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Abstract

Deficits in visual-spatial ability can be associated with Parkinson’s disease (PD), and there are several possible
reasons for these deficits. Dysfunction in frontal—striatal/androntal—parietal systems, associated with dopamine
deficiency, might disrupt cognitive processes either supporting (e.g., working memory) or subserving visual-spatial
computations. The goal of this study was to assess visual-spatial orientation ability in individuals with PD using the
Mental Rotations Test (MRT), along with other measures of cognitive function. Non-demented men with PD were
significantly less accurate on this test than matched control men. In contrast, women with PD performed similarly to
matched control women, but both groups of women did not perform much better than chance. Further, mental
rotation accuracy in men correlated with their executive skills involving mental processing and psychomotor speed.
In women with PD, however, mental rotation accuracy correlated negatively with verbal memory, indicating that
higher mental rotation performance was associated with lower ability in verbal memory. These results indicate that
PD is associated with visual—spatial orientation deficits in men. Women with PD and control women both performed
poorly on the MRT, possibly reflecting a floor effect. Although men and women with PD appear to engage different
cognitive processes in this task, the reason for the sex difference remains to be eluciHa8dR203,

9, 1078-1087.)
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INTRODUCTION One theory of cognitive dysfunction in PD suggests that
these deficits are related to disturbance in the frontal-basal
bsanglia neural circuits important in executive functions such
as attention and concentration, sequencing, working mem-

Parkinson’s disease (PD) has been associated with defici
on visual—-spatial tasks (Cummings & Huber, 1992; Grow-

don & Corkin, 1986; Stern & Mayeux, 1986). However, a ory, and set-shifting (Brown & Marsden, 1990; Taylor &

recent meta-analysis of this literature (Waterfall & Crowe’Saint-Cyr 1995). This executive dysfunction theory was
19.95) suggested that.v!sual—spatlal d.ef'c'.ts in PD are noéupported by a study that found a significant relationship
universal because deficits are seen primarily on multifacto

S . \ . "between executive dysfunction and visual-spatial deficits
rial visual-spatial tasks (e.g., Raven’s Progressive Matri-

b if al f visual 'alﬁn individuals with PD (Bondi et al., 1993). In a group of 19
ces) but not more unifactorial measures of visual-spati ndividuals with mild to moderate PD, these investigators

ability (e.g., Judgment of Line Orientation, Embedded Fig-]c
ures Test). This conclusion was similar to those of Lazaruli
(1994). Thus, the relationship between visual-spatial abil
ity and PD is not clear.

ound that statistically controlling for the deficits in execu-
ive skills (e.g., Wisconsin Card Sorting Test, California
Sorting Test) through an analysis of covariance eliminated
the visual—spatial deficits (e.g., WAIS—R Picture Arrange-
ment, Benton Facial Discrimination Test), but statistically

Reprint requests to: Gregory P. Crucian, Box 100236, University ofcontromng for the visual-spatial deficits did not alter the
Florida, Gainesville, FL 32610. E-mail: crucigp@neurology.ufl.edu abnormal measures of executive function.
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In contrast, Cronin-Golomb and Braun (1997) provideability or deficiencies in psychomotor and mental process-
evidence for a visual—spatial deficit in PD that is indepen-ing speed which are common in PD. In addition, there was
dent of executive skills. In a group of 50 non-demented,also no other testing to exclude the possible confound of an
non-depressed, individuals with mild to moderate PD, thesassociated dementia.
investigators found deficiencies on Subtest A of Raven’s Because it remains unclear if mental rotation deficits ex-
Colored Progressive Matrices (RCPM) when compared tast in non-demented individuals with Parkinson’s disease,
matched control subjects. Because Subtest A of the RCPMe studied a population of non-demented subjects with PD
has a greater visual-spatial component than the remainingsing the Mental Rotations Test (MRT) which requires the
portions of the RCPM, and because the PD subjectsparticipant to recognize a target stimulus in different two-
RCPM-A performance was related to other measures oénd three-dimensional spatial orientations (Linn & Pe-
visual—-spatial ability (e.g., Luria’s Mental Rotation Test, tersen, 1985; Shepard, 1978; Shepard & Metzler, 1971). We
Standardized Road-Map Test of Direction Sense), but noalso examined these PD subjects’ performance on other tests
measures of executive function (e.g., Stroop test, WAIS—Rf cognitive function, particularly executive skills, to ascer-
Picture Arrangement), they concluded that PD was assoctain the relationship between these other cognitive func-
ated with a visual—spatial problem-solving deficit. tions and mental rotation ability.

