Age-related Decfine in Proprioception
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Joint-positinn sense of the knee was measured in
29 subjects with normal knee joints ranging o upe
from 2 o B2 years. Joint-position sensc was -
termined by two common rechniyues that measure
the threshold o delection of mation and (he zbikiry
ta reproduce passive knee positioning. Joint-po-
siriun sense was found to deteriorate with inuTeys-
mpoope uy memsured by hath tests, with a corre-
lation coeflictent thar was significznt ar the p
= (LN level Tor each test. The twae lests were
fownd to correlate an the p < 0028 level, indicating
that Lhe same bislogic parameter was being mea-
sured By both tests. Deterioraton of propringep-
tintl, o joint-posifion sense, us measured may he
a semsitive indicator of subclinival depenerative
juint disease of the knee, as well g5 3 means of
yuantitafing propricception in suspected neuro-
puthic joints.

Jont-position sense in the aging human
hus undergone relalivety Hule stwdy '
Konowledge of normal jeint-position sense as
d function of age has considerable clinicul
importance 1w the orthopedic surgeon. The
incidence of degenerative arthritis increases
with age, particutarly in weight-beanng joints.
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Some pathologic change m cartilage and
mher joint struciures is thought by many o
be part of normal aging, with osteoarthiritis
representing one end of this spectrum.® Trou-
bling, and sometimes disabling, puin is a
commaoniy tecagnized svmptom of the dis-
cuse, Other sensory moedalities. pasticulariy
JOINL-posSItioN sense | proprioception), muy be
affected as well. Patients with advanced ar-
thrus otten walk with an abnormal gait pat-
tern 1hat 15 not explained or directly reluted
[ the pain they experence, Some ohservers
have suggested a decline in propriocemion
4% a basis ior the pathologic wide-based gan
oflen ohserved. ' Gl patterns are known 1o
change waith normal aging even in the ab-
sence af any sighs or symptoms of joint dis-
gase.'' An assuciated decline in jotnt-position
sense might also be hypothesized, The change
tn joint morphology associated with aging
might be either the cause or result of declin-
ing pnnt sensation. as has been proposed in
arthritic patients.'’ Joini-pusition sense has
been quantificd by many obwervers?'
however, its relarion te age has not been cs-
tubfished,

Kokmen o of ' evatuated the sensitivity
of perception of motion in the metacarpo-
phalangeal and metatarsophalangeal joinis
in voung and elderly normal subjects. Al
though older subjects detected motion less
well at Jow frequencics, these investigators
congluded that no major decline in joint-
motion sensation accurred. Ta investigate
further the effect of age on proprioception,
Joint-positiom sense was evaluated ina group
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ar normal subjects of varving age by two dif-
[erent aceepted Lests of jomi-position.' -+

MATERIALS AND MEHODS

Dacnfr-nine volenteors rungi g in age from )
b B2 vears with normal hnees Py hsion and by
phvswal =wmination were selected. The woluan-
WeTS WOTE Chggineering praduare students, medecal
sehowl faculty or stafll. ar hospitai volunteers. The
subpeets were evaluated for joint-poulion senwe oy
tw methowds,

A0 apparalus wis designed s posiuon paticar
sonsesienlly and o clininate wl external voes o
limh motion ewepn Unme cimanuling from the
Emee and sumounding wssue (Fig. 11 The suhjrcts
were seated., reelined to 407 o creourage el
aien. with the Tegs Bunging Feely guer the side
of the sedt 46 vm prosimal b the prapneal fossa.
Custom-made Jobst air splines were frted ghoe
and Below the boee joing and infuoed W 25 mm
My Lo neutialize cutaneous sermsation. The inflated
ngh coff was then smmakceed momacleakle 0
thuplast sphints: Yelowo straps were waed 1o ensu: o
(1@ s me SEUTIsE pasttinm [ar e Lest erweliizan.
hMovement of the extreminy, was acenm plished b
medns of 2 wite attached w e ip ol the e ar
sl Subjects were Bhindtulded 1o remone visel
injrul,

BLEEROIDLC 0 OF Py P T el

Saming at a free-haneing posiion Of Y e
eRATAET s ot nne of she Jegs By pulling the
attched wire at a slow steady ace ar EPTEI-
mateds 10°second. The lvg was pasled thing 1he
naturad line abf estensione ol the lee. 10 g findem
angie al” 5% I35 G cxtension from he starting
posilion. Maotion wos el passive with me an.
sistance from the subject. The CxuEminy was held
bx the examiner o this position fon reo 1 Three
seconds, and Lhe subject was asked o somcentrage
o Lhe present posinen of the leg. | ke knee was
returned o dhe starting angle, 2nd the sabyert was
dskerd 1o return the leg o the PrEN NS [MOSicn.

Since the Iog is moved along 3 lone aprpru-
Malely tangential o the are of cunature of the
teg, the lincar displucement in nullimeters 4N be
converted 1o angular displavement. with maxi-
Mumm errer caloulated 10 be 1 3% lor the relativels
simall angles involved. The distance from the me-
dial juint tine, through the medial malleolus, and
to the heed wis measured 1 each sabject and wwed
as the radios ol curvature of the yre. The daneular
displacement 1 \hus an approximalion.

Ihe test was repeated fen tites, ve in oouch
leg, and a mean value was recorded for the aL-

Fui | Schematic represemiation of the pro-
PRUCERLION Appardtas,

VUTACE M GRS e ow ik the mesvemients WETE
reprod weed.

