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ABSTRACT 


The purposes of th 1 s study were: ( 1 J to aeterm1 ne 

whether there was a correlat1on between a auant1tat1ve 

assessment of postu ra I sway , and a c I 1 n 1 ca I assessment oT 

postural stab1l1ty, in pat1ents d1aqnosed w1th 1d1opath1c 

Parkinson's 01sease (PO); (2) to plot 1nd1v1dua1 d1urnat 

changes in postural sway character1st1cs of PO pat1ents over 

an eight-hour t1me period; (3) to plot day to day changes 1n 

individual postural sway character1st1cs of PO pat1ents: (4) 

to determine whether there was a difference 1n the postural 

sway character1st1cs of park1nson1ans. w1th and w1tnout 

vis1on; (5) to determ1ne whether there was a 01tierence 1n tne 

postural sway character1st1cs ot the same 1nd1v1dua1s when 

using either Sinemet or Oeprenyl. 

Three male PO pat1ents were recru1ted 1nto thls study. 

Each subJect stood on a stable force platform (AM11 UR6-b-1 J. 

Measurements included the standard deviat1ons ot the 

coordinates of the centre of pressure (COP) in the anter1or­

posterior (a-p) and lateral ( lat) d1rect1ons, the mean 

velocity of sway, and area of sway. These dependent measures 

were evaluated in a "quiet standing" condition, once w1th the 

eyes open (EO) and once with the eyes c 1 osed ( EC). These 

procedures were carried out ten t1mes over the course of an 

e1ght hour day. Each subject was tested two days Whl 1e tak1nq 

1 1 1 



eight hour day. Each subJect was tested two days wh1 le tak1ng 

Sinemet, and two days while on the Deprenyl reg1men. 

Secondly, at two periods of each test day, each pat1ent was 

evaluated using the postural assessment section of the Sears 

Parkinson's Assessment Form (SPAF). 

The resu 1ts were: ( 1 ) group ana 1vses and 1no 1 v 1 oua 1 

analyses established the ev1dence ot s1qn1t1cant corretat.1ons 

between both the quant1tat1ve measures ot postural swav (torce 

platform) and the qual1tat1ve assessment tool ~~1-'AfJ: \<:::J 

s1gnif1cant var1ab1l1tv was evident 1n the anatys1s ot 

individual data plots: ( 3 l no stat1st1cat tv s1qn1t1cant 

d1fferences were observed tor any ~ubJect when measured trom 

day to day; (4} generally, v1s1on was a stab1 11z1ng tactor 1n 

postural control, however, th1s was qu1te var1ab1e tor each 

subJect; (5) sign1f1cant 1mprovements 1n postural sta011n:.y 

were observed w1th the 1ntroduct1on of Deprenvt for one out ot 

three subjects. 

These findings are discussed in terms of their 

clinical and behavioral importance, with specif1c reference to 

Physiotherapy. 
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IN THOUU<.; I I UN 

Parkinson's disease (PO), is id1opathic 1n nature and 
7 

corresponds to paralysis agitans, or the shaking palsy, 

originally described by James Parkinson in 1817. 

The onset ot tn1s 1ns1d1ous a1sease. 1 s OT 1:.en 

imperceptible, vet it is known to proqress at var1a01e rates. 

The major diagnost1c symptoms ot Pu are tremor. r191d1tv. 

bradyk1nesia and disturbances of gait. t:ven 1 n tne ear 1 v 

states of PD. some d1srupt1on ot postural eou1 110r1um 1s 

evident, but w1th disease progress1on, severe postural 

instability and fall1nq predom\nate (Factor & We1ner. 1~HHJ. 

Another important and u 1 t 1 mate 1y cha I I eng i nq aspect of 

this disease, is the great var1 a01 11 tv 1n c I 1 n 1 ca I 

presentation of the park1nsonian 1nd1V1dual. funct1ona1 

i mpa 1rments may seem pronounced at one moment. and then 

diminished at the next. During the in1t1a1 stages of PU, 

these f 1uctuat ions may be Quite cons 1 s tent and ret 1ect. the 

medication regimen that the individual has been prescr1oea. 

Ouri ng the advanced stages ot the a1 sease however. tn 1 s 

fluctuation 1n performance becomes 1ncreas1nglv 1ncons1stent 

anp may or mav not reflect the med1cat1on cvcle tRa.1put & 

Ouvoisin, 1990). 

The cl1n1cal p1cture ot PD has changed dur1nq t.ne last 

two decades. The cl i ni ci an today, sees pat1ents w1 tn Iess 

devastating disabil1ty than previously presented. Cl1n1c1ans 



are now more concerned with the patient's compla1nts ot slde­

effects of the drugs, even thouqh these medicat1on may nave 

partly alleviated disabi1itles. This change 1n the c11n1ca1 

spectrum is not due to any alterat1on 1n the structural or 

chemical pathology of PO, but solely due to more ettect1ve 

treatments. Levodopa (L-dopaJ rema1ns the backbone ot modern 

treatment, but compl1cat1ons, toxicity, and decreased 

effectiveness tend to appear with long-term use ot all 

antiparkinsonian drugs and/or with progression of the dlsease 

(Forno, 1988: Hefti & Weiner. 1988). Selegillne tOeprenyl J, 

a monoamine oxidase inhibitor, type B (MOA-B) has been shown 

to potentiate those benefits obta1ned from L-dopa, as wei 1 as 

to retard the progression of PO (Blrkmayer, ~~~/: ~lscher & 

Bass, 1987; Rinne, 1987: Tetrud & Langston, 19tS~: lhe 

Parkinson Study Group, 1989; Yahr, 1987). Thls be11et has not 

been completely accepted bY the medical communltY. as some 

literature denies the ettect1veness ot Deprenyl Wlth both ae 

novo and long term parkinson1an 1nd1v1duals tt::l1zan. Yanr. 

Moros, Mendoza, Pang, & Bodian, 1989a, 198~b, 1990: ~rledhott, 

1990; Sudarsky, 1990). 

Parkinson's disease results primarily from the 

degeneration of dopaminergic neurons in the substantia n1gra. 

These neurons are involved in the production of dopam1ne that 

is stored within the vesicles of the nerve end1ngs. Under 

normal conditions, dopamine is re Ieased 1 nto 



space where 1t acts on aopam1ne receptors at tne post-svnaG~l~ 

nerve ena1ng. lne toss ot neurons 1n the suos~ant1a n1qra 

results 1n a depletion ot striatal dopam1ne conten~. 1n most 

patients, symptoms ot tne 01 sease appear on 1v aTt.er r:.n 1 s 

dopam1ne loss reacnes 80 percent. o~ua1es nave snown ~na~ 

substantia n1gra eel 1 loss ana aopam1ne aet1c1encv proceea 1n 

a parallel tash1on. The extent ot dopam1ne aet1c1ency 

correlates well w1tn the sever1tv ot aK1nes1a ana r1q1aty, ana 

to a certa1n extent, postural stab1 11ty lRa~out & Uuvo1s1n, 

1990). 

The nature and extent ot postura 1 1nstabl 11 ty 1 s 

un1que and 1dentit1able only bY careful subJectlve ana 

object1ve examinat1on. One method ot eva1ua~1nq postural 

stability, 1s to observe changes 1n an 1nd1v1aua1··s orouna 

react1on torces. These Torces nave oeen termea. cenr:.re oT 

pressure (COP). In the ana1ys1s ot COP, one employs a torce 

platform. lhls 1nstrument measures tne oos~ural sway 

characterist1cs ot an in01v1duat, wh1ch 1n turn prov1aes an 

indirect evaluat1on ot postural control. I-oree p 1 a~torm 

measurements have become one ot the more popular metnoas ot 

ana 1yz i ng postura 1 centro i. Measures ot postura 1 swav may 

include standard deviat1ons ot COP 1n the anter1or-poster1or 

(a-p) and lateral ( lat) d1rect1ons, veioc1ty of sway, area ot 

sway, amplitude of sway in the a-p and lat d1rect1ons, as well 

as the frequency compos1t1on, or power spectral analys1s of 

http:cenr:.re
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the sway data (Fernie & Holl1day, 1978; Fern1e, Gryte, 

Holliday, & Llewllyn, 1982; Gold1e, each, & Evans, 198~: 

Gregoric & Lavric, 1977; Hayes, Spencer, R1ach, Lucy, & 

Kirshen, 1985; Hattor1, Starkes, & Takahasnl, 1n press: 

K i 1breath, 1986; Lucy & Hayes, 1985). A number of stud 1es 

have identified signif1cant d1fferences in postural sway 

characteristics between parkinsonian and non-park1nson1an 

subjects (Gregoric & Lavric, 1977; Hawken, Waterson, Jantti, 

Tanyerio, & Kennard, 1990; Kilbreath, 1986; NJiokiktJien & De 

Rijke, 1972; Tokita, Miyata, Matsuoka, Taguchi, & Shimada, 

1976; Watanabe, Okubo, & Ishida, 1980). Signif1cant 

differences in postura1 sway have a 1so been demonstrated 

within the parkinsonian population lCernacek, Brezny, & Jagr, 

1973; Folkerts & Njiokiktj1en, 1972: Kl !breath, 1~cs6: K1awans. 

1986; Starkes, Riach, & Clarke, 1992). Correlatlonal research 

has established limited but significant relationshlps between 

objective measures of postural sway and clinical features of 

the disease (Kilbreath, 1986). A tew stud1es have a·lso 

identified consistent relationshlps between c I 1ni ca1 

manifestations of the disease (Kilbreath, 1986; Sears-Duru, 

1991). 



LITERATURE REVIEW 


As this discussion touches on a number of different 

issues, the literature review shall focus on the following 

relevant areas: neurophysiology of park1nson1sm; park1nson1an 

medications; assessment.tools for PO; postural stability; the 

role of somatosensory, vestibular and visual systems in 

postural stability; postural sway; and postural sway ana PD. 

Neurophvs1o1ogy of ParK1nson1sm 

The basal ganglia form a conglomerate ot nuc1e1 1n tne 

telencephalon, diencephalon ana m1aora1n (l·.;orno, l~I:H)). fhe 

corpus str1 a tum (caudate nuc 1eus and putamen) ana g I obus 

pallidus are the most notable components ot the telencephalon 

that are associated with PD. The pallidus 1s d1v1deo 1nto two 

parts known as the external/lateral and 1nternal/mea1a1 

segments. The subthalamus, derived from the d1encephalon, and 

the substantia nigra. from the m1dbra1n, complete those 

structures commonly considered to form the basal gangl1a 

(Forno, 1988). 

Of these, the corpus striatum can be d1vided roughly 

into a dorsal division, neostriatum, cons1st1ng ot the caudate 

nucleus and putamen, and the ventral striatum, cons1sting of 

the nucleus accumbens, olfactory tubercle and island of 

Calleja (Rolls, 1990). The neostr1atum rece1ves maJor inputs 
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from almost all areas of the neocortex and has maJor efferent 

connections with the globus pall idus and substantla n1qra 

(pars reticulata). These in turn are connected to the ventral 

group of thalamic nuclei and thus to the supplementary motor, 

premotor, and prefrontal cortex. This pattern ot connect1ons 

suggests that the striatum prov1des one important route 

through which the cortex can influence motor structures 

(Rolls, 1990). 

The ventral striatum receives 1nputs from llmbic 

structures such as the amygdala and hippocampus and projects 

to the ventral pallidum. The ventral pallidum may 1nfluence 

output regions by the subthalamic nucleus/globus 

pallidus/ventral thalamus/supplementary motor route,·or v1a 

the mediodorsal nucleus of the thalamus/prefronta-l cortex 

route. Thus the ventral striatum may be for limbic structures 

what the neostriatum is for neocort1cal structures, 1.e. a 

route for limbic structures to 1nfluence output reg1ons 

(Rolls, 1990). The dopamine pathways are at a cr1 t 1 ca ·1 

position in these systems, for the nigrostr1atal pathway 

projects to the neostriatum and the mesol1mb1c dopam1ne 

pathway projects to the ventral str1atum (Rolls, 1990). 

Damage to the striatum produces effects which suggest 

that it is i nvo 1ved in or i entation to st i mu 1 i , as we 1 I as 

initiation and control of movement. Depletion of dopamine in 

the striatum has often been associated with tremor and 
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akinesia. The effects of damage to different reg1ons of the 

striatum also suggest that there 1s functional specialization 

within the striatum. For example, in monkeys researchers have 

observed the following functions: (a) neurons 1n the putamen, 

which receive 1nputs from the sensor1motor cortex, have 

activity related to movements; (b) neurons 1n the caudate 

nucleus which receive information from the association cortex 

have activity related to environmental stimuli. These 1n turn 

signal preparation for the initiation of behav1oral responses, 

(c) neurons in the tail of the caudate nucleus, whicn rece1ve 

input from.the inferior temporal v1sua1 cortex, respond when 

a patterned visual stimulus changes: (d) neurons 1n tne 

ventral striatum, respond to emotion-provoklng or novel 

stimuli; (e) the globus pallidus, substant1a n1gra pars 

reticulata and subthalamic nucleus have neurons with act1v1ty 

which is clearly related to leg, arm and orofacial movements. 

Moreover, there is a somatotrophic representation of these 

body parts within each of these areas (Rolls, 1990). 

These findings indicate that there is some segregat1on 

of function within the basal ganglia. They suggest that 

different symptoms might be present depending on the regions 

of the basal ganglia within which dopamine 1s depleted. They 

also suggest that impairment of function of the basal ganglla, 

as in PO, might produce a variety of changes wh1cn are not 

just motor but might include cognit1ve changes (Rolls, 1990). 
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The dopamine-acetylcholine 1mbalance theory was 

developed to explaln the effects of dopamine det1c1ts 1n PD. 

The theory suggested tnat when dopamine stores were aepleted, 

an excess of acetylchollne resultea. ~onverse1v. an excess ot 

dopam1ne 1n the system, resulted in tne dep1et1on ot 

acetylcholine. The consequence ot eacn ot these scenar1os was 

PD (Marsden, 1984). However, previous researcn suqqests tnat 

a decrease in norepinephrine. seroton1n and qamma-am1nooutvr1c 

acid (GABA) also contribute to the symptoms seen 1n PD (Delong 

& Alexander, 1986). Dopamine def1c1ency contrlbutes to 

rigidity and hypoklnesia, bradyklnesia, and ak1nesia. 

Norepinephrine defic1ency contributes to ak1nes1a; the 

functional increase in acetylchol1ne contr1butes to tne 

parkinson1an tremor; seroton1n and GABA def1c1enc1es tend to 

lessen symptoms (DeLong & Alexander, 1986). wnat tnen 

contributes to postural dysfunction? 

Allen and Tsukuhara (1974) have developed a tneorv 

that illustrates the relationshlP between motor control ana 

the basal ganglia. flgure 1 prov1des a a1aqrammat1c 

representation of pathways concerned w1tn the execut1on ana 

control of voluntary movement. 

--------··-------·-----­
Insert F1gure 1 about here 

As Figure 1 illustrates, there is a d1v1s1on of motor act1v1ty 
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into three stages: plan, programm1 ng and execu1:. 1 on. I he 

decision to move 1s cort1ca I. It mav be based upon the 

arrival of sensory information, or it may or1g1nate 1n the 

cortex. It is proposed that the 1ntent1on to move 1n1t1allY 

ach1eves expression 1n patterns of excitat1on 1n neurons ot 

the supplementary ~otor area lSMA). This intormat1on 1s tnen 

relayed to the association areas of the cortex from which 

signals are spl1t into two parallel subcort1ca1 streams tor 

processing. One stream enters the basal gang11~, whl le the 

other proceeds via the corticopontine tract to the lateral 

cerebellar hem1spheres. Informat1on is then processea 1 n 

parallel to be returned to the thalamus tor recomo:~nat1on. 

From there it 1s relayed back to the cortex to complete the 

programming function. Execut1on tnen .proceeds v1a the 

corticospinal tract. The pars intermedla of the cerebellum 

updates the movement based on sensory descr1 pt1on ot l 1mb 

position and velocity of movement in the planned 

direction. 

Although PO 1s predominantly character1zed by a loss in 

the dopaminergic striatal projection, Rosser l1981) has 

suggested that this disease also shows a loss of the 

noradrenergic projection from the locus coeruleus. The cells 

of the locus coeruleus, substant1a nigra and substant1a 

innominata all share a non-specialised isodendritlc patT-ern 

which extend from the sp1nal cord to the casal torebra1n. lt 
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PO is seen as a disorder of the isodendrltic core, the pr1mary 

condition would be a loss or dystunctlon of the isodendritlc 

cells. The loss of other cell groups outside tne isodendrltlc 

core may therefore be secondary phenomena resu 1t 1 nq t rom 

trans-synapt 1 c degenerat 1on. There is ev 1aence tnat ce 1 1 s are 

lost with1n the term1na I t1e Ids ot the proJectlon systems 

aft·ected in PD. Loss of striatal cells 1n PO may be an 

important reason why treatment ta1 Is tHossor, 19H1 ). 

Several studies (Cernacek et a·l., 1973; Folkerts & 

Njiokiktjien, 1972: Klawans, 1986) have 1nd1catea that L-dopa 

therapy has not been effect1ve in improv1ng p~stural control. 

These conclusions would suggest tnat dysfunction to tne 

dopaminergic system alone does not account tor all ot tne 

clinical symptomatology ev1denced 1n PD. 

Parkinsonian Medication 

Drug treatment for Parkinson's disease is d i v 1 ded into 

two categories: 1) anticholinergic agents and 2) dooam1nerg1c 

agents (Marsden, 1990). The first category ot med1cat1ons are 

used to reduce the functional excess of acetylchol1ne in the 

system. Anticholinergic agents are pr1marilv useful in 

treating the parkinsonian tremor; however, they also may 

relieve some rigidity and bradykines1a. Two classes of drugs 

with anticholinergic properties are used for this purpose: 

(a) belladonna alkaloids and synthetic atropine-like agents; 
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and (b) antihistamines. The choice of agent 1s based not only 

on efficacy but also side effects (Lang, 1990). 

No single anticholinergic agent has demons-r,raT.ea 

superiority to any other antichol1nerg1c agent. Each renders 

beneficial effects on tremor, primarily due to a sedat1ve 

effect. It is estimated th~t no more than 20 percent 

improvement in parkinsonian symptoms may be expected, although 

there have been no definitive studies to address th1s issue. 

These agents may be efficacious for a period of t1me in a 

particular patient, but the disease is progressive and even 

though the tremor may become less evident, other classes of 

agents may be needed (Lang, 1990). 

The second medication category can be suod1v1aea 1n~o 

(a) agents that. increase svntnes1s ot bra1n aopam1ne, ~OJ 

agents that directly st1mulate dopam1ne receptors, tcJ agents 

that reduce the presynapt1c reuptake ot dopam1ne, (OJ agents 

that stimulate endogenous dopam1ne release, ana (eJ agents 

that reduce the catabol1sm ot dopam1ne tLang, 19YU). 

The dopaminergic approach to therapy 1s a1med at 

enhancing dopaminergic transmiss1on w1th1n the basal gangl1a 

thus helping to restore normal feedback mechan1sms. The drugs 

used for this purpose are: (a) L-dopa, lb) L-dopa plus 

carbidopa (reduces peripheral metabolism of L-aopa to 

dopamine), (c) amantidine tst1mulates presynaptic dopamine 

release and reduces the reuptake of dopamine by presynaptic 

http:demons-r,raT.ea
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sites), and (d) aporph1nes and ergot aiKa1o1ds (dlrectly 

stimulate dopamine receptors) (Marsden, 1984). 

Levodopa is an amino ac1d that crosses the 01ooa-bra1n 

barrier in signlficant amounts only when g1ven 1n large oral 

doses. Dopa-decarboxylase, an enzyme, metabolizes L-dopa to 

dopam1ne; this reaction occurs perlpherally and centrallY 

since the enzyme is located in the l1ver and gastro1ntest1na1 

tract, and dopaminergic axons. respect1vely. S1nce dopam1ne 

will not cross the blood-brain barrier, 1t is necessary to 

provide its precursor, L-dopa, to 1ncrease the dopam1ne 

concentration within the casal gang11a. L-aopa w1 I l not 

reverse or retard the degenerative changes of the suostantla 

nigra, rather, it is an exogenous replacement ot dopamine to 

the corpus striatum and diminishes parKinson1an s1gns by thls 

mechanism (Marsden, 1984). 

Although L-dopa 1s presently the most ettect1ve 

treatment for parkinsonism, prolonged use (three to five 

years) is associated with a decrease 1n efficacy as well as an. 

increase in side effects (Klawans, 1986; Marsaen, 1~84). 

Fluctuation in symptomatlc responses to L-aopa tnerapv are a 

complicat1on in many parkinsonians, partlcularly 1n tne tater 

stages of the disease (Fahn, 1974). Tn1s 1s otten termed tne 

"on-off" syndrome. Barbeau (1972) uses tne term "ak1nes1a 

paradoxica" to describe tn1s phenomenon (~ann. 1~/4). 

Clinicians refer to an "off" period, as one where the 
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benefic1al . effects of levodopa nave worn ott or are not 

apparent (Fahn, 1974; Rodn1tzky & Lang. 1~90). ·on 1s tne 

respons1ve phase of beneticlal symptomat1c ettects lKodnltZKY 

& Lang, 1990 ) . 

Berg, Ebert, Wi ll1s, Host, F1nchan, & Schottel1ns 

(1987) describe several types of on-off syndromes: 

(1) Early morn1nq ak1nes1a is assoc1ated w1th 

r1gidity and tremulousness upon awakening. It would appear to 

be due to either a progression of the d1sease or a depletion 

of dopamine during sleeping hours. 

(2) Freezing ep1sodes are character1zeo by 

hesitation upon initiating an act. Freez1ng snows no 

correlation with timing ot· dosage. It 1s 1nherent to the 

disease and may be a sign of disease progress1on. 

(3) End-of-oose deter1orat1on oescr10es a snortenea 

interval in which a given dose 1s effect1ve. Chorea 1s seen 

approximately one hour after a oose, tol lowed bv control ot 

parkinsonian symptom, and f1na11y reoccurrence ot the 

symptomatology several hours before the next dose. 

(4) Peak-dose dyskinesia and akinesia seem to be a 

result of drug overdose. These 1mpairments of movement occur 

when a given dose is at its peak activity and d1sappear with 

a reduction in dosage (Berget al., 1987). 

It is not known exactly why some indiv1duals exn1b1t 

this pattern of loss of drug effect after several years ot · 
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therapy. Rodnitzky & Lang, (1990) suggest tnat on-oft 

syndromes may occur due to the fact that 1nd1viduals who have 

been on long-term replacement therapy have simply lost more 

dopaminergic cells and have a decreased buffer1ng capac1ty. 

There are also fewer rema1n1ng cel-ls to take up and store 

dopamine (Rodnitzky & Lang, 1990). 

In the early stages of PD, there is a prompt elevat1on 

of plasma L-dopa levels, atter the pat1ents taKe a aose oT L­

dopa-carbidopa, or sim1lar L-dopa compound. uue to tne 

relatively short half-life of L-dopa, the plasma level crops 

considerably w1th1n four hours, but nses qu1ck ly w1th the 

next dose. A regular sawtootn pattern ot the plasma level mav 

be recorded as doses are taken throughout the day (Rodn1tZkY 

& Lang, 1990) . 

