
I．Introduction
　Some childhood-onset epilepsies are classified 
as self-limited and/or pharmacoresponsive 1), 
including childhood absence epilepsy (CAE), 
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　 We evaluated whether magnetic resonance 
diffusion kurtosis imaging (DKI) could reveal brain 
microstructural changes in childhood epilepsies with 
motor coordination problems (MCP) and whether 
DKI findings are correlated with neuropsychological 
assessments. Sixteen patients with childhood 
epilepsies were included; eight of these had lower 
scores on the Japanese version of the Developmental 
Coordination Disorder Questionnaire (DCDQ-J) 
than the cutoff value, and these patients were 
categorized as the MCP group. Regions of interest 
analyses of the cortex were performed to compare 
the mean kurtosis (MK), fractional anisotropy, and 
mean diffusivity between the MCP and non-MCP 

groups. The MK value of the right precentral gyrus 
(PrCG) was significantly lower in the MCP group 
than in the non-MCP group (p = . 021 ). Significant 
correlations between diffusion kurtosis metrics and 
the DCDQ-J scores were observed, particularly 
in the paracentral lobules. The receiver operating 
characteristic analysis for all patients indicated 
that the area under the curve for MK values of the 
right PrCG was 0 . 844 , and the cutoff MK value to 
distinguish whether MCP was present was 0 . 587 
(sensitivity, 100 %; specificity, 75 %). Our results 
indicate that the DKI findings of the right precentral 
cortex may be substantially useful as a biomarker 
for MCP associated with childhood epilepsy.
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benign epilepsy with centrotemporal spikes 
(BECTS), and Panayiotopoulos syndrome 
(PS). CAE shows intermittent generalized 
electroencephalogram (EEG) abnormalities, 
whereas BECTS and PS show localized and 
intermittent EEG abnormalities on one side 
of the cerebral hemisphere. Although most of 
these patients have normal intelligence, some 
have mild neuropsychological impairments, 
and variable degrees of cognitive, behavioral, 
and exercise impairments without structural 
abnormalities are detectable by conventional 
magnetic resonance imaging (MRI) 2-5). To 
resolve the unmet medical needs of children 
with epilepsy, neurobehavioral comorbidities 
caused by CAE, BECTS, and PS are an 
important research area for the development 
o f  su i tab le  d iagnos t i c  too l s  and new 
therapeutics.
　Parent-reported symptoms of developmental 
coordination disorder (DCD) are common 
i n  c h i l d h o od  ep i l e p s i e s  6 ) .  DCD  i s  a 
neurodevelopmental disorder that occurs 
in 5–6% of school-aged children 7). DCD can 
cause difficulties in acquiring exercise skills 
and in all other aspects of daily life, such as 
playing sports, running, getting dressed, and 
writing. Moreover, it is associated with low 
self-esteem among patients 8) and increased 
risks of obesity, coronary artery disease, 
anxiety, and depression 9). Childhood epilepsies 
with some neurobehavioral comorbidities, 
including DCD 10), are associated with parent-
reported health-related quality of life (HRQOL) 11). 
The Developmental Coordination Disorder 
Questionnaire (DCDQ) is an internationally 
accepted parent-reported questionnaire that 
assesses the degree of motor skill impairments 12). 
The sensitivity and specificity of the DCDQ 

are highly applicable in the broader setting of 
the child’s usual daily life 13). Children with 
scores below the DCDQ cutoff are considered 
to have motor coordination problems (MCP) 14).
Advances in brain MRI have led to many 
reports on the physiological and structural 
features of epilepsy 15).  Diffusion tensor 
imaging (DTI) in patients with BECTS 
has noted increased mean diffusivity (MD) 
and decreased fractional anisotropy (FA), 
specifically in the white matter (WM) of the 
paracentral gyri 16). Microstructural changes in 
the WM, particularly in the corpus callosum of 
patients with CAE, have also been noted 17,18). 
Although the causes of dyssynergia in patients 
with epilepsy are not fully understood, most 
researchers believe the discharge of repeated 
spikes causes subtle changes in the axons and 
glial cells and their functional connections 16). 
Conversely, some authors note that cognitive 
impairment or behavior problems occur before 
seizures; thus, these psychosocial issues 
may be an accompanying or precursor 
symptom 19, 20). Since DTI assumes that the
probability density function of a water molecule 
is Gaussian water diffusion 21), it cannot 
accurately estimate diffusion heterogeneity. 
Diffusion kurtosis imaging (DKI), which 
quantifies non-Gaussian water diffusion, is a 
comparatively new and more appropriate 
clinical imaging technique for evaluating 
localized minor microstructural complexities 
of brain tissues 22). Clinical studies conducted 
at our institute suggest that DKI provides a 
more comprehensive and sensitive detection of 
microstructural alterations in brain tissue 23-28). 
Given the complicated diffusion anisotropy of 
nerve fibers in the central nervous system, 
particularly in the gray matter (GM), DKI 



is more appropriate than DTI. Few studies 
have evaluated childhood epilepsy using 
DKI 29). Most previous studies on DTI or 
DKI have revealed differences in the brain 
microstructural changes among children 
with epilepsy or MCP and those showing 
typical development; however, to the best 
of our knowledge, no study has investigated 
the differences in microstructural changes in 
childhood epilepsy with and without MCP.
　There fore ,  th i s  s tudy used DKI to 
investigate the cerebral micropathological 
changes in children with epilepsy with and 
without MCP. The DKI parameter differences 
between groups and their associations 
with neuropsychological features were also 
examined.
　