Visual—spatial abilities as usually tested involve several
d_lstlnct cognltlve processes (Ekstrom et al._, 1976), and th?{/IETHODS
visual—spatial tasks used in the studies reviewed above are
generally considered to be complex, involving multiple cog-n
nitive processes. Therefore, a significant problem with this
literature is the visual-spatial tasks used and their depenfwenty-eight men and 23 women with PD were recruited
dence on other cognitive processes (Waterfall & Crowefrom the Neurology and the Neurosurgery clinics at the
1995). Mental rotation ability is correlated with other visual- University of Florida Health Science Center as experimen-
spatial skills (Bryden, 1982; McGee, 1979; Stumpf & Eliot, tal subjects for this study. Most of these volunteers were
1999) and may offer a way of more directly examining thisbeing evaluated for surgical treatment of their PD, whereas
issue. However, mental rotation data in PD is also variablethe remaining few were seen in the clinic for their periodic
Previous studies have found no significant differences imeurological evaluation. Hospital volunteers, as well as fam-
accuracy of mental rotation between individuals with Par-ily members and friends who accompanied the PD patients
kinson’s disease and control subjects (Boller et al., 1984to the clinic were recruited as controls (28 men and 28
Brown & Marsden, 1986; Goldenberg et al., 1986; Raskinwomen). Exclusionary criteria for enrollment in this study
et al., 1992; Smith et al., 1998; Taylor et al., 1986). One(experimental and control subjects) included use of the left
possible limitation of these negative studies, however, wakand for writing, a history of learning disabilities, a history
the failure to use sensitive measures that limit verbal medief other or concurrent neurological disorders, and a previ-
ation and require both two- and three-dimensional rota-ous history of major psychiatric disorder prior to PD onset.
tions. For example, some studies (Boller etal., 1984; Brown The presence of dementia was assessed in 105 of 107
& Marsden, 1986; Taylor et al., 1986) used tasks that arsubjects with the Mini Mental Status Exam (MMSE; Fol-
limited to two dimensions (e.qg., letter rotation, map direc-stein et al., 1975), with a cut-off criterion of 230. A higher
tion task) and could be verbally mediated. Other studieshan usual cut-off criterion was used in this study to mini-
(Goldenberg et al., 1986; Raskin et al., 1992) used a manimize the likelihood of a confounding neurodegenerative
kin rotation task that can also be verbally mediated. How-disease other than PD being present (Malapani et al., 1994;
ever, a recent study using a tachistoscopic cube-figur®eed et al., 1997). Two female control subjects did not
presentation method similar to the mental rotation task ofeceive the MMSE because they were gainfully employed
Shepard and Metzler (1971), which requires subjects to makat the time of testing and dementia screening was deemed
same-different judgments when two objects are presentednnecessary. The motor portion of the Unified Parkinson’s
in different three-dimensional orientations, found that PDDisease Rating Scale (UPDRS; Fahn & Elston, 1987) was
subjects were less accurate than control subjects in makingdministered to characterize the motor dysfunction of the
“same” judgments (Lee et al., 1998). However, when com-PD subjects. The Parkinson’s subjects were also screened
pared to control subjects, these same PD subjects also héal depression with the Geriatric Depression Scale (GDS;
significantly faster response times when making “same”Yesavage et al., 1983). It should be noted that 9 PD subjects
judgments, suggesting that the mental rotation deficit indid not receive the GDS, and 2 PD subjects did not receive
these PD subjects might have been due to a speed—accuratye UPDRS.
trade-off. Supporting this conclusion were the observations Demographic data for the respective groups are pre-
that slower response times for “different” judgments of threesented in Table 1. Please see Table 2 for the PD subjects’
dimensional stimuli, and “same” and “different” judgments medications. There was no statistically significant differ-
of two-dimensional stimuli, were associated with normalence in the numerical composition of the subject groups
accuracy. Thus, these findings do not differentiate whethef y? = 0.612,(df = 1, N = 107) n.s.]. There were no signif-
these deficits in PD are due to problems in visual-spatiaicant differences between PD patients and control subjects

esearch Participants
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Table 1. Demographics information for control subjects and PD patients