By contrast, the ear 1y patient's d i sab1 1 i ty score 

shows little fluctuation, if any, and many enjoy a long 

duration of response to a single dose. In fact, some patients 

mistakenly conclude that L-dopa is ineffective because there 

is no deterioration in their symptoms, despite missing one 

dose (Frankel, Pirtosek, Kempster, Bovingdon, Webster, Lees & 

Stern, 1990; Rodnitzky & Lang, 1990). 

Physiologically, 1 n these early pat1ents, tne 

remaining surviving dopam1nerg1c cells are able to take up 

exogenously-adm1n1stered L-dopa, convert it to dopam1ne and 

release it under neural control wnen needed. Atter three or 
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four years of L-dopa therapy and with further 01sease 

progression, the sever1ty of the pat1ent's svmptoms mav r1se 

and fall with the plasma (L-dopa) levels. In tact, s1tuat1ons 

occur where random akinet1c, dvsk1net1c and hvperK1net1c 

phases occur 1n individuals on long term replacement tnerapv 

(Frankel et al., 1990; Olanow, 19~0). 

The role of d1et 1n 1ndividuals with PO relates 

primarily to the ab1l1tv of certa1n foods to moderate tne 

effects of drug therapy. The amount of prote1n in the 01et ot 

the parkinsonian patient tak1ng L-dopa 1s also important, 

because,it can interfere with the absorption of L-dopa at two 

sites: the intestines and the blood-brain barr1er. Wlth the 

varying types and amounts of amino acids present 1n the 

protein we eat, competition for absorpt1on into these areas 

predominates (Rozovski & Lur1e, 1990). In essence. tne 

peripheral and central metabolism ot L-dopa becomes 1nn1o1tea 

and the effectiveness of the med1cations becomes questlonable. 

Eriksson, Granerus, L 1 nde & Car I sson ( 198~:S > observed tnat 

administration of a low prote1n diet to parklnsonian pat1ents 

with "on-off" syndromes, cons1stentlv increased the total 

daily time of "on" states when compared with a hlgh prote1n 

diet. The authors suggested that the cl1n1ca1 eftect of the 

low protein diet may be due to a marked decrease in the plasma 

concentration of large neutral am1no acids that compete w1tn 

L-dopa for carrier-mediated transport to the brain. 
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Depreny l ( Se Ieg 1 -1 i ne/ E I depry 1 ) , a monoam1 ne ox 1dase 

type B (MAO-B) inhibitor extends the effectiveness ot L-oopa, 

by reducing the catabolism of dopam1ne at the level ot the 

nerve terminals in the basal gangl1a. Var1ous clin1cal tr1als 

using Deprenyl with L-dopa-per1pheral decarboxylase 1nhi01tor 

preparations have shown that 1t prolongs L-dopa's 

effectiveness, and even retards the natural progression ot PO 

(Birkmayer, 1987; F1scher & Bass, 1987; Rinne, 1987: Tetrud & 

Langston, 1989; The Parkinson Study Group, 1989; Yahr. 1~e1 l. 

However, some literature den1es the ettect1veness ot ueprenvl 

with both de novo and long term park1nsonians (EI1zan et at .. 

1989a, 1989b, 1990; Fr1edhott. 199u: suoarsky, 199U>. 

Assessment Tools tor Parkinson's D1sease 

Despite the extens1ve and expan01nq 11terature 

concerning PO, implementation of new park1nson1an evaluat1ve 

tools, discuss1on or critical rev1ew ot the fundamental issues 

of methodology, reliability, reproducib1l1tY, quality and 

applicabil1ty of cl1n1cal assessment toots 1s scarce. W1th 

the advent of new and effect1ve med1cat1ons tor PD, evaluat1on 

of pharmaco -, og 1ca 1 1 y associ a ted f unct i anal changes and the 

establishment of clinically reliable 1nstruments 1s cruc1a1. 

Var1ab1lity 1n 1nd1v1dua1 c11n1ca1 presentat1on was 

acknowledged in early c11n1cal tr1als eva1uat1ng var1ous 

parkinsonian med1cat1ons. However, inadequate exper1mental 
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protocols failed to cons1der the w1de fluctuatlons and 

alteration characteristics of the d1sease (1ntr1ns1c, 

emotional, as well as drug-related). As a consequence. 

researchers have had to re-1 nterpret the resu 1ts oT these 

initial cl1nical tests. Future research des1qns must account 

for individual variab111tv 1n order to reach rel1a01e and 

valid conclusions. 

Measurements oT the c11n1cal symptoms ot PO nave oeen 

performed by many invest1gators. These assessments were 

thought to prov1de a "true" assessment of the parK1nson1an 

state, because they measured fundamental aspects ot the 

disorder. However, t·ew ot these assessments were ever 

evaluated for either reliability or validity. 

England and Schwab ( 1956) conducted a study to 

evaluate the effect of thalamotomies in pat1ents w1th PO. The 

authors developed an instrument to categor1ze pat1ents 1nto 

one of five grades related to prognosis and proqress1on ot 

disease. Grade five was the most rapid progress1on and worst 

prognosis, whereas Grade one was the slowest progress1on and 

the best prognosis. Th1s 10 po1nt scor1ng system was aevised 

to quantitate activities of daily 11v1nq as assessed by the 

patient (subjective score), and aspects of motor tunct1on, as 

assessed by the physician (obJectlve score) (Fahn, Elton & the 

UPDRS Committee, 1987). The subJective and ooject1ve scores 

represented a percentage of normal function, with 100% of 
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normal, constitut1ng a score of 10 (England & scnwab, l~oo). 

Guidelines were not available tor the exam1ner to aam1n1ster 

a score for the responses attained dur1ng the assessment. 

Nevertheless, the authors concluded var1ability 1n symptoms 

from day to day and hour to hour accounted for less than a 

five per cent variat1on 1n the scores between cl1nic1ans. 

Canter, de la Torre, and Mier (1961) developed the 

Northwestern University Disability Scales (NUDS) to measure 

the extent to which patients with PO lost thelr pre-morbld 

proficiency in act1vities ot dallY liv1ng. This part1cu1ar 

sea1 e awarded ten points to 1 nd1 v1 dua I ~cores ot wa 1 k 1 nq. 

dressing, hygienic care, and speech. F1ve po1nts were also 

awarded each for eating and feed1ng. The 1nter-rater 

reliability for the total scale was .95, w1th the sub-scales 

rang1ng from .84 (speech) to .93 lwalklnq) (Canter, ae Ia 

Torre, & Mier, 1961 ). Each task 1n the NUDS, w1th 1ts 

associated scoring system was outlined, however, these were 

not made available to the examiners. It is imperat1ve that 

guidelines are made accessible, it only to standardlze 

evaluative procedures and 11mi t i ndi v1 dual cl1n1clan 

interpretation. 

Hoehn and Yahr (1967) assessed the natural history of 

802 patients, who were seen at the Vanderbilt Clin1c ot the 

Columbia-Presbvterlan Medical Centre from 194Y - 1~o4. fhe 

investigators attempted to classify all patients Wlth a 
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specific type of parkinson1sm and ident1ty the symptomatology 

associated with the various types ot the d1sease. The extent 

of disability, the onset, progress1on and subseQuent mortal1ty 

associated with th1s dlsease were also cons1dereo. 

ConseQuently an arbitrary five point Cl1n1ca1 01sab1 lltY 

. rating sea 1e was developed. wh1 ch presumab I v re-r Iecteo the 

character1stics of the disease. The authors suggested that 

the lower the score on the scale. the less d1sa011ng ana the 

more unilateral the d1sease. As the d1sease progressed, the 

associated score on the scale was hlQher. and re-r lecteo 

greater disability and bilateral involvement. 

This research artlcle provlded cl1n1cians w1th a much 

needed description of the various types of parKlnsonism. one 

major limitation of the Hoehn and Yahr Scale was that the 

definition of each stage was Quite general and 1t tailed to 

focus on the significant differences assoc1ated w1th each 

stage. For example, individuals with un1lateral symptoms who 

were extreme 1y 1ncapac i tated wou I d be ass 1qned to Staqe 

regardless of the extent to wh1ch they were -runct1ona 1 1 v 

impaired. Yet. lndividuals w1th bllateral symptoms ana 

minimal impairment would be classlfied as Staqe II, desp1te 

the fact that they were less tunctlonally 1mpa1red than the 

other individual classified to Stage I. 

Based on the 1n1t1al ·uniQueness of th1s paper, the 

Hoehn and Yahr Scale became the most popular means of 

1 



~u 

describing funct1onal def1cits of 1ndiV1duals w1th PU. It has 

been used traditionally as a means of assess1ng the 

effectiveness of parkinsonian med1cat1on, and also to 1nd1cate 

disease severity of· a oat1ent or poputat1on of oat1ents 

( Lakke, 1990). 

Webster ( 1968) publlshed a c11n1cal rat1ng scale wn1ch 

assessed the physical features of PO, namely bradyk1nes1a, 

rigidity, posture, gait, tremor, facies, speecn and act1v1ties 

of daily living, seborrhea and upper extremity arm sw1ng. 

Webster assigned value rat1ngs of zero to three tor each 1tem, 

zero indicat1ng no involvement, and scores of one, two and 

three were assigned to early, moderate and severe d1sa01 11t1es 

respectively. This scale was add1t1ve, with a total score out 

of 30. The author suggested that tne h1gner the total score 

obtained on the scale, the greater the extent ot d1sab1 11tv 

observed in the sub.Ject. All 1tems were spec1T1c. we 1 1 

defined and precise. Moreover, this scale was s1gn1t1cantly 

more reflective of the severity of PO than the Hoehn and Yahr 

scale. 

In 1970, the Columbla Un1vers1ty Group in their 

initial trials of L-dopa, developed a f1ve po1nt scale that 

measured the phys1cal s1gns of parkinsonism lOuvo1s1n, 1970). 

This instrument evaluated the significant s1gns and symptoms 

of tremor and ri gi d1 ty, and a c 1uster of assent i a 11 y non­

dimensional features, such as monotone speech, s1m1an posture, 
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bradykinesia, festination, shuffl1ng, propuls1on and other 

characteristic defects of the gait, seborrhea, sialorrhea and 

diaphoresis. 

It took a I most t· i tteen years bet·ore an abo rev 1 a teo 

version of this scale was evaluated for ret1ab1 t1ty. 

Montgomery, Reynolds. and Warren (1~~5) exam1neo tne 

interobserver agreement of se·lected scores. trom the 1nstrument 

endorsed by Duvo1s1n. In evatuat1ng Oitterences between 

observers, the authors suggested that the oata were samo1es 

from the same behav1oral poputat1on. consequentlY. tne 

Wilcoxon matched-pairs s1gned ranks test was appt1ed, w1th the 

conclusion that there w~s no s1gn1t1cant dltference oetween 

observers. However, as it was the scor1ng of the tasK that 

was being measured, not the task (behavlourJ 1tse1t, the more 

appropriate analysis would have been the Mann Whltney u test. 

In measurinq tne linear assoc1ation between the 

ratings of the two observers across cases, Spearman Rho scores 

of .67 for bradykinesla; .89 for gait; .71 for posture; .95 

for resting tremor: .72 for postural tremor: and .74 tor the 

Hoehn and Yahr scale, were obta1ned. Tnese stat1st1ca1 

results are rather favourable, but caution must be exerc1seo 

especially when attempting to genera11ze these conc1us1ons to 

such a heterogeneous population. 

McDowell, Lee, and Swift l1~70} attempted to 

systematically evaluate the eft1cacy of L-dopa 1n 100 pat1ents 
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with vary1ng symptoms of PO. An 1nstrument was developea to 

evaluate both functional d1sab1 I ity and assoc1atea 

symptomatology. Each 1tem was assigned a ·welght', wn1ch 

ref 1ected its 1mportance to funct 1on as determ1 nea oy the 

investigators. These weighted values were then mult1PI1ed oy 

a degree of sever1ty of the symptqm at each exam1nat1on, to 

achieve a total score. This accounted for a max1mum poss101e 

score of 88 points for the symptomatology scale and 132 po1nts 

for the functional d1sability scale. The hlgher the score(s) 

obtained on assessment, the greater the sever1ty of the 

disease. The authors evaluated changes 1 n function and 

symptomatology associated with the add1t1on of L-dopa 1n the 

individual medication regimen. They cone Iuaed that L-Oopa 

taken independently or 1n assoc1at1on wn.h ant1cno11nennc 

medications, was effective in the treatment ot PD. 

Lieberman l19741 also descnoeo an eva1uat1ve tool 

that was used to assess change in persons w1th PD. lh1s was 

subsequently revised and became known as the New York 

University Parkinson's Disease evaluat1on (NYUO). It rated 

items such as rigidity, resting tremor and bradykines1a for 

all extremities and parts thereof, as well as gait, postural 

stability and voluntary movements (functional dlsabl-lity) 

(Lieberman, Dziatloswki, & Gopinathan, 1980). Over an e1ght 

year period, the authors evaluated 520 outpat1ents w1th PO 

utilizing this evaluative tool. Statistical analyses were 
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performed in only 100 of these patients to determ1ne the 

relationship between the total score obta1ned on the NYUD, 

subsections of the NYUD, and the stag1ng of d1sease, as 

described by the Hoehn and Yahr scale. 

Lieberman et al. (1980) suggested that reproduclble 

values within five percent tor each maJor s1gn, total score, 

i nvo 1untary movements and funct i ona -1 d 1 sabi 11 ty, were obta1ned 

by different observers independentlY exam1n1ng the same 

patient at the same time. Util1z1nq the Pearson product 

moment statistic, a s1gnificant correlat1on was Tound between 

the total score and the Hoehn and Yahr scale tr = .bbJ, as 

well as for bradykinesia and qa1t (r = .63). correlat1ons 

among total score, and tunct1onal d1sab1l1ty approached but 

did not reach significance, wh 1 I e cor re 1at ions between the 

other signs did not approach signif1cance. The sconng system 

of this scale was ordinal by design, and therefore, the use oT 

the Pearson product moment 1s questionable. The Spearman Rho 

wo~ld have been the most suitable stat1stic. Furthermore. the 

Fisher's Exact Test was also incorporated to descr1be these 

correlations. However, the assumption of this test 1s that 

the samples follow a binomial distribut1on. lt has been wei 1 

documented that PO does not tol low a smooth progress1on. 1n 

fact daily and diurnal fluctuat1ons are usually observed; 

hence the use of the F 1 she r' s t::xact rest 1 s a 1so 

inappropriate. The authors do suggest us 1ng the w1 -1 coxon 
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signed rank test to evaluate correlat1ons, out these results 

were not documented. 

One of the first documented phys 1otherapeut 1 c 

instruments that evaluated PO, was des1gned by Franklyn 

(1986). This instrument was developed 1n order to evaluate 

functional 1mpairments, changes in ga1t, posture and balance 

associated with the d1sease. Although this evaluative tool 

addressed some of the needs of the physlotherapist who 

assesses and treats clients with PO, 1t was never evaluatea 

for either clinical or statistical sign1ficance. 

F1nally 1n 19~4, a workshop was organ1zed to develop 

a new rat1ng scale for park1nson1sm. that woula encompass the 

best of the existing rating scales. After much del1berat1on 

and many revisions, the Unified Parklnson's D1sease Rat1ng 

Scale (UPORS), version 3.0 was f1na11zed 1n 1987 <Fahn. ~lton. 

and Members of the UPORS Oeve ., opment Comm1 ttee, 1~H~ 1). 1ne 

UPORS was divided into f1ve sect1ons. The t1rst sect1on was 

a quantitative five point scale which measured the sever1ty ot 

clinical manifestations assoc1ated w1tn PO. fh1s sect1on was 

subsequently divided into mental and h1stor1ca1 motor, wh1ch 

included motor funct1ons of act1v1t1es of dallY 11ving, ana 

object1ve motor features observed at the moment of tne 

examination. Each of these subsect1ons cou I d be summed 

independently, and all could be comb1ned to achieve a total 

numerical score (Fahn et al., 1987). The second sect1on was 
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a qualitative and quantitat1ve assessment ot many ot the 

complications of dopaminergic therapy tor PD. The thlrd and 

fourth sections consisted of modifled Hoehn and Yahr, and 

Schwab and England ADL sea I es, respect1 ve 1y. The f 1 tth 

section recorded weight, sitting and stand1ng blood pressure, 

and pulse. The reliab1l1ty of the UPDRS was exam1ned us1ng 

the Pearson product moment statistic. The fol-lowing 

correlations were observed: Hoehn & Yahr Stag1ng, r = .78; 

Schwab & England Activ1ties, r = .97; Mentat1on. Benav1our & 

Mood (1 - 4 pooled), r =.55; Act1vit1es of 0a1 IY L1v1ng ~o-

17 pooled), r = .82; Motor Examination (18- 31 pooled), r = 
. 90; Comp 1 i cations of Therapy ( 32-42 poo Ied), r = . 8ti. A 1 I 

correlations reached s1gn1ficance levels between p< .01 and 

p<.001. 

The methode logy as descn bed by these authors was 

rather incomplete. There was no description as to the type of 

subjects used in this study or if pre-test training sessions 

were provided for the clinicians. In add 1 t ion • one ot the 

cardi na 1 symptoms of PO, r1 gi dl ty. which demands physical 

examination to determine the extent of severity, was measured 

only as part of the v1deotape analysis, never as part ot a 

hands on assessment by the c 1 in i c i ans. w1th a d 1 sease 1 n 

which a signif1cant proportion of symptoms must be pnys1ca1 1v 

evaluated to determine severity, th1s component ot phys1ca1 

examination should be mandatory 1n all cl1n1ca1 tr1als. 
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Although the use of videotape has become a rout1ne procedure 

for most neuro I og i sts who specialize in the treatment of 

patients w1th movement disorders, there 1s as yet no un1torm 

method of videotaping park1nson1an pat1ents tnat has oeen 

accepted by investigators in the f1eld. Currently, v1deotape 

protocols vary according to the spec1t1c needs or purposes ot 

the taping. This method can 1n and of 1tsett, lead to tatse 

conclusions about "apparently true observat 1ons' . 

Nevertheless, v1deotape analysis may sti l-1 prove to be aA 

i nva 1uab 1 e adjunct to hands-on c 11 n i cal eva1uat 1on (Lang, 

1985). 

Lakke (1990) stated that "the UPORS in attempt1ng to 

encompass the best of the exist1ng seale, appears to have 

reached its goal by adding more 1tems rather than 1mprov1ng 

definitions. Derived essentially from the Columbla scale, 1t 

is at times contusing and clearly lllustrates the d1tt1cutty 

in attempt1ng to strike a reasonable balance between 1abor1ous 

comprehens1veness and practical, succ1nct c11nicat needs· (p. 

4 74). 

Despite these 11m1tations ana ObJectlons, one snould 

acknowledge that the UPORS is a valuable eva1uat1ve tool, 

which provides a wholistic measurement of tunct1on tor 

individuals diagnosed with PD. 

In Phys1otherapy, the 1mplementat1on ot spec1t1c 

treatment techniQues is determ1ned by responses during 
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individual assessments. Phvs1otherapeut1c eva1u.at1ve toots 

designed speclfically for persons diagnosed w1th PO are rare. 

In fact, to date, only one such instrument has been 

documented, (Franklyn, 1986). Whlle address1ng many ot the 

features identlfied as cardinal symptoms ot PO, thls tool 

failed to provide an overall picture of the tunct1onal status 

of the individual. 

Consequently. Sears-Duru ( 1991) developed and 

subsequently determined the inter-rater and lntra-rater 

reliability of a physiotherapeutlc 1nstrument tor PD. The 

focus of the Sears Parkinson's Assessment Form (SPA~) was the 

description and evaluation of tunct1on assoc1ated w1tn PU. 

The 
follows: 

hypotheses associated w1th the SPAF were as 

1 . The SPAF would prov 1de an overa I l assessment ot 

function in the parkinsonian indlvidual. 

2. Significant correlations between ind1v1dua1 sections 

of the SPAF, most particularly in the areas of 

akinesia/bradykinesia, rigidity, tremor, posture, postural 

stability, and gait would be observed. 

3. The greater the overa 11 score observed on 

assessment, the greater the function a 1 impairment of the 

individual. 

4. High inter-rater and intra-rater rel iab1 11ty 

characteristics would be observed during the evaluat1on of 



this tool. 

The SPAF was developed out of a need to 1ncorporate a 

variety of novel instruments, as wen ex1sting tools, 1nto one 

evaluative package for Phys1otherao1sts. The goals ot the 

SPAF were four-fold: 

1. Identification of spec1f1c proolem areas. 

2. Easy administration and evaluation. 

3. Utilization in primary, secondary and tert1ary care 

centres. 

4. Detection of change (improvement or deter1orat1on). 

This Instrument was divided into eleven sect1ons, 

namely, Demographic data, Cognit1on, Stage of D1sease, 

Akinesia/Hypokinesia/Bradykinesia, Rigidity, Tremor, Gross 

Motor Performance, Propriocept1on, Posture, Postural 

Stability, and Gait. A cumulative score could be obtained for 

each section, and totalled to produce a tally out of 736. The 

underlying assumption was that the greater the total score, 

the greater the severity of the disease. 

A comprehensive set of gu 1 deli nes out 11 n 1 nq Ootn 

patient and exam1 ner oos 1 t ion ( s) and response (s) was also 

developed. These guidelines were provided to each exam1ner 

prior to each interact1on and ut111zed to ass1st 1n tne 

documentation of each individual assessment. 

Sect1on I was des1gned to q1ve general 1ntormat1on 

about the patient's medical history and social s1tuat1on. The 
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subsect1on ent1 t -, ed .. Present ParK 1 nson 1an Symptoms .. was oased 

on the cursory phys1otherapeut1c assessment descr10ed bY 

FranK 1yn ( 1986). Th1 s component was a 1 tered to rei 1ect tne 

subject's percept1on ot the sever1ty ot the man1testat1ons ot 

the disease, not the Phys1otherap1st's percept1on ot the 

si gni fi cance of tnei r symptoms, as or1 gina 1 I y des1 gned by 

FranKlyn. Scoring on th1s section ranged trom zero to three, 

with zero 1nd1cat1ng no 1mpa1rment, one, two, and three 

indicating mild, moderate and severe 1mpa1rments, 

respectively. 

Section I I assessed cogn it1ve status ut 11 1zing the 

Folstein Mini Mental State Examination. onginally, James 

Parkinson assumed that PD was purely a phys1ca1 a1lment. rn1s 

perspective slowly changed to one that suggested that 1t 

cognitive impairments d1d occur, they were only evident at the 

end stages of the disease (Brown & Marsden, 1984). current 

thought though, 1s that 1mpairments in cognit1ve tunct1oning 

are evident throughout all stages of the d1sease process 

(Benson, 1984; Selby, 1990). 

Unlike all other sections in the SPAF, where a high 

score indicated greater functional impairment, in this 

section, the opposite was true. A lower score ret·l ected 

"normal" cognitive functioning, whereas a higher score 

suggested impaired cogn1tive functioning. 

Section III incorporated the Hoehn and Yahr stage ot 
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disease scale. This scale ranged from Stage I to Stage V, as 

was ori gina 11 y suggested by Hoehn and Yahr (Hoehn & Yanr. 

1967) • 

Section IV assessed aK1nes1a, nvpok1nes1a, and 

bradykinesia. Tests that are fundamental to the 

physiotherapeutic evaluation of coord1nat1on were 1ncoporated 

into this section, namely: finger tapping, toe tapp1ng and 

the finger to nose test/dysdiadok1nesia. 

Section V evaluated rigidity. This was performed by 

a measurement of the passive range of motion of the neck and 

extremities. If cogwheeling was evident upon assessment, an 

additional score of one point was added to the total tally tor 

each area. 