II．Materials and Methods
　1．Participants
　We prospectively recruited 23 patients who 
were diagnosed with CAE, BECTS, or PS (age 
range 6–14 years; male-to-female ratio, 10:13; 
5 patients with CAE, 12 with BECTS, and 6 
with PS, all attending regular schools) who 
were followed-up at Iwate Medical University 
Hospital and its collaborating hospitals 
between November 2018 and August 2019. 
The patients had no history of cerebral palsy, 
muscular dystrophy, or any developmental 
disorders. The patients were diagnosed by a 
pediatric epileptologist/neurologist (A.K.) or 
a pediatric neurologist (N.A., M.A.) according 
to the International League Against Epilepsy 
criteria.
　This study was conducted in compliance 
with the Declaration of Helsinki and according 
to the Ethical Guidelines for Medical and 
Health Research Involving Human Subjects 

established by the Ministry of Health, 
Labour and Welfare in Japan. The Human 
Ethics Review Committee of Iwate Medical 
University approved the study protocol 
(approval number, H2018-530) .  Written 
informed consent and assent were obtained 
from all participants and their parents. Clinical 
information (clinical symptoms, medical 
history, family history, medication status, 
seizure date, and the most recent seizure date) 
was extracted from the patients’charts.
　MRI, EEG, the Japanese version of the 
DCDQ (DCDQ-J), the Wechsler Intelligence 
Scale for Children-Fourth Edition (WISC-IV), 
and the Japanese version of KIDSCREEN-52 
(J-KIDSCREEN-52) were performed.
　2．Neuropsychological assessment
　All subjects were individually evaluated on 
the same day by MRI and EEG. The WISC-IV 
and its four subscales [verbal comprehension 
index (VCI), perceptual reasoning index (PRI), 
working memory index (WMI), and processing 
speed index (PSI)] were used to assess the full-
scale intelligence quotient (FSIQ).
　3．Identification of MCP
　MCP was evaluated using the DCDQ-J 6). 
Since the cutoff score for the DCDQ-J had 
not been previously determined, the cutoff 
score for the DCDQ 2007 (DCDQ’07) was 
used 14). The DCDQ-J is divided into three 
general motor behavior categories: control 
during movement (CDM; six items), fine motor 
and handwriting (FM/H; four items), and 
general coordination (GC; five items). Total 
scores range from 15 to 75, with higher scores 
indicating better motor skills. We categorized 
the MCP group, which indicates DCD or 
suspected DCD, based on cutoff scores of ≦
46 for children aged 5–7 years 11 months; ≦ 
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55 for children aged 8–9 years 11 months; and 
≦ 57 for children aged 10–15 years. Children 
with scores higher than the above cutoff 
values were considered the non-MCP group.
　4．J-KIDSCREEN-52
　The children’s self-reported questionnaire 
KIDSCREEN-52 has been developed and used 
in many countries to measure HRQOL in 
children aged 8–18 years. This questionnaire 
includes 52 items categorized into the 
following 10 dimensions: Physical Well-
being, Psychological Well-being, Moods and 
Emotions, Self-Perception, Autonomy, Parent 
Relations and Home Life, Financial Resources, 
Social Support and Peers, School Environment, 
and Social Acceptance (Bullying). The item 
scores are summed and converted to T scores 
for each dimension with an average of 50 and 
a standard deviation of 10 based on typical 
European population samples. The higher 
the T score, the better the HRQOL 30). The 
J-KIDSCREEN-52 has been developed and 
validated elsewhere 31, 32). We determined the 
correlations between the DCDQ-J scores and 
the self- or parent-reported J-KIDSCREEN-52 
scores, respectively, and between the DCDQ-J 
and WISC-IV scores.
　5．Electroencephalogram
　EEG was performed using the international 
10-20 system to confirm EEG abnormalities. 
Three pediatric neurologists (A.K., N.A., 
and  M.A . )  who were  unaware  o f  the 
subject information read the EEGs blindly. 
Observations were based on consensus 
between the two groups. If differing views 
were noted, the majority decision was adopted.
　6．MRI data acquisition
　MRI scans were performed without any 
sedative drug. All participants underwent 

