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Value of the Frontal Assessment Battery Tool
for Assessing the Frontal Lobe Function
in Stroke Patients

Mihyang Han, MD'?, Da-Ye Kim, MD', Ja-Ho Leigh, MD?, Min-Wook Kim, MD, PhD'

'Department of Rehabilitation Medicine, Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Incheon;
*Department of Rehabilitation Medicine, Incheon Hospital of Korea Workers’ Compensation and Welfare Service, Incheon, Korea

Objective To examine the correlation between the Frontal Assessment Battery (FAB) test, which is used to assess
the frontal lobe function, and anatomical lesions as well as the ability of the test to detect frontal lobe dysfunction.
Methods Records of stroke patients undergoing a FAB test and Mini-Mental State Examination (MMSE) were
retrospectively reviewed. The patients were divided into three groups according to the lesions determined by an
imaging study: frontal lobe cortex lesions, frontal subcortical circuit lesions, and other lesions. The FAB scores of
the three groups were compared using the Kruskal-Wallis test. The validity of the FAB test to detect frontal lobe
dysfunction was assessed by a comparison with the Computerized Neuropsychological Function Test (CNT) using
the Spearman correlation coefficient. The correlation coefficients between the FAB test and MMSE were analyzed
further based on the MMSE cutoff score.

Results Patients with frontal cortex lesions had significantly lower total and subtest scores according to the FAB
test than the other patients. The FAB test correlated better with the CNT than the MMSE, particularly in the
executive function and memory domains. A high MMSE score (r=0.435) indicated a lower correlation with the FAB
test score than a low MMSE score (r=0.714).

Conclusion The FAB test could differentiate frontal lobe lesions from others in stroke patients and showed a good
correlation with the CNT. Moreover, the FAB test can be used in patients with high MMSE scores to detect frontal
lobe dysfunction and determine the treatment strategies for stroke patients.
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INTRODUCTION

The frontal lobe functions involve the executive func-
tion, attention, initiation, disinhibition, monitoring, lan-
guage, and emotion control [1-3]. The frontal lobe cortex
connects to other subcortical regions, including the stria-
tum, basal ganglia, and thalamus. These connections
are called the frontal subcortical networks and frontal
subcortical circuits. Frontal subcortical circuits are bal-
anced through direct and indirect pathways composed of
neurotransmitters and receptors. The circuit plasticity is
mediated by the striatal dopamine release following the
cholinergic and gamma-aminobutyric acid agonist ad-
ministration [1,4]. Many studies suggested that patients
with lesions limited to the caudate nucleus, thalamus,
and basal ganglia showed symptoms, such as those of
frontal lobe syndrome caused by the frontal subcortical
circuit destruction [4-6]. Parkinson disease, dementia,
stroke, and alcohol abuse, which are characterized by
frontal lobe dysfunction, are based on the neuropathol-
ogy, including the frontal subcortical circuit.

Early detection of frontal dysfunction is needed to de-
velop treatment strategies for diverse diseases [1]. Frontal
lobe function assessment is clinically difficult, requiring
extensive neuropsychological tests. In practice, these
tests are time-consuming and difficult to apply to all pa-
tients because of the detailed options [7]. On the other
hand, some brief screening tools focus on the frontal
function, such as the Montreal Cognitive Assessment
(MoCA), Severe Impairment Battery (SIB), and Adden-
brooke’s Cognitive Examination-Revised (ACE-R). The
MoCA is a commonly used cognitive screening tool that
is sensitive to executive functions. However, it is too diffi-
cult to perform test measurements for older patients, and
it has floor effects. Most global cognitive screening tools,
including the ACE-R and SIB, lack evaluations of some
subdomains of the frontal function and are less sensitive
to mild cognitive deficits [8].

The Frontal Assessment Battery (FAB) test, which con-
sists of six subdomains of the frontal lobe, is a simple tool
for the frontal lobe function assessment at the bedside
[9]. The FAB test requires approximately 10 minutes to
complete and is easy to administer. The reliability and
validity of the FAB test have been proven in patients with
a range of diseases. Further, the test showed good differ-
entiation validity and reliability when used for those with
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Parkinson disease [9-11]. In addition, it showed reliabil-
ity for evaluations of frontal lobe dysfunction of patients
with Alzheimer disease and those with frontotemporal
dementia [12,13]. Cunha et al. [14] reported that the FAB
test correlated with other neuropsychological tests of
people with substance dependence. Paviour et al. [15]
showed the FAB test validity for determining an executive
dysfunction in patients with progressive supranuclear
palsy.