THRZ2HOL S 10y Passin s Mosrio

Firth lew air splings wery sdeprended by owirgs
diiushed 2 po'lews drsen B g lowe-speacd monor
o whict 4 lone bt sspepded, The positinn
a the podless on the shaft was ddiusied. ST
That the legs wese pulled diang thesr maturzl gre
al exiensicn 4 STUTOIE pasitienn of (15 a8 1tes
surad b a3 aorameser was wed: The pull o pras-
ity thus, was slreads apphed o e wire, s
MTVCE 1 TN 35y Cues o the nrse of me-
tem ¥ e Lhe moles wis saned neher Jagiles
Wil LR G0 e suinecr was EINEN A cantrol
musowith anon ot i, TEe aay infenmued 1hat
e OF s e w ook sbowls Chamee posinion an g
ramdum e Tom lve o W oseeonds alivr the
GO wins S1Ted: in this was duditery caes wers
cl:minated. The shaft moved showly a1 g precali-
Fraced rate. which produced an angular deflection
al 14" ssecond in cack subwect onee Lthe pulley wag
eniged. When the subject delectsd position
chinge and pressed 12 hutton, he s asked
whivh leg hac chanpsd position as 4 further com-
trol of validity ol response. 1 linear mavemen:
of 1he wire was ineasured in millimetery and von-
verted 0 angula deflection as Jew rihed [Irgvi-
auslv. Ten sepetitions were performed o cach
subject, live in each leg in a random BLUEnCT, A
mean value was calcuiated for each leg separaieh
and fur both combined.

RESLILTS

Results of the messurements of reprslue-
tion for 5% knees are shown in Figure 2 ax
4 function of age, The repression Cquation
for the reproduction of angle test as a fyre-
tim o age is: reproduction (degress) - 1.07
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Fies, 2. Reproducion o passtve positinszng o
A furction of gee. The angle an the verbical anis
is the sverage difference belween the st aneiv wnd
the reproduction gngie

LA e Dvears). 1 he carrclation cocts
ficient s L3 und the carrelation 15 signif-
icand al po= 00T Fieare 3 shows the van-
apon ol the measpeement of throshold o
detection o motion ss g function of age. Uhe
cortelilien voethicesl s 0.335 which 15 sig-
afcant al the pos 0O 3w el thae regrossion
cipiitbaan s threshald tdegrees: - 3,100
— (LiMEA age vearsl Chreshobd and re-
productian were comelaed. sielding o cor-
reigtion cocHiciear of 1.295 which was sie-
miteant anty af the oo 025 [evel
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[t is apparent from the resulis of the pros-
cnt study that joenl-postnon sense is sienili-
vantly related toape. The eosules ol detection

~
I

Fiz. 30 1 ke angular change in posanon of the
honee gt threshold ol detection of monon as o
Fenetiom of ape.

o motion were abtained at a sangle stow rate
ol knee entension, Kahmen of of ' noted a
sigriBicantly lower motion-sensation thresh-
ald i vourg as compared with elderly groups
ab low speeds. This difference was lost at
higher speeds, causing Lthess ivestigators 10
conclude that position sense dovs not vary
with age. Kokimen o of 7 stedied the mets-
carpemtilangeal and  metatarsophal ingeal
Jnints, whach wauld be dess Likels to show the
ravages of age than the weight-heuring koee
winl used en the present siudy.

In addition. wa accepted. iidepeodent
tests oo point-positien sense were ubilised
the present studs: both demanstrated g sip-
nifcant correlaton of joint-position senswe
with age. The correlation of the two wests ol
posilion sense Jemanstrated 4 signrficant re.
Lition. shossang 1hat the same hiologic pa-
rameler was Deing mensyred.

Agime iy shawn in the present studs s be
dssociated with o dechine inojaint-postien
semine, 1t ss alsa well known thal uging s as-
swiated with the arthriue changes descrbed
A dvgenerative pant disease.” Whether aging
vituses cither the dechine in fomnt-position
sonse ar the degeneratiee jownl disease s de-
butahle. Sensan denervation of joints with-
o denervateen has been shown o
resull an degencraiton of chondrocstes in the
cimiage sartace of jounts,* These observa-
Lons were considerod to be similar to changes
nuated with aging by other investigators.' Fine
slethush and Friedman® beleved that trauma
tu The dencrvated panl was an apoertant.
althiwgh net primary, facter moihe jomt
Jdamage. 1 hos, @ may be concluded that sen-
sy denenvatiom can cause aging changes in
cartilage.

Uhe assaciation ol diminished joint-pos-
tion and puin sense has been considered jm-
portanl in the development ol Charcot
poants. = Thos, degenerative joint discase
faaath relatively imlact nain and juint-position
senset and harcor joint disease (with mark-
cdly diminished pain and joint-position sense)
may beoal opposite ends of o spectrum of
symptomatic jont discase, Changes ohsepyed
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in jaints wilh aging may be oo the subclimical
side of degenerutive joeat disease.

Hesults af the present study do niot allew
conclusions as to whether the decline in pro-
priveepstion shserved with aging 15 the cause
ar result ol pathaloeic changes thiet oceur m
the joints. Howewer. these results do suggest
that proproceprion us measured may be o
sensitive methoad for detecting subelinival
psteoartheits. Furthermaore. this tvpe of pro-
prigception meuswrement may beceme an
accurate method for disgnosing neuarapathic
knee jeint disease. which 1 freguentls diag-
nused presumptively oo clinical grounds. '
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