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Huntington's disease (lID) is a genetically transmitted disorder associated with atrophy of the basal ganglia. Studies of the 
neuroanatomical correlates of HD have focused primarily on the anterior areas of the basal ganglia and on establishing an 
association between structural changes resulting from the presence and course of the illness. The objective of the present study 
was to assess the value of measurements of the third ventrical and lentiform regions. Computed tomographic (CT) brain scan 
measures of the basal ganglia of patients in the "early" and "late" stages of the disease were correlated with scores on a 
quantified neurological examination (QNE) and compared with scans of age-matched control groups. Basal ganglia atrophy 
was assessed by two conventional "anterior" measures: the maximal distance between the frontal horns of the lateral ventricles 
(FH) and the minimum distance between the caudate nuclei (CC), and two measures of more "posterior" regions: the width of 
the third ventricle (3V), and a measure of the lentiform regions (LENTI). In the group of patients with RD, CT scan measures 
were strongly correlated with disease duration. Further, in the "late" group, aU CT measures were significantly correlated with 
QNE scores, with the two ''posterior'' measures being equally, if not more strongly correlated with QNE scores than the 
conventional "anterior" measures. Separate correlations of the CT indices of atrophy and QNE scores in the "early" and 
"late" RD groups revealed relationshps between basal ganglia atrophy and motor abnormality consistent with earlier reports. 
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INTRODUCTION 

Considerable evidence now suggests that motor defi
cits observed in the progression of Huntington's dis
ease (HD) are related to basal ganglia deterioration 
(Bruyn, 1968, 1973). Neuropathological studies exam
ining structural alterations of the basal ganglia re
lated to the progression of HD have indicated that 
atrophy appears to start in the rostromedial caudate 
regions and, with advancing disease, extends laterally 
and caudally into the putamen. Atrophy of the palli
dal regions eventually becomes apparent in the most 
severe cases (Roos et ai., 1985; Vonsattel et ai., 
1985). Computed tomographic (CT) investigations 
have been used to evaluate the progression of basal 
ganglia atrophy associated with HD. Such studies 
have commonly focused on measures of the anterior 
caudate regions and have confirmed that these re
gions atrophy with disease progression (Terrence et 
ai., 1977; Stober et ai., 1984; Lang, 1985; Starkstein 
et ai., 1988; Bamford et ai., 1989). Initial protocols 
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using magnetic resonance imaging (MRI) techniques 
have supported these findings (Jernigan et ai., 1991). 

Cerebral metabolic profiles of patients with HD 
have revealed metabolic changes in the caudate nuclei 
which may precede the striatal atrophy seen on CT 
scans (Clark et ai., 1986; Martin et ai., 1986; Young 
et al., 1986, 1987, 1988; Hayden et al., 1987; Mazzi
otta et ai., 1987). In addition, there is evidence that 
significant striatal hypometabolism in asymptomatic 
patients "at risk" for HD may even act ·as a presymp
tomatic predictor (Clark et al., 1986; Hayden et ai., 
1987; Mazziotta et al., 1987). In contrast, structural 
profiles obtained with CT scans of patients in the 
early stages of the disease do not commonly show 
pronounced deficits (Young et al., 1986, 1988). These 
findings suggest that in the early stages of the illness, 
conventional CT scan measures of basal ganglia atro
phy may be relatively insensitive to alterations of 
neural function. 
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The present study examines the relationship be
tween neurological impairment and basal ganglia atro
phy in patients with HD in the "early" and "late" 
clinical stages. The introduction of two additional 
structural indices of the more posterior regions of the 
basal ganglia, involving a measure of the third ventri
cle and a measure of a region including the lentiform 
nucleus, allowed for a more comprehensive approach 
to the investigation of this illness. Two conventional 
measures of caudate atrophy, the maximal distance 
between the frontal horns and the minimum distance 
between the caudate nuclei, served as more estab
lished indices of basal ganglia atrophy. The objective 
of this study was to determine if the correlation seen 
between the anterior indices and indications of dis
ease progression could also be demonstrated with 
posterior structural measures. 

METHODS 

High resolution transaxial CT scans of the brain 
were carried out on patients attending the HD 
Research Program at the Royal Ottawa Hospital. 
Patients consented to participate in this study after 
being informed of its purpose, risks and potential 
benefits. All were examined neurologically and were 
assessed with respect to mental status prior to the 
onset of the study. All exhibited abnormal findings 
that were, on clinical grounds, consistent with HD. 