One study evaluated the correlation between the FAB
test and right hemispheric lateral frontal lobe dysfunc-
tion in stroke patients. The FAB test showed good validity
in the detection of regional dysfunction [16]. Although
stroke is a prevalent problem that affects the function of
the frontal lobe, few studies have examined the useful-
ness of the FAB test for stroke patients compared to other
neuropsychological tests. Furthermore, no studies have
evaluated the FAB test for differentiating lesions of the
frontal subcortical circuit from other types of lesions in
stroke patients.

This study evaluated the usefulness of FAB test in dif-
ferentiating anatomical lesions according to the degree
to which the frontal subcortical circuit is involved as well
as the validity of FAB test to detect frontal lobe dysfunc-
tion by comparing with the Computerized Neuropsycho-
logical Function Test (CNT). This study also compared
the FAB test with the Mini-Mental State Examination
(MMSE), which is one of the most frequently used tools
for evaluating cognition in general. In addition, this study
evaluated whether the FAB test is more valuable than the
MMSE in terms of the value in frontal lobe dysfunction
detection.

MATERIALS AND METHODS

Subjects

Records of patients who were admitted to the Depart-
ments of Neurology, Neurosurgery, and Rehabilitation
Medicine at a tertiary referral brain center for the treat-
ment of stroke and related symptoms from November
2016 to December 2017 were retrospectively obtained.
Patients who were evaluated for their cognitive func-
tion using the MMSE and FAB tools were enrolled in this
study. Those with other causes of frontal lobe dysfunc-
tion, such as hypoxic brain injury, traumatic brain injury,
Parkinson disease, brain tumors, and previous neuro-
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logic disorders, were excluded.

The patients were divided into the following three
groups based on the magnetic resonance imaging or
computed tomography findings: (1) FL group, with le-
sions involving the frontal lobe cortex; (2) SC group, with
lesions related to the frontal subcortical circuit without
frontal cortex involvement; and (3) OL group, with other
lesions that were unrelated to the frontal subcortical
circuit. Data collected included the age at stroke onset,
sex, type of stroke, side of stroke, Modified Barthel Index
(MBI), and initial National Institutes of Health Stroke
Scale (NIHSS) score. The use of patient data for research
purposes was approved by the research ethics committee
at the Incheon St. Mary’s Hospital, Catholic University of
Korea (Approval No. OC18RESI0006).

Neuropsychological evaluation

All patients were administered with the MMSE to assess
their general cognitive function and the FAB test to de-
tect any impairment in the frontal lobe function. Within
the MMSE, the subtest for the executive function was a
three-step command test [17,18]. The subtest related to a
frontal lobe function, including attention and repetition,
was analyzed further. The FAB test consisted of the fol-
lowing six subtests: (1) questions about the similarities
between two objects to evaluate conceptualization and
abstract thinking; (2) questions asking the participant to
list as many words as possible starting with a specific let-
ter within 1 minutes to assess their mental flexibility and
verbal fluency; (3) questions asking individuals to per-
form the Luria manoeuvre and fist-edge-palm patterns to
determine if their programming and motor acts are cor-
rectly executed; (4) questions requesting the participants
to provide an opposite response to the examiner’s signals
(conflicting instructions) to assess sensitivity and inter-
ference; (5) questions asking the participants to inhibit
their response to a stimulus that was previously admin-
istered (go-no-go test) to assess their inhibitory control;
and (6) questions assessing the involuntary behavior that
is triggered by sensory stimulation (prehension behavior)
to detect deficits in the environmental autonomy. Each
subtest had a score of 0 to 3, with a total possible score of
18; a higher score indicated better function [19].

The results of the CNT were analyzed to find the cor-
relation between the FAB test and neuropsychological
evaluation for frontal lobe function. The CNT can evalu-

ate most cognitive functions comprehensively, including
the frontal lobe dysfunction, and detect mild cognitive
deficits in brain disease [20-24]. The test method has
been standardized [25], and the assessments are reli-
able and valid compared with other neuropsychological
testing measures [26,27]. In addition, the CNT provides
consistency and the convenience of administration and
reduces errors during scoring and interpretation [20,27].
The Computerized Neurocognitive Function Test soft-
ware version 4.0, which comprised of 17 computerized
neurocognitive function tests, was used. The authors [28-
30] conducted a study to develop a computerized cogni-
tive function assessment test; they verified the reliability
and validity of the test and documented the standardized
data of Korean adults.

