that sorne of the d-ecreased pain sensj._
tivity in ttre later years of life may be due to the degener_
ative changes in the peripheral nerves. other factors such.
as circulatory chan8es¡ changes in the skin el_asticity are
probably also lnvolved, Attitud.es about pain r¿ay change r"ri.tir
age and may have contributed io the main effect" su-cïr change,
however, courd equarly rikely have depressed the observed. de-
cfine. '

The discovery of signiÍicant soeio-econorni.c differ_
ences in pain sensitivity ind_icaies the imporiance of contror-_
ling socio-economic variables in cross-sectionar stud.ies of
the si';in senses@ rt also accorrnts for the fact that some
workers (Hardy, r¡rrolff and Good-erl, r9h3, B:r.rren and_ schapiro
and- MilÌer, rgSo) idro did. not control this variabre, .r¡rere un-
abfe to d'iscover age changes in pain sensitivity. This find._
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ing also li-mits the conclusion about tire decline in pai.n serr_
sltLvity afier the l-ate 5ors to the.bype of subjects that
T^repê employed in this stud.y, na:irery, skírr-ed and unskir-led.
laborers. such qu-estions as to i.rhether the decf ine i.n paln
sensitivity begins at the same age for alr socio_econoraic
groups, r^rhether the decline in one socia] group is as raarked
as in some other, and r,,ihether the d-ifferential rate of d.ecrine
between d-ifferent body areas is the sa¡le for members of d_if_
fereni socio-economic crassese ca' only be solved by fu_ture
research 

"

Although the tl¡o socio-economic groups were found.
to d'lffer in pain sensiti.vity, this stucly does not grve any
indications about the factors primarily responsible for this
di.fference. variations in the iyp" of work done (i,e. manual
versus sedentary), producing possible differences in br-ood
circulation and rnetabol-ic rate: âs r,v=ell as d.ifferences in
a-ttitudes to pai-n are two of many faeto::s which migtrt pos_
sibly acco'nt for this di.fference in pain sensitivity. only
systematic research can isolate the responsible factors"
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CHAPTER fV

-SU}-]]VIARY AÌVD C ONOT,uSÏONS

This ínvestigation has been concerned ï¡ith changesin pain sensitivity with âge, previous research in this areahas been confined. to unsystematic cfinicar obsenvations an*by-pnoduets of experimental- research on a dìfferent problem.
To date no experiment has been carried. out r^hich has had- as

'ts 
main objective the investigation of age changes fn painsensitivity.

ïn this stud.yo 171 r^¡hite ma'es, ranging in age from12 to 83 years, all 0f them from skll'ed. and *,slcilled laborbackgrorrnds, T'rere u-sed as experimentar subjects, euantita_tive 
'r'easurements of the paln threshold., using the Hard.y,'lfolff 
and' Goodelr dol0rimeter, 

'^rere carried out on five bod.yâ.reas, nam.ely, forehead., u_pper arm, for.earm, thigh and. leg,rn or"der to appraise the effect of soci.o_economic status onpain sensitivity, a group or 2r college st*dents and gradu-
ates, rangi_ng in age from 1/ to 29, was tested in add.ition
to the main experimental group. The pain sensitivity of thecollege group r¡ras compared i,¡Íth that of a section of the main
experimentaL group of the sa:ire age rar.ge.

It was for:nd. 
'rat 

the riover_all-,r pain sensitivitv
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rerûains constant from the teens to the late fifties, but shor.rs
a significant dec]ine thereafter" The variou-s body areas
T^rere fo'nd to d.iffer i.n the rate of d.eerine and the age at
r,+hich decfi.ne begins"

grouaÐ r.¡as fourrd. to be

ponding section of the

The pain threshold. of the college
much higher than that of the corres_
main experimental group. Ttre 1imita_

tions of ilre study ïrere discussed arrcr suggestions trere r*ade
for fu_rther research.
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