Sect1on VI was an evaluat1on of tremor. Th1s 

assessment was based on the observation of the head and 

extremities while the client was resting. Scores ot zero. one 

and two were indicative of no observable tremor. smal I 

amplitude tremor, and large ampl1tude tremor, respectively. 

Section VII evaluated gross motor performance. Th1s 

section incorporated tests of funct1onal ab1l1ty that are 

commonly evaluated by Physiotherapists. Tests included 

rolling, moving to and from sitting and lying, long sitting, 

transferring to and from the bed, the chair and the floor. 

Section VIII assessed proprioception. by determin1ng 

the integrity of specific joint proprioceptors. 
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Sect1on IX evaluated posture. Th1s was measured ov 

observing resting positlons ot the neck and trunk whl le e1ther 

sitting or stand1ng. Scores ranged from zero to t1ve. wh1cn 

reflected increas1ng 1mpa1rments of cerv1ca1 and truncal 

al1gnment from the "norm". Add1t1onal scores ot one and two 

were allotted if e1ther s1de flex1on or rotat1on or both ot 

the neck and/or trunk were also observed. 

Section X assessed postural stabl 11tv {Appendlx 1). 

This section observed postural reflexes and funct1onal 

responses to stresses in ba 1ance. The areas that were 

observed included: opt1cal and labyrinthlne right1ng, stat1c 

and dynam1c, dynamic r1ght1ng 1n stand1nq. protect1ve react1on 

of the arm and leg, the fundamental pos1t1on of knee11nq and 

it's derived posit1on. halt kneel stand1nq and one teqqea 

stance. The ab1litv of the 1ndiv1dual to atta1n, ma1nta1n and 

return to each of the start1ng pos1t1ons was scored 

accordingly. 

Sect1on XI measured qa1t. Quant1tat1ve aspects. sucn 

as distance and stride length, as well as qua11tat1ve changes 

in gait observed at the head, trunk, pelv1s, hlp, knee and 

ankle, were measured during th1s component of the assessment. 

Gait abnormalities that are spec1f1c to PD. such as 

festination, freezing and impaired arm sw1ng, were also 

evaluated during this section of the 1nstrument. 

Two pi lot studies were conducted to determine both the 
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1nter-rater and intra-rater re 11 abi 1 i tv of the SPAF. The 

methodology has been outl1ned in a prev1ous art1cle, (Sears­

Duru, 1991 ). The results were very favourable, w1th both the 

intra-rater and inter-rater reliab1l1ty reported at r = .99, 

p<.05. Moreover, significant correlat1ons were observed 

between some of the cardlnal symptoms, namely 

akinesia/bradykinesla, tremor, r1g1dity, gait 1mpa1rments. and 

postural stabillty. There were m1nor problems assoc1ated w1~n 

the scoring of this tool and 1tems 1nvolved 1n eva 1uat1nq 

cognitive status have since been removed. 

Parkinson'.s disease 1s a mutt1taceted man1testat1on ot 

basal gangl1a disease, Wh1ch at t1mes appears to dery 

measurement and evaluation. It 1s 1mportant to recoqn1ze tnat 

throughout the l1terature, researchers, c11n1c1ans, autnors 

and examiners, use different methods to d1agnose PD, to 

evaluate the effects of med1cat1on on the course ot tn1s 

disease and to measure tunct1onal change ( 1 mprovement or 

deterioration) throughout the course of the disease. Each 

scale is different1ally sens1t1ve in reg1stering changes. The 

magnitude of numer1c change as a funct1on of cl1n1cal change 

d1ffers, and the emphasis on part1cular aspects ot d1sa01 I ltv 

differs. If studies ot PD use d1fterent scales, most or wh1cn 

have not been assessed for e1ther reliab1l1tv or val1d1ty, 

conclusions are Quest1onable and compar1sons as essent1al IY 

impossible (Diamond & Markham, 1983). 



Postural Stabllity 

Neurophyslological models of sensor1motor control ot 

posture and movement are evolving rapidly. but few have been 

applied to the problem of disequi l1br1um 1n the elderly. Any 

model that describes the effect of age on postural control 

must account both for the increased instab1l1ty commonly tound 

in the majority of elderly subJects, and the increased 

variability in postural control in the elderly as a group. 

One model suggests that the effect of age-related changes 1n 

neural function on postural stab1l1ty. Age related 

deterioration in the important sensory modalities, such as 

vision, vestibular function and somatosensory propriocept1on; 

have been well documented (Maki, 1987). Th1s widely accepted 

model suggests that postural 1nstabi lity 1s so common. 1t can 

be considered an inevitable "aging " effect result1ng trom 

widespread degeneration of the musculoskeletal, neuromuscu -lar, 

and sensory systems. The increase in heterogene1ty in 

postural stability in elderly subJects may be due to an 

increase in variability about the mean, age-related decrease 

in neural function, or perhaps due to differences 1n l1festyle 

and/or genetic traits (Horak, Shupert, & Mirka, 1989). 

An alternat1ve model suggests that the eftect of age, 

per se, on postural control 1s quite small. However, 

superimposed upon a small decrease 1n postural stab1 l1ty due 
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to age alone, is the increased probab1l1ty 1n the elderly of 

developing specific pathologies Whlch lead to accelerated 

degeneration in neural and/or musculoskeletal systems. In 

this model, the probability w1th wh1ch a g1ven pathology w1 I 1 

develop is unique to each 1ndiv1dual, and therefore the 

pattern of postural instabl lity w1ll be un1que to each 

individual. In this view, measurable declines in postural 

control in an indivldual actually reflect precl1n1cal ev1dence 

of specific pathologies, such as PD (Horak et al .. 1Y~9J. For 

example, Pyykko, Jantti, and Aalto (19881 pertormed a study to 

assess postural control 1n healthy elderly 1nd1v1duals aged 

80+. Postural perturbations were 1nduced bY st1mulat1nq caiT 

muscles of each , leg with v1brat1on. The test was conducted 1n 

four condit1ons: (1) on a r1g1d surface w1th v1sua1 control: 

(2) on a rig1d surface w1thout v1sual control; (3) on a toam 

rubber covered surface w1th v1sual control, and l4) on a toam 

rubber covered surface without visual control. There was a 

relative shortage of postural 1ntormation caused by a 

diminishment or deterioration of propr1oceptive and 

exteroceptive inputs. There was also an absence of tendon 

ref 1exes and defective v 1 brat ion sensation. The authors 

suggested that these resu Its were i nd i cat 1ve ot peri ohera 1 

polyn~uropathy. In spite of age, or patholoqy. perhaps the 

most obvious of the tasks performed by the central nervous 

system's postural control mechan1sms, is that ot attempt1ng to 
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ma1ntain the upright bipedal stance. This 1nvo1ves generat1ng 

a series of muscular contract1ons that produce moments ot 

force about the ,Joints of the museu I o-ske 1eta I system to 

counteract the effects ot gravity (Haves, 1~81 1. 

Nashner ( 1981) ind1cated that an understana1ng ot tne 

kinematic relations between mot1ons or tne body, museu lar . 

gravitational and . perturbational forces 1s important. Th1s 1s 

due to the fact that pertormance ot stance 1 s u 1 t 1 mate l y 

expressed as the combined orientat1ons and mot1ons ot many 

body parts. Certain mechanical pr1nc1ples of stab1 lity have 

been identified and it would seem that the part1cular 

postural control solution employed for a g1ven s1tuat1on must 

take these into account. The pr1nciples un~erly1ng stability, 

and ultimately determining whether the body is in stable or 

unstable static equilibrium, may be stated: 

1. The degree of physical stab1l1ty during quiet 

standing or "static equilibrium" is proport1onal to the area 

of the base of support (Nashner, 1981 ). 

2. Stabillty 1s dlrectly related to the he1gnt ot the 

centre of gravity above the base or support (Haves. 1~81 1. 

3. Stability in a given direction is dlrectly related 

to the distance of the line ot grav1ty from the edge of the 

base of support. In addition, it should be remembered that a 

condition necessary for static equilibrium is that the l1ne of 

gravity must fall within the area of the base of support 



(Hayes, 1981). 

Stabi -lltY 1s max1m1zed 1n any d1rect1on when the 

centre of gravity (COG) is furthest from the edge ot the base 

of support. Essent1ally the bigger the base ot support and 

the closer one is to the line of the COP. the more stable one 

is (Koozenkani, Stockwell, McGhee, & F1roozmana, 19801. 

Koozenkani et al. ( 1980) devised an 1ndex of stab1 I1ty to 

illustrate this concept: 

s(t) = m1n s 
1
(t) (i=1,2) 

The stability margin (s(t)) is the shortest d1stance from the 

centre of pressure (COP) to either the front (S1) or back (~i J 

of the support 1ng foot. A person loses ba Iance when the 

stabi 11ty margin goes to zero. 1na1v1dua Is who have larqe 

stability margins w111 be better able to wlthstand a w1ae 

range of destab1l1z1ng perturbat1ons and theretore, may be 

less l1kely to fall (Koozenkani et al., 1980; Mak1, 1987). 

A small amount ot postural sway 1s man1test as the 

centra 1 and peri phera -1 nervous systems attempt to keep the 

body's centre of grav1ty (COG) w1th1n the area del1neated by 

the supporting base (Murray, Seirig, & Sepic, 1975, K1 lbreath, 

1986). The reflexes wh1ch 1ntervene to ma1nta1n thls 

position, may be cons1dered to operate through a system of 

feedback (Brooks, 1983; Kilbreath, 1986). The three sensory 

systems that provide feedback input are the proor1oceot1ve. 

vestibular and v1sua1 systems, respectlvely tljrooks. 19~::S: 
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Kilbreath, 1986; Oblak, M1helin, & Gregor1c, 1975J. 

The Role of Somatosensory, Vestibular and V1sua -1 Systems 1n 

Postural Stability 

Postural control, to a large extent. 1s a retlect1on 

of sensory feedback (Oblak et al., 1975). Changes in the 

orientation of a standing subJect are sensed by ( 1 J 

proprioceptive and cutaneous (support surface) 1nputs 

r~sponsive to the contact forces and mot1ons ot the teet upon 

the support surface; (2) v1sual inputs derived from linear and 

angular motions of the visual field; and (3) vestibular 1nputs 

deriv~d from sway-related linear and angular accelerations of 

the head (Nashner, 1981 ). 

Three sensory components impart 1nformation about the 

orientation and motions of the standing subJect. These are 

proprioception, exproprioception and exteroception (Nashner, 

1981). Proprioception is the sense of position and movement 

of one part of the body relative to another. Expropr1ocept1on 

imparts information about the position and movement of a part 

of the body relative to the external env1ronment. 

Exterocept ion 1ocates objects in the externa -, env 1 ronment 

relative to one another ( Nashner, 1981 ) . It was suggested 

that the somatosensory system utilized the proprioceptive and 

exproprioceptive points of reference, the vestibular system 

utilized the exproprioceptive point of reference, and the 
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visual system used an three po1nts ot reference INashner. 

1981 ) . 

Changes 1n the orientat1on ot a stand1ng su0.1ect are 

sensed by support surface inputs (propriocept1ve and cutaneous 

inputs responsive to the contact forces and mot 1ons ot the 

feet upon the support surface), visual 1nputs (der1ved trom 

linear and angular motions of the visual f1eldJ, as . well as 

vestibular inputs (derived from sway-related linear and 

angular acceleration of the head) (Nashner, Black, & Wall, 

1982) . However, the orientation informat1on prov1ded by 

support surface and visual inputs 1s potent1al ly d1sruptea bY 

the movements of the externa ·1 surfaces to wh 1ch these two 

senses are referenced. lheretore, support surtace ana v1sua1 

inputs can be used to ma1ntain vert1cal equ1 l1br1um onlY when 

their reference surfaces are t1xed or the1r mot1ons can be 

predicted in advance (Nashner et al., 1982) In contrast. the 

inertial-gravitat1onal reference prov1ded bY the vest10u lar 

system is unaffected by changes in external surface condit1ons 

(Nashner et al., 1982). 

SomatoS?~nS?o.r:y_§_'i.§_tem 

Somatosensory inputs are provided by a number of 

different types of mechanoreceptors. These sensors are sa1d 

to be "somatosensory " because they are located 1n the somatic 

tissues of the body (i.e. skin, muscles, ligaments, J01nts and 
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fascia). They are "mechanoreceptors·' 1n that they respond to 

mechan i ca 1 deformation of the receptor or adJacent ce I Is 

(Maki, 1987). 

Cutaneous touch receptors and subcutaneous pressure 

receptors located on the plantar aspects of the feet prov1de 

information about the contact torces between tne teet and the 

supporting surface. Deep pressure receptors locateo 1n tne 

tissues of the feet and leqs respond to pressure changes 

result1ng primarily from muscle contract1on. Re1at1veiy 

1 itt 1e is known about the ro ·1 e that the touch and pressure 

receptors play in postural control (Makl, 1987). 

Propr1ocept1on 1s prov10ed by sensory nerve end1nqs 

within the joints, throughout the muscles and on the sk1n 

(both superfic1al and deep). Several ditterent types ot 

sensory endings (both encapsu I a ted and unencapsu 1 a ted) are 

located in the JOint capsule and in the surround1ng l1gaments. 

These endings are actually tension receptors, but prov1de 

information about the angular displacement ot the JOlnt ana 

the rate of displacement (Maki, 1987). 

Further propr1ocept1ve 1ntormat1on 1s turn1snea bY 

sp1ndle receptors wh1ch are interspersea throughout the 

muscles. The muscle spindles respond to changes 1n muscle 

length and to rate of lengthening. Each sp1ndle 1s composeo 

of several small intrafusal muscle Tlbres wh1ch 11e 1n 

parallel with the extrafusal fibres of the muscle. The 
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central regions of the intrafusa-1 fibres are 1nnervatea ov 

sensory nerves which are exc1ted when the muscle 1s stretched. 

The stretch ( monosynapt1c) ref lex is a dl rect ettect ot 

stimulat1ng the muscle SPlndle. Etterent gamma motor neurons. 

which innervate the non-receptor eno reg1ons ot the 1ntratusa1 

fibres, act to control the threshold and sensit1v1ty ot the 

sp1ndle (Maki, 1987). Active muscle tension is sensed by the 

Golgi tendon organs. Each organ 1s located 1n ser1es w1th a 

small number of extrafusal muscle fibres. Although they do 

respond to passive muscle stretch, the tendon organs are tar 

more sensitive to active muscle contraction (Maki, 1987). 

A long latency retlex 1s. also med1ated oy 

somatosensors, but is thought to 1nvo1ve hlgher level neural 

process1ng (Brooks. 1983). Thls ret lex 1s tunct1ona1 IY much 

stronger than the monosynapt1c ret texes, and occur 1n the 

ankle flexors and extensors. Nashner et al. ~ 1~~2) suggest 

that these longer latency reflexes are the dom1nant 

stabiliz1ng influence. The rotat1on ot the ankles 1s the most 

probable stimulus of the so-called functional stretch retlex 

(long loop reflex, long latency reflex), that occurs 1n many 

persons and seems to be the first useful phase ot act1v1ty 1n 

the 1eg muse 1 es after a change 1 n erect posture ( Nashner, 

1981). Whether this is due to afferent inputs from 

mechanoreceptors in the ankle Joints and soles ot the feet, or 

from the spi nd 1 es of the 1eg muse 1 es, or from some other 
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origin is unclear (Era & ~eikkinen, 1985) . 

Severa 1 researchers have attempted to measure tne 

importance the proprioceptive system by 1nduc1ng 1schem1a 

(Diener, Di chgans, Gusch 1bauer, & Mau. 1934), bY measur1 ng 

sway of amputees (Holliday, Dornan, & Fernie, 1978), or by 

a 1 teri ng the support surface structure upon wh 1ch the sub.J ect 

stood (Era & Heikk1nen, 1985: Nashner et al., 1982: PYYKko et 

a 1 • , 1988) . The studies suggested that one ot tne ma.1 or 

sensory factors in def1c1enc1es of postural control may be due 

to the lack of adequate response to 1nformat1on trom JOlnt ana 

possibly muscle receptors. How th1s attects postural 

stability is currently being researched. 

In the park1nson1an populat1on, the long-latency 

reflex is impa1red (Tatton & Lee, 1975). It the long-latency 

reflex is the most dominant 1nfluence on posture. as Nashner 

et al (1982) suggested, 1t is not surpr1s1ng that det1c1ts 1n 

postural stability are predom1nant in 1nd1viaua1s w1th PO. 

Yest 1 ouJa_c _$_y_s~em 

The vestibular system is a purely expropr1ocept1ve 

sense that measures the or1entat1on and the mot1ons ot tne 

head w1th respect to the 1nert1al and the grav1tat1ona1 

fields. Because the vest10u1ar system 1s not sub.1ect to 

external perturbations, it 1s most useful 1n recogn1z1nq otner 

sensory errors, as when mot1on ot the support1ng surtace 
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perturbs the somatosensory inputs. The labyr1nthine organs ot 

the vestibular system are located 1n each 1nner ear. t:.acn 

organ comprises a system ot membranous sacs and tubes that 11e 

within the temporal bone. The sacs and tubes are t1 1led w1th 

fluid (endolymph), as 1s the space between the membranes ana 

the bone ( per11 ymph) t Mak;, 198 7). 

Each 1abyri nth has two sacs l the saccu Ius ana the 

utriculus). Each sac conta1ns a patch ot sensory ha1r eel Is 

(the macu 1 a) wh 1ch are embedded 1 n the oto l 1 th, a membrane 

containing numerous calcium carbonate crysta Is t the otocon 1 a l. 

Displacements of the otoconia. as a result ot grav1tat1ona1 or 

inertial forces, bend ana exc1te the underlying ha1r eel Is. 

Thus, the otol1ths funct1on as accelerometers, sens1t1ve to 

both gravi tat1ona 1 t·orce and 1 1 near acce lerat1on ( Mak 1 , 198 7 ) . 

Each labyr1nth has three sem1c1rcular canals. At one ena 

of each canal, there 1s a patch of sensory ha1r eel Is (the 

crista ampullaris) that proJects 1nto a membrane lthe cupula) 

that closes oft the end ot the canal. Angular accelerat1ons 

of the head produce movements of the endolymph ~lu1d w1th1n 

the canal, and the resulting det1ect1on ot the cupula 

stimulates the hair cells (Maki, 1987). 

The vestibular system also helps to keep 1mages stable 

on the retina by driv1ng eye movements, called nystagmus. by 

alternating rapid and slow eye movements lDlener, 01chgans, 

Guschlbauer & Bacher, 1986). 
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Martin (1967) suggested that 1nput trom tne support 

surface provides the bulk ot stab1l1tv wnen stance 1s 

supported by a f1xed, level surface. However he concluded 

that vestibular inputs are essent1al tor balance whenever 

support and/or visual surfaces are 1rregular or 1n motion. 

D1ener et a I. ( 19~6) pertormed an expenment to assess 

postural stabilization 1n altered vest1bular and v1sual 

conditions. Wh1 le standing on a supporting surtace. two 

movement cond1t1ons were adm1nistered: tast trans1ent ana 

sinusoidal disturbances. Stat1c vest1bular 1nput was modlTlea 

by moving the head with the eves closed. V1sua1 1nputs were 

also varied by apply1ng stroboscop1c 1llum1nat.1on. or bY 

mov1ng stripe patterns up or down, as wei I as by eve-closure. 

The authors concluded that there were at least two dltterent 

modes of postural stabllization. One mode subserved on tv tast 

corrections and acted through reflex-llke responses that were 

not immediately modified by and possibly not even access1ble 

to inputs from the visual or the vest1bular system. These 

were organized in advance according to pr1or exper1ence. 

Within this system there was a certa1n amount of flex1b1l1ty 

in both the time and amp 1 i tude domains. Postural 

stabilization was performed normally as long as at least. two 

of the three afferent systems contained congruent 1ntormat 1on. 

(Diener, Bootz, Dichgans, & Bruzek, 1983). 

Another mode, a continuous mode was hlghly dependent 
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on vestibular, visual and propr1oceptive feedback. It 

subserved the compensation of low frequency d1sturbances on 

the one side and of continuous d1splacement on the other s1de. 

This mode was more suscePtlble to adapt1ve changes than Lne 

previous one lDiener et al., 1986). 

Nashner et al. l 19e1 i observed that pat1ents w1th 

vestibular 1mpairments were unable to suppress the 1nt1uence 

of visual and propriocept1ve 1nputs appropr1atelv whenever 

motions of the external surface dlsturbed the or1entat1on 

information provided by these inputs. 

Nashner et a 1 . ( 1982) performed a study to compare the 

equilibrium control strateg1es ot normal subJects and subJects 

with vestibular deflcits. All subjects were evaluated over a 

variety of altered support surfaces and visual env1ronments. 

The authors observed that pat1ents with m1ld vest1ou1ar 

impairments performed well in the absence of usetul support 

surface and visual inputs, yet these same oat1ents responded 

inappropriately and lost balance when exposed to contllCtlng 

support surface and visua ·l st1mu I 1. Normal sub,1ects oertormed 

equa 11 y we 11 when depr1 ved ot· support surtace and v 1 sua 1 

st 1mu ·1 i or exposed to cont 11 ct 1ng st 1mu I i, suqqest 1nq that 

conflicting orientat1on inputs (propr1ocept1ve and v1sual 

systems) are suppressed in favour of those congruent with the 

internal reference (vestibular system). D1ener et al ( 1986) 

suggested that the sem1circular channels sense best the rate 
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of postural sway above 0.1 Hz, and the oto11tns sense sway 

below this frequency. Kilbreath ( 1986) observed park1nson1an 

subjects to manifest increased sway below 0.5 H~. If th1s 1s 

the case, one should question the abil1ty of the PD 1nd1v1dua1 

to process vestibular input appropriately. 

Hawken et a i • ( 1990) stud 1ed tne ettect ot 

manipulating the visual and proprioceptive 1nputs to tne 

postural control system, 1n 1ndiv1duals with PD. Nine 

patients had a Hoehn and Yahr rating of 2 (HY2) and 11 a 

rat1ng of 3 (HY3). The authors observed that toss ot v1sua1 

and propr1oceptive inputs resulted 1n a loss ot oa1ance Tor 

85% of the HY3 patients, but tor only 15% ot tne controls. ln 

this instance subJects rel1ed ma1nly on vest1bular 

information, so the marked 1 y worse pertormance ot the HY~ 

group could therefore reflect e1ther peripheral vest10u1ar 

deficits or ditf1cutt1es in the central 1nteqrat1on ot 

vestibular information. 

y_1~v~1 SYstem 

Vision 1s the most complex of the three modalities 

because it includes propr1oceptive, expropr1ocept1ve and 

exteroceptive information ( Nashner, 1981 ) . A 1 though 1 t 1 s 

possible to maintain an upr1ght pos1tion w1th eyes closed, 

under natural and experimental laboratory condit1ons, lacK ot 

vision may have a large destab1 11zing effect on posture. lh1s 
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is observed particularly when visually perce1vea mot1on does 

not adequately correspond to the actual boay sh1tt sensed bY 

the vestibular or proprioceptive systems. In fact the v1sual 

contribution to postural regulation becomes dom1nant 1n 

patients with defects of the vestibular or somatosensory 

systems particularly when performing more demanding balanc1ng 

tasks. Gantchev (1980) indicated that generalized information 

from vi sua1 feedback about body osc i 11 at ion, as we 11 as 

information from the different parameters of the osci l"lations, 

also played a stabilizing role in attaining and maintain1ng a 

vertical posture of the body. 

