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Abstract

Background: Working memory is a system that can store and process information of the current task in the process of solving cognitive tasks. It also plays an
important role in leaning motor skills. The memory system of the “cortex - basal ganglia - thalamic loop” model suggests a need for the participation of the prefrontal
lobe (PL) and basal ganglia (BG). The PL is critical in modulation of attention and working memory. And the BG is a major hub on the working memory loop. We
investigated differential characteristic of working memory and learning ability caused by a unilateral basal ganglia lesion (BGL) and a prefrontal lobe lesion (PLL) to
provide a strategy for cognitive rehabilitation.

Materials and method: In the current study, we divided 27 patients into a PLL group (n=12) and a BGL group (n=15). All subjects were evaluated with Mini-
mental state examination (MMSE), Wechsler Memory Scale-Revised (WMS-R), Trail Making Test (TMT), Tower of Hanoi (TOH) and Wisconsin card sorting
test (WCST). Then, all patients were trained by a process of “testing-learning-retesting” with TOH and WCST. Subsequently, their learning performance was
re-evaluated.

Results: We found a marked decrease in the working memory of PLL and BGL. However, after training, BGL scores were significantly improved, while PLL were
not.

Conclusions: This indicated that unilateral BGL retained a degree of learning ability, and thus early cognitive training has the advantage of improving working

memory and learning ability in patients with BGL.

Background

In 1974, Baddeley and Hitch proposed the concept of a working
memory based studies of short-term memory impairment [1]. It is
important to appreciate that the memory system refers to the ability to
temporarily maintain and manipulate information. It is a combination
of the traditional fields of attention, concentration, and short-term
memory [2]. The memory system is the basis of many higher cognitive
functions including learning, language understanding, reasoning and
judgment. Thus, it can be used as a necessary means of occupational
therapy.

Working memory has traditionally been divided into components
that process phonologic information or spatial information and an
executive system that allocates attention resources [2]. The central
executive system is at the core of a working memory. Numerous studies
have shown that working memory required the participation of cortical
networks and sub-cortical areas, especially the prefrontal cortex to
perform a specific task [3,4].

The learning process is constituted by the composition of the
following three basic aspects: 1) directional links (i.e., storage systems);
2) action links (i.e., retrieval system); and 3) feedback links (i.e., back
system). The first two areas constitute the working memory, while
the latter aspect can be considered corrective actions that are used for
retrieving the results of inspection, regulation and recognition.
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More recent studies have suggested that working memory
and error detection are important in motor skill learning [5,6].
Neurocomputational models of basal ganglia function has shown us
that this model can select the action or make the frontal cortical express
areward or to a correct feedback, reducing the occurrence of errors or
negative feedback [7]. The frontal lobe is the most advanced part of
the cerebrum that includes the primary motor area, premotor cortex
and the prefrontal cortex. Fiber links exist between the prefrontal area
and other areas such as the striatum, the amygdala, the temporal lobe,
and the occipital and parietal lobe, so the prefrontal cortex participates
in a variety of sensory information processing, attention, memory,
thinking and emotional responses [8,9]. Behavioral studies have also
confirmed that the prefrontal cortex and attention and memory are
closely related, including working memory, source memory, and
sequential organization, which inhibit the release of proactive capacity,
metamemory, and problem-solving ability [8,9]. Some studies have
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found that a visual working memory can be impaired if prefrontal
cortex is damaged [10,11]. The prefrontal cortex plays an important role
in encode, update and maintain the working memory task context [12].