Controls Parkinson’s
Males Females Males Females
Demographics M (SD) M (SD) M (SD) M (SD)
Age (yrs) 66.44 (9.11) 63.22 (8.82) 62.72 (7.67) 62.23 (9.67)
Education (yrs) 14.32 (3.31) 13.86 (2.35) 14.75 (2.53) 13.39 (2.06)
MMSE 29.04 (0.99) 29.46 (0.81) 29.00 (0.98) 28.78 (0.80)
Duration (yrs) — — 11.68 (5.92) 10.15 (6.07)

UPDRS-Motor

2757 (11.03) 36.19 (15.12)

in age or education, and no difference between male antbms of depression, 16 PD subjects reported symptoms of
female PD subjects in disease duration. However, the femild depression, and 5 subjects reported symptoms of mod-
male PD patients had significantly more motor symptomserate to severe depression (see Spreen & Strauss, 1998 for
than male Parkinson’s patients on the UPDRS Motor Scalecoring criteria).

(Mann-WhitneyU = 189.50p = .035). These UPDRS scores

Parkinsonian patients also received neuropsychological

place the males with PD generally in the mild to moderateesting as part of their clinical evaluation. These neuropsy-
range of motor impairment (approximating a Hoehn & Yahr,chological tests were selected to assess for current level of
1967, Stage Il to Stage V), and the female PD patients irgeneral intellectual skills, memory for verbal and visual—
the moderate range of impairment (approximating a Hoehispatial information, language, visual—spatial ability, and ex-
& Yahr, 1967, Stage V). Based on results from the UPDRSecutive functions involving speeded mental processing and
Motor Scale, 15 Parkinson’s subjects exhibited predomiset-shifting. Tests included the Information, Similarities,
nantly right-sided symptoms, 11 exhibited predominantlyDigit Span, Digit Symbol, and Block Design subtests from
left-sided symptoms, and 23 subjects exhibited bilaterathe Wechsler Adult Intelligence Scale—Revised (Wechsler,
symptoms. Results from the UPDRS Motor Scale also in1981), Logical Memory | and Il and Visual Reproduction |
dicated that 27 Parkinson’s subjects exhibited predomiand Il from the Wechsler Memory Scale—Revised (Wech-
nantly rigid—akinetic symptoms, 9 exhibited predominantlysler, 1987), California Verbal Learning Test (CVLT; Delis
tremor, and the symptom presentation of 13 Parkinson'®t al., 1987), Boston Naming Test (BNT; Kaplan et al.,

subjects could not be differentiated, exhibiting both rigid—

1983), Controlled Oral Word Associations (COWA; Spreen

akinesis and tremor to a similar degree. Based on responsé&sBenton, 1977), Stroop Color Word Test (Golden, 1978),
to the GDS, 21 PD subjects reported no consistent sympand the Trail Making Test (Trails; Reitan & Wolfson, 1985).

Table 2. Summary of medication status of PD subjects

Number of
Type of medication subject
Dopaminergic 51
Carbidopa—Levodopa 49
Selegiline 9
Amantadine 5
Ropinirole 2
Bromocriptine 4
Pergolide 6
Trihexyphenidyl (antispasmodic) 4
Benztropine (anticholinergi@ntihistimine) 1
Pramipexole (dopamine agonist) 1
Tramadol (analgesic) 1
Benzodiazapine
Lorazepam, Clonazepam, Temazepam 19
Clorazepate 1
Sleep Aids (Phenobarbitol, Zolpidem, Tartate) 3
Primidone 2