One of the most common measures ot postural control, 

both c 1 i ni ca11 y and behavi ouri a 11 y is the Romberg test ot 

quiet standing (Njiokiktjien & Van Parys, 197o: l:)tarkes et 

al., 1992). This subject1ve measure was and 1s usea 

clinically in neurolog1ca1 assessments with compar1sons 

between eyes open and eves closed condit1ons (Starkes et ai., 

1992). The Romberg Quotient (RQ) (ratio ot mean extent ot 

sway, eyes closed, to the mean extent of sway, eyes open) 1s 

the quantitative estimate of performance on Romberq's test. 

The formula for RQ is: 

RQ = mean sway w1th eyes closed X 100% 
mean sway with eyes open 

RQ values for adults are generally greater than 100% 

·indicating that vision improves postural stability (Riach & 
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Hayes, 1987; Starkes & R1acn, 1990). fhere 1s however. some 

concern regard1ng the accuracy ot th1s measure as a true· 

reflection of postural sway, as pr1or knowledge ot tne 

elimination of v1s1on might tr1gger other postural strateg1es 

(Hamann, Vidal, Sterkers, & Berthoz, 1979). 

Pyykko et a 1 . l 19tsU l suggested that e 1 der Iy 

individuals (80+), controlled their posture almost ent1rely by 

vi sua 1 i nf 1ux. When compared to the eyes open cond 1 t 1 on, 

closure of the eyes increased the sway velocity by a tactor ot 

two. In this sense, vis1on was a more stab1lizing factor for 

normal elderly individuals. 

Wh1te. Post, and Le1bow1tz ( 198U) observed tna~ 

postural sway became enlarged with the 1ncrease 1n ~ne 

frequency of saccades from 3.5 Hz to 4.5 Hz. ~oay sway also 

depended on whether movement ot the ret1na1 1maqe was 

voluntarily or external IY produced. Dur1ng external IV 

produced cond1t1ons, there was an increase 1n postural sway. 

In contrast. there was a decrease 1 n postura I sway aur1 ng 

voluntarily produced movements. 

Body sway 1 n norma 1 human sub.]ects 1 n upr1 ght standl ng 

has been shown to decrease w i th periodic saccades l I wase, 

Uchida, Hashimoto, suzuk1, Takegam1, & Yamamoto, 1979). Th1s 

decrease was also observed during voluntary rapld eye 

movements in complete darkness and dur1ng eye closure. Th1s 

indicated that visual information was not primar1 lv concerned 
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with decreasing postural sway (Uch1da et al., 1979). 

Based on the above 1ntormat1on, "normal ·· 1nd1v1duals 

can decrease their postura ·1 sway by means of the1 r 1ntact 

visual system. In contrast, studies have revealed the 

existence of visual 1mpa1rments in 1nd1viduals w1th PD. 

Bod 1 s-Wo ll ner and Onof rJ t 198o) have suggested that v 1 sua I 

a ·1terat ions in PO cou ·1d be . caused e1 ther oy the abnorma 1 

functioning of the basal qangl1a 1n sensory motor 1nteqrat1on 

or by the malfunction of dopaminerg1c systems at d1tterent 

levels of the visual pathways. 

Starkes et al. ( 1992) observed that park1nson1an 

subjects routinely ?howed degraded performance when they 

attempted to stand or move with the1r eyes closed. 

Accommodation convergence is impaired from the early stages of 

PO in the majority of indivlduals (Selby, 1990). This causes 

defects 1n near vision, which may be aggravated by treatment 

with anticholinergic drugs. 

The ability to execute smooth slow pursu1t movements 

is also impaired in individuals with PO (Shibasak1, Tsuj1, & 

Kuroiva, 1979). Tervainen and Calne ( 1980) observed that tast 

voluntary saccades are executed in a series of steps ot small 

amplitude (multiple step saccades) which br1ng the eyes to the 

desired position more slowly than normal individuals. If, as 

Uchida et al. ( 1979) suggest, that 1t is the execut1on ot 

saccades itself that is the origin of sway stabilization, then 
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in parkinsonian indivlduals. 

Postural Sway 

"Sway" 1s the constant smaf 1 correct1ve dev1at1on tram 

the vertical when standing upright {Sheldon 1963) and 1t is 

often clinically assessed by "Romberg's test" (Odenrlck & 

Sandstedt, 1984). In the past analyses of changes in centre 

of gravity (COG) were studied to gauge postural stabillty 

(Murray, Seireg & Scholz, 1967; Murray et al., 1975). More 

recently,, studies have monitored the moment to moment 

fluctuations in COP to provide an estimate of postural 

stabi 1ity (Goldie et al., 1989; Hattor1 et al., 1n press: 

K i 1 breath, 1986; Ri ach & Starkes, 1989; Starkes et a l . . Ht9l J. 

Grav1ty 1s the most cons1stent torce encountered ov 

the human body and behaves 1n a predlctable and descr1oabte 

manner. It is a vector quant1ty and can theretore be tul IY 

described by po1nt of application, act1on 11ne/d1rect1on and 

magnitude. While grav1ty acts at at I po1nts on an ObJect or 

segment of an object, its po1nt of appl1cat1on 1s g1ven as tne 

centre of gravity (COG) of that obJect or segment. rne COG 1s 

a hypothet 1ca1 point at wh 1ch all mass wou I d appear to be 

concentrated and 1s the point at wh1ch the torce ot grav1ty 

would appear to act {Murray et al., 1967; Murray et al., 

1975). 
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The COP, on the other hand, 1 s the centre ot the 

distribution of the total torce appl1ed to the support1ng 

surface. The total vertical force app11ed to the platform 

f 1 uctuates s 1 i ght 1 y above and be 1ow body we1 ght because it 

1ncludes both body we1ght and the 1nertial effects ot the 

s 1 i ghtest movement of the body wh 1ch occur even when one 

attempts to stand motionless. There 1s a rec1proca1 

re 1at i onsh i p between COP and COG. The movement ot tne ~.;u!J 

therefore, ¥aries accord1ng to the movement ot the ~UG and 

distribution of muscle forces requ1red to control or produce 

the movement. (Murray et al., 1975) 

To be tunct1onal. anv postural control mechan1sm 

must dampen body sway to ensure proper onentat1on ot the 

centr€ of gravity w1th1n 1ts base ot support. Several 

investigators have shown that sensory 1nput can serve to 

reinforce the postural response or modify 1t lDlener et al .. 

1986; Iwase et al., 1979; Lucy & Hayes, 1985; Nashner et al., 

1982; Njiokiktjien & De RiJke, 1972; Uch1da et al., 1979). 

The notion of enhancing sensory flow to the central nervous 

system forms the basis ot many therapeut1c techn1ques. How 

sensory information controls balance behav1our 1s not 

completely clear. 

Quantitative measurement of stand1ng balance has 

never been a routine clinical procedure. The clin1ca1 problem 

has been to develop a conven1ent method of measur1ng sway 
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which is valid, reliable, and readily accessible. 

One approach to the assessment ot postural sway 1s 

to measure the spontaneous postural tluctuat1ons ot subJects 

as they stand quietly on a r1q1d surtace. rhe common 1 y 

measured variable using th1s format, 1s tne d1sp1acement ot 

the COP on the teet (Mak1. 1987). Spontaneous a-p and lat 

fluctuations of COP measured during these tests can be 

quantified by means of amp 1 i tude-based and t requency-based 

measures (Maki, Holliday, & Fernie, 1990). The amp I i tude­

based measures include: (a) root-mean-square COP d1splacement 

relative to the mean COP ·1ocat1on (RMS); (b) peak-to-peak 

range of COP displacement (range); and (c) average speed of 

COP displacement (velocity) (Maki et al., 1990). 

Frequency-based measures cons1st pr1mar1 IY ot the 

power spectra1 ana·tys1s, with select1ve Fast four1er 

Transformat1ons. These procedures are 1ncorporated to 

determine the frequency at which the sway enerqy 1s 

concentrated, as well as the deqree to wn1ch the sway energy 

"spreads out.. to inc 1ude other t requenc 1es t Mak 1 et a 1 .. 

1990). Although the measurement ot postural control w1th 

force p 1 atform systems appears to nave gained w1 de acceptance, 

issues such as va 1 i di ty, retest re 11 ab1 ·11 ty and sens1 t 1 v1 ty ot 

di ft·erent measures have not been addressed (Go 1 die et a ·1 .• 

1989). 

There are severa 1 advantages to us 1 ng the force 
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platform. First it 1s a QUlCk, easy and relatlvely pa1n1ess 

test to perform. Secondly, it 1s an object1ve measure and 

hence reproducible. Finally, it 1s very sens1t1ve to small 

changes in postural sway, and hence postural stabllltY 

(Kilbreath, 1986). 

Two of the 11m1tat1ons ot force platform analys1s 

are the lack of standardlzed equ1pment, and variable 

methodology that exists between researchers. Stanoard1zat1on 

of variables such as foot, arm pos1t1ons. head pos1t1on. ana 

sampling t1me, limit d1 rect compar1sons w1tn other researchers 

(Goldie et a·l., 1989: Hattori et a1., 1n press; K11breatn. 

1986; Okubo, Watanabe, Takeya, & Baron, 19/9: LeCialr & H1acn. 

1990). This 1s slow·ly be1ng rectit1ed, ana attempts to 

collect normat1ve data have been 1n1t1ateo tFern1e & Ho II 1aav. 

1978; Hattori et al., in press: Hayes et al., 1985; Lucy & 

Hayes, 1985; Starkes et a I., 1992). Nevertheless 

methodological differences st1ll limit gross compar1sons 

between groups. 

Goldie et al. (1989) conducted a study to evaluate the 

reliability and validity of force platform measures. They 

measured three orthogonal force signals (Fx, Fy, Fz) and two 

horizontal centre of pressure signals. The correlation 

between these five indices der1ved from the force platform, 

showed that the relationship was generally weak. Force 

measures were more sens 1 t 1 ve than COP measures 1 n 
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discriminating changes in postural stability, which resulted 

from alteration in base of support. LeCla1r and R1ach ( 1990) 

performed a study comparing six postural stabi -11ty outcome 

measures. These parameters were: COP 1n both the a-p tCpy) 

and lat (Cpx) directions, sway velocity, and var1abil1ty of 

g~ound reaction forces 1n the a-p lFy), lat (FxJ and vert1cal 

(Fz) planes. All parameters were measured under two v1sua1 

conditions, for two stance pos1tions, and for f1ve d1ffer1ng 

test durations (LeClair & Riach, 1990). The authors indicated 

that each parameter demonstrated differences for each stance 

position and test duration, but neither to the same extent, 

nor in the same d i recti on. Based on these resu l ts, the 

authors suggested that the conclusion of Goldie et al. (1989) 

as to the superiority of the force parameters could not be 

supported. 

Postural Swav and Park1nson's U1sease 

Purdon Martin {1967) 1dentit1ed a number ot dlsorders 

of posture and locomot1on 1n postencepnalltlc parK1nson1sm. 

which were also typica-l of ldiopathlc PO. These 1nc1uaed 

disorders of postural f1xat1on, dlsorders ot equ111br1um, 

disorders of righting mechan1sms, and d1soraers ot galt. 

Martin (1967), concluded that postural retlexes whlch 

sustained the parts of the body 1n relation to each other and 

coordinated them in such a way as to mainta1n equ1libr1um, 
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were dependent upon the basal ganq11a. Moreover, assoc1a~ed 

with every voluntary movement wh1ch s1gn1t1cantlv changed the 

shape of the body was a postura 1 adjustment wh 1ch had the 

effect of protecting and mainta1ning equi11br1um. 

The 1ndiv1dual w1th advanced PO tends to stand 1n a 

stooped posture. The neck and trunk are flexed, the arms are 

bent at the elbow and the legs at the knees. The nands tend 

to flex at the wrist and metacarpophalangeal .101nts w1th tne 

fingers extended, wh i 1 e the feet are s 1 i ght ., y 1nverted and 

plantar flexed. This pos1tion clearly places tnese 

individuals in a posturally d1sadvantaged pos1t1on. 

The force p 1 attorm nas been ut 1 11 zed to est 1 maL.e 

postural stab1l1tv for many med1ca1 cond1t1ons 1~ern1e & 

Holliday, 1978: Fern1e et al .• 1982:: Hattor1 et al .. 1n 

press: Lucy & Hayes, 1982; Starkes et al., 19~~= watanaoe et 

al., 1980). It has 1dent1t1ed d1tterences w1th1n 

parkinsonians, as well as between persons with PO and 

"normals", and other neurological pathotog1es tCernacek et 

al., 1973; Folkerts & NJ1okitJ1en, 1971; Gregor1c & Lavr1c, 

1977; Hawken et al., 1990; Ki lbreath, 1986; NJ10k1ktJ1en & De 

Rijke, 1972; Starkes et al., 1992; Tokita et al., 1976: 

Watanabe et a 1., 1980). A 1 though these d1 fterences have been 

observed, high inter and intra subject variab1l1ty was ev1dent 

(Gregoric & Lavr1c, 1977; Hawken et al .• 1990; ToK1ta et al .. 

1976; Starkes et al., 1992; Watanabe et al., 1~80). 
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Folkerts and NJiOklktjien (1972) pertormea a stuay to 

determine the effect1veness ot L-dopa on postura I centro I . 

Stabilographic measures of the frequency. average ampl1tuae 

and position of the l1ne of gravltY 1n both 01rect1ons (a-p 

and 1at). were cal cu 1ated. It was observed that L-aopa 

increased postural sway 1n those Wlth ··normal stabl 11tv·. and 

stabi 1 i zed those people who were ·· abnorma 11 y unstab 1 e ·· betore 

treatment. The authors also observed that the <.:OP 1 n i-ILJ 

patients was located more lateral (to tne lett) ana poster1or 

than "normals". 

Njiokiktjien and De Rijke ( 1972) compared healthy 

young (<40 years) and health older individuals (<85 years), to 

a number of neurological subJects, 1ncluding PD. Two v1sual 

conditions were examined: eyes open (EO) and eyes c ·1 osed 

(EC). The authors observed that 1n the EO cond1t1on, healthy 

young subjects swayed .81 em, healthy older subjects swayed 

1 . 5 em and parkinsonian subjects swayed 1 . 92 em. In the EC 

condition, the median values increased to 1.25 em tor the 

healthy young subjects, 1.87 em tor the healthy older 

subjects, and 2.55 em for the parkinsonian subJects. 

Cernacek et al. ( 1973) pertormea stabl toqrapn1c 

recordings of the body axis oscillat1ons. 1n ten park1nson1an 

pat1ents receiving L-dopa treatment. F1ve suO.)ects were 

hypokinetic, wh1le the remaining five sub~ects exh1b1tea 

marked tremor. Three types of super1mposed osc1llat1ons were 
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observed. Their ma1n frequencies were 0.03 Hz. 0.12 Hz and 

0. 5 Hz, respect1ve I y. fhe authors observed that. the 

administration of L-dopa increased the amplltUde ot postural 

oscillations in hypoklnetic park1nson1ans, and decreased the 

amplitude of postural osc1llat1ons in subJects w1th tremor. 

Tok ita et a 1 ( 1976 > exam1 ned postura I sway ot both 

normal subjects and clinical cases with equ1 I1brium 

disturbances. The sway 1n cases w1th PO was character1zed by 

a centripetal sway overlapped w1th notched waves hav1ng two 

periodic components of about 0.25 Hz and O.b Hz. Th1s 1s 

similar to the range observed by Cernacek et al. (1973). 

Gregor1cano Lavr1c (19//) stud1ed 17 heal-chy sub.1ects 

and 34 park1nsonian subJects to determ1ne the postural 

react1on to the vibratory st1mutat1on ot tne tendon's 

mechanoreceptors. By means of the computer, t.he averaqe 

displacement of the proJect1ons ot the COG 1n al 1 d1rect1ons. 

was recorded. The authors discovered that 1n PD pat1ents, the 

position of the centre of gravity during the Romberg test was 

on average situated more backwards and more lateral (than a-pJ 

from the centre ot· the area of support. than 1 n hea 1thy 

subjects. The amp 1 i tude of sway in both d 1 rect 1ons was on 

average higher in park1nson1an pat1ents than 1n healthy age­

matched controls. The average area of d1splacement was also 

larger in the parkinsonian subJects than the controls, but 

there was extensive individual variat1on amonq the 
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parkinson1an subJects. watanabe et al. (1980) compared sway 

velocity of seven 1ndiv1dua1s with PO to 16 age-matched 

controls. Unlike other investigators, the authors observed 

area of sway to be sma 11 er 1 n the PO subJects than tne 

controls. The authors attr1buted th1s dlfterence to the 

influence of rig1d1ty on postural sway. 

Kilbreath (1986) conducted a study to oeterm1ne tne 

extent and nature of postural 1nstab1 lltY ev1dent 1n pat1ents 

Wlth PO, as wel·l as to determ1ne the re 1at1onsh1p between 

specifled character1st1cs of 1nstab1l1ty ana c11n1cai teatures 

of the disease. Thirty seven park1nson1an subJects and age­

matched controls were recru1te9 1nto the study. The author 

observed that postural sway was clearly exaggerated 1n 

subjects with PD. Exaggerated sway was apparent in botn eyes 

open and eyes closed cond1tion. The extent ot sway and mean 

lateral position of the COP 1ncreased w1th the stages of 

functional disability. The effect of eye closure was greater 

on a:-P rather than lat sway. The sever1ty of hypok1nes1a, 

rigidity, and tremor were not correlated with the extent ot 

sway. 

Recall the study conducted by Hawken et al. (199UJ. 

The authors examined the effect ot man1pulat1nq v1sua1 and 

proprioceptive inputs to the postural control system. rwenty 

male subjects with id1opath1c PO and 20 aqe-matched normal 

control subjects were recru1ted 1nto the study. N1ne subJects 
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(HY3). Three visual cond1t1ons were tested: eyes open, eyes 

closed and sway feedback. The three v1sual cond1t1ons were 

tested once in a quiet standing cond1t1on, and once w1th the 

ankle stabilized and a hydrau11c servo rotating the plattorm 

to follow the subJect's sway. For each cond1t1on, the 

amplitude of sway was calculated. Comparison or the group 

means showed that the mean sway for the HY3 group was h1gher 

than that for the HY2 group and contro Is, P<. 05. Loss or 

visual and propriocept1ve 1nputs resulted 1n a 1oss ot oa1ance 

for 85% of the HY3 group, but only 15% ot the controls. Many 

HY3 subJects showed t1ttle ettect ot eve closure 1n tne qu1et 

standing condition, but no cone Ius 1ons about tne ettect or 

vi s ion cou 1d be drawn because tne responses showed 

considerable variation. 

Starkes et a I . ( 1 ~~2) conducted a case study to 

examine how sway velocity changed over t1me. Sway veloc1ty 

was recorded for the subJect dur1ng e1qht sess1ons from ~=~u 

a.m. to 4:30p.m., for two v1suat cond1tions: eye open lEO) 

and eyes closed (EC). The sUbJect was asked to lean 1n tour 

direct1ons. The authors observed that the subJect rout1ne1v 

showed degraded performance when he attempted to stand or move 

with h1s eyes closed. In tact 1t was also observea on 

isolated occas1ons, that the subJect would lean to one 

d1rection and not be able to recover. The authors concluded 
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that time of day, t1me of last dose ot med1cat1on, arug 

interaction with meals, exercise, stress and cont 1dence 1 n 

abilities, all influenced postural performance. There was 

also extremely high var1ab1lity w1th1n th1s subJect's 

performance. 

PURPOSE 

This study was undertaken to address the to 1 1ow1nq 

1SSUes: 

1 • Whether there are 1nd1v1dua1 ana;or group 

correlations between the force plattorm and the c11n1ca1 

assessment of postural stab1 l1ty 1n PD pat1ents. 

2. To plot the indiv1dual d1urnal changes 1n postural 

sway characterist1cs, over an e1ght-hour t1me per1od ot PD 

patients. 

3. To plot day to day changes in 1nd1v1dual postural 

sway characteristics of PO patients. 

4. Whether there is a d1fference in the postural sway 

characteristics of individual parkinsonians, with and w1thout 

vision. 

5. Whether there is a difference 1n the postural sway 

characteristics of the same individuals when using: 

( i) S1nemet 

( 1 i) Deprenyl. 
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HYPOTHESES 

The following hypotheses were postulated: 

1. S1gnit'icant corre 1at1ons w11·1 ex 1st between tne 

clinical assessment ot postural stabl 11ty (~PA~l and the torce 

platform. 

2. Postural sway characteristics of 1nd1v1dual 

parkinsonians wi 11 be significantly different w1th and w1thout 

vision. 

3. S i gn if i cant differences 1n postural sway 

characteristics wi 11 be observed between the S 1 nemet and 

Deprenyl medication regimen. 

4. No significant d1fference 1n postural sway 

characteristics will be observed between the test days. 

METHODOLOGY 

Three male subJects, each 01agnosed with 1d1opath1c 

PO, were recru1ted 1nto th1s study. Table prov1des a 

summary of the demograph1cs of the subJect populat1on. 

---------------·-­
Insert Table 1 about here 

Subjects were se ·1 ected using several 1nc 1us 1on and 

exclusion criter1a: 
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Inc lY~tQn_c r:J_t_~ c~ 

1. A diagnosis of Parkinson's disease, as determ1ned by 

a Neurologist. 

2. Currently taking: 

(a) S1nemet and Deprenyl; or 

(b) Sinemet and Deprenyl 1n com01nat1on w1th other 

anti-parkinsonian 	medication. 

Exc 1 us ion Cri terj~ 

1. Subjects with evidence of memory loss. contus1on or 

dementia, vestibular impairment; 

2. Patients w1th other Neurological d1sorders: 

3. Patients with severe gastrointestinal dlsorders; 

4. Non-ambulatory patients who were unable to stand. and 

maintain standing independent-ly for at least th1rty seconds. 

Force Platform Ass_E;L~_§ffi~_n_t 

Each subject stood on a stable force platform (AMTI 

OR6-5-1 ) . The force p 1 atform measured three ·1 i near forces: Fx 

(lateral), Fy (anterior-posterior), and Fz (vert1ca1J. The 

forces were measured along with three moment components about 

the x,y, and z axes, (Mx, My, and Mz). The forces and moments 

were measured by foil strain gauges attached to propr1etary 

load cells at the four corners of the plattorm. fhe force and 

moment of force signals were conditioned and ampt1f1ed pr1or 

to A/0 conversion at a sampling rate ot 10HZ. The dig1tal 
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signal was processed by a North Star Horizon Computer using 

the Computer Automated Stab1lity Analys1s program. The 

subjects' magnitude of sway in the anter1or-poster1or (a-pJ 

p 1ane, as we 11 as the 1atera 1 pI ane ( l at), were assessed. 

Dependent measures inc 1uded the standard aev 1at1ons of tne 

coordinates of the centre of pressure about the mean _pos1t1on­

-root mean square (RMS)--in the a-p and lat d1rect1ons, the 

mean velocity of sway, and the area of sway. 

These dependent measures were evaluated 1n a ··Qu1et 

Standing" condition, once w1th the eyes closed, followed by a 

trial w1th eyes open. Each subJect stood tac1ng forward with 

their hands down by their sides, and feet as close together as 

possible. Th1s position was mainta1ned tor thlrty seconds 

during each trial. Two people stood on e1ther s1de of the 

subject during each trial in order to protect the 1ndiv1dual 

from losing his balance dur1ng the tr1als. It a pat1ent tel I 

off the platform, that particular trial was d1scont1nuea. ana 

a new trial under the same cond1t1on was repeated. 1t a 

subject was unable to perform the quant1tat1ve assessment, the 

scores were obtained by perform1ng a Yates correct1on based on 

the remaining data. This particular procedure prov1aea a 

"legal" underestimat1on of pert·ormance tor the m1ssing tasKs. 