All 19 study patients had a family history sugges
tive of HD, i.e. a progressive neurological disorder 
with abnormal movements and dementia present in 
one parent. In all cases, the family history of HD 
involved more than one generation. 

All eight patients comprising the "late" HD group 
had choreiform movements involving both sides of 
the body, without significant evidence of involvement 
of any other motor systems. Also, there was evidence 
of dementia in five of these patients on mental status 
examination [Mini-Mental Status Examination 
(MMSE), mean ± SD 19.3 ± 10.1]. Duration of 
illness was over 1 year in all cases. 

The duration of illness was less than 1 year in the 
11 patients comprising the "early" HD group. Chorei
form movements were present in six of these patients. 
The remaining five exhibited clinically significant dis
orders of coordination, had quantified neurological 
examination (QNE; Folstein et ai., 1983; Folstein, 
1989) scores greater than five points and demon
strated neuropsychological impairment consistent 
with early HD, without incidence of overt dementia. 
Mean MMSE scores in the "early" group were 29.2 
± 1.2 and significantly different from the "late" HD 
group (p < 0.01). 
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Clinically appropriate investigations were carried 
out to exclude other disorders (see Folstein, 1989, p. 
141). Assessments included blood screening, EEG 
and CT brain scan review. The latter was carried out 
blind to the patient's name. 

CT scans of two control groups were also included 
in the analysis. The first control group ("early" con
trol) was age matched to the "early" HD group; the 
second group ("late" control) was aged matched to the 
"late" HD group (Table I). All were selected sequen
tially from the records of the Royal Ottawa Hospital 
Neuropsychiatry Program on the basis of having 
undergone CT head scanning but with no history or 
signs of significant neurological disease, and/or the 
abuse of drugs or alcohol (Table I). These groups 
were composed of patients diagnosed as suffering 
from affective disorders, functional psychosis, or 
chronic headache. In all control patients, the neuro
logical exam was within normal limits and the score 
on the QNE was less than five points. 

The control groups were included for comparison 
purposes in order to determine whether significant 
basal ganglia atrophy was present in the "early" HD 
group and, if not, whether their scans were compara
ble to those of neurologically normal patients. The 
"late" control group was included in order to deter
mine if significant striatal atrophy occurred with age. 

Determination of neuroanatomical measures 
from CT scans 
CT scans were produced on a Picker International 
1200SX machine, using sequential 10 mm slices, 
taken in the transverse plane parallel to the orbito
meatal line (Yock, 1983). The machine used has a 
512 x 512 matrix in high resolution mode and spatial 
resolutions of 15 line pairs/cm. Scans were examined 
by one of the investigators who was blind to all 
clinical data. Those slices which best demonstrated 
three groups of structures on two sequential levels, 
approximately matching 63-70 mm from the brain 
vertex on the neuroanatomical atlas by Aquilonius 
and Eckernas (1980), were selected. These structures 
were: (1) the caudate nuclei (at their closest proximity 
as they protrude into the frontal horns of the lateral 
ventricles), (2) the third ventricle, and (3) the struc
tures occupying the space between the edge of the 
third ventricle, at its widest point, and the outermost 
side of the insular cortex (Fig. 1). 

Levels were then digitized from the hard copy CT 
scan by means of a commercially available 
microcomputer-based image analysis system (MCID, 
Imaging Research St Catherines, Ontario, Canada). 
Color enhancement and high resolution of digitiza
tion system allowed for the precise evaluation of 
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TABLE I. Age, sex and disease duration of patient groups 

Group n Mean age and Number Mean disease duration 
and range (years) (S.D.) of males 

range (years) (S.D.) 

"Early" control 11 35.4 10 
25-51 (9.6) 

"Late" control 8 58.9 3 
40-77 (13.8) 

"Early" HO 11 34.4 4 0.3 
23-60 (10.7) 0-1 (0.47) 

11.1 
7-17 (7.17) 

"Late" HO 8 55.9 
43-67 (7.9) 

each CT scan image. Pertinent structures could be 
readily identified permitting a more precise measure
ment of each structure. The digitized images can 
achieve a resolution up to 0.1 mm. Thus, the limiting 
factor of measurement accuracy was the resolution 
of the actual CT scan image. Seven measurements 
were taken from each CT scan, to produce four 
ratios (Fig. 1). A sample of scans was evaluated by 
two independent raters to allow for the calculation of 
indices of concordance. 