Basal ganglia are composed of an input structure and an output
structure, the former of which, includes the caudate nucleus, putamen
and nucleus accumbens, and the latter of which, includes the globus
pallidus, subthalamic nucleus, and the substantia nigra reticular.
Neuroanatomy studies have found neural circuitry between the basal
ganglia and the frontal lobe, which participate in the formation of
the brain’s higher cognitive functions [13]. There is a high density
of afferent projections to the frontal lobe, so the frontal lobe is an
important functional fronto-striatal interaction [14,15]. Taylor
proposed the Working Memory System of a “cortex - basal ganglia
- thalamic loop” model [16]. This model was composed of: (1) short
loops: cortex - thalamus - cortex; (2) a long loop: cortex - striatum -
within the globus pallidus - thalamus - cortex; (3) the first indirect loop:
cortex - (subthalamic nucleus - external globus pallidus) - within the
globus pallidus - thalamus - cortex; and (4) a second indirect Loop:
cortex - striatum - (external globus pallidus - the subthalamic nucleus)
- within the globus pallidus - thalamus - cortex. However, most
current studies on cognitive function related to the basal ganglia were
derived from basal ganglia degenerative diseases [17,18]. For instance,
Parkinson’s disease patients in the off-medication state display strong
impairment in the rule-switching paradigm due to their incapacity
to apply a different rule either from perseveration or from learned
irrelevance [19]. Their attention flexibility is reduced and can’t switch
freely between the two tasks [20].

The basal ganglia degenerative diseases generally affect both
sides and many different degrees of damage are found within the
brain cortex; thus, it is difficult to determine the real factors that
lead to cognitive impairment. Neuroimaging studies suggested the
impairment of working memory may be caused by a wider range of
cortex or a connectivity deficiency, rather than a focused deficit in the
prefrontal cortex [21]. Some research has shown that the prefrontal
cortex is critical for top-down intra-hemispheric modulation of visual
working memory with the basal ganglia involved in global support of
the visual working memory processes [22]. Thus, we speculated that
unilateral damage derived from the basal ganglia and prefrontal lobe
might show similar impairments in working memory and learning
ability, which could be easily restored in the basal ganglia lesion than in
the prefrontal lobe lesion by proper cognitive training.

The objective of this study was to investigate the differential
characteristics of working memory and learning ability caused by
unilateral basal ganglia and frontal lobe damage in order to provide a
cognitive rehabilitation strategy.

Materials and methods

The research had been approved by the Institutional Review Board
(IRB) of The First Affiliated Hospital of Nanjing Medical University,
and all clinical investigations were conducted according to the
principles expressed in the Declaration of Helsinki. Informed and
written consent had also been obtained from the participants.

Participants

Twenty-seven patients with brain injuries (16 males and 11 females)
from the First Affiliated Hospital of Nanjing Medical University and
the Affiliated Hospital of Nantong University took part in this study.
According to the injury sites, all patients were assigned to the group
with the prefrontal lobe lesion (PLL, n=12, 6 in the left, 6 in the right)
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and the group with the basal ganglia lesion (BGL, n=15, 9 in the left,
6 in the right). The patient eligibility criteria included: (1) a vascular
lesion (bleeding or infarction) in the basal ganglia and the prefrontal
lobe that was identified by brain computerized tomography (CT) or
magnetic resonance imaging (MRI) scanning; (2) Mini-mental state
examination (MMSE) >24 without pronounced cognitive or language
problems. In addition, patient exclusion criteria included the presence
of a history of mental disease.

Ten healthy volunteers were recruited as a control group. Volunteer
eligibility criteria included: (1) no brain damage on CT or MRI scanning;
(2) no obvious cognitive or language problems (i.e., an MMSE 2>24);
and (3) no history of cardiac or cerebral vascular, endocrinal or mental
diseases. The demographic data of all experimental groups are shown
in Figure 1 and Table 1.

Assessment tasks

MMSE: MMSE was used to examine the degree and field of
impairment in cognitive function that comprised orientation (i.e., the
when and where), calculation, memory (i.e., temporal memory and
recall), language (i.e., name, repeat, reading, writing, construction, and
three-step instruction), as the inclusion criteria for patients [23].

Wechsler Memory Scale-Revised (WMS-R): WMS-R was used
to examine auditory, visual, verbal and spatial working memory that
comprised figural memory, logical memory, visual paired associates,
verbal paired associates, visual reproduction, digit span, visual memory
span [24].

Table 1. General information of subjects included in experiments.