These evaluative procedures were carried out ten times over 

the course of an eight hour day. This protocol was executed 

for a 11 subjects on each of four days. Each subJect was 
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tested two days wh1le they were taK1ng S1nemet, and two aavs 

while on the Deprenyl reg1men. It should also be noted that 

testing times and med1cat1on t1mes were recorded tor each 

day's testing sess1on. 

Q1lDi9_g,_l_.A§~~~§m~nt 

At two periods ot each test dav. each pat1ent was 

evaluated utilizing the postural stabil1ty component ot the 

Sears Parkinson's Assessment Form ( SPAF), out 11 ned 1 n Append 1 x 

I. The follow1ng tasks were evaluated: opt1cal r1qht1nq, 

labyrinthine r1ght1ng, dynam1c s1tt1ng, dynam1c s1tt1nq w1tn 

d i sp 1acement (protect1ve arm) , Knee ·1 stana 1 ng, ha 1T Knee 1 

standing, unsupported stance, dynam1c stand1ng, avnam1c 

standing with displacement (protect1ve leg), ana one leqqea 

stance. Each of these tasks were perTormed 1n eves open and 

eyes closed cond1t1ons. SUbJects atta1ned a score oT '0', 1t 

they were able to perform the task, '1 ', if they were able to 

perform the task w1th minimal ass1stance, or '2', 1f they were 

unable to comp 1ete the task, tor a tota 1 ta I I y out ot· 56. 

Each subject was tested a total of four t1mes dur1ng each of 

the two medicat1on regimens. 
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Qat_?l__~na 1ys is 

Pearson product moment correlat1ona1 matr1ces tor ooth 

1ndividua1 and group datawere calculated, 1n order to exam1ne 

the relationsh1p between the var1ous dependent var1ables. The 

scores obtained on the SPAF were also 1nc1uoeo 1n ~ne 

correlational analys1s. The correlat1ons between the Torce 

platform dependent measures and SPAF were used to assess the 

re 1at i onsh i p between a quant 1tat1ve and qua 11 tat 1ve assessment 

technique. 

For eacn dependent measure. 1nd 1 v 1 dua I data pI ots were 

obtained for all subJects, for each cond1t1on oT days. 

medicat1on and vision. Each plot y1elded 1ntormat1on on the 

performance of ten ind1v1dua·1 sess1ons, obta1ned over an 

eight-hour per1od us1ng a time ser1es des1gn. With each 

sub,Ject as h1s own contro·l, data were p-lotted for the ten 

sessions that were conducted on each test day. Data were 

plotted for all dependent var1ables, for each v1sua1 

condition, and testing sess1on. N1nety-t1ve per cent 

confidence bandwidths were then appl1ed to each oT tne aoove 

graphs to i 11 ustrate behav 1our, under a I tered v 1 sua 1 

conditions. For each graph, the t1me and type ot each 

med1cation was 1nd1cated to 1 llustrate performance tnrouqhou~ 

the medication cycle. Ind1v1dual graphlc representat1ons, 

provided a means of 1dent1fy1ng spec1t1c test1ng parameters. 

They also illustrated the extent of lndividual var1abil1ty of 
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performance that may be observed over a relat1vety long per1od 

throughout one or even a number of days. Ind1v1dual plots are 

included in Appendix II. 

The ana I ys 1 s determ1 ned that the da-r.a were ou 1 te 

heterogeneous. Theoretical tv non-parametric stat1st1cs should 

have been employed. However parametr1c stat1st1cs were 

applied to the present data, as non-parametric tests nave not 

yet been developed to handle the complex 1nteract1ons oetween 

variables. 

For each 1nd1v1dual case analys1s, a tnree way 

analysis of variance with repeated measures (V1s1on X 

Medication X Day) was applled to determ1ne -r.he 1nTiuence oT 

the independent var1ables (v1sual cond1t1on. med1cat1on and 

day), on the dependent var1ables. ~1gn1t1cant eTtects were 

further analyzed using Tukey A post-hoc tests. 

The quant1tat1ve parameters ut1 I 1zed 1n thls study 

were: RMS in the a-p and lat d1rect1ons, area ot sway and 

mean velocity of sway. These measures were chosen to answer 

different questions about postura ·1 stab1 11ty. F Iuctuat ions in 

COP in the parkinson1an group are hlghly var1able (Gregorlc & 

Lavric, 1975; Hawken et al., 1990; K1lbreath, 1985; Starkes 

et al., 1991; Tok1ta et al., 1976; watanaoe et al., 1980). 

Hence, root mean square measures of the coord 1nates ot COP 

were incorporated, as they are least affected by var1ance. 

The area of sway was measured by summat1ng the tr1anqutated 
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areas samp ·1 ed throughout the test 1 ng sess 1ons. The mean 

veloc1ty of sway has been found to be a more rel1able measure 

of postural sway than the range (ampl1tude) of movement 1n 

either the a-p or lateral d1rect1ons (Fern1e et al., 1978). 

Consequently, this dependent measure was also 1ncorporated 

into the present study. 

RESULTS 


l_§JSUe__ #J_;___Cg_rre ·1 a:tJ ona 1 AnaJ Y$ is of the c I 1 n 1 ca 1 Assessment 


and the Force Platform Assessment 


Recall that the qua11tative evaluat1on was pertormed 

twice in each day. A correlat1on analys1s was used to compare 

qualitative (SPAF) data w1th quant1tat1ve (force plattormJ 

data. Scores were obta1ned from the force platform tor two 

consecutive assessment sessions. The two sess1ons selected· 

occurred at t1mes adjacent to the qualitat1ve test1ng. As the 

first qualitative analysis was conducted at 1.25 p.m., the 

quantitative measures for the 1.20 p.m. and 1.40 p.m. sess1ons 

were 1ncluded in the correlat1onal analys1s. S1m1 lartv. tor 

the 3.05 p.m. qualitat1ve analvs1s, the postural sway prot1 1es 

for the 3.00 p.m. and 4.00 p.m. assessments, were 1ncluded 1n 

the correlational anatys1s. These two lndependent c11n1cat 

assessment sessions were des1gnated "T1me 1" for the 1.25 p.m. 

evaluation sess1on, and "T1me 2" tor the 3.05 p.m. test1ng 

session. Pearson product moment correlat1ons were calculated 
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for each ot the force platform measures, as wei I as tor tne 

SPAF. The two qual1tative analyses were correlated w1tn each 

of the ten testing sessions tor that day. 

Table 2 1nd1cates tnat two dependent measures, area ot 

sway and ve1oc1ty of sway, were correlated w1th SPAf results 

during both the Sinemet and Deprenyl tr1als. 

Insert Table 2 about here 

The correlations for area of sway and SPAF were: r = .45, 

p<.05, while taking Sinemet; and (b) r = .60, p<.05, wh1le 

taking Deprenyl. The correlat1ons for velocity of sway and 

SPAF were: (a) r = .51, p<.05, while tak1ng Sinemet, and (b) 

r = .52, p<.05, while taking Deprenyl. 

As indicated in Table 3, s1gn1t1cant corretat1ons were 

also observed dur1ng the 1nd1v1dual correlat1ona1 ana1ys1s. 

Insert Table 3 about here 

~Ubj~_c:;_t__f_~ 

During the first testing sess1on of the S1nemet 

medication condition, the SPAF was negat1vely correlated w1th 

RMS lat, r =-.55, p<.05. During the second testing sess1on · 

of the Oeprenyl med1cation condit1on, the SPAF was correlated 

with RMS lat, r = .62, p<.05. 
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§y_Q.J~ct JA 

During the first testing sess1on of the S1nemet 

condition, the SPAF was negatively correlated with RMS lat, r 

= -.68, p<.05. During the second testing session of the 

Deprenyl medication regimen, the SPAF was correlated with RMS 

lat r =.56, p<.05, area of sway, r = .68, p<.05 and veloc1ty 

of sway, r = .54, p<.05. 

sutuect tiH 

During the f1rst testing sess1on of the S1nemet 

medicat1on reg1men, the SPAf was negat1ve1y correlated w1th 

RMS lat, r = -.87, p<.05, and area ot sway, r = -.bJ. P <.Ob. 

During the second test1ng sess1on of the S1nemet condltlon, 

the SPAF was negatively correlated w1th RMS a-p, r = -.65, 

p<.05, and area of sway, r = -.52. Dur1ng the f1rst test1ng 

session of the Depreny ·1 med 1 cat1on regimen, the SPAF was 

correlated with RMS lat, r = .69, p<.05. Dur1ng the second 

testing session of the Deprenyl condition, the SPAF was 

correlated with RMS a-p, r = .55, p <.05. 

I.§liUe__#__~_;____ I_n(jjyjdlJ~J ___D.ilJFr'l<i 1 Ql'lanqE3§ _1n _Postura I sway 

Over_an ~1ght Hour Day 

A novel method of evaluat1ng changes 1n each pat1ent 

over the course ot a day, 1s to s1mpty plot the person's 

performance over that day. Then with the pat1ent as hls/her 
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own control, cont i dence 1nterva l s are p 1otted around the 

pat1ent's own performance. Cont1dence 1nterva1s demonstrate 

with ninety-five percent probabllity, which t1mes ot the aay 

are significantly better or worse tor tne pat1ent. unce the 

confidence intervals are drawn on the subJect's graph. one 

simply exam1nes wh1ch t1mes tall outs1de the oandw1dtns. 

Conf 1dence i nterva 1 data for each subJect are 1nc I uaed 1 n 

Appendix II. 

S i nee postu ra 1 sway has been shown to be high I y 

unstable in the parkinson1an population (Gregoric & Lavric, 

1977; Hawken et al., 1990; Kilbreath, 1986; Starkes, 1991; 

Tokita et al., 1976; Watanabe et al., 1980), the data were 

further analyzed with respect to var1ability. The 

coefficient of variation (COV) was established tor each 

subject. The coefficient of variat1on 1s the standard 

deviation divided by the mean (performance). H1gh var1ab1 I 1ty 

is characterized by high coeff1c1ent values. A summary table 

for the coefficient of variation for subJect FR is prov1ded 1n 

Table 4. Summary tables tor the coett1c1ent of var1at1on tor 

subjects JA and SR have been provided in Append1x III. 

Insert Table 4 about here 

For the purposes ot this discussion. a case analys1s 

of subject FR will be featured, to 1llustrate tne concepts ot 
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individual diurnal variab1lity. 

Su0.1ect. FR 

For the first and second test days ot the Deprenyl 

med1cat1on regimen, the subJect was unable to complete some of 

the quantitative assessments. On the f 1 rst test day, the 

subject was unable to complete the f1rst three test1nq 

sessions of the EC condition, as well as the t1rst two test. 1ng 

sess1ons of the EO cond1t1on. On the second test day, tne 

subject was unable to complete the n1nth eva1uat1ve sess1on 1n 

both the EO and EC cond1t1ons. In order to deal w1tn tnese 

missing entr1es a Yates correction was app11ed ~o ~ne 

remaining data. This stat1st1c provided an underest1mat1on ot 

the missing values. These est1mates were not pI aced on 

individual data plots, in order to hlghllqht the c11n1ca1 

importance of the subject's 1nab1l1ty to perform the tasks. 

Had the subJect been able to complete the tasks. the "true .. 

scores would have been extremely high for all of the dependent 

measures. This cl1nical sign1f1cance could not be retlected 

with the scores obtained by the Yates correction statist1c. 

Latera_l_Sway 

Sinemet O_~y___Qn~_ 

The confidence bandwidths for the EO cond1t1on were 

narrower than the EC condition. This 1nd1cates that 

performance was less variable dur1ng the EO visual cond1t1on. 
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Coefficient of variation values also support these results. 

As Table 4 illustrates: (a) COV =. 21 for the EC cond1t1on, 

and (b) cov = .30 for the EC condition respect1ve1v. 

Overlapping confidence 1ntervals were also apparent. fh1s 

suggests that performance may not be unduly altered oy 

changing the visual cond1t1on. Th1s prem1se was not 

supported. As Table 5 illustrates, RQ was greater tnan 100%, 

signifying that vision improved postural stability. 

Insert Table 5 about here 

. At 9:15a.m. at 12:45 p.m. and 2:10p.m. respectively, 

postural sway characteristics were also improved during both 

visual conditions. 

s i nemet Day 1.wo...J!_ 

Extreme variations in performance were observed, 

particularly during the EO condition. Th1s 1s documented 1n 

Table 4, which indicates: (a) COV = .28 for the EO cond1t1on, 

and (b) COV = .12 for the EC condition respectively. This was 

also supported by a low RQ (RQ = <100 %), wh1ch suggests that 

vision was destabilizing for this subJect. 

During the EO cond1t1on, at 10:45 a.m., a s1gn1t1cant 

increase in postural sway was observed. Subsequent to th1s at 

1:40 p.m., a significant decrease in postural sway was 

observed. During both visual conditions, between 
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approximately 12:45 p.m. and 1:20 p.m. performance appearea to 

improve. 

Dep r_~_ny_ L_Da.)' One • 

The confidence interval for the EC cond1t1on was 

sma 11 e r than the EO cond i t ion . This indicates that less 

variability was evident in the EC condition, or that vis1on 

was a destabilizing factor in postural stability. Coeffic1ent 

of variance values support this belief: (a) COY= .37 for the 

EO condition, and (b) COV = .19 for the EC condition. Romberg 

quotient was slightly greater than 100% (RQ = 101%). Th1s 

indicates that vision was irrelevant in the EO cona1t1on. 

Overlapping confidence bandw1dths were aqa1n ev1dent. 

Th1s suggests that performance may not have been 1nord1nate1y 

impaired by altering visual cond1t1ons. The RQ value lRQ = 

101%) supports this hypothesis. 

At 12:45 p.m and 1:20 o.m. aur1nq theE~ cona1t1on. 

postural sway improved. No s1gniticant 1mprovements 1n 

postural sway were observed 1n the EO cond1t1on. 

_Dep ren_yJ.__I;L~_I_~_g_._ 

Yari abi 1 i ty was determined to be greater 1 n the EO 

conditjon, than the EC condition: (a) COY= .29 for the EO 

condition, and (b) cov = .20 for the EC cond1tion. Romberg 

quotient was a little larger than 100% (RQ = 113%). Although 

there was greater variability 1n the EO cond1tion, vis1on 

improved postural stability. 
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At approximately 11:30 a.m., dur1ng both v1sual 

conditions, performance was signit1cantly better than at any 

other time in the day. 

Anterior-PosterioL_~W~Y 

s i nem~j:.__Q_~_Qne . 

Confidence intervals for the EO condition were larger 

than the EC condition. Variabllity was also cons1derab1y 

larger in the EO condition than the EC cond1t1on: laJ COV = 
.31, for the EO condition and {b) COV = .09 for the EC 

condition. 

Overlapping confidence intervals were also evident on 

this day. Romberg quotient was only 103% demonstrat1ng that 

vision may not have been completely stab1liz1ng 1n the EO 

condition. 

At 9:15 a.m. FR dlSPiayed 1mproveo postural sway 

character1stics dur1ng both v1sua1 cond1t1ons. Improved 

performance was a 1 so observed at 11 : 30 a. m and 3: 05 p.m. 

during the EO condition. 

$_1 n~met D.~x _Two. 

Confidence intervals for the EC cond1t1on were a 

little bigger than the EO condition. Greater fluctuations 1n 

performance during the EC condition was also noted by COV 

values: (a) cov = .22, for the EO condition, and (b) COV = 
.27 for the EC condition. Romberg quotient was 107% 

indicating that vision improved postural stability. 
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At 9:15a.m. during the EO cond1t1on. ana at 2:10p.m. 

dur1ng both v1sual cond1t1ons. ep1sodes ot 1mprovea postural 

sway characteristics were observed. 

D~prenvl Da~ one. 

Confidence bandw1dths for the EC cond1tion were 

considerably larger than the EO condition. A hlgh RQ value 

was observed for this dependent measure. In this instance, 

vision was an extremely stabilizing factor for postural 

stability. Variab1lity was also greater in the EC condit1on 

than the EO condition: COV = .38, for the EO condition and 

(b) 	COV = .44 for the EC condit1on . 

At 11:30 ·a.m. dunng the EC cond1t1on. ana at .i:Ub 

p.m. 	during the EO cond1t1on, 1mproved pertormance was notea. 

Q.~~JlY_LQ~_y. Tw_q •. 

Confidence 1ntervals overlapped tor th1s test day. 

This suggests that similar performance m1ght be evidenced in 

either visual conditions. However the RQ value was greater 

than 100% indicating that on average vision improved postural 

stability. Coefficient of variance values indicated that 

variability was quite similar for both visua·l conditions: (a) 

COV = .22 for the EO condit1on, and (b) COV = .26 for the EC 

condition. 

Little cons1stency 1n performance dur1ng the EO 

condition was exhibited. One occas1on of 1mproved postural 

sway was observed at 11:30 a.m tor the EO cond1t1on however. 
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At 11:30 a.m., and 12:45 p.m., ep1sodes of 1mproved 


performance were demonstrated tor the EC condltion. 


Area of __SJI!~ 


$_i neme_t D~y_ _One. 

The EO confidence bandwidths were smaller than the EC 

bandwidth. A high RQ value was demonstrated tor th1s 

dependent measure (RQ = 167%) suggesting that v1s1on 1mproveo 

postural stability. Yet greater var1ability was apparent 1n 

the EO condition moreso than the EC cond1t1on: (a) COV = .44 

for the EO condition, and (b) COV = .38 for the EC conOltion. 

Therefore, although vision improved average performance, 

postural sway characteristics were more var1able in the EO 

condition than the EC condition. 

This subject demonstrated relat1vely cons1stent 

postural sway character1st1cs throughout the day, unt1 1 

approximate 1y 2: 10 p.m. Subsequent to this, cons1 derab Ie 

deterioration of performance was observed for both v1sual 

conditions. 

$ i r:t~ffif;lt pay Two.. 

Considerable variab1lity was apparent 1n the EO 

condition: (a) COV = .35 for the EO condltion, and (b) cov = 
.25 for the EC condition. Similar to the first day of testing 

a high RQ value was noted for this dependent measure. 

Therefore, vision improved performance, but postura 1 sway 

characteristics remained variable throughout the testing day. 



/b 

For each visual conditlon, 1mproved pertormance was 

noted between 11:30 a.m and 2:10p.m. An 1ncrease 1n postural 

sway was observed 3:05p.m. followed by a decrease 1n postural 

sway at 4:00 p.m. 

Q~Pr~nyl Day Qo~~ 

Confidence bandw1 dths were much larger 1 n the EC 

condition than the EO cond1t1on. An extremely high RQ value 

(RQ = 200%) indicates that v1s1on 1mprovea postural stab1 l1ty 

considerably. Greater variab1.11tY was ev1aent in the EO 

condition however, as demonstrated by the COV: (a) COV = .45 

for the EO condit1on, and (b) COV = .30 for the EC conaition. 

A 1 though vision improved avera 1 I postura I stab1 11 ty, 

fluctuations in performance were more ev1dent 1n the EO 

condition than the EC condit1on. 

L1ttle consistency 1n performance was ooservea 

throughout. Dur1ng the EO condltion. at 1:40 p.m. and ~:us 

p.m. significant 1mprovements in postural sway was observed. 

During the EC cond1tion, two per1oas ot S1Qn1t1cantiY 1mprovea 

performance were observed at 11:30 a.m and 1:20 p.m. 

respectively. 

Dep renJ:'_L_Q_~y__lWQ_.._ 

Confidence intervals for the EO condltion were noted 

to be much smaller than the EC condition. Romberg quotient 

was greater than 100% indicating that vis1on improved postural 

stability. Coefficient of variance values were quite similar 
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however: ta) COV = .33 for the EO condltion, and lbl cov = 

.34 for the EC cond1t1on. Th1s d1tterence 1nd1cates that 

although v1sion improved performance, var1ab1l1ty was qu1te 

similar in each visual cond1t1on. 

Between 10:40 a.m and 12:45 p.m., postural sway was 

observed to decrease dur1ng both v1sual cond1t1ons. Postural 

sway subsequently increased after 12:45 p.m. 

ve l_pc_j_ty_ot-:__s~w~.Y 

~i nemet ~0-~Y__ .QD~_!_ 

This particular pattern of tluctuat1ng performance was 

quite similar to area of sway. The f1rst day of test1ng for 

area of sway approximated the t i rst day of test 1 ng tor 

velocity of sway. Deterioration 1n postural sway, as well as 

improvements in performance were comparab 1e. An extended 

period of improved performance was observed between 10:40 a.m. 

and approximately 2:10p.m. Increased postural sway was again 

noted at 3:05 p.m. for both the EO and EC conditions, with a 

subsequent decrease in postural sway around 4:00 p.m. on both 

testing days. Romberg quotient was quite h1gh (RQ = 197%) 

indicating that vision improved postural stability. 

Coefficient of variance values were higher 1n the EO condit1on 

than the EC condition: (a) cov =.30 for the EO cond1tion, and 

(b) COV = .19 for the EC condition. Th1s demonstrates that 

performance was a little more cons1stent dur1ng the EC 

condition, despite the fact that vis1on improved 
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_S j n~m~t Day Two, 

Once again, performance was s1m1 Jar to area ot sway. 

Confidence intervals were smaller for the EO condit1on than 

the EC condition. Romberg quot 1ent was g reate r than 10 0% 

indicating that vision improved performance. Coett1c1ent ot 

variance values were identical tor each visual condltion (COV 

= . 24) • 

For both v1sual cond1t1ons, per1ods from 11:30 a.m. to 

1:40 p.m. and 4:00 p.m. exhibited 1mproved postural swav 

characteristics. 

0~ g_r~n_y_L_D_~ y____Qn~-"-

Confidence bandwldths tor the EC cond1t1on were 

considerably larger than the EO condition. Romberg quot1ent 

was quite high (RQ = 170%) 1nd1cat1ng that v1s1on 1mproved 

postural sway. Little cons1stency 1n performance was noted, 

however the COV values were quite s1m1lar: {a) cov = .21 ~or 

the EO condition, and (b) COV = .17 tor the EC cond1t1on. 

Although variab1litv 1n performance was greater 1n the t:u 

condition than the EC condit1on, v1s1on 1mproved postural 

sway. 

Only one period of 1mproved per~ormance was observed 

in the EC condit1on: 11:30 a.m. During the EO cond1t1on. 

improved performance was observed at 11 :30 a.m. , 12:45 p.m. 

and 1:40 p.m. respectively. 



Qe preo_y_)_Q~y__TwQ_.!_ 

Eyes open confidence intervals were smaller than the 

EC condition. A high RQ value indicated that v.1s1on was a 

stabilizing factor 1n postural stab1l1ty. var1ab1l1ty was a 

little larger 1n the EC condit1on than the EO cond1t1on: (a) 

COV = .22 for the EO condition: and (b) COV = .26 for the EC 

condition. 