Antidepressants (doxepin, sertraline, paroxetine) 11
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These tests were administered and scored according to stan-
dardized instructions using normative data adjusted for age
and education where available. Due to time constraints in
the clinical evaluation, some of the PD subjects did not
receive all of the tests (Table 3). Neuropsychological test
results from the cognitive screening are also presented in
Table 3. Review of Table 3 indicates that the level of cog-
nitive functioning in this sample of Parkinsonian subjects is
generally within normal limits (see Spreen & Strauss, 1998;
Wechsler, 1981, 1987 for normative data), with no discrep-
ancies between measures of crystallized knowledge (e.g.,
WAIS—-R Information subtest) and verbal abstract reason-
ing (e.g., WAIS—-R Similarities subtest). Performance on
the WAIS—R Block Design, although variable, was within
normal limits. These subjects also show no deficits in con-
frontation naming (e.g., Boston Naming Test), verbal flu-
ency (e.g., COWA), or memory for either verbal or visual-
spatial information (e.g., WMS—R, CVLT). Test results are
noteworthy for some psychomotor slowing as seen on
Trails B of the Trail Making Test. These test findings are
generally consistent with the PD subjects’ reported level of
educational attainment. Taken together, these results do not
suggest that these PD subjects have experienced any signif-
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Table 3. Clinical test scores from the Parkinson’s
disease subjects

Measure n M (SD)
WAIS-R subtests (%ile, age corrected)

Information 49  64.31 (23.21)

Similarities 47  64.58 (25.37)

Digit Span 48 57.10 (23.10)

Block Design 46  39.96 (20.93)

Digit Symbol 50 37.94 (24.11)
WMS-R subtests (%ile, age corrected)

Logical Memory | 39 35.72 (28.33)

Logical Memory I 39 35.92 (25.46)

Visual Reproduction | 32 46.81 (28.23)

Visual Reproduction I 32 30.97 (27.84)
CVLT Total Score (%ile)

Percentile 43  34.10 (20.09)
BNT (Average correct) 51  54.27 (3.66)
COWA (average no. of words)

FAS 50 3556 (11.61)

Animals 50 16.26 (4.56)
Trails (time in seconds)

A 49 5412 (24.45)

B 49 156.98 (79.38)
Stroop (%iles, age corrected)

Word 44  26.68 (19.35)

Color 44 23.98 (26.80)

Color-Word 44  30.87 (26.22)

Interference 44  50.36 (23.93)
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standardized instructions and a 10-min time limit (Vanden-
berg & Kuse, 1978). The dependent variable for this mea-
sure was the proportion of correct responses (number of
correct itemgtotal number of items attempted). Using a
proportion correct score as the dependent variable was in-
tended to correct for differences in psychomotor speed in
test completion which may be a confound for individuals
with Parkinson’s disease.

RESULTS

The total correct scores and proportion correct scores for
the men and women of each experimental group are pre-
sented in Table 4. Review of Table 4 indicates that the total
correct scores of the male and female control subjects are
consistent with that of previous research using normal adults
of a similar age (Wilson et al., 1975).

The proportion correct data from Table 4 was subjected
to a 2 @roup) X 2 (gender) ANCOVA, with age as the
covariate. Gender was included as an independent variable
because a large male advantage has previously been found
on this task (Linn & Petersen, 1985). Age was included as
the covariate to account for possible age effects on this task
(Wilson et al., 1975). Consistent with this previous re-
search (Wilson et al., 1975), age was a significant factor in
this analysis F(1,102)= 4.98,p = .028], and accounted
for a small proportion of variance in this analysRs, = .01.

This analysis also yielded a significant main effect for group
[F(1,102)= 12.13,p = .001], indicating that Parkinson’s
subjects W1 = 55.94,SD= 12.30) were less accurate on the

icant decline in general cognition. Further, it is noteworthyMRT than control subjectsM = 63.71,SD = 15.83). A
that the Parkinsonian’s performances on tests requiring psysignificant main effect for gender was also fould], 102)=
chomotor output (e.g., Block Design, Digit Symbol, Trails A) 18.55,p = .001], indicating that menM = 64.81,SD =
were within the average range. Measures of executive funct6.03) were more accurate on the MRT than women
tion (e.g., Digit Symbol, Stroop, COWA, Trails A) were (M = 54.73,SD= 11.06).

also within normal limits.