The CNT consisted of four domains: (1) digit span and
verbal learning tests for assessing memory, (2) visual
and auditory continuous performance test and word-
color test for assessing attention, (3) card-sorting test for
assessing executive function, and (4) trail-making test
for visuomotor coordination. During the digit span test,
after viewing the number of sequences, the subjects click
digits in a forward and backward sequence at a rate of
one digit per second. During the verbal learning test, the
subjects hear 15 target words five times and recall them
immediately. After 20 minutes, the subjects recall the tar-
get words and then recall those words again after viewing
another 15 words. In the visual and auditory continuous
performance test, after viewing or hearing a number,
the subjects click a mouse when the visual or auditory
number is displayed on the screen, but not when other
numbers appear. During this test, the correct response,
reaction times, and commission errors are checked. In
the word-color test, 24 cards showa mismatch between
the name and color (green, blue, yellow, and red), and
the subjects are asked to read as soon as possible. The
subjects are then asked to read black letters of a color
name (part A), color name (part B), name matching the
correct color (part C), and color mismatching the correct
name (part D). The response times are checked. With the
card-sorting test for assessing executive function, there
are six cards with different colors, shapes, and numbers.
The subjects are asked to match the cards based on color,
form, and number. The numbers of correctly matching
cards are checked. Finally, the trail-making test for vi-
suomotor coordination is performed. During part A of
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the trail-making test, the subjects are asked to draw a line
with a computer mouse following sequential numbers.
During part B of the trail-making test, sequential letters
are added to the test. The time (in seconds) it took to
complete the test is checked [21-23]. Because of the cost
of the test, only the CNT data from subjects who agreed
to undergo the test were collected. A well-trained thera-
pist administered the FAB test and MMSE, and a skilled
therapist, who was blinded to the results of the other cog-
nitive function tests, administered the CNT.

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA). The Kruskal-Wal-
lis test was used to compare the FAB and MMSE scores of
the three groups. Considering the variables that affect the
FAB score, an analysis of covariance (ANCOVA) was per-
formed to determine if there were significant differences
between the three groups regarding the stroke severity
or age [7,31]. The stroke severity was evaluated using the
initial NIHSS score.

The association of the FAB tests with the CNT and
MMSE was analyzed using the Spearman correlation co-
efficient (r). In consideration that the FAB score is related
to the MMSE score [7,13,32], partial correlation analysis

Table 1. Baseline characteristics of the patients in this study

was performed to determine the correlation between the
FAB test and CNT, excluding the effects of the MMSE. Sta-
tistical significance was set to p<0.05.

RESULTS

Three hundred thirty-four patients who were admitted
to the hospital for brain lesions from November 2016 to
December 2017 underwent an assessment of their cogni-
tive function. Of these, 18 patients with traumatic brain
injury, 12 with brain tumor, 2 with Parkinson disease, 1
with Alzheimer disease, 2 with hypoxic brain injury, 8
without an initial NTHSS evaluation, and 37 with a history
of stroke were excluded. Two hundred fifty-three stroke
patients whose cognitive functions were evaluated and
met the inclusion criteria were analyzed.

The patients were classified into three groups accord-
ing to the area of the lesions involved. Sixty-six patients
had direct frontal lobe damage. Overall, 7, 6, 10, 39, and 4
patients had anterior communicating aneurysm rupture,
frontal lobe intracranial hemorrhage, anterior cerebral
artery infarction, middle cerebral artery infarction, and
anterior and middle cerebral artery infarction, respec-
tively. One hundred twenty-two patients had frontal sub-
cortical circuit lesions. Eighty-eight cases were caused by

Lesions involving the Lesions related to the frontal Other lesions
frontal lobe cortex (n=66) subcortical circuit (n=122) (n=65)

Age (yr) 64.3£13.9 62.4t14.4 62.4+£12.3
Sex

Male 40 71 45

Female 26 51 20
Mean interval between stroke and 41.2+53.8 34.6+59.1 25.3+52.0

cognitive function testing (day)

MBI 35.3£27.2 43.6£27.7 47.6126.8
NIHSS 9.1+7.0 7.1£7.1 4.8+4.7
Type of stroke

Infarction 53 88 53

Hemorrhage 13 34 12
Location of stroke

Right 20 56 30

Left 37 62 27

Both 9 4 8

Values are presented as meantstandard deviation.