A prolonged per1od ot 1moroved perrormanc e was 

observed from 10:20 a.m. unt11 1 :4u p.m. dur1nq Doth v1sua1 

conditions, at which t1me performance deter1ora~ea. 

t$_$_lJ~--~~_; _____Q~y___t<J _Day -· Chanq_es 1 n l nd 1 v 1 aua I Pertormance 

Data for Day and Uay L were p lot.ted tor eacn 

dependent var1able. S1nce there was only an e1qht aay 

separation between test dates, under each spec1t1c med1cat1on, 

it was hypothesized that no s1gn1t1cant d1tterence would be 

observed between sessions. Tables b, 7, and ~ 1 I lustrate the 

means and the s1gniticance levels for the lndependent var1able 

days for subjects FR, JA and SR respect1vely. 

Insert Table 6 about here 

Insert Table 7 about here 



bU 

Insert Table 8 about here 

It was quite evident that extreme var1ab1 l1ty e x 1sted w1th1n 

each subj ect's daily performance. Fluctuat1ons 1n pertormance 

were observed during . both the f1rst and second test1ng 

sessions, yet none of the subJects experienced statist1cally 

significant differences in performance across days . 

.Iss u_~--~~-The _J_nf 1ueng~Qf__'{_i _l5. iQ.t::L_Q_Q_P_Q§.t_y_r: 9J .. $W.9,Y 

A 2 X 2 X 2, three way repeated measures ana1ys1s ot 

variance was performed for days (1, 2), med1ca~1on (Slnemet, 

Deprenyl) and v1sual cond1t1on (eyes open, eyes closed). fh1s 

same analys1s was performed tor each dependent measure tor 

each sub.1ect. 

_$_y_gj_~_<;::_t___F B 

A three way 1nteract1on ror v1sua1 cond1t1on X 

medicat1on X days was observed tor the depenaent measure kM~ 

lat, F(1,9)=7.28, (p<.05l. The means tor thl s ertect are 

illustrated in Table 9. 

Insert Table 9 about here 

http:F(1,9)=7.28
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From the Tukey A post hoc anatvs1s, the mean tor day 1 ~1nemet 

eyes open were s1qnlt1cantty d1tterent than the means tor day 

1 Sinemet eyes closed and day 2 Deprenvl eves closed, 

respectively. 

A two way interact1on for v1sual cond1t1on X 

medication was observed for the dependent measure RMS a-p, F 

(1,9)=6.04, (p<.05). The means for this effect are 

illustrated in Table 10. 

Insert Table 10 about here 

From the Tukey A post hoc analvs1s. the mean for Deprenyl eves 

open was s1gnificantiy dlfferent than - the means tor Deprenyt 

eyes closed and S1nemet eyes closed respect1vety. 

Furthermore, a ma1n et-tect ot v1s1on was observed ror the 

dependent measures RMS a-p, area and velocity ot sway; 1t was 

not observed for RMS lat (Table 11 ). 

Insert Table 11 about here 

S_Ybk~t J_A 

A two way 1nteract1on for v1sual cond1t1on X days was 

observed for the dependent measures of RMS lat. F < 1,9)=8.5b. 

(p<.05). The means for th1s etfect are 1 I tustrated 1n Table 

http:1,9)=8.5b
http:1,9)=6.04
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Insert Table 12 about here 

From the Tukey A post hoc analys1s, the mean tor day 1 ~u was 

significantly different than the means tor day ~c and day ~ 

EO. Furthermore, the mean for day 2 EC was s1qn1t1cantiY 

different than the mean for day ~c. 

A two way 1nteraction for v1sual cond1t1on x 

medicat1on was observed tor the aependent measure velocltY ot 

sway, F (1,9)=5.24, (p<.05). The means for thls ettect are 

illustrated in Table 13. 

Insert Table 13 about here 

From the Tukey A post hoc analysis, the mean tor Deprenyl EO 

was significantly d1fferent than the means tor Deprenyl EC. 

and Sinemet EC respect1vely. Furthermore. the mean tor 

Sinemet EO was signitlcantly dltterent rrom the means tor 

Sinemet EC and Deprenyl EC. Finally, the mean tor b1nemet EC 

was significantly different than the mean tor Deprenyl EC. 

A two way 1nteract1on for visual cond1tion X 

medication was observed tor the dependent measure area or 

sway, F (1,9)=8.56 (p<.05). The means tor th1s eftect are 

illustrated in Table 14. 

http:1,9)=8.56
http:1,9)=5.24
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Insert Table 14 about here 

Although the F-test was s1gnificant, the Tukey A post hoc 

analysis failed to declare any pai rw1se companson ot the 

means significant. 

Furthermore, main effects of vis1on were observed tor 

severa 1 dependent measures: RMS Tat, area of sway, and 

velocity of sway. The mean values and signlficance levels are 

contained in Table 15. 

Insert Table 15 about here 

_$ub.iect $_8 

A three way 1nteract1on tor v1sual cona1t1on x 

medication X days was observed tor the dependent measure 

velocity of sway, F (1,9)=6.58, (p<.OS). The means tor thls 

effect are illustrated in Table 16. 

Insert Table 16 about here 

From the Tukey A post hoc analysis, the means for day 

Sinemet EO and EC, day 1 Oeprenyl EO and EC, day 2 S1nemet EO. 

and day 2 Oeprenyl EO respectively, were all s1gn1f1cantlv 

http:1,9)=6.58
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different than day 2 Sinemet EC and day 2 Oepreny 1 I:::.C, 

respectively. 

Furthermore, main effects for vision were observed for 

each dependent measures. The mean values and signif1cance 

levels are contained in Table 17. 

Insert fable 11 aoout here 

Rqmberg _9uot i en~~ 

Tab 1es 5, 18. and 19, prov 1de a summary ot the RQ 

values for subjects FR, JA, and SR respectively. 

Insert Table 18 about here 

Insert Table 19 about here 

RQ values were quite variable for each subject. W1th very few 

exceptions, subjects had RQ values of over 100%, 1nd1cat1ng 

that PO patients were highly dependent on v1s1on to control 

sway. In the instances where RQ values were less than 100% 

(indicating that vision was destabi11Z1ng), one must 

immediately consider the high var1ab1lity observed w1th1n 

parkinsonian individuals. These conf 1 1 ct i ng results wou 1 d 
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indicate that sometimes vision he 1ped the PD pat1ents and 

sometimes vision made performance worse. 

As was outl1ned 1n Issue #2, the analys1s ot v1s1on 1s 

further strengthened by the 1nd1v1dua1 data plots. In a I I 

sessions w1th subJect FR. the Wldth ot tne contldence bands 

were different tor each dependent measure dur1ng the ~u and EC 

conditions. In fact, there were many instances where the 

confidence bands tor the eyes closed data, were thirty to 

fifty percent larger than the cont1dence bands tor the eyes 

open data. Th1s et·t·ect is read1 ly seen tor the to.llow1ng 

individual data plots: RMS lat-Sinemet days 1 and 2: RM~ a-p­

Deprenyl day 1 and S1nemet day 1; area of sway-Sinemet day 1 

and Depreny 1 day 2: ve 1oc i ty of sway-Depreny I day 1 and 

Sinemet day 2, respectlvely. 

:L~~J,I~---~.Q_;_ ___ Tb_e_ t;ftec:t of ME:!d1cat1on o_n Postura I :.:>way 

The three way repeated measures ana1vs1s ot var1ance 

of day X medication X v1s1on 1nd1cated that tnere was no 

difference between the effects of S1nemet or Deprenvl on any 

postural sway characteristic for all but one subJect. 

~y_t;>j_~Q.t__ER 

The three way repeated measures analys1s ot variance 

indicated that there were no s1gniticant dltterences between 

the effects of Sinemet or the deprenyl med1cat1on on any of 
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the postural sway characteristics measured. 

Subject. JA 

The three way repeated measures analys1s of variance 

indicated that there was a significant dlfference between the 

effects of Sinemet and Deprenyl for several dependent 

measures: RMS lat, F ( 1 ,9)=9.87, (p<.05): area of sway, F 

(1,9)=7.19, (p<.05); and veloc1ty ot sway, F (1,9)=11.1o, 

(p<.05) respectively. The means and s1gnit1cance levels are 

outlined in Table 20. 

Insert Table 20 about here 

$ubjeG~__§_R. 

The three way analys1s ot var1ance 1nd1cated that 

there were no signiflcant differences between the etfects ot 

Sinemet or Deprenyl on any postural sway character1st1cs. 

LIMITATIONS 

The major limitation of the present study was the lacK 

of centro 1 over the subJects' medications. Had the same 

medication regimen been applied to all three subJects, more 

conclusive results about the effects of med1cation, m1ght have 

been determined. The effect of th1s limitation is that it a) 

http:1,9)=11.1o
http:1,9)=7.19
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may have either reduced or exaggerated the d1 t't·erences between 

the three subjects, or b) introduced some contound1nq 1n ~ne 

correlations among postural stabil1ty and other c11n1ca1 

signs. This area is suspect part 1cuI ar I y as stud 1es have 

indicated that L-dopa select1vely influences postural 

stability or just particular symptoms.ot PD (Cernacek et al .. 

1973; Folkerts & Njiokiktj1en, 1972; Klawans, 198bJ. 

A small sample s1ze ot three was ut1l1zed tor tn1s 

study. When ana·lyzing a sampling d1stnbut1on, lt 1s a 

stat1st1cal fact that as the sample s1ze 1ncreases, 

variab1lity decreases. This 1s reflected when compar1nq tne 

standard error of the mean to the standard dev 1at 1 on. The 

standard error of the mean is the standard dev1at1on d1v1ded 

by the square root of the sample s1ze. For example. 1t tne 

standard dev i at 1on 1 s "1.. and the samp I e s 1 ze 1 s · 1 tne 

standard error of the mean 1 s a I so ·· 1... However, 1 t stanaard 

deviation remains at "1 ·· and the samp 1 e s 1 ze 1ncrease bY ten, 

the standard error of the mean would also decrease 

accordingly. 

From a clinical perspective however. increas1ng the 

sample size may in fact highlight the d1tferences between 

subjects, particularly when dealing with diseases of a highly 

variable nature such as PD. As these three subJects are not 

necessarily reflective of the park1nsonian population at 

large, generalization of these results across such a 

http:symptoms.ot


heterogeneous cl1nica1 group 1s inappropriate. 

In the cl1nical research env1ronment, no~ onlY 1s 1t 

extremely d1ff1cult to recru1t subJects trom a random samo1e, 

it is also d1ft1cult to recru1t sublects wno can be matcnea 

for age, sex, med1cat1on and other var1ables. Al~nouqh there 

were ne1 ther age-matched rna 1e centro I sub.1ects, da~a were 

presented for norma 1 elder I y subJects as compan son. l he 

statist1ca 1 method of ana 1 y z 1 nq cont 1dence banaw 1atns. a I 1owea 

each subJect to be h1s own control and therefore torego the 

necessity of either age-matched, or sex-matched control 

subjects. Nevertheless one can st1 11 not extrapolate to a 

more diverse populat1on. Each subJect was d1agnosed as Stage 

III of the Hoehn and Yahr sca·te, by a Neurolog1st. Th1S 

select sample is not 1ndicat1ve of the much larger and d1verse 

parkinson1an populat1on, thus once aga1n genera11zab1 11ty 1s 

1 i mi ted. 

The d1et of the subJects was nelther mon1~orea. nor 

controlled. The influence of prote1n on the absorpt1on ot L­

dopa is current 1 y being debated. but some researchers have 

ind1cated that a meal h1gh 1n protein content, may alter tne 

effect of L-dopa, by prevent1ng the absorpt1on ot excess1ve 

amino ac1ds both 1n the diet and medicat1on (Rozovsk1 & Lur1e, 

1990) • 

The emotional status of the subJect wh1 le not 

measured, may have been a confounding var1able in th1s study. 



There were t1mes when subjects were 1n1t1a11y unao1e to 

perform all of the tasKs, vet w1th encouragement ana 

re1nforcement by the researchers, tasks were completed. 

During the 1nit1al stages of the study dur1ng wh1ch al 1 tasKs 

were new, stress and frustrat1on were noted oy the c11n1cian. 

How this may have affected performance 1s unKnown but should 

be considered 1n future studies. 

DlS<..:USSION 

l_SSI.Je. 1*1; G.or.re I at1ona :1 Anal ys 1 s ot the C 1 1 n 1 ca I Assessment 

ana the Force Plattorm Assessment 

The main purpose of thle present study was to 

determ1 ne the reI at 1onsh 1 p between a aua 11 tat 1ve eva 1uar:.1 on ot 

postural stab1l1ty and a auant1tat1ve assessment 1n suo~ects 

with PO. The or1ginal hypothes1s suggested that s1gn1f1cant 

corre 1at ions wou I d be observed between the c 11 n1 ca -1 assessment 

of postural stab1 l1ty and the torce platform. one of the most 

1mportant find1ngs of th1s study (as hypotheslzed), was that 

the SPAF was correlated w1th several dependent measures tor 

both the group and i nd 1 v 1 dua -, subjects (Tab 1es 2, 3). rhe 

SPAF correlated highly w1th area of sway and veloc1ty of sway 

for both medicat1on reg1mens, r > .45, p<.05, when us1nq 

group data. A second cr1t1ca1 t1nd1nq was that 1nd1v1aua1 

http:l_SSI.Je
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subJect ana1ys1s Yle.lded dltferent results trom the group 

analyses. Unl1ke the overall qroup data and the 1nd1v1dua1 

Deprenyl medication data, all sub.)ects exh1bltea negat1ve 

correlations during the Sinemet med1cat1on cond1t1ons. fhe 

impact of the d1 recti on of theses corre·lat1ons w1 1 1 be 

discussed as a component of Issue #5. 

Previous 1y, K 1 ·1 breath ( 1986) had not observed many 

significant relationshlPS between the cl1n1cal features ot PO 

and the dependent measures of postural sway. K1lbreath ( 1986) 

observed gait to be S19n1t1cantty correlated to hypok1nes1a, 

r = .45, p<.01 and stage of d1sease, r = .bl, P'.u1 

respectively. Posture was also correlated w1th stage oT the 

disease, r=.53, p< .01. The author attn buteo the I ack ot 

sign1f1cant re·lat1onshlPS between symptomatology ana the 

postural sway measures, to the lack of control oT the 

subject's medicat1on. Th1s part1cular area mav have 

introduced confounds 1n the corre·lat1ons among postural 

stability and other cl1n1cal s1gns (K1lbreath, 1986). 

Few studies have been attempted to corre I ate 

qualitative/clinical data with quant1tat1ve measures, for PD. 

Sears-Duru (1991) performed an study to determine the 1nter­

rater and intra- rater re 1 1 abi 1 i ty ot· the SPAF. The author 

performed a correlational analysis of the c1in1cal features ot 

PD with the SPAF. Sears-Ouru (1991) observed several 

correlations between card1nal symptoms of PO that were common 
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to both rel1ab1l1ty studies. The follow1ng are a 11st some ot 

those correlations: stage ot d 1 sease and posture r > •89, 

p<.05; stage of disease and rigidity, r > .89, p<.05; rigidlty 

and tremor, r = .84, p<.05; tremor and postural stabl lltY. r 

> .80, p<.05; and hypokinesla and ga1t, r = -.72. p <ub. tor 

the inter-rater reliab1l1ty study and r =. 72. p<.05, tor the 

intra-rater reliability study. 

The inter-rater and lntra-rater re11ab1 11tv ot th1s 

Instrument has been prev1ously reported (Sears-uuru. 1~91 1. 

Some aspects of the valldlty ot thls tool have been 

demonstrated by virtue of the statistlcally s1Qn1t1cant 

correlations. The SPAF may be one ot the best 

physiotherapeutic evaluations of postura·l stabl.llty 1n the 

parkinsonian indlvidual. Many therap1sts do not have access 

to obJective measurements of postural sway. Ut1lizat1on of 

instruments such as the SPAF may st1 ·11 prov1de c I 1n1c1ans wlth 

insight into the status of postural stability for each 

patient. 

There are other symptoma I oq1 ca 1 tactors Whl ch may have 

indirectly lnfluenced these outcomes. For example, Watanabe 

et al. ( 1980) suggested that r1gid1ty may actuallY oecrease 

area of sway. The authors observed area of sway 1 n the 

parkinsonian subJects to be often smaller than the healthy 

age-matched centro l subJects. They attr1 buted these 

conflicting results to the influence of r1g1d1ty on postural 



sway. 

Starkes et a1. ( 1~91) ooserved s1m1 lar reductlons 1n 

sway area 1n a park1nsonian subJect as Watanabe et al. I l~~UJ. 

The authors ind1cated that r1g1d1ty may actually decrease area 

of sway in a quiet stand1ng EO pos1t1on that 1s not 

destabil1zing. However it th1s 1nd1v1dual moves or 1s moved, 

a period of imbalance and/or fall1ng 1nvar1abl.y results. Th1s 

might produce a scenar1o in wh1ch an 1nd1v1dual who 1s qu1te 

rigid may produce a small area of sway, desp1te exh1b1t1ng 

signif1cant impairments of balance. 

Although clin1cal features such as aK1nes1a, 

bradykinesia, hypok1nes1a, r1Q1d1tY and 1mpa1rments ot qa1t 

were not assessed 1n th1s present study, the1r 1nt1uence on 

postural sway, whether d1rect or 1nd1rect, must be cons1derea. 

Few stud1es have attempted to correlate 

qual1tative/cl1n1cal data w1th quant1tat1ve measures tor ~u. 

Although limited, this study did observe s1gn1t1cant 

relationsh1ps between spec1f1c measures of postural sway and 

postural stability. Further research into th1s part1cular 

area of quantitative and qual1tat1ve relat1onsh1ps 1s 

warranted. 
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;r~~IJ~___:!t2_; _ .Jnd1 v 1 d~,.,i_~J Qi ur-n<i.l Q_l1an_g_~~ 1 n Po~tura I Sway uver An 

i;1ght Hour P<iY 

In th1S study, dramatic examples of 01urna1 

vari abi 1 i ty were observed for each sub.1ect. The var1 ab I e 

nature of this d1sease was truly reflected both oua11tat1vety 

and ouant1tatively. Each sub.1ect t luctuated trom t.ne extremes 

of instability and stabi-11tY w1th1n a few nours. lh1s was 

particularly apparent when analvz1ng the data prov1oeo bY 

subject FR. A-lthough the 1nc·tus1on and exc1us1on cr1ter1a tor 

the study were very spec1t1c, SlQnltlcant var1ab1 llty was 

evident throughout FR's dally performance. 

Over1app1ng cont1dence 1ntervals tor the I:.U ana t:c 

conditions were QU1te apparent tor many of the dependent 

measures. Thls suggests that performance may not have oeen 

unduly altered by chang1ng the v1sual condition. Th1s prem1se 

was not supported by the results obta1ned for the dependent 

measure, lateral sway. On the first test1ng sess1on ot the 

Sinemet medication regimen RQ was greater than 100%, 

signifying that v1sion improved postura·l sway, 1n SPlte ot 

overlapping cont1dence 1ntervals. Th1s 1ncons1stency occurs 

as a nature of each part1cutar statist1c. Ca I cu 1at 1on ot 

confidence intervals 1s a complex process whlch takes 1nto 

account the nature of each 1nd 1vi dua t response. Romberg 

quotient on the other hand, 1s the relat1ve d1tterence ot the 
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average extent of sway w1th EC, to the average extent ot sway 

with EO. Hence, 1 t does not taKe 1nto cons 1de rat 1on the 

relatively large amounts of sway under EO condit1ons, even 1f 

the sway is further enlarged 1n the EC s1tuat1on. lhus RQ 

could as ev1denced here, mask a real d1fterence 1n postural 

instability with1n each subJect (Kl !breath, 1986}, resultlng 

in overlapping confidence intervals. 

During the second test1ng day ot the Deprenyl 

medication regimen, contl1cting results were aga1n observed 

for the dependent measure. lateral sway. Coett1c1ent ot 

variation values indicated that var1abil1ty was greater 1n the 

EO condition than the EC condit1on. However the RQ value·was 

greater than 100% i nd i cat i ng that v 1 s ion actua 1 1y 1mproved 

performance. In th1s 1nstance although greater var1ab1i1tv 

may have been observed 1n the EO cond1t1on, overat 1 

performance was improved dur1ng th1s v1suat cond1t1on. 

Eyes open conf1dence bandw1dths were smat ler than EC 

bandwidths for the dependent measure. a~ea ot sway. Dur1nq 

the f1rst testing day of the Sinemet med1cat1on reg1men, and 

the Deprenyl med1cation regimen respect1vely, the RQ value was 

considerably larger than 100%. Coeffic1ent ot var1ation 

values on the other hand, were larger tor the EO condit1on 

than the EC cond it1on . This wou 1d suggest that a I though 

vision improved average performance, postural sway 

characterist1cs were more variable in the EO condit1on than 



the EC condition. 

Starkes et al. (19921 ut111zed a s1m1 tar strategy as 

this study 1n a comparat1ve ana1ys1s ot the postural sway 

character1st i cs of ch 1 I dren and a PO pat1ent. It nas been 

accepted that as a ch1ld develops, the1r postural sway 

characterist1cs 1mprove. The authors indicated that he1qht 

and weight explain a small but s1gn1f1cant amount ot oetween 

subJect variab1l1ty not readily expta1ned oy aqe or qenaer. 

In quiet standing, ch1ldren sway less w1th 1ncreas1ng aqe 1n 

both anter1or-posterior and lateral d1rect1ons. Sway ve1oc1ty 

also decreases with age and 1s sens1t1ve to eye closure. ~ye 

closure rout1nely increases veloc1ty ot sway. 

If one compares the data obta1ned with the anatys1s ot 

ch1 ldren's data, and those w1th PO, they may appear qu1te 

sim1lar. One explanation used 1s that chl ldren are undergoing 

neurolog1cal "upgrad1ng", while 1nd1v1duals Wlth PO exper1ence 

neurological 1mpa1rment with accompany1ng deter1orat1on 1n the 

vestibular, visual and propr1ocept1ve systems (Starkes et at., 

1991). However, this 1s where the comparison ends. PO 

subjects are tar more variable in the1r performance. In the 

present study, this is evidenced by analyz1nq the 1nd1v1dua1 

plots over the course of the day. 

With so many evaluat1ve sessions dur1nq the day. tne 

quest1on ot inter-rater and 1ntra-rater re11ab1 lltY must be 

addressed. Inter-rater rel1ab1l1ty measures the cons1stency 
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between exam1ners measur1ng the same subJect: whereas 1ntra­

rater rel1ab1l1ty measures the cons1stencv ot rece~1~1ve 

evaluations of the same subject. 

Kllbreath (1986) 1n exam1n1nq PD 1nd1v1dua1s. touna 

adequate i ntrasubJect re 11 ab1 -11 ty w1 th EO ana also 1 n the 

lateral direct1on w1th EC. In addit1on, 1t was tound that the 

mean value of the third tr1al RMS a-p was less than that ot 

the first trial. The author 1nd1cated (unl1ke LeCia1r & 

Riach), that this response was due to a fam1l1ar1zation ot the 

test. This concept was not d 1 rect 1y 1 n add ressed 1 n th 1 s 

study. 

In a recent study Hatton et a 1. t 1 n press) 

demonstrated that normal subJects usually present w1th h1qh 

inter-subject variabil1ty in ·performance. Intra SUO.leCt 

performance of a-p, lat, veloc1ty, and total excurs1on ot swav 

however, are h1ghly reliable throughout the course OT tne day. 

LeCla1r and Riach ( 1991) performed a study to compare s1x 

outcome measures for t1ve test durat1ons, two stance 

cond1tions, and two test t1mes. fhey d1d not demonstrate any 

main effects tor tnals, 1nd1cat1ng that subJects d1d not 

learn to improve the1r balance based on two practice sess1ons 

(LeClair & Riach, 1991). 