Neurological assessment 
The QNE was used to assess neurological impairment 
(Folstein et al., 1983; Folstein, 1989). The QNE yields 
a composite score comprising the patient's perform
ance on a variety of tests assessing the presence and 
severity of choreiform movements and dystonia, and 
the motor skills of all parts of the body. When 
completing the QNE, the examiner (J.K.A.R. in all 
cases) was blind to all CT scan results. In addition to 
the global measure of neurological impairment 
(QNE-Total), three other QNE subscales were used: 
QNE-Chorea, as a measure of choreiform move
ments; the QNE-EMS, for eye movement abnormali
ties; and the QNE-DYST, as a measure of dystonia. 
These subscales were chosen for the following rea
sons: the chorea and eye movement abnormalities 
are always present in the adult HD patient and show 
a tendency to change in quality with disease progres
sion (Bruyn, 1968; Folstein et al., 1986; Folstein, 
1989). Dystonia tends to appear relatively late in the 
adult with HD (Bruyn, 1968). 

The QNE-DYST scale was derived from the cumu
lative score on two subscales of the QNE. One sub
scale measured the presence of any dystonia on exami
nation and the other axis posturing (each scored as 
o = absent, 1 = mild, 2 = moderate, 3 = severe). The 
higher the score on the QNE, the greater the degree 
of motor impairment. 

Two conventional anterior measures of basal gan-
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glia atrophy were computed. The frontal horn ratio 
(FHr) was compllted by dividing the maximal dis
tance between the lateral extensions of the frontal 
horn by the distance between the internal tables of 
the skull at the point of the frontal horn measurement 
(FHit; Fig. 1). The bicaudate ratio (CCr) was calcu
lated by dividing the minimum distance between the 
caudate nuclei by the distance between the internal 
tables of the skull at the point of caudate nuclei 
measurement (CCit). Two additional measures were 
calculated. The maximal width of the third ventricle 
was divided by CCit resulting in a measure of third 
ventricle enlargement (3Vr). The sum of the distance 
between the walls of the third ventricle at its widest 
point and the outer edge of the insular cortex was 
divided by the CCit to obtain a measure of atrophy 
of this region. Dividing each neuroanatomical meas
ure by the measurement of the internal table of the 
skull reduced the possibility of a confounding effect 
of variation in skull size. 

The comparison of the CT measures with the neuro
anatomical atlas (Aquilonius and Eckernas, 1980) 
indicated that the frontal horn ratio (FHr) and bicau
date ratio (CCr) measures accurately reflected 
changes in the region of the head of the caudate 
nucleus. 

The third ventricle ratio (3Vr) and lentiform ratio 
(LENTIr) measures represented more posterior re
gions, including the thalamus, internal and external 
capsules, globus pallidus and putamen and served as 
non-conventional measures. 

Data analysis 
Data were analysed with analysis of variance tech
niques (ANOV A) and, where appropriate, with corre
lational indices. Post-hoc comparisons were per
formed by Student-Newman-Keuls tests of signifi
cance. Group membership ("early" control, "late" 
control, "early" HD and "late" HD) was treated as 
the independent variable for the purposes of the 
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FIG. 1. Neuroanatomical measures used. FHit is the distance between the internal tables of the skull on a line drawn through 
the tips of the frontal horns. FH is the maximal distance between the tips of the frontal horns. Frontal horn ratio (FHr) is 
determined by dividing FH by FHit. CCit is the distance between the internal tables of the skull taken at the point at which the 
medial edges of the caudate nuclei are closest. CC is the minimal distance between the caudate nuclei. Bicaudate ratio (CCr) 
is CC divided by CCit. 3V is the measure of the maximum width of the third ventrical. Third ventricle ratio (3Vr) is 3V divided 
by CCit. LENTI is the distance between the edge of the third ventricle at its widest point and the outer edge of insular cortex. 
Both the left and right LENTI measures are combined, and t,he sum is taken to produce a single value. Lentiform ratio 
(LENTlr) is LENTI divided by CCit. 

analysis of variance but the "early" and the "late" 
HD groups were combined in the context of the 
correlational evaluations (Tabachnick and Fidell, 
1989). 