MBI, Modified Barthel Index; NIHSS, National Institutes of Health Stroke Scale.
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an infarction, of which 36 were in the basal ganglia, 13 in
the thalamus, 21 in the corona, and 18 with a combined
lesion. Thirty-four cases were caused by hemorrhage, of
which 24 in the basal ganglia, 8 in the thalamus, and 2 in
the combined lesion. Sixty-five patients had other lesions
that were not related to the frontal lobe circuit. The fol-
lowing conditions were encountered: 3 midbrain infarc-
tions; 8 medulla infarctions; 5 cerebellum infarctions;
8 combined infarctions; 11 other cortex infarctions; 6
temporal, parietal, and occipital cortex hemorrhages; 3
intraventricular hemorrhages; and 3 subarachnoid hem-
orrhages. Table 1 lists the baseline characteristics of these
patients.

The mean FAB scores were significantly different in
the FL (7.3+5.0), SC (9.5£5.3), and OL groups (10.5+4.8).
The patients in the FL group had significantly lower total
scores and FAB subtest scores (similarities, lexical flu-
ency, motor series, conflicting instruction, go-no-go, and
prehension behavior subtests) than those in the SC and

OL groups. The mean total FAB scores and subtest scores
were significantly lower in the SC group than in the OL
group (Table 2, Fig. 1).

Patients in the FL group (16.94+9.04) had signifi-
cantly lower mean MMSE scores than those in the SC
(20.68+8.38) and OL groups (23.36+6.67). With the
MMSE, the results of the subtest that were related to
the frontal lobe function were analyzed further, and the
patients in the FL groups exhibited significantly lower
scores than those with the other lesions for the attention
and calculation subtests and three-stage command sub-
test (Table 2, Fig. 1).

After controlling for the stroke severity using the initial
NIHSS score, patients in the FL group had a significantly
lower mean FAB score than those in the SC and OL
groups. In the FAB subtests, the NIHSS-adjusted mean
score and motor series, go-no-go, and prehension be-
havior subtests scores were significantly lower in the FL
group compared with the other groups. When controlling

Table 2. Total and subtest scores of the FAB and MMSE of stroke patients

Lesions involving the

Lesions related to the .
Other lesions

frontal lobe cortex frontal subcortical circuit
FAB score
Total® 7.28+4.99"° 9.53+5.31 10.48+4.83
Similarities” 0.95+1.08" 1.27+1.03 1.37+1.00
Lexical fluency® 0.45+0.77" 0.72+0.85 0.79+0.87
Motor series” 1.23+1.29"° 1.73+1.26 1.88+1.22
Conflicting instructions® 1.1941.17%° 1.71+1.25 1.90+1.28
Go-no-go” 1.05+1.09”° 1.48+1.19 1.64%1.15
Prehension behaviour® 2.36+1.14"° 2.63+0.93 2.8910.52
MMSE
Total” 16.94+9.04"° 20.68+8.38 22.29+7.92
Three-stage command® 1.96+1.06"" 2.32+0.95 2.3240.97
Attention and calculation” 1.66+1.87"° 2.36+1.93 2.89+1.98
Language (repetition) 0.70+0.46 0.81+0.41 0.81+0.40

Values are presented as meantstandard deviation.

FAB, Frontal Assessment Battery; MMSE, Mini-Mental State Examination; NIHSS, National Institutes of Health Stroke
Scale; FL group, with lesions involving the frontal lobe cortex; SC group, with lesions related to the frontal subcortical
circuit without frontal cortex involvement; OL group, with other lesions that were unrelated to the frontal subcortical

circuit.

“p<0.05 indicate a significant difference among three groups.

”p<0.05 indicate a significantly different compared to SC and OL groups after controlling initial NTHSS score.
9p<0.05 indicate a significantly different compared to OL group after controlling initial NIHSS score.