In light of this var1ab1lity the stat1st1cal method 

that has been incorporated 1n this study must be advocated. 

The individual analyses provided by the confidence 1ntervals 
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over the course of a full day, clearly illustrate the 

behaviour of each subJect under a large variety of condit1ons. 

In terms of rehabilitation, this method 1s quite appl1cable. 

As a Physiotherapist, the ability to assess performance and 1n 

essence function, is extremely important. By incorporat1ng 

the confidence bandwidth analysis 1nto the assessment and 

treatment regimen, one can monitor performance throughout the 

day, and observe when the client performs at his/her best or 

worst. One can also observe how the pat1ent's tunct1on 1s 

affected by the adm1nistration of med1cat1or:' throughout the 

day. More importantly this method of analysis allows 

longitudinal changes in performance assoc1ated w1th d1sease 

progression to be examined. By the same token, th1s 

part i cu 1ar method does not lend 1tse 1f we I 1 to genera 11 zat 1on, 

particularly with such a heterogeneous population. 

Fluctuat1ons 1n postural sway character1st1cs and 

function, are evident throughout the day. These may oe 

influenced by many factors such as d1et, emot1onal status, and 

fatigue, time of day, time of last dose, drug 1nteract1on. 

exercise, stress and cont.idence 1n abilities (Factor & We1ner. 

1988; Rozovski & Lurie, 1990; Starkes et al., 1991). 

It has been suggestea that a large amount OT prote1n 

in the diet may alter the effect of L-Oopa. As botn prote1n 

and L-dopa conta1n amino ac1ds, compet1t1on tor at>sorpt1on 

into the gut and across the blood bra1n barner may occur 
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(Rozovsk1 & Lur1e, 1990) . Based on this orem1se, an 

individual tak1ng L-dopa may exper1ence per1ods of 1nettect1ve 

dosages related to meal times. 

A h1qh 1nc1dence ot depress1on has been aocument.ea 

with the PO oat1ent (Selby, 1990). It can be 1nteroret.ed as 

a reasonable react1on to a chron1c oroqress1ve, 01sab 11nq 

disease. Some degree of depresslon has to oe ant.1c1pated 1n 

a patient with phys1cal 1nert1a, whose soc1al contacts are 

1 im1ted by embarrassment over his tremor, by dependence on the 

help of others for even the most s1mple da1 ly activ1t1es, and 

by a soft and slurred speech which listeners t1nd d1ft1cu1t to 

understand (Selby, 1990). There 1s also the poss1b1l1tv ot a 

re 1at i onshi p between depress 1on and 1nte I., ectua I dec l 1 ne. 

Cognitive impairment and dement1a are common 1n pat1ents w1th 

PO, especially in the later stages of the d1sease, but the 

exact frequency w1th which they occur 1s unknown (Factor & 

Weiner, 1988; R1nne, Rummuka1nen, Pa1Jarv1, & R1nne, 1~~~J. 

Many t1mes subJect fR performea worse atter a mea I, at 

the end of the e1ght hour (somewhat stressful sess1onJ, and 

first thing 1n the morn1nq atter a long ous r1de to the 

Centre. It is not inconce1vable then that alterat.1ons 1n 

performance were either a d1rect or 1nd1rect result ot any or 

all of the above factors. 

Phys1otherapeut1c stud1es of PD pat1ents, must be well 

designed. Problems of match1ng a treatment group to a control 

http:1nteroret.ed
http:aocument.ea
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group are QU1te common. Hence w1th1n-pat1ent comoar1sons are 

advocated (Godw1n-Austen. 19~0: franklYn & Stern, 19l:S1: 

Starkes et a 1 • , 1991 ) • Such studies have to a I 1 ow Tor 

considerable d1urnal, env1ronmental and drug-related 

fluctuat1ons in symptoms (Godwin-Austen, 1990). 

Although significant variability exists tor all 

subjects, no signif1cant effects were detected across days tor 

either subjects FR and JA and SR, (Tables 6, 7 and 8). Due to 

the fluctuating nature of PD. 1t 1s 'not surpr1s1nq that 

consistent differences between days were not observed. It 1s 

not surprising that s1gnificant changes would not be observed 

between days due to the closeness ot each test1ng ·session. An 

eight day interval was much too short to detect·any changes 

that might have occurred as a result of disease progress1on. 

Increasing the length of time between sess1ons m1ght have 

provided greater insight into the progress1ve nature of PO. 

Although subjects may have indicated that they were hav1ng a 

better or worse day, over a short per1od of time, signif1cant 

change was not observed. 



lUU 

;rssu~A___I_b§!__j_rl_f1 u_~ns;_~_g_f___Y. i §.l_Q!'l...QJl f>Q§"t.Yr~J. _sway 

The results ot th1s study prov1de 1ntormat1on about 

the influence of vis1on on postura·l sway 1n Park1nson's 

disease. The possible ex1stence ot pr1marv sensory a1terat1on 

1n PO has earlier been suggested tBod1s Wollner & unoTr.l. 

1986). Reports of somatosensory and v1sua1 alterat1on 1n ~u 

could be caused by e1ther the abnormal tunct1on1ng ot the 

basal gangl1a 1n sensory motor 1nteqrat1on, or bY the 

maltunct1on of dopam1nerq1c systems at d1tterent levels ot the 

sensory pathway. In th1s 1nstance, as there was no ana1ys1s 

of the visual system, .1t is difflcult to conclude that th1s 

was the cause. Nevertheless, these data dld 1nd1cate that 

both individual-ly and as a group, PD pat1ents are greatly 

influenced by eye closure. 

Recall for subject JA, that a two way 1nteract1on tor 

visual condition X medication was observed for area of sway. 

Yet the Tukey post hoc analysis fa1led to declare any pa1rw1se 

comparison of the means signif1cant. Why the apparent 

contradiction? In actual fact, the F-test from the analys1s 

of variance (ANOVA) 1s a more powerfu-l and sens1t1ve test 

procedure. The F-test not only compares the var1ous pa1rs ot 

means, it seeks to f1nd d1fferences that may be ot a more 

complex form. The ANOVA 1s account1ng tor any l1near 

combination of the means that might ·lead to a s1gn1t1cant 

difference. Thus although its significance does say that the 
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groups are not a homogeneous set, this does not 1mp1y tnat at 

1east one pa i rw 1 se comparison of the means w 1 I I oe 

sign1f1cant. 

In a study comoar1ng healthY subJects to jUu 

neurolog1cal pat1ents, of wh1ch 47 were park1nson1an. 

Nj1oklktJlen and De R1Jke, (1971) observed that.Pu oat1ents' 

performance was worse than normal subJects wnen measured on 

amp 1 i tude or area of sway. They also 1nd i catea that th 1 s 

discrepancy increased when v1s1on was eliminated. 

One interest1ng note 1s that the 1nfluence ot v1s1on 

m1gnt be altered by foot pos1t1on. Str1blev, Albers, 

Tourtellotte, and Cockrell t 1974) nave suqgested when the teet 

are para1 ·1 e l and touch 1ng, and eves are closed, lateral 

steadiness (sway) 1s s1gn1t1cantlv qreater than a-p 

steadiness. 

Fern1e et al. (188~) tound the mean ve1oc1tv ot sway 

to be statist1cally s1gn1ticant when compar1ng the 1nc1dence 

of falls in ger1atr1c subJects. It was suggested tnat.botn 

area and velocity of sway may be the most behav 1ora I 1 v 

important sway character1st1cs 1n the analys1s ot postural 

stab1lity. This present study observed two, three way 

interactions ot vision, med1cation and day, for subJects JA 

and SR respectively. Each of these 1nteractions were observed 

for the dependent measure veloc1tv ot· sway, wh1ch lends 

support to Fernie et al., (1982) supposit1ons. 
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In a compar1 son of scores oota1ned tor norma 1 suo.;ects 

and very o 1d subJects, d 1 tferences were observed 1 n how 

subJects use vision across age (Tab·le 21) (Hattori et al., 

1991 ) . 

Insert Table 21 about here 

----- ------···----- -----· 

In the present study. subJect FR pertormed worse tnan tne 

elderly normal su0.1ects, whereas both subJects JA and ::>H 

performed similarly to adult normal subJects. 

K1lbreath (1~~6J tound that male subJects oetween tne 

ageS of 70- 89 years had values ot: RMS lat eyes open = .52, 

eyes closed= .5, RMS a-p, eyes open= .58, eves closed= .61. 

The youngest subJect, FR, ach1eved scores hlgher than each of 

these values: both subJects JA and SR ach1eved values s1m1 lar 

to those subjects in Kilbreath's study. 

In many studies ot the role ot v1s1on and postura 1 

sway, the Romberg Quotient (RQ) 1s used to test when sub.;ects 

use vision the most (Kilbreath, 1986; N.noklkt.nen & van 

Parys, 1976; Riach & Hayes, 1987; Starkes & R1acn. 1~9v: 

Vandervoort, Hayes, & Cape, 1~8ti). Recal I that RW values tor 

normal adults are generally greater than 100% 1nd1cat1nq that 

vision improves postural stab1 l1tv. K1 lbreath t1~86l 

demonstrated RQ values of 113% for male park1nson1ans aged 7u­

89 years for RMS lat and a score ot 12ti% tor RMS a-p. The 
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author ind1ca~ed that RQ could actual IY mask a real 01tterence 

1 n postura 1 1nstab1 11 ty between park 1nson 1ans and norma is. 

Recall that RQ does not take 1nto cons1derat1on tne relat1ve1v 

large amounts of sway under the eves open cona1t1ons, even 1t 

the sway 1 s further en-, arged 1 n the eves c 1 osed cona 1 t 1on 

(Kilbreath, 1986). For example a normal su0.1ect m1gnt 

exhi b1 t: RMS 1at eyes open . 33, eyes c 1 osea . 35. A 

parkinsonian subJect m1ght exh1b1t: RMS lat eves open .ob, 

eyes closed .67. The RQ values for the normal subJect would 

become 106%, and for the park1nson1an 103%. 

Vandervoort et al. (1985) demonstrated tnat tor normal 

adults males aged 70 - 89 years, RQ values tor HMS a-p were 

149%, and for the dependent measure RMS lat were 114 %. ln 

Starkes and R1ach (1990) normal younq adults aemonstra~ea H~·s 

of approximately 108% for lateral sway, and 120% tor a-p swav 

in norma 1 eyes open stance. The RQ va 1ues tor sub..)ect t-H 

ranged from: RMS lat 91%- 133%, RMS a-p 103%- 133%; subJect 

JA, RMS lat 93%- 143%, RMS a-p 93% -116%; SUbJect SR, HMS 

lat 111% -138%, RMS a-p 100- 119% respect1ve1v. W1th sucn a 

wide spectrum of RQ values, 1t is 1mportant to recons1der the 

idiosyncratic nature ot PD. At times v1sion 1mproves postural 

stability cons1derably, and at other t1mes v1s1on appears to 

impair performance. 

The parkinson1an's dependence on v1s1on as 

demonstrated by these results is an important cons1deration in 
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rehabil1tat1on. In most 1nstances, removal of v1s1on causea 

a sign1f1cant 1ncrease 1n postural sway. Holllday et al. 

(1978) have suggested that careful exam1nat1on ot the eyes and 

considerat1on of potent1al v1sual 1mpairments should be 

considered when design1ng a rehabllitation program. 

];_ssue__ J~5:. The Et·f~_c;;t. _Qf_M~_Q_i~~t.J o_n gn __post;.lJr_?ll Sway 

Although there have been maJor advances made 1n tne 

pharmacological management ot 1nd1V1duals w1th 1d1opath1c PD, 

numerous funct1onal deficits can still be observed 1n 

individuals w1th the d1sease. Upon analyz1ng the ettect ot 

medication on postural sway, no s1gn1ficant ·dltterence 1n any 

of the postural sway character1st1cs between either med1cat1on 

regimen for either subjects FR and SR were observed. Suoject 

JA however, experienced a difference in performance w1th the 

introduction of Deprenyl to his med1cat1on reg1men. This was 

observed for the dependent measures: RMS lat, area of sway 

and velocity of sway (Table 19). This subject started taking 

Deprenyl mid-way through the study, wh1ch allowed the author 

to observe changes in performance that may have oeen 

associated directly or lndirectly with the adm1n1strat1on ot 

this medicat1on. The other subJects were tak 1ng Depreny 1 

prior to their inclus1on 1n the study. 

Deprenyl has been suggested to delay proqress1on ot 

disease 1n de novo subJects. As each ot these subJects haa 
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been d 1 agnosed at least t 1 ve years prev 1ous to the 

commencement ot th 1 s study, 1 t 1 s not unusua I to t 1 na -c. he 

resu 1ts observed w1 th subJects FR and SR. one study has 

evaluated the adm1n1strat1on ot Deorenyl to 1nd1v1dua1s on 

longstanding L-dopa therapy. Th1s study concluded that one 

third to one halt of the 200 subJects wno oart1c1oatea 1n thls 

study 1mproved 1 n funct 1on, 1t on I y temporan I y l E 1 1 zan et 

al., 1989b). Subject JA would t1t 1nto th1s class1t1cat1on as 

he had been tak1ng L-dopa therapy for at least ten years pr1or 

to commencing Deprenyl treatment. 

Diurnal variation 1n response to L-dopa med1caton 1s 

commonly reported by pat1ents. Th1s otten takes. the torm ot 

attenuat1on of response doses taken later 1n the day. 

Patients descr1be shorter per1ods ot response, or tal lure ot 

response to afternoon and even1ng doses, and motor oenet1L. 1s 

marred by a bulld-up ot dysk1net1c lnvolun-c.ary movements 1n 

the latter half of the day. These phenomena may be due to the 

effects of t1me ot day, exerc1se, emot1onal status, t1me ot 

last dose, drug 1nteract1ons with meals lespeclat IY prote1nl, 

loss of sleep, and changes 1n dopam1ne receptor sens1t1v1ty 

(Eriksson, Ganerus, L1nde, Anders, & Carsson, 1988; Factor & 

Weiner, 1988; Frankel et al., 1990: RaJpUt & Duvo1s1n, 1990: 

Rozovski & Lurie, 1990). Although 1nconsistent, th1s trend 

was reflected in each of the subJects. espec1a1 ly subJect FR. 

In a study analyz1ng the re1at1onsh1p between motor 
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performance and seouent1al plasma-and ventr1cu1ar ~~F levels 

of L-dopa, one researcher t·ound that the t1me course ot 

c 1 in i ca 1 improvement c 1ose 1 y ref 1ected CSF as opposed to 

plasmaL-dopa ·levels. The onset ot dysk1nesia prec1se1y 

correlated with peak CSF L-dopa levels. PeaK plasma L-dopa 

levels occurred at .6 +/- .3 hours post-dose: peak CSF L-dopa 

levels were attained at 1.5 +/- .6 hours lOlanow, 1990). 

The controversy currently ex1sts as to the e1ght day 

··wash out·· period for Depreny 1. Some 1nvest1qators oe11eve 

that only a few days are requ1rea tor the system to r10 ltsetr 

of all traces (and side effects) o.t Deprenyl. Others 01sagree 

and suggest a longer per1od ot '"wash out'". as Uepreny t rema1ns 

at trace levels for at least two months. No stua1es to aate 

have ind1cated that Deprenyl 1s ettect1ve at a suotherapeut1c 

level. In l1ght of this, the "wash out" per1od may have been 

quite appropr1ate, but confound1ng factors such as emot1ona1 

status, may have masked the "true.. effect ot each 

medication. 

All of the subJects were tak1ng a number ot 

med1cations, which again may have influenced that wh1ch was 

observed throughout the study. As medicat1ons were not 

controlled for, a clear p1cture of the role of Deprenyl, or 

Sinemet may not have been ach1eved. The data on whe~her L-

dopa has a stabillzing effect on postural sway are unclear. 

Cernacek et al. (1973), and Folkerts and NJ10k1ktJlen (1972), 
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each demonstrated that L-dopa has a destabil1z1ng 1nfluence on 

stab 1 e parkinson i ans, and a stab1 11 zing effect on unstab I e 

parkinsonians. Klawans ( 1986) suggested that L-dopa 1s 

ineffective in the treatment ot postural 1nstab1 l1tv. 

The resu Its of a 1 l sub.l ects. espec 1 a I 1y sub.J ect J A 

lend support to the above stud1es. Performance on postural 

sway measures were enhanced w1th the 1ntroduct1on ot Ueprenyt 

into this i nd 1 v 1 dua I 's treatment req 1men. The two otne r 

subjects who had been tak1ng both S1nemet and Oeprenyl pr1or 

to the commencement of th1s study, d1d not show stat1st1cal ly 

significant differences 1n performance between the two 

medicat1on condit1ons. The ouest1on rema1ns as to the 

duration of this positive effect of postural 1mprovement that 

was observed 1n subject JA. 

FUTURE RESEARCH 

Postural stab1l1ty 1s an 1mportant cons1derat1on, not 

only in various disease states, but also 1n normal aq1ng. 

Knowledge of the nature of postural stab1l1ty and 1ts 

manifestations throughout the progress1on ot ParK1nson's 

disease, would assist in its assessment, treatment and 

management. From the p resc r i pt ion ot· med 1 cat1ons, to the 

formation of individualized rehabilltative programs, ins1ght 

into this un1que area m1ght produce moditicat1ons 1n the 
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ex1sting approach to the adm1n1strat1on ot proqrams tor the 

parkinsonian 1nd1vidual. 

Although the goal of future research 1s to t1nd a cure 

for this disease, current remediation as offered by medicat1on 

must be evaluated. It is also 1mportant to determ1ne (a) 

whether cardinal features of the disease are correlated w1th 

each other, (b) how are they differentially affected by 

medication, and (c) to what extent they affect function. 

A number ot s1gn1f1cant and non-s1gn1t1cant 

relat1onships were observed w1th the dependent measures ot 

postural sway and the SPAF. In order to ascerta1n ana cont1rm 

that there are s1gnif1cant relatlonshlPS between al 1 ot the 

cardinal s1gns of PO, 1e. bradyK1nes1a, r1q1d1tv. tremor ana 

postural instability, correlat1onal analyses 1ncorporat1nq 

these areas needs to be pertormed. In tact, both qua11tat1ve 

and quantitat1ve analyses ot each of the symptoms are reou1red 

to va 1 i date any c 1 i ni ca 1 assessment too I. To thl s end, a 

number of studies have been undertaken at the Un1vers1ty of 

Alberta to further assess the SPAF. 

To examine the funct1onal effect(s) of med1cation on 

PO offers both the c11n1c1an and cl1ent, an opportun1ty to 

determine the effectiveness of each med1cat1on regimen; hence 

the development of rel1able and functional cl1n1ca1 

instruments is crucial. 

It is also 1mportant to assess ex1st1nq c11n1ca1 toots 
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with new and 1nnovative evaluat1ve modal1t1es. The 

development and implementation ot d1sease specit1c, cl1n1cal 

assessment tools that are t1me eff1c1ent, val1d and re11able 

would also greatly enhance current management protocois.Aqa1n 

a study 1s currently underway at the Un1vers1tv ot Aioerta to 

assess the concurrent val1d1ty ot the ~~Ar w1th tne UPUH~. 

Purdon Mart1n (1967) 1nd1cated that postural 

instabil1tY 1n PO occurred as a dYstunct1on ot tne globus 

pallidus. Many authors have tr1ed to 1ocal1ze tne areas 1n 

the basal gangl1a that are d1rectly respons1ble tor d1sabt1ng 

postural stabl-lity. The potent1al tor the pred1ct1on of 

postural sway throughout the course ot the d1sease may also 

provide an 1mpetus for the deve ., opment ot educat 1ona I and 

functional treatment programs spec1t1c to each stage ot tne 

d1sease. 

As a cl1n1c1an, 1t 1s 1mportant not only to understand 

the neurophysiology or neuropathology of th1s d1sease, but 

also to be ab I e to assess and treat tn 1 s d 1 sease. rne 

subJective evaluat1on alone 1s not enough. wnen measurement 

of changes, no matter how subt 1e, are necessary, current 

clinical instruments lack sensitiv1ty to even the most subtle 

changes. Ult1mately, cl1n1cal tools could ass1st 1n the 

identificat1on of the most subtle mechan1sms that may ettect 

the functional status of park1nsonians. Cl1n1cal tools need 

to be validated to justify inclusion as assessment tool. Too 
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often clinicians are ·1im1ted by the lack ot ouant1tat1ve 

instruments to ass1 st 1 n the assessment ana manaqement ot 

their clients, particu·lar·ly those w1th chronic d1sa011ng 

illnesses. The development of rel1able. valld and ett1c1ent 

clinical assessment tools may also diminish the necess1ty tor 

the costly purchase of such quant1tat1ve 1nstruments. 

One of the results of this study supports the 

hypothesis that L-dopa may be less ettect1ve 1n the treatment 

of postural stability that other anti-parkinson1an 

medications. (Cernacek et al., 1972; Folkerts & NJ1okiktJ1en, 

197 2; K i 1breath, 1986; K 1awans, 1986). L-dopa treatment 

continues to be the med 1 cat 1on reg 1 men ot cho 1ce 1 n the 

treatment of park1nson1ans. W1 th the 1ntroauct1on ot such 

medications as Depreny 1 , Apomorph 1ne ana S 1 nemet CR. 1nto 

daily medication reg1mens, 1t 1s most important to establ1sh 

the efficacy of each med1cat1on not only tor the popu1at1on as 

a whole, but for each 1ndiv1dual. 

Long1tud1nal stud1es exam1n1ng var1ables such as, 

stage of d1sease, medication, age, sex, date of onset ot PD. 

and diet, need to be encouraged. Cl1n1cat ly relevant 

physlotherapeutic studies wh.ich address the behav1oral aspects 

of disease must be more readily employed. The method of 

individual case analysis can be eas1ly 1ncorporated 1nto 

patient assessment protocols to observe performance over one 

or more days and should be incorporated more often w1tn 
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cl in1cal research. Evaluat1ve procedures that are d1sease 

specific and address the functional needs of the cl1ent must 

be incorporated into today's research. 

CONCLUSIONS 

1. Ind1 v1 dual and group ana ·1 yses estab 11 sneo s1 qn1 i 1 cam:. 

correlations between both the ouant1tat1ve measures oi 

postural stability, and the quat1tat1ve assessment tool. 

2. Significant variab1l1ty was ev1dent upon the analys1s oi 

individual data plots. The employment ot cont1dence intervals 

a 11 ows researchers to determ1 ne to what extent a subJect's 

performance is s1milar and/or diss1milar to h1S/her own 

average response. Coeff1c1ents ot var1at1on cont1rm the 

extremely variable nature of this disease. 

3. Although there was a high variance associated w1th each 

individual analysis, no statistically sign1ficant difference 

was observed for any subJect, when measured trom day to day. 

4. The influence of vision was extremely var1able for each 

subject. Most subjects found v1s1on to be qu1te stab1l1z1ng, 

however it was not uncommon to observe the contrary tor these 

same individuals in isolated sessions. Park1nson1an subJects 
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also appear to be different from age-matched normals, but 

appear similar to children under seven, and normal subJects 

over the age of eighty years (Hattori, Starkes & Takanash1, 

1989; Kilbreath, 1986; Starkes & R1ach, 1990; Starkes, R1acn 

& Clarke, 1991; Vandervoort, 1985). 