RESULTS 

Analysis of CT scan measurements 
All measures of the basal ganglia proved to be signifi-
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cantly smaller in the "late" HD group, when com
pared with its control and "early" groups. The four 
ratio measures (see Fig. 1) taken from the CT scans 
were first compared for the four groups by means of 
an ANOVA (Tabachnick and Fidell, 1989). Signifi
cant overall effects (range p ~ 0.006 to p ~ 0.0001) 
were further evaluated by post-hoc tests. For all meas
ures, significant differences were found between the 
"early" control, "late" control and "early" HD 
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TABLE II. Group means and standard deviations (S.D.) of the neuroanatomical measures of the HO patients 

Group "Early" "Late" "Early" "Late" Correlation of 
control control HO HO CT measures with 

illness duration 

FHr 0.312 0.314 0.291 0.352 0.62"" 
S.D. 0.033 0.029 0.040 0.034 
CCr 0.113 0.112 0.112 0.171 0.54" 
S.D. 0.022 0.023 0.030 0.046 
3Vr 0.034 0.033 0.040 0.070 0.76""" 
S.D. 0.010 0.006 0.009 0.022 
LENTlr 0.646 0.631 0.660 0.589 - 0.63"" 
S.D. 0.042 0.030 0.046 0.041 

"Early" HO vs controls ("early" and "late"): no significant differences between group means for any measures. 
"Late" HO vs "early" HO: group means differ significantly (p < 0.05) on all measures. 
Correlations between neuroanatomical measures and duration of disease: "p ;;;; 0.05; ""p ;;;; 0.01; """p ;;;; 0.001. 

TABLE III. Intercorrelations of neuroanatomical 
measures 

FHr CCr LENTlr 3Vr 

FHr 0.56 -0.69 0.82 
CCr 0.05 -0.86 -0.53 
LENTlr 0.001 0.001 -0.76 
3Vr 0.001 0.008 0.001 

Values on top right diagonal represent correlations of 
measures for the "early" and "late" HO groups (n = 20). 
Values at bottom left represent level of statistical probabil
ity of correlation. 

groups when compared with the "late" HD group. 
However, no statistically significant differences were 
found between control and "early" HD groups 
(p > 0.05; Table II). 

Combination of the "early" and "late" HD groups 
increased the variation in the disease duration range 
which allowed for the determination of correlations 
between striatal structure size and illness duration. 
Results indicated that the FHr, 3Vr and LENTIr 
measures were significantly correlated with disease 
duration. The CCr measure, while statistically signifi
cant, evidenced the relatively lowest association with 
illness duration (Table II). 

All measures were intercorrelated to determine the 
unique contribution of each. All were strongly corre
lated; none of the associations shared more than 
65% of common variance (r = - 0.74; Table III). 

In order to determine the precision of the measure
ments taken, three scans were redigitized and the 
measurements were repeated by two of the investiga
tors, who were blind to each other's scores. Agree
ment between measurements of both raters was deter
mined by calculating the mean of difference in the 
measurements taken by each observer. The mean 
measurement error was calculated to be 1.09 mm 

(± 1.48 mm) using the method described in Bland 
and Altman (1986). 

Neurological measures 
Comparison of measures of neurological abnormality 
in the HD patients indicated, as expected, substantial 
differences between the "early" and "late" HD 
groups. Analysis of variance revealed a significant 
impairment in motor function in the "late" HD 
group. This group was impaired on all four QNE 
measures (QNE-Total, QNE-Chorea, QNE-EMS, 
QNE-DYST) relative to the "early" HD group 
(p ~ 0.001; Table IV). Correlations between disease 
duration and increasing abnormality in motor func
tion (as measured by QNE) was demonstrated on all 
four motor measures (p ~ 0.01; Table IV). 

These motor measures remained significantly corre
lated with disease duration when the "early" and 
"late" HD groups were combined (Spearman's corre
lation coefficients r = 0.47 to 0.86, p < 0.001 for all 
except QNE-DYST where p ~ 0.05.) 