Procedures

The interaction between Group Gender was also sig-
nificant [F(1,102)= 5.21, p = .025]. Post-hocanalyses
with Bonferroni correction (alpha= .008) on the age-
corrected scores revealed that male control subjects were

Mental rotation ability was assessed with the Mental Rotasignificantly more accurate than female control subjects
tions Test (e.g., Shepard, 1978; Shepard & Metzler, 1971|)t(54) = 4.51,p = .001], whereas there was no difference
which can be administered either individually or in small in accuracy between male and female PD subjects. Male
groups of 2 to 4 volunteers (Vandenberg & Kuse, 1978).control subjects were also significantly more accurate than
This paper-and-pencil test has 20 items with one target stimmale PD subjectst[54) = 3.61,p = .001], although there
ulus and four choices. Two of the four choices are correctwas no difference in accuracy between female control and
but are presented in different two- and three-dimensionaPD subjects.

planes, as if rotated to a different perspective. This test A series of supplementary analyses were conducted to
requires the participant to match the two correct choices tassess the relationship between subject characteristics of
the target stimulus from four possible options. Because othe Parkinsonian subjects (e.g., symptom presentation, symp-
the age range of these volunteers and possible difficultiefom severity, illness duration, medication status, level of
of reduced vision, slight modifications were made to thedepression) and their spatial orientation performance. To
test to facilitate performance. Test stimuli were enlarged bydetermine if symptom laterality was related to mental ro-
approximately 20% to enhance viewing (see Figure 1). Eackation performance in these PD subjects, a two-factor AN-
example was presented on a separate page, and experim&OVA was conducted on the proportion correct scores,
tal test items were presented three per page. The particiwith laterality (e.g., right, left, bilateral) and gender as a
pants responded on a separate answer sheet. Otherwise, testween-subjects variable. Although there was no signifi-
administration followed established procedures, includingcant gender difference in MRT accuracy within the PD
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Fig. 1. Mental Rotation Test example.

group, gender was included as a between subjects variabton correct scores, with predominant form of symptom and
to account for any variability in performance that may gender as the between subjects variables, and age as the
interact with symptom laterality. Age was included as acovariate. This analysis revealed no significant difference
covariate to account for age effects, and maintain consisin mental rotation accuracy associated with the PD symp-
tency with the analysis described above. No significantom type [rigid—akinetidvl = 57.45,SD= 14.36; tremulous
effect was found for laterality [righM = 56.10,SD = M = 58.48,SD = 7.90; undifferentiated/ = 51.96,SD =
13.90; leftM = 58.90,SD = 14.29; bilateraM = 54.93, 10.45;F(2,42)= 1.09,p = .35]. Further, there was no main
SD = 10.94;F(2,42)= .07,p = .93]. There was also no effect for age or gender, or an interaction between Gen-
significant effect for age or gender, nor a significant inter-der X Predominant Symptom.
action between Gendet Laterality. To assess the relationship between symptom severity and
To determine if the type of Parkinson’s symptom (e.g.,spatial orientation ability, a correlational analysis was con-
rigid—akineticvs.tremulousvs. undifferentiated) exhibited ducted between the UPDRS score and the MRT accuracy
by these subjects was associated with mental rotation abikcore. To account for possible differences associated with
ity, another ANCOVA was conducted on the MRT propor- sex, separate analyses were done for male and female PD

Table 4. Mental Rotation Test scores

Controls PD
Males Females Males Females
MRT Score M (SD) M (SD) M (SD) M (SD)
Total correct 22.75 (6.13) 17.21 (4.26) 19.21 (6.21) 15.48 (5.49)

Proportion correct  71.45 (15.76) 55.97 (11.73) 58.16 (13.55) 53.23 (10.24)
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subjects. Because the UPDRS score is based on a subjetable 5. Correlation between MRT accuracy score and

tive ordinal scale, the proportion correct score was treatedeuropsychological test scores

as rank order data for this analysis to allow comparison

with the UPDRS score. The correlation between symptom

severity and MRT accuracy for both mers(= —.06) and  Measure Men Women

women s = .26) was not significant.
To assess the relationship between the PD subjects’ leve