5. Although two of the subjects did not exper1ence 

differences in postural sway profiles when alter1ng 

medication, one subject (JA) did show improvements 1n postural 

sway measures once Deprenyl was introduced. 
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F1gure Capt1ons 

F19JJre 1 • Di agrammat 1 c representat1on o-r patnways concerned 

w1th the execut1on and control o-r voluntary movement. 

Note. From cereorocereoe1 tar Gommun1ca~1on ~vs~ems 

by G.I. Allen and N. rsukuhara, 1!::.1/4, t-JhYs1oloqy Kev1ew, o4, 

p. 95 7. 



PLAN, PROGRAM . EXECUTE 

BASAL 
GANGLIA 

I tSOCXATXON 
IDEA ~ SMA <.--7 CORTEX<- THALAMU~ MOTOR MOVEt '- '--- ("I CORTEX"'¥ 

LATERALlf 1' 7 \_ INTERMEDIARY 
CEREBELLUM! CEREBELLUM 

1-- __ --~------~S~O~MA~T~O~-------­
SENSORY 

SMA-SUPPLEMENTARY MOTOR 
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Table 1 

Summary of Su_bJ~ct_ De_f!l_og_r~p_h_j~s 

SUBJECT AGE AGE AT DIAGNOSIS 

FR 60 years 46 years 

JA 68 years 55 years 

SR 76 years 72 years 

Mt::DlCA llUN 

Am1tr 1PtY 11 ne ;:, i mq;aay 

COqentln ~ mqJday 

Deprenvt ~.b mq;aav 

Sinemet 250/25 

--6 capsules/day 

Am1tr1 pty I 1ne 1Omg/ day 

Bensvtate 2 mq;aay 

Sinemet 250/25 

--2 tab Iets/ day 

Deprenyl 5 mq;aav 

~, nemet. lUU/ 1 u 

--4.5 tablets/day 
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Table 2 


.QQrr~Jgj._io_n Q_f _fo_r:5;e p l a:t;,torm dependent measur(3s w1 t.n t.h~ 


Q_PAF._;____ g_r:oyp__ d~:t~.________ tt~L_:::: __48) _, 


Dependent measure Sinemet Deprenyl 

Area of sway .60* 

Velocity of sway .52* 

*P.<.05 
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Tab·le 3 

C_Qr_relat_ion of force plattorm dependent measures w1tn tne 

SPAF: lndividual $UbJect data, lN = 16J 

Dependent Sinemet Sinemet Uepreny·l 
Deprenyl 
measure t1me 1 t1me 2 t1me 1 t1me 2 

RMS Iat -.55* 

SUOJ9CL. f-R 

. u L_·;r: 

RMS Iat 

Area of swav 

Velocity ot sway 

-.be* 

SU0.19CL. JA 

, ::oo.:tt 

.tio.:tt 

.o4* 

RMS Iat 

RMS a-p 

Area of sway 

-.87* 

-.53* 

::iUO.leCt 

-.b5* 

-.52* 

::iR 

.b9* 

.bb* 

*P<.05 



Table 4 

Coefficien_t,__Q_f __v~r1at1on __for sub,Ject _FR 

Dependent measure Eves open Eves closed 

Day 1 Sinemet 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

Day 2 Sinemet 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

Day 1 Deprenyl 

RMS lat sway 
RMS a-p sway 
Area of sway 

Velocity of sway 

Day 2 Deprenyl 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

. 21 

• 31 

.44 

.30 


.28 


.22 


.35 


.24 


.37 


.38 


.45 

• 21 


.29 


.22 


.33 


.22 


.30 


.09 


.38 

• 1 9 


• 1 2 

.27 

.25 

.24 


• 1 9 

.44 

.30 

• 1 7 


.20 


.26 


.34 


.26 




Table 5 

Day 1 Sinemet 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

Day 2 Sinemet 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

Day 1 Deprenyl 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

Day 2 Deprenyl 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

133 
103 
167 
197 

91 
107 
154 
161 

101 
1 31 
200 
170 

113 
133 
148 
188 
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Table 6 

Mean values ~nd____~l9Di_fl9~nce .t~_y_eLs _for __ th.E3 ma1n ette_ct ot 

g_ays ;___~_y b.i~_g_t_ _FR 

Dependent measure Day 1 Day 2 Signit1cance level 

RMS lat sway 0.83 0.86 F(1,9) = .02, nsd 

RMS a-p sway 0.84 0.88 F(1.9) = . 01 ' nsa 

Area of sway 26.29 29.98 F(1,9) = 1 . 26' nsd 

Velocity of sway 2.5 2.67 F(f,9) = 2.39, nsa 
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Table 7 

Me~n -~~-lY-.~§__~_o_Q___~_i_g_o_i_f i g~nc:;_e __l_e_y~_)_§__fpr:_ __th~-- rn~J l1___~_ffect~ _g_f_ 

g~y s _;_____§__~ b__j_~gt. _,JA 

Dependent measure Day 1 Day 2 Significance level 

RMS lat sway 0.45 0.49 F(1,9) 54, nsd= 
RMS a-p sway 0.51 0.50 F(1.9) = 'l.l. nso 

Area of sway 9.39 9.36 F(1,9) = 01 ' nsd 

Velocity of sway 1 • 52 1 • 51 F(1,9) = .001. nsd 
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Table 8 

t:'l~~__va 1u~~-~r:~<::L_§igrnt ,~~nge 1eve 1s tor the rna 1 n ettect ot 

Q\:!Y_~__;____~u_QJ~c;t _SR 

Dependent measure Day 1 Day 2 Sign1t1cance level 

RMS lat sway .53 .56 F{1,9) .02, nsd= 
RMS a-p sway .54 .54 F(1,9) .04, nsd= 
Area of sway 8.67 9.36 F(1,9) .43, nsd= 
Velocity of sway 1 • 29 1. 44 F(1,9) = 1 • 1 8. nsd 
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Table 9 

vi_.$ua J_g_q_ng i_t_1_9n_JLro~9J99-t i on_X _9<iYS. J nt~r~c:.:t i_QO •___M_~~n_Y<iJ l,J_e_s. 

f_o_r_B_t1~ __1_~t :_ -~lJbJ_~gt __FR 

Medication condition Eyes open Eyes closed 

Day 1 Sinemet • 71 .95 

Day 2 Sinemet .87 .~0 

Day 1 Deprenyl .78 .87 

Day 2 Deprenyl .82 .93 
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Table 10 


Vi sua1 condi tiQIJ-X_rn_~_di_catJ_Qn _j n:ter~cti QI"''_._____ M..ear:t v~Ju~§_fQ~_ 

R_M~ ~=_p__;____§.y_pj~g_t FR 

Medication condition Eyes open Eyes closed 

Sinemet .85 .89 


Deprenyl .73 .96 
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Table 11 

M~_c:\11 v_~]~e_S) __c:mg §19nitJc;ance leve Is tor __ t,h_e__llla1n effect. ot 

y_j_~jq_o_; __§_lJbj__~c;:4 F_R 

Dependent measure Eyes open Eyes closed Signlficance leve-l 

RMS lat sway 1 • 27 1. 28 F(1,9) = 1 • 45' nsd 

RMS a-p sway 1 • 1 1 1 • 7 4 F(1,9) = 14.09, p<.05 

Area of sway 34.91 67.61 F(1,9) = 99.44, p<.001 

Velocity of sway 3.31 3.37 F(1,9)= 1::S4.::S7. p<.001 
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Table 12 

vi su_§_l~_Qnd i_ttoJJ_X._ct~Y.s; _int_~r::~9t,i o_n~__ MEHiB_Y~JLJ~~ _fg__LBH-~-- J ~-t_;__ 

s 1,.1 l::> j ~-g_:t____JA 

Condition Eyes open Eyes closed 

Day 1 .39 .53 

.Day 2 .49 .45 
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Table 13 


VisuJ~,J con_c:t]:t;.i.QJ'I_)( _rnedl_catt<Jn 1nteractiqn•. Mean values for 


't:.~Lo_c tt.LQf --~w-~_y__tc::mL ~e_c;j_;______ J~YbJ ~Gt __.)~ 


Medication condition Eyes open Eyes c 1osed 

Sinemet 1 • 26 1. 49 


Deprenyl 1. 24 1 • 75 
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Table 14 

Vi sya) cong_j tj_gn___X m~d i_c;_~t i on__ int_~r.:_~g_tj 9J:'I ! __M_e_an y_~JJ,.!_e§__ f~Q_r 

~re&__of_sw_~y___ (_c;_m~j_;__ sypj_~_g_t ~A 

--------------------------------~--------

Medication condit1on Eyes open Eves c lased 

Sinemet 8.02 

Deprenyl 6.85 
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Table 15 

M~~D___y_~lJ,.&e§___ii!':LO __sj gn i_:f i g_ance J eve_l s _tor _th_~ _rna 1 n et t e9t ot 

yj_§j_qn_;___ -~_ut;)_j_~ct _JA 

Dependent measure Eyes open Eyes closed Sign1f1cance level 

RMS lat sway .43 .51 F( 1 ,9) = 39.47, p< .001 

RMS a-p sway .49 .52 F(1,9) = 2.30, nsd 

Area of sway 7.43 11.32 F( 1 ,9) = 33.98, P< .001 

Velocity of sway 1 • 26 1.78 F(1,9) =154.50, p<.001 
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Table 16 

vi SJ.t~J cond it iQ.n __l<_rru~gj_Q._~tJ 9r1 _X qay_s_ j_ot._~_r-~g___tj___qn___._ Me~o___y_~ 1ue§ 

for v~J oc i_!.__y____9f_§_\•(~y___lg_rn_/__§~gj__~--- _§ y_b_j ~g_t_ $_R 

Medication condition Eyes open Eyes closed 

Day 1 Sinemet 1. 24 1. 32 

Day 2 Sinemet 1 . 35 1 • 62 

Day 1 Deprenyl 1. 22 1. 37 

Day 2 Deprenyl 1 • 21 1 • 51 



Table 17 

~_§_~11~lllE?_$___~o_Q__llin1fJ_C_c:t_ng_~ ___le_y_e_l s ___fqr _thE? rnai n __E?Jf~~t. _of 

y_ i ~j_Q_n_:__ §_l,lbj_E?Ct $R 

Dependent measure Eyes open Eyes c·tosed S1qnit1cance Ieve 1 

RMS lat sway .48 .60 F(1,9) = 50.43, p<.001 


RMS a-p sway .50 .57 F(1,9) = 7. 8. p<.05 


Area of sway 7. 61 10.97 F(1,9) = 32. 14. p<.001 


Velocity of sway 1. 25 1 . 4 7 F(1,9) = 17.89, p<.05 
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Table 18 

Day 1 Sinemet 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

Day 2 Sinemet 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

Day 1 Deprenyl 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

Day 2 Deprenyl 

RMS lat sway 
RMS a-p sway 
Area of sway 
Velocity of sway 

131 
116 
174 
148 

1 1 2 
116 
165 
144 

14J 
94 
139 

136 

93 
104 
126 
134 



Table 19 

Day 1 Sinemet 

RMS lat sway 13e 
RMS a-p sway 100 
Area of sway 1 21 
Velocity of sway 106 

Day 2 Sinemet 

RMS lat sway 1 1 1 
RMS a-p sway 119 
Area of sway 152 
Velocity of sway 120 

Day 1 Deprenyl 

RMS lat sway 120 
RMS a-p sway 11 7 
Are·a of sway 138 
Velocity of sway 112 

Day 2 Deprenyl 

RMS lat sway 136 
RMS a-p sway 114 
Area of sway 165 
Velocity of sway 129 
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Table 20 

M_e._a,ILYal_y_e_§__J~_nq __$j_gntfic~nce _levels to( _the ma1n et-rec_t_o_t_ 

llle_Qj_~~:t_ig_r::t;_____ J?Vg_j~c:;_t_.JA 

Dependent measure Sinemet Deprenyl Sign1ficance level 

RMS lat sway .52 .43 F( 1 ,9) = 9.87, p< .05 

RMS a-p sway .53 .48 F ( 1 , 9 ) = 1 • 30 , nsd 

Area of sway 10.79 7.96 F(1,9) = 7.19, p<.05 

Velocity of sway 1 • 63 1 • 41 F(1,9) = 17.16, p<.05 
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Table 21 

Eyes open Eyes closed 
Dependent measure Adults Elderly Adults Elderly 

RMS lat sway .38 .66 .52 .lj9 

RMS a-p sway .45 .58 .60 .85 

Maximum distance 
Excursion (em) 22.60 34.30 31.80 62.4U 

Velocity of sway 1. 03 1 . 05 2. 10 4.20 

Note. From "Age, D1urna1 Vanabllltv, and tne 

Re 1 i abi 1 i ty of Postura 1 Sway" by K. Hatton, J. Starkes & T. 

Takahashi, 1991. To appear 1n the Japanese Jou~nal ot~~~man 
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APPENDIX I 

THE SEARS PARKINSON'S ASSESSMENT FORM (SPAFl 


_E>Q_ST(JRAL, STABJL,J_T_Y 


NAME_______________________ UATE ___ 
ADDRESS_____________________ TIME_________ 

lJ. u. I:S. --------
AGt: Af IJ1AGNU0l::i 

MEDICATIONS AND TIME TAKEN___________________ 

STATIC OPTICAL RIGHTING 

DYNAMIC OPTICAL RIGHTING 

STATIC LABYRINTHINE 

DYNAMIC LABYRINTHINE 

PROTECTIVE REACTION (ARM) (REo*)_( LEOt) ___ ( RECx) ___ ( LE<} )_ 

KNEEL STANDING ( E0°)__( ECc )__ 

I/2 KNEEL STANDING (REO) ___ ( LEO )_l REC) ___ (LEG)_ 

STANDING (EO) __( EC )____ 

DYNAMIC RIGHTING l REO) __( LEO)_( REC )_( LEC )_ 

PROTECTIVE REACTION (LEG) (REO) __( LEO)_( REC) __( LEC L_ 

ONE LEGGED STANDING (REO) __( LEO)_-__ ( REC l __( LEC l__ 


/5o 

SCORE 2--PATIENT REQUIRES MUDERAfE ASSISTANCE ANIJ/UR UNAI:SLE 
TO COMPLETE TASK 

SCORE 1--PATIENT REQUIRES MINIMAL ASSISTANCE AND/OR DELAYED 
RESPONSE 

SCORE 0--PATIENT IS ABLE TO COMPLETE TASK INDEPENDENTLY 

* RIGHT EYES OPEN 
+ LEFT EYES OPEN 
x RIGHT EYES CLOSED 
a LEFT EYES CLOSED 
b EYES OPEN 
c EYES CLOSED 



FR DRY 1 SINEMET 

RMS LATERAL 


S--SINEMET, C--COCENTIN 

-~ 1~ 1"15 LRT 
:._: .------------------------, 

fl , --­1 l,u 

-- F1 l:=Ju -

10 4 ·- .''\ 

1 2 : 
: 

' 
' ', 

',0 
...,.!- ­

' ', ' ' 
' 

t- ­

'tJ Cj ~ . ""_ ____:_:.," x--------- . 
D l,_j I _,.// · ' ' • I 

Oo6l_-i~----~~~--~~~~--~ 

0 o 4 ~--------
0 o 2 [ pc _­SC SC I I I I ­(] i 1 I I I . 

9 o 1=I l0o40 12.45 10 40 3o05 

TI rvlE OF D0lY' 

5% EC CI 

5% EO CI 


H 
!2: 
0 
H 
<H 
0
c:: 
)I 

1:"4 

0 
)I 
~ 
)I 

I'd 
1:"4 
0 
~ 
{Jl 

)I 
I'd 

I'd 

t'!l 
~ 
H 
~ 

H 
H 

I-' 

U1 

"-­



FR DRY 2 SINEMET 

RMS LATERAL 


S--SINEMET) C--COCENTIN 

,_, RI1S LRT 
~~----------------------------------~ 

10 8 

10 6 

10 4 

1 0 2 ·- ~/~ 

/ / ""''' 
""" 

..~~---

o.a ~ L-~ -,.,_.._...--~--,' :s....:..:....:.. _ 
•,_____ \ ? 

0.6 \/ 
Oo 4 L 

-------- 5% EC C I 
[l '~ ·­
-· u l ­

0 E y-· I I sr I I I I I 1c 1- 5% EO cI 
1,--, 4c 

~l~J" l =-l 10u "-l[1 ~ u 1 D Ll [l 3u05 

TIME OF DR\' 

£- ~j- -

...... 
U1 
00 



FR DRY 1 SINEMET 
RMS R-P 

S--SINEMET) C--COCENTIN 
RMS R-P 

' 

2 

J 0 8 

1 0 6 

1 0 4 

10 2 

1 / - '·,~---- -------1 - __.-·,~---- ___ __-:-:-:------ = 
CLB-. c 7------ --------- --·s z ·__;== 'S> ~ 
Uo6 <: I '<:: _:=­

Oo4 
0 0 2 t- I - - -- - --­ 5% EC cI 

0 E ]C I I Sf I I I I I Sf 1- 5% ED cI 

9 0 15 10o40 12o45 10 40 3o05 

TIME OF IW:f/ 

t-' 
U1 
l~ 



FR DRY 2 SINEMET 

RMS R-P 


S--SINEMET) C--COCENTIN 

RMS R-P

2 
1D 8 

1D 6 

1 a 4 ,' 

1 ') ·­
D '­ F~ 

-'--._--.. 

-------- '-----,I , ·· ·. t . . -..~ 

0.8~ ~:~zsz -~H 
D. 6 ­

0 4 5% EC0 I cImum 

0. 2 L s,c - 5% ED cIQ Tc I I Sf I I I I I 

D9. 15 l0a40 12.45 1 40 3.05 

TIME OF DR"( 

....... 

O'l 
0 



---

FR DRY 1 SINEMET 

AREA OF SWAY CCM2) 


S--SINEMET) C--COCENTIN 

?O RRER CCM 2 

) 

,,. 
63 t- ' 

'' 

' 

56 I- ' 
' 

' ' ' 
'49E-

' 

-- · ­' ' ' 42 ' ' ' ' ' 

\ -- -­~SE) t-~ / \ ., -~ / /6'\­

21 . I / -~~· L' • f / ~- ........ 5%
14 I -­'= 
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( t ­

[l I )3C I I Sf I I I I I Sf 1- 5% EO cI 

9 D 15 10 D40 12 D45 1D40 3D 05 

T I ME OF DF~~~ 

........ 
0'1 
........ 




-- -

FR DRY 2 SINEMET 

RRER OF SWAY CCM 2 

) 


S--SINEMET) C--COCENTIN 

RRER CCM 2 ) 

70~------------------------------------~ 

63 

56 

49 
42 

___. - --- ~ ____. ____. -----1 --- ---- ­

35 
28 1__._ -----~'> ',•' '•----------- I ? 'r --;--- _____... < _...__.___ ~ ' . *"..,__ 

--~~-~21 ~- // 
'-..-- "" 

14 I 

~ ~ 1-------- 5% EC C I 

? I sc sc ';c 1- 5% EO C I 
0 r 1 I I I I 1 1 1 

9 15 1Da40 12a45 1D 40 3a05D 

TIME OF DRY 

1-' 
0'1 
N 



---

---------

FR DRY 1 SINEMET 

VELOCITY OF SWAY CCM/ SEC) 

S-- SINEMET , C--COCENTIN 


VELOCITY CCM/ SEC)
5 

/\
' '4a5 ' ' 

' ' 4 \' 

' ' 
' 

7 5
._) 0 

' ' 
' 

/ --- .. ------ ­3 
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2 
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FR DRY 2 SINEMET 

VELOCITY OF SWAY CCM/SEC) 


5--SINEMET) C--COCENTIN 

VELOCITY CCM/SEC)
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4 
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,' 
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FR DRY 1 DEPRENYL 

RMS LATERAL 


S--SINEMET, C--COCENTIN, D--DEPRENYL 

RMS LRT

2 

10 8 

10 6 

10 4 
',10 2 ............. 


1 E= 
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FR DRY 2 DEPRENYL 

RMS LATERAL 


S--SJNEMET) C--COCENTIN) D--DEPRENYL 

? RMS LRT 
~~ 

10 8 

1 0 6 
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/ 

,'10 2 
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0 8 / > //u•m•• -_/ 


0 --- ~~-- ---~ 


~ 

. 
/ 

\ .. / 
' :;:> I 
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Oo 4 _ 
0 0 2 t ­

...... 
0'\ 
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FR DRY 1 DEPRENYL 

RMS R-P 


5--SINEMET) C--COCENTIN) D--DEPRENYL 

RMS R-P

2 

1 Q 8 .. 
'1 Q 6 

2 1 

1 t 
' ' 
' '' 

' .. .'1 Q 4 
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' 
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FR DRY 2 DEPRENYL 

RMS R-P 


S--SINEMET) C--COCENTIN) D--DEPRENYL 

, RfvlS R- P 
~~--------------------------------~ 
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1 6a 
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FR DRY 1 DEPRENYL 
RRER OF SWAY CCM 2 
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FR DRY 2 DEPRENYL 

RRER OF SWAY CCM2 ) 


S--SINEMET) C--COCENT)N) D--DEPRENYL 

?O RRER CCM2 

) 

c--,
u.j 

56 ,, ........ .· 

49 	 ' 

~ ..1-l--	
' ' 

' ' 
' ' 

42 
' ' 

' ' 

35 	 ' ' 
' ' 


', 
' ' 
' 


' 	 // 
~281 ==- < 

" 
21 ' " 

~ 
/ 1' ________ 5% EC C1 

714 
1 I I 

I ~- I
'1~"-' I I I I 

9. 15 12.45 1 40 3.05a 	

· __ 5% EO C I 
I0'

• 

T I 1'1E OF DR1) 

...... 
'-J 
0 



FR DRY 1 DEPRENYL 

VELOCITY OF SWAY CCM/SEC) 


S--SINEMET) C--COCENTIN) D--DEPRENYL 
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Dependent measure Eves open t::ves closed 

Day 1 Sinemet 

RMS lat sway .26 . 14 
RMS a-p sway . 31 .22 
Area of sway .25 .23 
Velocity of sway . 1 3 . 1 6 

Day 2 Sinemet 

RMS lat sway . 1 7 . 1 6 
RMS a-p sway .37 .20 
Area of sway .38 .30 
Velocity of sway . 14 . 1 9 

Day 1 Deprenyl 

RMS lat sway .52 . 21 
RMS a-p sway . 21 .46 
Area of sway . 21 .33 
Velocity of sway . 14 . 14 

Day 2 Deprenyl 

RMS lat sway .34 • 1 6 
RMS a-p sway .53 .25 
Area of sway .64 .38 
Velocity of sway . 1 6 . 1 5 



L llb 

QQ_~_f"fj_~i...e_n_t___o t__ y_~ri at 1on for ___sub,1ect SR 

Dependent measure Eyes open Eyes closed 

Day 1 Sinemet 

RMS lat sway . , 8 . 19 
RMS a-p sway .27 .25 
Area of sway .49 .26 

Velocity of sway .20 . 14 

Day 2 Sinemet 

RMS lat sway . 1 6 . 1 5 
RMS a-p sway . 21 .32 
Area of sway .34 .28 
Velocity of sway .20 . 1 6 

Day 1 Deprenyl 

RMS lat sway .24 .29 
RMS a-p sway .24 . 27 
Area of sway .26 .30 
Velocity of sway . 1 1 . , 2 

Day 2 Deprenyl 

RMS lat sway . 1 9 • 1 9 
RMS a-p sway . 1 5 .23 
Area of sway .25 .45 
Velocity of sway . 14 .30 
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