9p<0.05 indicate a significantly different compared to SC group after controlling initial NIHSS score.

9p<0.05 indicate a significantly different compared to SC and OL groups after controlling age.

Yp<0.05 indicate a significantly different compared to OL group after controlling age.
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Fig. 1. Frontal Assessment Battery (FAB) and Mini-Mental State Examination (MMSE) scores of patients according to
brain lesions. (A) The mean FAB scores were significantly different in the FL group (7.3+5.0), SC group (9.5+5.3), and
OL group (10.5%4.8). (B) The mean MMSE scores were significantly different in the FL group (16.94+9.04), SC group
(20.68+8.38), and OL group (23.36+6.67). FL group, with lesions involving the frontal lobe cortex; SC group, with le-
sions related to the frontal subcortical circuit without frontal cortex involvement; OL group, with other lesions that
were unrelated to the frontal subcortical circuit. *p<0.05 indicate a significant difference among three groups.

for the age effect, patients in the FL group had signifi-
cantly lower mean FAB scores and lower scores for the
motor series, conflicting instructions, and go-no-go sub-
tests than those in the SC and OL groups. The mean total
MMSE score of the FL group was significantly lower than
the other groups after controlling for the NIHSS score
and age. On the other hand, the language subtest of the
MMSE showed no significant difference among the three
groups (Table 2).

After dividing the subjects into the FL, SC, and OL
groups, the cutoff scores of the FAB test and MMSE were
calculated to detect the frontal subcortical pathway le-
sions. A cutoff of 9.5 for the FAB test showed 60% sensitiv-
ity and 24% specificity, and a cutoff of 24.5 for the MMSE
showed 38% sensitivity and 44% specificity. Inthe present
study, the FAB and MMSE scores for detecting frontal
subcortical circuit lesions showed poor accuracy.

Patients who agreed to undergo and completed the sub-
tests of the CNT were analyzed. The following patients
were investigated to determine the correlation between
the FAB and MMSE scores: 96 and 56 patients who partic-
ipated in trail-making A and trail-making B, respectively;
and 166, 166, 163, 164, and 126 patients who participated
in the card-sorting test, digital span tests, verbal learning
test, visual and auditory continuous performance task
(CPT), and the word color tests, respectively.

The total FAB score correlated with the tests of visuo-
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motor coordination (trail-making tests A and B), high
cognitive function test (card-sorting test), memory tests
(digital span and verbal learning), and attention tests
(visual and auditory continuous performance tasks and
word-color test). The MMSE score also correlated signifi-
cantly with the scores of the trail-making A, card-sorting,
and memory and attention tests. In contrast, trail-making
B was not significantly correlated with the MMSE score.
Even after controlling for the MMSE scores, the FAB
scores were correlated with the trail-making A and B
tests, card-sorting test, digital span tests, verbal learning
test, and visual and auditory CPT (Table 3).

Scatterplots revealed a positive correlation and a sig-
nificantly high correlation coefficient between the FAB
test and MMSE. The high correlation coefficient between
the FAB test and MMSE was sustained even after divid-
ing among the three lesion groups (Fig. 2). Compared
with the MMSE, the FAB test did not appear to detect the
frontal lobe lesions in all the patients. In consideration
that the frontal lobe function is composed of high order
cognitive capacity and that the MMSE is not sensitive
to mild cognitive impairment, the value of the FAB test
was evaluated further according to the cognitive func-
tion level [7,33,34]. The patients were divided into high
and low MMSE groups based on the MMSE cutoff score,
meaning cognitively normal (MMSE=24) [35]. In the high
MMSE group, there were 53, 30, and 83 patients in the FL,
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Table 3. Correlation between the CNT and total scores of the FAB and MMSE in patients with brain lesions

Numberof TotalFAB  Total MMSE Total FAB score with
Test . a partial correlation after
patients score score controlling for the MMSE score

Visuo-motor coordination

Trail making test A 96 -0.467° -0.314” -0.405"

Trail making test B 56 -0.382" -0.223 -0.394”
High cognition function (executive function) test

Card sorting test 166 0.645" 0.606” 0.273"
Memory test

Digital span (forward) 166 0.742" 0.711% 0.697%

Digital span (backward) 166 0.790” 0.765" 0.362”

Verbal learning test (recall) 163 0.702" 0.687" 0.690”