PD subjects

/AIS-R subtests

i . ) ) Information .21 31
of depression and spatial orientation performance, an AN- g yijarities 28 — 08
COVAwas conducted on the proportion correct scores, with pjgit Span 36 13
depression group (e.g., depressed, nondepressed) and genglock Design 56 10
der as the between-subjects variables, and age as the covariDigit Symbol 5& -.30
ate. Because of the small number of PD subjects reporting/MS-R Subtests
moderate to severe symptoms of depression, the data fromLogical Memory | .33 —.70"
these subjects was combined with the data of those report- Logical Memory |I .28 —.65°
ing mild symptoms of depression to form one group. No Visual Reproduction | 45 16
significant difference in MRT accuracy were found asso-C\Xiisr“?(')tifgrcz‘:gc“o” I - (.)gs 'Afé
ciated with presence of symptoms of depression [non- : :
de M = 58.25.SD = 976 d M = 53.11 BNT (average correct) .03 .35
presse .25, .76; depresse 11, cowa (average)
SD=12.81;F(1,37)= 2.17,p = .15]. There was also N0 pag 01 12
significant effect for age or gender, or the interaction be- Apimals 26 35
tween GendeK Depression. Trails
To evaluate the association between medication status A -.37 .04
and mental rotation accuracy, the PD subjects were divided B -.19 21
into two groups. Group 1 consisted of those 27 individualsStroop
taking additional medications (e.g., analgesics, anxiolytics, Word AT —.32
sleep aids, antidepressants) that might interfere with cogni- color 5% —.14
tive function plus an additional two subjects taking Parkin- Color-word .58 02
Interference .01 42

sonian medications with significant cognitive side effects
(e.g., trihexyphenidyl). The remaining 22 subjects taking:, — 004 (2-tailed)2p = .003 (2-tailed)®p = .008 (2-tailed)p = .017
only Parkinsonian medications with no significant cogni- (2-tailed);p = .006 (2-tailed);°p = .002 (2-tailed).
tive side effects comprised Group 2. The MRT accuracy
scores were then subjectanld 2 (medication statusy 2
(gender) ANCOVA, with age as the covariate. This analysis
revealed no main effect for medication status [Grouy £
55.42,SD = 12.90; Group 2M = 56.62,SD = 11.74;  cognitive set shifting on the Stroop Test, and delayed recall
F(1,46) = 0.02,p = .89]. There was also no significant for visual-spatial information on the WMS—-R. In contrast,
effect for age or gender, or the interaction between Genwomen showed a significant inverse relationship between
derx Medication Status. mental rotation accuracy and both immediate and delayed
Another correlational analysis was conducted betweemecall for verbal information on the WMS-R, indicating
iliness duration in years and MRT accuracy. Again, no sig-that higher mental rotation accuracy was associated with
nificant relationship was found between disease duratiomower verbal memory. The correlations between the MRT
and mental rotation accuracy for either men<—.08) or  proportion correct score and these cognitive test scores were
women ¢ = —.05). further analyzed with Fisherto-Z transformation. Using
A final series of correlational analyses was conductedBonferroni correction (alpha .006, one-tailed), the differ-
between the MRT proportion correct score and the neuroence in correlations between PD men and women were sig-
psychological test scores. Again, separate analyses wergficant for the Wechsler Adult Intelligence Scale—Revised
conducted for male and female PD subjects to account foDigit Symbol subtest = 3.00,p = .00135), Stroop Word
possible differences associated with sex. These results aReading taskZ = 2.81,p = .0026), the Wechsler Memory
presented in Table 5. Review of these findings indicates thaScale—Revised Logical Memory tasks (Logical Memory I,
for men, mental rotation accuracy was significantly corre-z = 4.39, p = .0001; Logical Memory I,z = 3.43,p =
lated with the Wechsler Adult Intelligence Scale—Revised.0003). The difference between correlations on the Stroop
Block Design subtest, which requires visual-spatial orgaColor—Naming task was marginally significarz € 2.44,
nization and problem-solving, and the Digit Symbol sub-p = .0073). The difference between correlations on the
test, which requires visual attention, scanning, and matchingMAIS—-R Block Design subtestz(= 1.70), Stroop Color-
as well as psychomotor speed and incidental learning. MenA/ord Reading taskzZ = 2.14), and the Wechsler Memory
tal rotation performance also correlated significantly with Scale—Revised Visual Reproduction & £ 1.05) did not
the speed of mental processing and response inhilfitionachieve significance.
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DISCUSSION The correlational analyses support the postulate that the
. - _ . ‘men with PD might perform mental rotations differentl

