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ABSTRACT

We found that mildly cognitive impaired patients with PD and freezing are less
impaired than comparable patients with PD and no freezing in action naming rather
than in object naming. This effect may be attributable to the compensatory activa-
tion of Brocas area. More, the presence of freezing can induce patients to create behav-
ioural strategies, by offering major care on carrying out executive tasks, including verb
naming.
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1. INTRODUCTION

Gait disorder is one of the most relevant symptoms for progression of dis-
ability (Gray & Hildebrand, 2000; Aarsland et al., 2000) in patients with
Parkinson’s disease (PD), particularly for those experiencing the phenom-
enon of freezing (F), where patients can meet with sudden unwanted arrests
in their walking.

PD patients with F are involved into ipokinetic-rigid forms much more
than into the tremorigen ones, and are more likely to develop cognitive
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impairments (Giladi et al., 2000). Yet, few neurofunctional studies have been
proposed to better understand the pathogenesis of F: in one SPECT study
(Fabre et al., 1998), it was not found any deficit of cortical perfusion, while
another study did demonstrate hypoperfusion in the orbital frontal cortex
of patients with F (Matsui et al., 2005). A PET study (Albani et al., 2001)
showed how, in PD patients without F (NF), moving a joystick to a given
rhythm with the right hand enhances activation of the contralateral supple-
mentary motor cortex, while in patients with F a major activation in Broca’s
area and in the contralateral sensory-motor area was observed. In order to
account for this difference, and, in particular, for the specific activation of
Broca’s area, it has been proposed that PD patients with F tend to compen-
sate their problems by generating internal verbal cues that would help them
in controlling their movements.

One attribute of Broca’s area is its specific function in retrieving verb
names (naming of actions), while nouns names (naming of objects) is, by
contrast, supported by more posterior perisylvian areas (Perani et al., 1999).
Investigations on cognitive deficits in PD showed that, indeed, an action
verb fluency difficulty is one of the distinctive features of transition into
dementia associated with PD (Piatt et al., 1999; Peran et al., 2003). Damage
to the fronto-striatal system in PD has been considered as responsible for
these findings.

On the basis of the above reported evidence we predicted that, insofar
Brocas area is more activated in PD patients with F, respect to PD NF, action
naming should be relatively less disturbed in the former than in the latter

group.

2. PARTICIPANTS AND METHODS

Sixty-four PD (32 Males, 32 Females; mean age: 67.31 y.o., range: 47-88);
mean education: 8.02 years, range 3-18) admitted at the Neurorchabilitation
Unit of the Istituto Auxologico Italiano were submitted to a full neuropsy-
chological investigation. In particular, these evaluations excluded the pres-
ence of main linguistic defects through the Aachener Aphasie Test (Huber et
al., 1983) spontancous speech evaluation, and the phonemic and semantic
fluency. Patients with invalidating hypovision, hypacusia or dysarthria were
also discarded. On the basis of their score at Mini-Mental State Examination
(MMSE), they were classified in either a Mild Deteriorated (MD, with 17 <
MMSE < 27) or a Non Deteriorated group (ND, MMSE = 27). The restric-
tive cut-off score of 27 was applied because it could emphasize the sensitivity
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of MMSE in symptomatic patients (Kukull et al., 1994). This subdivision
classified 32 PD (15 males and 17 females; mean age: 70.09 y.o., ranging
from 48 to 88; mean education: 7.13 years, ranging from 3 to 18) into the
MD group and they entered the study (Table 1). After that, patients were
further divided into two balanced groups, on the basis of the presence or not
of freezing of gait. As far as the F group was selected according to the estab-
lished clinical criteria (Factor et al., 2002); moreover, a Pull-text and Stand-
ing up from a chair were rated according to the UPDRS (Fahn et al., 1987).
The NF group included patients who showed isolated tremor at rest and/or
segmental hypokinesia especially of upper limbs in absence of clinical signs
of gait or posture impairment. Again, this subdivision classified 18 patients
into the F group and 14 into the NF group. Participants in the two groups
were comparable for age, education and MMSE score (Table 1). Twenty-
eight age- and education-matched people with no evidence of neurological
or psychiatric disease constituted the control group (Table 1). Participants’
naming abilities were tested with the object and action naming test from the
Miceli, Burani and Laudanna’s battery (1990), a widely used instrument for
the assessment of aphasia in Italian. They were asked to name, one at a time,
each of the 52 pictures of objects and the 50 pictures of actions included in
the battery. Participants received a score of 2 if they could correctly name
the picture within 10 seconds, a score of 1 if they could provide the correct
answer within a minute and a score of 0 for a wrong answer. Raw scores were
transformed in percentage to permit comparisons between unequal numbers
of pictures of objects and pictures of actions. A ratio index “object/action”
was also calculated for each subject in order to enlighten the disproportionate
difficulty encountered with nouns or verbs. The dependent variables were
constituted by scores obtained on object naming, action naming and object/
action rate.