Verbal learning test (interference) 163 0.6917 0.703" 0.684%

Verbal learning test (recognition) 163 0.634" 0.711% 0.613”
Attention test

Visual CPT (correct response) 164 0.563" 0.499% 0.576”

Visual CPT (commission response) 164 -0.586" -0.5217 -0.576"

Visual CPT (reaction time) 164 -0.199” -0.209” -0.216”

Auditory CPT (correct response) 164 0.645" 0.606” 0.6127

Auditory CPT (commission response) 164 -0.646” -0.609” -0.613"

Auditory CPT (reaction time) 164 -0.046 -0.017 -0.283"

Word-Color test A 126 -0.730” -0.598” -0.410

Word-Color test B 126 -0.637° -0.586" -0.315"

Word-Color test C 126 -0.728” -0.664” -0.001

Word-Color test D 126 -0.687 -0.602" -0.356”

CNT, Computerized Neuropsychological Function Test; FAB, Frontal Assessment Battery; MMSE, Mini-Mental State

Examination; CPT, Continuous Performance Task.
“p<0.01, ”p<0.05 (Spearman correlation coefficients).

SC, and OL groups, respectively; 70, 82, and 31 patients in
the FL, SC, and OL groups, respectively, belonged to the
low MMSE group. The correlation coefficients between
the FAB test and MMSE in the two groups were analyzed.
A high MMSE score (r=0.435, p<0.001) indicated a lower
correlation with the FAB test score than a low MMSE
score (r=0.714, p<0.001).

In both the low and high MMSE groups, the total FAB
score was correlated significantly with the tests of high
cognitive function test (card-sorting test), memory tests
(digital span and verbal learning test), and attention tests
(visual and auditory continuous performance tasks). On
the other hand, visuomotor coordination (trail-making
tests A and B) test and attention (word card test D) mean-
ingfully correlated with the total FAB score only in the
high MMSE group (Table 4).

DISCUSSION

In this study, patients with frontal lobe lesions had sig-
nificantly lower FAB total and subtest scores than those
with the other types of lesions. In consideration of the
initial stroke severity, the NIHSS-adjusted mean total
FAB score and motor series, conflicting instructions, and
go-no-go subtest scores of the FL group were significantly
lower than those of the SC and OL groups. Forthe CNT,
the FAB scores correlated with the measures of the vi-
suomotor coordination, high cognitive function, and at-
tention tests. Even after controlling for the MMSE scores,
the FAB scores were correlated with all measures of the
frontal lobe function. The trail-making B scores showed a
significant correlation only with the FAB scores.

A positive correlation was observed between the MMSE
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Fig. 2. Scatterplots for the Frontal Assessment Battery (FAB)
and Mini-Mental State Examination (MMSE) scores of
patients according to brain lesions. Scatterplots showed
a positive correlation between the FAB and MMSE tests
when divided among the three lesion groups (FL group:
r=0.839, p<0.001; SC group: r=0.864, p<0.001; OL group:
r=0.765, p<0.001). When the MMSE scores were divided
according to the cutoff value that (MMSE=24), a high
MMSE score (r=0.488, p<0.001) had a lower correlation
with the FAB score than did a low MMSE score (r=0.704,
p<0.001). FL group, with lesions involving the frontal lobe
cortex; SC group, with lesions related to the frontal subcor-
tical circuit without frontal cortex involvement; OL group,
with other lesions that were unrelated to the frontal sub-
cortical circuit.

and FAB scores when divided among the three lesion
groups. When the MMSE scores were divided into groups
based on the cutoff score for normal, a high MMSE (>24)
score indicated a lower correlation with the FAB score
than a low MMSE score (<24).

In terms of the anatomical region of the brain, the FAB
score showed a significant correlation with the frontal
lobe lesions. The mean FAB scores were significantly
lower for the patients with frontal lobe cortex and frontal
subcortical circuit lesions than for the patients with other
lesions. The mean FAB score was lowest for those with le-
sions in the frontal lobe cortex. This result was similar to
that of a previous study showing that the FAB score was
sensitive to frontal lobe damage in patients with right
hemisphere stroke, as analyzed by voxel-based lesion-
behavior mapping [16]. In particular, in each subtest in
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this study, patients with frontal cortex lesions had signifi-
cantly low scores for all categories. This result was similar
to the results of a previous study reporting that the in-
hibitory, conceptualization, and mental flexibility scores
of the FAB were related to lateral prefrontal lesions [16].