Controls PLL BGL
Gender (male/ 5/5 6/6 1055
female)
Age (year) 53.5+16.87 48.13 £13.89 55.12+13.75
Education level 12.8£2.97 10.15 +2.96 12.08 +3.54
(year)
Course (day) 32.34+13.56 65.00 +26.58
Location of lesion 9 PLH 6 BGH
ocation of I€s101 3 PLI 9 BGI

Values are means + SD. PLL: Prefrontal Lobe Lesion; BGL: Basal Ganglia Lesion; PLH:
Prefrontal Lobe Hemorrhage; PLI: Prefrontal Lobe Infarction; BGH: Basal Ganglia
Hemorrhage; BGI: Basal Ganglia Infarction.

Figure 1. Brain CT and MRI scanning.

A: normal (MR); B: hemorrhage of the left PF (MR); C: infarction of the right PF (CT); D:
hemorrhage of the left BG (CT); and E: hemorrhage of the right BG (CT).
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Trail Making Test (TMT): The TMT was used to examine
switching speed and executive function. In TMT-A, the subjects
connected a line from 1 to 25 as fast and accurately as possible. In
TMT-B, the subjects connected alternately a line between numbers and
letters ((i.e., 1-A-2-B-3-C). The score is the time spent to complete the
task. The test is stopped if the subjects can’t complete it in 300 seconds
or five errors are made, in which of the situation, a score of 300 seconds
and five errors are recorded [25,26].

Tower of Hanoi (TOH): The TOH is a device with three pillars
and five different sizes of the discs (ABCDE). These discs are stacked on
three pillars according to a start state (Figure 2A), the subjects are asked
to make the discs stack on descending order on middle pillar (Figure
2B). The subjects are told the three rules for the task: (1) only one disc
can be moved at a time; (2) any disc not being currently moved must
remain on a pillars; (3) a smaller disc must be placed on a larger disc.
Three response measurements of accuracy, speed, and scores (scores =
accuracy-speed-difficulty index (DI)-2000, DI=1.47) are used to assess
executive functions of planning, order and problem resolving [27].

Wisconsin card sorting test (WCST): The WCST materials
consist of four stimulus cards and a deck of 64 response cards. The set
of four stimulus cards being comprised of one red triangle, two green
stars, three yellow crosses, and four blue circles reflected three stimulus
parameters: Color, Form, and Number. The 64 response cards also
displayed characteristics of varying forms, color and numbers of figures.
Each response card could be matched to a stimulus card on one, or a
combination of the three stimulus parameters. The response cards were
numbered from 1 to 64, with one of those numbers on the lower left
corner of the reverse side to ensure a standard order of presentation.
The WCST record page was used to record the subjects’ performance
and to enter scoring dimensions that were used for calculating the
WCST scores. Response measurements contained Percent Errors
(PE), Percent Preservative Responses (PPR), Percent Conceptual
Level Responses (PCLR), Numbers of Categories Completed (NCC),
and Trails to Complete the First Category (TCFC). WCST was used
to evaluate learning, conceptual classification of working memory,
formation and shifting of concept, and capacity of planning, judging
and organization [28].

Procedures

Baseline assessment: All subjects were given access to a quiet
room with appropriate temperature and soft light. The history taking
and the necessary physical examination were performed before
neuropsychological assessments. General information such as name,
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Figure 2. TOH sketch.

The five disks are stacked on three pegs (A). By moving only one disk at a time, the subject
must rearrange the stack of 5 disks in descending order on the middle peg (B).
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age, gender, education level, race, address and hands-dominant (i.e.,
right or left) were recorded. All of the subjects were right hand-
dominant. All subjects received MMSE, WMS, TMT, TOH and WCST
tests before training.

Training process: We designed the training process with “testing-
learning-retesting” of TOH and WCST to evaluate the effects of the
prefrontal lobe and basal ganglia on executive function (Figure 3).

In TOH, a start state is given in which five discs are stacked on three
pillars (Figure 2A). First, the subjects were told the rules of the test and
operated themselves to make the discs stack on descending order on
middle pillar (Figure 2B). At this time, three response measurements
of accuracy, speed, and scores were recorded in each trial, named
as TOH-1 during testing. Second, the five discs were stacked on the
same state. We moved the discs to Figure 2B through seven steps and
demonstrated to the subjects how to move the disks, which was named
TOH-d. Then the subjects were requested to operate TOH again.
We immediately corrected mistakes in each step if the subjects made
an error. We named the learning TOH-s. Finally, the subjects were
requested to test TOH again and to record their scores, which were
named as TOH-2 during retesting.