Concomitant variation of neuroanatomical and 
neurological changes 
Comparisons of the QNE scales with neuroanatomi
cal measures for both the "early" and "late" HD 
groups demonstrated that the QNE measures were 
strongly correlated with striatal atrophy for several 
comparisons. However, the strength of association 
varied in the "early" and "late" HD groups. For 
example, the bicaudate ratio measure (CCr) was best 
correlated with alterations in motor function in 
the "early" HD group (r = 0.57 to 0.64; Table 
Va), while the lentiform region measure (LENTIr) 
was highly correlated with altered motor function 
in the "late" HD sample (r = 0.78 to 0.89; Table 
Vb). 
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TABLE IV. ONE measures, group means and standard 
deviations (S.D.) 

ONE-Total 
(S.D.) 
ONE-Chorea 
(S.D.) 
ONE-EMS 
(S.D.) 
ONE-OYST 
(S.D.) 

"Early" HO "Late" HO Correlation 
with 

duration 

10.18 69.67 0.76'" 
(10.66) (32.45) 

1.91 16.00 0.86"* 
(2.70) (5.34) 
1.36 8.22 0.80'" 

(1.86) (2.91) 
0.09 2.22 0.45* 

(0.30) (2.54) 

In all cases, "late" stage group means are statistically sig
nificantly different from "early" (p ~ 0.001). Last column 
represents correlations between functional measure and 
duration of disease: *p ~ 0.05; ***p ~ 0.001. 

TABLE Va. Correlations between ONE movement impair
ment indices and neuroanatomical atrophy in "early" HO 
(n = 11) 

FHr CCr 3Vr LENTlr 

ONE-Total -0.14 0.24 0.15 -0.37 
ONE-Chorea 0.30 0.31 0.47 -0.38 
ONE-EMS -0.07 0.13 0.10 -0.45 
ONE-OYST 0.20 0.33 0.02 -0.22 

No significant correlations. 

TABLE Vb. Correlations between ONE movement impair
ment indices and neuroanatomical atrophy in "late" HO 
(n = 9) 

FHr CCr 3Vr LENTlr 

ONE-Total 0.65* 0.62* 0.51 - 0.90*** 
ONE-Chorea 0.47 0.76** 0.35 - 0.86** 
ONE-EMS 0.86'* 0.44 0.74* - 0.79* 
ONE-OYST 0.71* 0.74' 0.44 -0.90** 

*p ~ 0.05; "p ~ 0.01; "*p ~ 0.001. 

DISCUSSION 

In this study, the comparison between CT scan meas
ures in control, "early" and "late" HD groups indi
cated that a significant amount of brain atrophy was 
evident in the "late" HD group, compared with all 
other groups, for all regions examined. This suggests 
that the measures employed here are sensitive to 
neuroanatomical changes related to the progression 
of HD. Further, no statistically significant differences 
were found when the CT measures from the "early" 
HD and "early" and "late" control groups were 
compared (Table II). This finding supports the pro
posal that individuals in the "early" group are dis-
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tinct from the "late" HD group of patients and 
could suggest that there is no structural change that 
can be identified in these "early" HD scans by the 
methods used in this study. Alternatively, these find
ings might be interpreted to suggest that "early" HD 
patients did in fact not have active disease, although 
the clinical criteria would suggest otherwise. 

The conventional "anterior" CT scan measures of 
basal ganglia atrophy (FHr, CCr) as well as the two 
"posterior" measures (3Vr, LENTIr) all appeared to 
be sensitive to structural alterations associated with 
the progression of HD. All four CT measures were 
significantly correlated with disease duration. While 
the third ventricle measure (3Vr) proved to be most 
strongly correlated with disease duration, the com
monly used measure of bicaudate ratio (CCr) demon
strated a more modest association with duration. 

Findings utilizing the conventional "anterior" 
measures were in keeping with previous reports 
(Stober et at., 1984; Starkstein et at., 1989). The 
"posterior" measures proved to be equally efficacious 
indicators of disease progression. 

Other studies utilizing the CT brain scanner have 
made it possible to correlate the degree of caudate 
atrophy with the clinical features of HD. "Anterior" 
measures, such as intercaudate distance, have been 
found to have a significant correlation with disease 
severity (Shoulson, 1981; Sax et at., 1983; Stober et 
at., 1984), and it has been suggested that the frontal 
hom/bicaudate ratio could predict the presence of 
clinical disease (Sax and Menzer, 1977; Terrence et 
at., 1977; Barr et at., 1978; Oepen and Osterlag, 1981; 
Stober et at., 1984; Lang, 1985; Mazziotta, 1989). 