The frontal subcortical network is the area of the cortex-
caudate-globus pallidus-thalamus cortex and is deter-
mined according to three principal circuits: the dorsolat-
eral prefrontal cortex (DLPFC), anterior cingulate circuit,
and orbitofrontal circuits (OFC) [1]. Executive dysfunc-
tion and impairment in working memory are related to
lesions of the DLPFC. Abulia and apathy are related to
lesions of the anterior cingulate circuit, and OFC lesions
cause disinhibition and mood disorders. When applied
to the FAB subtest, the conceptualization, lexical flu-
ency, and motor series were more related to the DLPFC.
The results of the conflicting instructions, go-no-go, and
prehension behavior subtests were related to the anterior
cingulate circuit and OFC. In this study, the anatomical
lesions correlated with all the FAB subtests. In terms of
the value of the FAB for frontal lobe dysfunction detec-
tion, the FAB test significantly differentiated anatomical
lesions from other types of lesions. After dividing the sub-
jects into the FL, SC, and OL groups, the cutoff score of
FAB was calculated to detect frontal subcortical pathway
lesions. Meanwhile, the single score could not be used to
detect frontal subcortical circuit lesions. This result was
attributed to the heterogeneity of the anatomical lesions
in the patients and the effects of global cognitive dysfunc-
tion influencing the frontal lobe domain.

In terms of the anatomy of the brain, previous stud-
ies examined the clinical usefulness of the FAB test for
patients with other pathogeneses. Alzheimer disease pa-
tients with low FAB scores showed significant hypoperfu-
sion in the left middle frontal gyrus, which was analyzed
by single-photon emission computed tomography. These
patients showed hypometabolism in the prefrontal re-
gions according to fluorodeoxyglucose positron emission
tomography [36,37]. For patients with Parkinson disease,
the FAB scores correlated with the value of the gray mat-
ter in the right dorsolateral prefrontal cortex, which was
analyzed by voxel-based morphometry [38]. In addition,
Nakamura-Palacios et al. [39] reported an association
between the FAB scores and the volume of gray matter in
the prefrontal cortex and rostral middle frontal gyrus by
segmenting the brain structures in alcoholic subjects and
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Table 4. Correlation between the CNT and total scores of the FAB divided by MMSE score (MMSE=24) in patients with

brain lesions

MMSE<24 (n=86) MMSE>24 (n=83)

Test

Visuo-motor coordination
Trail making test A
Trail making test B

High cognition function (executive function) test
Card sorting test
Memory test
Digital span (forward)
Digital span (backward)
Verbal learning test (recall)
Verbal learning test (interference)
Verbal learning test (recognition)
Attention test
Visual CPT (correct response)
Visual CPT (commission response)
Visual CPT (reaction time)
Auditory CPT (correct response)
Auditory CPT (commission response)
Auditory CPT (reaction time)
Word-Color test A
Word-Color test B
Word-Color test C
Word-Color test D

-0.336 -0.523%
-0.453 -0.329%
0.502% 0.4029
0.548" 0.610”
0.683" 0.570%
0.626" 0.370%
0.574" 0.367%
0.4749 0.305%
0.396” 0.515%
-0.396" -0.515"
-0.160 -0.068
0.430% 0.365"
-0.430” -0.368"
-0.036 -0.148
-0.597% -0.611%
-0.704% -0.458"
-0.609” -0.569"
-0.228 -0.482%

CNT, Computerized Neuropsychological Function Test; FAB, Frontal Assessment Battery; MMSE, Mini-Mental State

Examination; CPT, Continuous Performance Task.
“p<0.01, ”p<0.05 (Spearman correlation coefficients).

viewing them with MRI. Considering its high correlation
with the results of the neuroimaging technique, the FAB
test is a useful assessment tool for detecting frontal lobe
lesions in patients with a range of diseases. Conversely,
because there is little data on stroke patients, further
studies of the correlation between the FAB score and
anatomical lesions analyzed with neuroimaging will be
needed.