In WCST, the four stimulus cards with the following characteristics
were in front of the subjects (Figure 4). We handed the subjects the
64 response cards and asked them to match each consecutive card
with one of the four stimulus cards according to a certain sorting
rules. The subjects were told whether the match was right or wrong
and never told the right classification rules. When the subjects had
six consecutive correct matches, we changed the sorting principle
without warning and asked the subjects develop a new sorting strategy
according to our feedback. The WCST switched among three possible
sorting principles (i.e., Color, Form, and Number), while we recorded
the subjects responses as WCST-1. In addition, we then decked the four
stimulus cards and the 64 response cards as an identical standard order
of presentation. We explained the rules again and had two investigators
demonstrate how to classify and match, which was named as WCST-d.
The subjects were requested to operate WCST with the same order of
category rules again. If the subjects had made six consecutive “wrong”
matches to the sorting principle, we would tell the subjects that we had
changed to Color, Form, or Number and then instruct the subjects
to match, which was named as WCST-s. Finally, the subjects were
requested to test WCST again and to record their scores, which was
named as WCST -2 during retesting.

Statistics

All data were determined by the SPSS version 16 software
package. All values were represented as mean + standard deviation.
Significant differences among three groups were determined by one-
way ANOVA. Test of homogeneity of variance applied Bonferroni’s
method of multiple comparisons, but the heterogeneity of variance
used Tamhane’s method. Independent Samples T-test was used to
compare the mean values of TOH and WCST before and after training
between these two groups. Independent Samples T-test was also used
to compare the mean values of difference before and after training in
TOH and WCST between these two groups. The changes in TOH and
WCST before and after training in the same group were analyzed by
paired Student’s t test. The criterion for statistical significance was an
alpha value of p < 0.05.
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Figure 3. Learning process of “Testing-Learning-Retesting” with TOH and WCST.

TOH-1 and WCST-1: in which the subjects were directly instructed to operate TOH and
WCST and to first record their scores. TOH-d and WCST-d: in which the operating essentials
of TOH and WCST were introduced and operational processes were demonstrated to the
subjects. TOH-s and WCST-s: in which subjects were required to operate TOH and WCST
again after studying the procedures. TOH-2 and WCST-2: the subject was requested to test
TOH and WCST again and to finally record their scores.
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Figure 4. WCST sketch.

The four stimulus cards with the following characteristics are placed before the subject.
The subject randomly matches each consecutive card from the 64 response cards with one
of four stimulus cards according to color, shape, or number of symbols. The subject is told
whether the response is correct or not and is never told the correct sorting principle. Then
without warning, the sorting principle changes after six consecutive “correct” responses.

Results
General information and MMSE of subjects in three groups

Demographic data such as gender, age and education showed no
significant differences among the three groups (Table 1). The scores
of total and items of calculation and recall were significantly lower in
these two groups with PLL and BGL as compared the control group.
There were no significant differences in all items of MMSE between
groups with PLL and BGL (Table 2).

Baseline tests of WMS-R and TMT in three groups

All items of WMS-R were significantly lower in these two groups
with frontal lesions and basal ganglia lesions than in the control group,
and there were no significant differences between these two groups
with PLL and BGL. The completion times of TMT-A and TMT-B in
these two groups with PLL and BGL were significantly greater than
their control group counterparts, although there were no significant
differences between these two groups with PLL and BGL (Table 3).

Baseline tests of TOH and WCST in three groups

The scores of total and the items of accuracy and speed in TOH
were significantly lower in these two groups with PLL and BGL than
control group, but were not significantly different between groups with
PLL and BGL. In WCST, Percent Errors (PE), Percent Preservative
Responses (PPR) and Trails to Complete First Category (TCFC) in
these two groups with PLL and BGL increased significantly, and Percent
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Conceptual Level Responses (PCLR) and Number of Categories
Completed (NCC) in groups with PLL and BGL decreased significantly
when compared with the control group. TCFC in the group with PLL
increased significantly when compared with the BGL groups and the
control (Table 4).