The results of this study indicate that Parkinson’s disease i®1an the women g\]/vithpPD Men showed a significant rel)all—

associated with deficiencies in mental rotation in men. Spefionship between mental rotation ability and executive func-

cifically, ”lﬁn ,:’/IV'tht PIDR (:e{pons_f_ratfﬁl S|gn|f|carf]tly I_cl)wer tions involving mental processing and psychomotor speed
scores on the viental Rotations 1est than men of similar ag .g., Stroop Word Reading, WAIS—R Digit Symbol) that

and education, whereas PD and control women performe as different from women, although this finding was less

at a similar low level. This floor effect indicates that the ;- o0 ciciens (see Stroop Color Naming, Color-Word Nam-

mRTt'SI’ ms:[e?smve t? wsual—spatlngdefl(l:;[s '? PD fematlesf. ing, Interference, Trail Making Test). Whereas the WAIS-R
ental rofation periormance in subjects was not a Digit Symbol subtest does not appear to localize well (see
fected by other factors, such as symptom laterality,

Symp'Lezak, 1995, for discussion), a recent functional imaging

tom se\(/jergy, symptom t{ﬁe‘ (tjf_eas_e (tj)u?atlo%, tmebdlcatt;on%tudy revealed bilateral anterior cingulate activation, as well
or mood. because mental rotation Is betieved to .e a basligg right parietal and left frontal operculum activation, dur-

component of visual—spatial ability (Bryden_, 1982; Linn & ing performance on the Stroop task (Brown et al., 1999). In
Petersen, 1985; McGee, 1979; Stumpf & Eliot, 1999), thes%ontrast, women showed a significant inverse relationship

findings are consistent with previous research SuggeStingetween mental rotation ability and verbal memory. Thus
that PD is associated with diminished visual-spatial ab”ityconsistent with the “cognitive trade-off” hypothesis (see,
(Cummings & Huber, 1992; Growdon & Corkin, 1986; Stern Levy & Heller, 1992, for review), women who rely on ver-

& Ma_yeux, 1988). The reason men are |mpa|red on theoal memory and other verbal mediation processes are more
MRT is unknown, but there are several possible reasons. likely to perform more poorly on the MRT. These findings
are consistent with the supposition that normally men and
Gender Differences women use different hemispherically mediated cognitive
processes in performing visual-spatial tasks (Halpern, 1992;
The finding of a significant interaction between group andHampson & Kimura, 1992; Levy & Heller, 1992). Addi-
the subject’s gender may provide some insight into the mechtional research on these tasks with normal subjects will
anisms that underlie mental rotation deficits in PD. Menhelp elucidate the nature of these relationships.
typically perform better than women on tests of mental
rotation (Linn & Petersen, 1985; see also Halpern, 1992; .
Maccoby & Jacklin, 1974), consistent with our findings. Bradyphrenia
The mechanisms underlying this sex difference are not enSlowed processing is not likely to explain the impaired MRT
tirely known, but mental rotation ability is typically medi- performance in the men with PD. Although there is some
ated primarily by the right hemisphere (Corballis, 1997; seeevidence of psychomotor slowing and difficulties with set-
also Benton & Tranel, 1993; Bryden, 1982; Lezak, 1995).shifting in this sample of PD subjects (see Table 3, Trails B
There is also evidence that there are sex differences in théata), the majority of neuropsychological tests assessing
lateralization of visual-spatial processing (Harris, 1978; His-psychomotor speed in the current study were within normal
cock et al., 1995; Levy, 1974; Levy & Reid, 1978), and thislimits. Further, a proportion correct score was used as the
enhanced male asymmetry might explain the male advardependent variable rather than the total correct score, thereby
tage in visual-spatial tasks (see Levy & Heller, 1992, forcorrecting for the total number of items each subject com-
review). It has been suggested that there are two differentleted during the 10-min time limit of the test. This scoring
strategies used when performing the MRT task: one mighapproach was intended to control for the speed in which an
be more verbal categorical (top—bottom, left—right), and thendividual subject completed the items on the test, and should
other more non-verbal and continuous (Shepard & Coopehave minimized the possible influence of psychomotor slow-
1982). This latter strategy, in which the entire stimulus ising. Consequently, mental rotation performance would be
mentally moved as if in three-dimensional space (Shepareéquated for each subject by taking into account the number
& Cooper, 1982), might be a more efficient process, andf items completed.
based on the superior performance by control men, they are
more likely to use this process.