Significant correlations were shown between the re-
sults of the FAB and CNT for frontal lobe dysfunction. In
the current study, there were correlations between the
FAB scores and those of the trail-making part A and B
test, card-sorting test, digital span and verbal learning
tests, visual and auditory continuous performance test,
and word-color test even after controlling for the MMSE
scores. These results are consistent with those of previ-
ous studies of patients with a range of brain lesions. In

Parkinson disease, the FAB scores were correlated with
measures of the executive function, such as the Wiscon-
sin card-sorting test and parts A and B of the trail-making
test, and memory function, such as the word fluency
test [7,9,14]. In addition, frontal lobe hypoperfusion pa-
tients with Moyamoya disease revealed lower scores in
the trail-making test, verbal learning test, digit span test,
and visual and auditory continuous performance tests
[22]. Patients with frontal lobe brain injury showed sig-
nificantly lower scores in verbal learning and word-color
tests [21]. This result was consistent with the fact that the
frontal lobe is associated with attention and judgment
and short-term memory [1,3,21-23].

The MMSE is one of the most frequently used tools for
evaluating the cognitive function, but it has limitations
in testing the function of the frontal lobe, including the
executive function and attention domains. Regarding the
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MMSE score, patients in the FL and SC groups had signif-
icantly lower mean MMSE scores than patients with other
types of lesions. In the executive function categories of
the MMSE, there were meaningful differences among the
three groups regarding attention and calculation and the
three-stage command subtests. On the other hand, the
language and memory subtest scores were not different
in those groups. Additionally, the MMSE score correlated
significantly with the scores of the trail-making A, card-
sorting, and memory and attention tests. In contrast to
the findings of this study, Slachevsky et al. [12] reported
that the FAB scores were significantly different between
patients with frontotemporal dementia and those with
Alzheimer disease; however, the MMSE score was simi-
lar. In the present study, most of the FL and SC groups
showed general cognitive dysfunction, which allowed the
MMSE score to correlate meaningfully with the anatomi-
cal lesions and CNT results.

In this study, scatterplots showed a positive correlation
and a significantly high correlation coefficient between
the FAB and MMSE scores. This positive correlation
was documented in patients with a range of patholo-
gies, including Parkinson disease, Alzheimer disease,
and frontotemporal dementia [13,15,32]. The MMSE had
limitations because it underestimates cognitive impair-
ment. Therefore, in the present study, the correlation was
evaluated further by dividing the MMSE cutoff score for
normal cognition. A high MMSE score had a significantly
lower correlation coefficient than a low MMSE score. Pa-
tients with general cognitive impairment had lower FAB
and MMSE scores. In contrast, patients considered to
have a normal cognitive function by the MMSE score had
different FAB scores depending on the cognitive domains
of each test. In the correlation with CNT, the visuomotor
coordination (trail-making tests A and B) and memory
(word-color test) test correlated with the total FAB score
only in the high MMSE group. Frontal lobe dysfunction,
particularly those with an attention shift and inhibition
derived from trail-making test B and word-color test,
could be detected by the FAB test in normal MMSE cog-
nitive scored patients [40]. The FAB test had benefit when
detecting frontal lobe dysfunction in those with high
MMSE scores, and it could be used to screen for subtle
high cognitive dysfunction that the MMSE cannot detect.

This study had several limitations. First, the data were
retrospectively reviewed using the medical records. Sec-
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ond, the number of patients was unevenly distributed
among the anatomical lesion groups. Third, the interval
between the stroke onset and assessment time could
not be controlled for all patients. Conversely, almost all
patients underwent cognitive function testing within 2
months of experiencing stroke, and none had chronic
stroke more than 1 year after onset. Fourth, the stroke
severity of the patients analyzed by the NIHSS was sig-
nificantly different among the groups. Nevertheless, in
consideration of the effects of the severity on the FAB and
MMSE scores, this study analyzed the NIHSS-adjusted
scores and found significant differences according to
the anatomic brain lesions. Fifth, other high cognitive
dysfunctions that affect the frontal lobe function, such
as aphasia,were not considered. Finally, CNT version 4.0
was used for patients who were determined to require
testing and agreed to pay for the test. Therefore, the re-
sults of CNT were limited to the subjects who agreed to
undergo this test.

In conclusion, additional FAB testing could be used to
detect frontal lobe dysfunction and quickly decide on
treatment strategies for stroke patients, especially in nor-
mal MMSE cognitive scored patients.
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