Comparison of TOH and WCST before and after training in
these two groups with PLL and BGL

There was no significant difference in TOH and WCST before and
after training in the group with PLL except for scores of TOH. In the
group with BGL, accuracy and the TOH scores after training increased
significantly in comparison with the group with BGL before training
and the group with PLL after training. The speed of TOH after training
increased significantly in comparison with the group with BGL before
training. PE, PPR and TCFC of WCST after training in the BGL group
were significantly lower than was determined before training in the

Table 2. Baseline test of MMSE in three groups

MMSE Control PLL BGL
Orientation 10.00 = 0.00 9.5+0.52 10.00 = 0.00
Temporal memory 3.00 +0.00 2.58+0.51 2.73+£0.46
Calculation 5.00 £ 0.00 333+ 1.15% 4.13 +£0.52%
Recall 2.70 +£0.48 0.92+0.67* 1.4+0.51%
Language 9.00 + 0.00 8.83+£0.39 8.73 £0.46

Values are means + SD; *p<0.05 versus values in control by Bonferoni post-hoc test. PLL:
Prefrontal Lobe Lesion; BGL: Basal Ganglia Lesion

Table 3. Base-line tests of WMS-R and TMT in three groups

Control PLL BGL
WMS-R
FM 8.00+ 0.94 4.00 +2.00" 5.67 + 1.83"
LM 36.80 +£3.49 14.5+4.30" 17.2+7.68"
ViPA 14.0 +1.49 5.67+£3.55" 5.67+£4.27"
VePA 20.50 = 1.96 12.17 +£4.20° 13.40 + 6.08"
VR 40.00 + 1.49 24.17 +£9.53" 32.46 +7.33"
DS 19.90 +2.02 10.33 +£3.47" 13.44+3.52"
VS 21.70 £2.75 10.25 +2.63" 13.13+3.37"
TMT
TMT-A (s) 31.50 £ 10.60 125.92 +£77.78" 101.4 £53.62°
TMT-B (s) 92.00 +24.74 436.25 +133.42" 348.87 £ 172.14"

Values are means + SD; "p<0.05 versus values in control by Bonferoni post-hoc test. S:
Seconds; FM: Figural Memory; LM: Logical Memory; ViPA: Visual Paired Associates;
VePA: Verbal Paired Associates; VR: Visual Reproduction; DS: Digit Span; VS: Visual
Memory Span; TMT: Trail Making Test

Table 4. Base-line tests of TOH and WCST in three groups

Control PLL BGL
TOH
accuracy 0.932 +0.094 0.593 +£0.212" 0.664 + 0.164"
speed 0.885+0.026 0.536 + 0.239" 0.627 +0.219°
scores 2456.9 +238.2 982.7+581.4 1268.4 +582.3"
WCST
PE 0.203 £0.048 0.581+0.156" 0.568 +0.117"
PPR 0.127 £ 0.020 0.366 + 0.109" 0.367+0.11"
PCLR 0.781 £ 0.052 0.352+0.157" 0.352+0.157"
NCC 5.70 +0.48 2.17+1.80 2.53 +1.30
TCEC 7.00 +0.94 24.00 + 13.7 11.6 £5.53'#

Values are means + SD. "p<0.05 versus values in control by Bonferoni post-hoc test. #p<0.05
versus values in PLL by Bonferoni post-hoc test. PLL: Prefrontal Lobe Lesion; BGL: Basal
Ganglia Lesion. TOH scores = accuracysspeede1.47+consistent (consistent=2000). PE:
Percent Errors; PPR: Percent Preservative Responses; PCLR: Percent Conceptual Level
Responses; NCC: Number of Categories Completed; TCFC: Trails to Complete First
Category
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same group and after training in the PLL group. PCLR and NCC of
WCST after training were significantly higher than was found before
training in the same group and after training in the PLL group. The
difference in Post-training and Pre-training of HOT and WCST
multiple indicators in BGL group improved significantly compared
with PLL group (Table 5).