3. DATA ANALYSIS

A series of ANOVA were carried out on three independent groups (GD,
NGD and Controls), all compared on three dependent variables: object

naming, action naming and object/action rate. Post-hoc analyses were con-
ducted via Fisher’s PLSD.
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4. RESULTS

A one-way ANOVA revealed that the groups differed in naming objects
(F(2,57) = 15.543 p < 0.0001, Adjusted R*> = 0.330,), actions (F(2,57) =
27,115, p < 0.0001, Adjusted R* = 0.470,) and in objects/actions rate
(F(2,57) = 15,240, p < 0.0001, Adjusted R? = 0.326). Post-hoc analyses evi-
denced both GD and NGD worse performances in naming objects respect
to controls (p < 0.0001 in both cases), with no difference between GD and
NGD; whilst both GD and NGD performed again worse than controls in
naming actions (p < 0.0001 in both cases) but also NGD performed worse
than GD (p = 0.049). The confrontation of objects/actions rate evidenced
harder difficulties with naming actions for both GD (p = 0.012) and NGD
patients (p < 0.0001) with respect to controls, but a relative spare of naming
actions for GD respect to NGD (p = 0.006). Details are provided in Table 1.

5. DI1SCUSSION

A dissociation in object-actions naming, with disproportionate action deficit
in PD patients has been found even in relatively early stages of PD, with mild
or no mental deterioration, in absence of a similar effect in a repetition task
(Bertella et al., 2002). By contrast, a previous investigation on data from spon-
taneous speech indicated a poorer verb vocabulary in early AD, relative to PD
(Pignatti et al., 20006). All these observations led to state that the action deficit
in PD should be attributed to a lexical level rather than to a phonological-
articulatory output (repetition is not impaired) or to a semantic level.

This work confirms that naming of actions appears to be a very demand-
ing task, showing action-naming ability already impaired in PD with mild
levels of cognitive impairment, respect to controls.

After which, our study has focused on the potential clinical and func-
tional correlation between two different, linguistic and motor, disorders,
underlying a similar circuit: lexical involvement and freezing of gait in PD.

The action naming defect in PD seem to belong to clinical picture of
dysexecutive syndrome, where verbal recall memory and verbal fluency are
affected. More specifically, fluency tasks involve different cognitive processes,
including immediate attention in order to initiate the generation of words,
an available knowledge base from which to select relevant items, an ability to
retrieve items, an ability to retrieve from declarative memory and executive
abilities to coordinate these processes, including working memory to moni-
tor performance and avoiding breaking rules (Ruff et al., 1997).
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Recent neurofunctional studies (Laisney et al., 2009) confirmed that
impaired performances in phonemic fluency are attributable mainly to the
hypometabolism of left frontal lobe, whilst a loss in semantic fluency should
be correlated with gray matter of temporal, frontal and cerebellar areas
(Pereira et al., 2009). Naming of objects had similar neural underpinnings as
semantic fluency: both of them are indeed more impaired when a deteriora-
tion of temporal lobes (e.g. in Alzheimer-type dementia) is occurring and, by
contrast, preserved when frontal areas are mainly reduced, as in PD (Melrose
etal., 2009).

PD with E at least when a mild cognitive deterioration is found, are
relatively less impaired than PD NE in action naming with respect to object
naming: this result emerged especially when considering the objects/actions
rate, which allowed us to obtain an index based on each subject’s perform-
ance. Since the degree of deterioration in F and NF groups was compara-
ble, this effect may indeed be due to the selective, compensatory, activation
of Broca’s area that would thus stimulate action retrieval with respect to
object retrieval. In patients with E inside the motor reorganization, it is well
known the involvement of other regions, such as the sensory one, not strictly
involved in the control of locomotion, in order to supply the hypoactivation
of supplementary motor area and compensate the working memory deficit
by means of an attentional reinforce. Thus, presence of freezing can induce
to a compensatory behavioural strategy, by offering major care on execution
of verbal tasks, in order to reduce the dysexecutive defect. Further investiga-
tions are needed to clarify the interaction of pre-motor and motor areas with
verb retrieval (Silveri & Ciccarelli, 2007) as those areas appear to be strongly
involved in the motor verb production.
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