The MRT performance of women with PD was not sig-
nificantly different from that of control women. Notably, While men with PD showed impaired mental rotation, de-
MRT accuracy of both control and PD women was not sub-icient mental rotation performance can result from dys-
stantially above chance performance (50%, as defined bfunction in one of several possible components. In order for
the overall probability of responding correctly to the testa person to compute a mental rotation, the individual must
items; see Table 4), consistent with previous findings (se@erceive the target stimulus and hold this perception in work-
Wilson et al., 1975). That the men with PD did not performing memory as a mental image. The individual must then
statistically different from women in either group suggeststransform this mental image into a different perspective to
that the men with PD lost the ability to use this mentallearn if it matches each of the choices. With respect to vi-
rotation process. sual perception, some visual disturbances have been re-

Perception, Working Memory, and Imagery
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ported in PD (Bodis-Wollner, 1990; Bodis-Wollner et al., Parkinson’s disease is primarily a disorder of the basal
1987, 1991, 1993). However, these disturbances are thougganglia, and these results indicate that the ability to per-
to involve peripheral dysfunction in the retina rather thanform mental rotations is a complex cognitive function that
central cortical dysfunction, and these disturbances are rés dependent on intact function in the basal ganglia and
sponsive to dopaminergic treatment. Further, data from théheir connections to the frontal lobes and parietal regions.
neuropsychological assessment of our PD subjects do n@onsequently, our results in the men are consistent with
indicate deficits in visual-spatial perception (Block De- current theories of visual—spatial deficits in PD, which may
sign) or working memory (WAIS-R Digit Span and Digit be due to dysfunction in frontal—striatal circuits (Brown &
Symbol, WMS-R Logical Memory | and Visual Reproduc- Marsden, 1990; Taylor & Saint-Cyr, 1995), frontal—parietal
tion 1) that could have accounted for the abnormal mentakystems (Cronin-Golomb & Braun, 1997), or parietal-
rotation performance of this sample of male PD subjectsstriatal networks (Clower et al., 2002). Given these inter-
Object imagery was not assessed in this sample, and a defennections (see also Alexander et al., 1986, 1990; Middleton
icit in object imagery may account, in part, for the findings & Strick, 2000; Owen, 1997; Saint-Cyr, 2003, for reviews),
of this study. A deficit in imagery might be caused by the dysfunction in one region can have a cascading effect that
inability to create and maintain an internal representatiordisrupts function in linked regions. However, it remains
of the object, which is consistent with the findings of over- unclear if this deficit is primarily related to basal ganglia or
reliance on external environmental information in PD cortical dysfunction. Most likely, however, this cognitive
(Brown & Marsden, 1990). Other factors involved in men- deficit is due to dysfunction within a distributed neural sys-
tal rotation that could disrupt performance include the detem that subserves visual-spatial perception, mental imag-
gree andor dimension of the rotation (Corballis, 1997; ery, and mental manipulation of those images. Further
Shepard, 1978; Shepard & Metzler, 1971), and these reresearch, however, is needed to elucidate the contribution
main the topic of future research as well. of the different neuropsychological processes involved in
spatial cognition, and to delineate the sex differences in the

Neuropsychological Correlates of Mental function of these respective processes.
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