Discussion

Subjects with prefrontal lobe lesion had impaired abilities in terms
of speed of resolving problems, attention, memory, formation and
switching of conception, and planning and problem resolving, which
will severely affect their quality of life in terms of their occupation and
in society. The study found that working memory was regulated by
phasic dopamine gating signals and frontal lobe played a key role in
the encoding, updating, maintaining stages of working memory [12].
Garlinghouse et al., found that the left and right frontal lobe volumes
was smallerX working memory was poorer in daily life [29].

In accord with previous studies, the results derived from MMSE,
WMS-R and TMT indicated that subjects with prefrontal lesions had
significant dysfunction in calculation, temporal memory, and short-
term memory, and attention ability such as concentration, conversion,
distribution and control [30,31]. Other studies have shown that
subjects with prefrontal lesions had significant decreases in first correct
moves and times for completion of the Tower of London (TOL) than
did controls and higher percent errors in three different dimensions
of attention shifting tasks [32]. In our present study, scores of TOH
and WCST in subjects with frontal lobe lesions were significantly lower
than was found in controls. It was difficult to concentrate the attention
of the subjects with frontal lobe lesions, which couldn’t find the rules
and conversion the rules.

According to the “Cortex - basal ganglia - thulamus” circle model
of a working memory system [16], we assumed that basal ganglia
damage could block the information flow from the prefrontal lobe.
Therefore basal ganglia lesions and prefrontal lobe lesions have
similar symptoms of cognitive dysfunction, which is called “Remote
Effects”. Animal study have shown that the basal ganglia could quickly
learn task-relevant rules and send preprocessed information to the
prefrontal cortex for subsequent selection and further processing [33].
Neurodegenerative disease studies showed that the destruction of the
frontal lobe or the pathway between the frontal and subcortical lobe
could result in working memory impairment, such as that found in
Alzheimer’s disease, multiple sclerosis, and Parkinson’s disease [18,34].

Our present study found that there were no statistical differences
in all items of TOH and the mjority of items for WCST except the trails
to complete the first category between these two groups with BGL and
PLL, which suggested the importance of the connecting role of basal
ganglia on working memory. In addition, fMRI study of verbal working
memory has found that there was a reciprocal action between the basal
ganglia and the ventrolateral prefrontal cortex in the stage of encoding
and maintenance, and the dorsal lateral prefrontal cortex, and the
anterior cingulate cortex during the extraction phase [35].

In regard to set-shifting of fronto-striatal activation, Monchi et al.,
reported a significant increased activity of the ventrolateral prefrontal
cortex and caudate nucleus during the reception of negative feedback
in fMRI [36]. This observation indicated that a shift to a new response
set was required, while the putamen was significantly active with the
posterior PFC and premotor cortex during matching following a
negative feedback, which suggested involvement in the execution of
novel actions.

In our present study, the trails to complete the first category of
WCST in the group with PLL were significantly higher than in the
control group and the group with BGL. The trails to complete the
first category is the number of successful completions of the first
classification project, which is typically used for judging the degree
of the initial concept of brain information to the outside world. These
experimental results suggested that patients with frontal lobe injury
were significantly damaged during the initial conceptualizing stages of
formation, which is distinct from the basal ganglia damage.

The frontal lobe can integrate with the external information
conducted by the posterior cerebral cortex (i.e., temporal lobe, parietal
lobe, and occipital lobe) and internal information conducted by the
limbic system. Frontal lobe damage will result in the same performance
as temporo-parietal lobe injury, which is one of primarily serious
learning obstacles associated with a particular module and reasoning
ability obstacles. This means that there will be an inability to learn
sequence arrangement and organization, and that an impaired working
memory might interfere with learning ability [37].