The present data support the hypothesis that "pos
terior" measures (LENTIr, 3Vr) may also be useful 
correlates of disease progression. Further support for 
using "posterior" measures is found in a paper by 
Harris et at. (1992). Using the MRI scanner, this 
study ascertained that putaminal size was more 
closely correlated with the presence of disease than 
caudate size in patients with early HD. 

The progression of HD in adults is associated with 
progressive worsening of choreiform movements, es
pecialy during the first 10 years of the illness (Bruyn, 
1968; Folstein et at., 1986; Folstein, 1989). Therefore, 
it is to be expected that the QNE-Chorea score 
correlates significantly with illness duration (Table 
IV). A similar correlation was also expected and 
obtained for QNE-EMS, as eye movement abnormali
ties show increasing severity as the disease progresses 
(Bruyn, 1968; Folstein et at., 1986; Folstein, 1989). 

Overall, the QNE measures appear to be sensitive 
to the degree of motor disability and each of the 
QNE measures significantly correlated with disease 
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duration (Table IV). Thus, it appears appropriate to 
compare the neurological measures with indices of 
basal ganglia atrophy and obtain meaningful 
comparisons. 

No significant correlations were found, in the 
"early" group, when QNE scores and specific CT 
measures were compared (Table Va). This is not 
surprising as no significant differences were found 
between CT measures in the "early" HD group and 
the controls (Table II). In the "late" HD group on the 
other hand, all the CT measures were correlated with 
at least one of the QNE scores. In this group, the 
LENTIr was the only measure that correlated signifi
cantly with all the QNE scores (see Table Vb). It is 
suggested that the LENTIr is, to a large extent, 
measuring putamen size (Harris et al., 1992). Hence, in 
light of the evidence that the putamen regions receive 
input related mainly to motor function (Alexander et 
al., 1986; Alexander and Crutcher, 1990), the LENTIr 
findings may reflect the significant role ofthis structure 
in the motor symptoms of HD, a contention also 
postulated by PET scan investigations (Young et al., 
1986; Mazziotta, 1989). Anterior measures in tum 
may be less significant in this context as they showed a 
more variable correlation with the QNE scores. 

Dystonia, on the other hand, becomes more pro
nounced in the later stages, tending to replace the 
hyperkinetic activity (Bruyn, 1968), and so is less 
well correlated with illness duration, as was observed 
in the current study. 

It is further notable that the correlations found 
between the 3Vr and the LENTIr measures differ. 
There was a dramatic correlation between LENTIr 
and the QNE measures, and a lesser correlation 
between the 3Vr and QNE measures (see Tables Va 
and Vb). In contrast, compared with the LENTIr, the 
3Vr was found to correlate to a marginally greater 
extent with illness duration (Table II). Thus, it 
may be that the third ventricle changes are, at least 
in part, the result of a different process and so 
have a separate significance. When the LENTIr and 
3Vr measures were correlated, a significant correla
tion coefficient was obtained, indicating a concomi
tant variation of slightly more than 50%. Thus 
slightly less than half of the variation of one measure 
could not be explained by the other. This again 
suggests that the two measures were assessing atrophy 
in similar but not identical regions. Hence the evi
dence supports changes in the 3Vr as being independ
ent of those found in the LENTIr. 

It should be noted that the enlargement of the 
third ventricle is predominantly lateral and other 
investigators have utilized linear measurements as an 
adequate representation of ventricular size (Shelton 

and Weinberger, 1986). On the basis of its anatomical 
relationships, the 3Vr changes may reflect changes in 
the thalamus, which have been noted in other studies 
of HD (Carter et al., 1989; Mazziotta, 1989). Other 
authors have indicated that third ventricle enlarge
ment appears to be a result of striatal atrophy rather 
than a passive reflection of enlargement of the whole 
cerebral ventricular system (Boronow et al., 1985). 

In summary, current results suggest that neurologi
cal abnormalities in HD are related to atrophy of the 
posterior, as well as the anterior regions of the basal 
ganglia. The present study demonstrates that along 
with the additional measures of striatal atrophy (FHr, 
CCr), measures of the third ventricle (3Vr) and lenti
form regions (LENTIr) may be equal, if not better, 
correlates of neurological decline. With the utilization 
of these two measures of the posterior basal ganglia 
regions, it may be possible, in subsequent studies, to 
obtain a better understanding of the progression of 
basal ganglia atrophy and its relationship to neuro
logical dysfunction. 
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