Our present study found that TOH and WCST in subjects with
frontal lobe lesions had no significant difference before and after
training, suggesting that damage to the frontal lobe leads to injured
learning ability. Since damage to the frontal lobe decreases proactive
inhibition release, the frontal lobe still stores previous error messages,

Table 5. Comparison of TOH and WCST in the two groups with brain injuries between pre-training and post-training

PLL BGL
Pre-training Post-training Post-Pre Pre-training Post-training Post-Pre
TOH
accuracy 0.593+£0.212 0.645+0.192 0.053+0.097 0.664 + 0.164 0.889+0.112™ 0.224+0.1934
speed 0.536 +0.239 0.619+0.218 0.083+0.163 0.627 +0.219 0.768 £ 0.152° 0.151+0.139
scores 982.7+ 581.4 1183.58 £ 571.68" 200.83+ 288.1 1268.4 +582.3 2012.13 £ 494.87 748.53+501.22%
WCST
PE 0.581+0.156 0.561 +0.198 -0.02+0.131 0.568 +0.117 0.363 £0.141% -0.204+0.144»
PPR 0.366 + 0.109 0.402 +0.218 0.038+0.119 0.367+0.11 0.227+ 0.087" -0.143+0.1074
PCLR 0.352+0.157 0.377 +£0.199 0.023+0.074 0.352+0.157 0.591 +0.197 0.238+0.2174
NCC 2.17+1.80 2.42+1.98 0.25+0.62 2.53+1.30 4.00 +1.73% 1.47£1.55%
TCFC 24.00 + 13.7 19.75+15.57 -4.25+13.07 11.6+5.53 747 +2.647 -4.00+6.02

Values are mean+ SD. * p<0.05 versus values in respective pre-training of PLL and BGL by paired Student’s t test. #p<0.05 versus values in post-training of PLL by Independent-Sample

T-tests. p<0.05 versus values in post-pre of PLL by Independent-Sample T-tests.

PLL: Prefrontal Lobe Lesion; BGL: Basal Ganglia Lesion; TOH scores= accuracysspeede1.47+consistent (consistent=2000); PE: Percent Errors; PPR: Percent Preservative Responses;
PCLR: Percent Conceptual Level Responses; NCC: Number of Categories Completed; TCFC: Trails to Complete First Category.
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and cannot effectively integrate or update new information, resulting
in reduced effectiveness of learning.

Basal ganglia is a middle path for a variety of information inputs
and outputs, some research has shown that it plays an important role
in the classification of learning [38,39]. In addition, the dorsal striatum
was responsible for that function by contributing to various evaluation
processes leading to the chosen outcome in contingency learning [40].
In the present study, subjects with basal ganglia lesions improved
significantly most of the scores in TOH and WCST after training,
which indicated that basal ganglia injury (hemorrhage or infarction)
still retained a certain learning ability. Previous studies of basal ganglia
degenerative diseases like PD, HD and AD found that patients present
classification learning defects [41]. Some researchers have found that
the dopamine pathway plays a significant role in implicit learning
[42]. Also, advanced neurodegenerative disease is not restricted to
the basal ganglia, which is likely to spread to other areas of the brain,
especially the cerebral cortex. Since subjects in the present study were
limited to local damage of the unilateral basal ganglion (hemorrhage
or infarction), then presumably the unaffected side of the basal ganglia
retained some learning ability. Wiedl et al., found indicator scores in
WCST and TOH after training were associated with difficulty and the
greater the difficulty, the higher the correlation [43].

In our present study, learning scores of TOH and WCST training
were significantly better in subjects with basal ganglia lesions than in
subjects with prefrontal lobe lesions, which suggested that TOH and
WCST training should be considered a tool of cognitive rehabilitation
training. A limited scope of this study arises from the fact that training
and testing was performed on the same tasks, therefore transfer effects
of cognitive training are not examined. It is formally possible that
the type of rehabilitation proposed herein is task specific. This might
imply that the conclusion is that unilateral basal ganglia patients can be
retrained on each specific basic skill as shown by the trainability of both
these tasks in this study.

Conclusion

Basal ganglia lesions and frontal lobe lesions may decrease the
working memory. Working memory defects caused by frontal lobe
lesions may be more serious and more widespread. Unilateral basal
ganglia lesions still retain a certain learning ability. These rehabilitation
strategies such as cognitive training and learning could make patients
with injured basal ganglia obtain certain basic skills, and finally
enabling them to return to their families and society at large. The fewer
samples of this study did not divide the frontal lobe lesion into the left
and right sides as compared to the unilateral basal ganglia lesion. We
hope that we can identify more direct evidence to demonstrate a role
for the basal ganglia by collecting more samples and using fMRI or
Transcranial Magnetic Stimulation (TMS).
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