MRI on a 3T MRI scanner (Discovery MR750, 
GE Health-care, Milwaukee, WI, USA) with 
an eight-channel head coil. DKI/DTI source 
images were obtained using a single-shot spin-
echo echo-planar imaging technique.
　The DKI scanning parameters were 
optimized according to a previous report 33) 
and used in previous studies 23-28): b values of 
0, 1000, and 2500 s/mm2; repetition time/echo 
time, 4300/110.6 ms; motion-probing gradients, 
20 directions with a duration of 31.0 ms and 
a separation of 39.8 ms; field of view, 24 cm; 
matrix size, 128 × 128; reconstructed matrix 
size, 256 × 256 (pixel size, 0.94 mm); slice 
thickness, 4.0 mm without interslice gaps; 
number of slices, 30; number of excitations, 
4; reduction factor of parallel imaging, 2; and 
acquisition time, 12 min and 12 s. Conventional 
MR images, including T1- and T2-weighted 
images, were also obtained.
　7．Analyses of imaging data
　The imaging analyses were performed by 
two authors (F.M. and K.I.) who were unaware 
of the clinical symptoms. Diffusion metric 
maps of the mean kurtosis (MK), FA, and 
MD values were calculated using in-house 
software 33) as in previous studies 23-28). To 
identify changes in the whole-brain WM 
between the MCP and non-MCP groups, we 
performed a voxel-wise statistical analysis 
of the MK, FA, and MD maps using tract-
based spatial statistics (TBSS) implemented 
in Functional Magnetic Resonance Imaging 
of the Brain (FMRIB) Software Library FSL 
6.0.0 34, 35). To perform region of interest (ROI) 
analyses in the anatomical site of the brain, the 
Johns Hopkins University (JHU) Eve atlas 36) 

was warped to the native space of each 
subject using the inverse transformation 
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matr i ce s  tha t  were  ob ta ined  by  the 
registration of the FA and b0 maps into the 
corresponding maps of the JHU-Eve and 
International Consortium for Brain Mapping 
atlas via methods similar to those described 
in previous studies 24, 25). The MK, FA, and 
MD values of the corticospinal tract (CST), 
cingulate gyrus (CG), precentral gyrus (PrCG), 
postcentral gyrus (PoCG), middle frontal gyrus, 
supplementary motor area, caudate nucleus, 
globus pallidus (GP), thalamus, and putamen 
were then automatically measured using ROIs 
consisting of the foregoing methods.
　8．Statistical analysis
　For TBSS, to compare voxel values for the 
MK, FA, and MD between the MCP and non-
MCP groups, a two-sample t-test using the 
nonparametric statistical inference function 
included in the FMRIB Software Library was 
performed with 5000 permutation sets. All 
voxels in the brain were corrected using the 
threshold-free cluster enhancement method 
with the family-wise error correction.
　Statistical analyses were performed using 
SPSS for Windows Version 25 (IBM Japan, 
Tokyo, Japan). The Mann–Whitney U test was 
used for continuous variables, and categorical 
variables were evaluated using Fisher’s exact 
test. Furthermore, we examined correlations of 
the MK, FA, and MD values and the subitems 
of the WISC-IV or DCDQ-J using Spearman’s
rank correlation coefficient. Comparisons 
or correlations were thresholded at an 
uncorrected level of significance due to the 
exploratory nature of the study and the small 
sample size. The diagnostic performance for 
detecting MCP using DKI/DTI was assessed 
using the receiver operating characteristic 
method. The MK, FA, and MD cutoff values 

for MCP were estimated using the area under 
the receiver operating characteristic curve 
and were calculated using the maximum point 
of the Youden index (sensitivity + specificity 
− 1). For all tests, p < .05 was considered 
significant.
　

III．Results
　1．Patient characteristics
　All examinations were conducted at 
Iwate Medical University Hospital. Seven 
participants were excluded because they 
did not tolerate MRI (n = 4), because of poor 
image quality due to heavy motion artifacts 
(n = 2), or because they refused to complete 
the questionnaire (n = 1). The remaining 16 
patients (median age 11 years; range 8–14 
years; male-to-female ratio 7 : 9; 3 patients 
with CAE, 10 with BECTS, and 3 with PS) 
were studied.
　Tables 1 and 2 show the clinical character-
istics of all patients and group comparisons. 
The median age of the MCP group (n = 8) 
was 9 years and 10 months. The MCP group 
included 4 patients with BECTS, 1 with CAE, 
and 3 with PS. Three children had histories 
of other health issues, including one with 
refractive amblyopia that was corrected with 
eyeglasses. He did not experience difficulties 
with activities in daily life or exercise. Of the 
other two children, one had acquired right 
hearing loss and one was a preterm (35 weeks 
gestation) and low-birth weight infant (2100 g). 
The median age of the non-MCP group (n = 
8) was 11 years and 5 months. The non-MCP 
group included 6 patients with BECTS and 2 
with CAE, including one who had incomplete 
right bundle branch block, one who had mild 
neonatal jaundice, and one who had allergic 
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purpura. Seven patients had not received 
any antiepileptic drugs, and nine patients 
had received one antiepileptic drug. None of 
the patients took other medications such as 
methylphenidate.
　There were no significant differences in 
any of the clinical background characteristics 
between the two groups.
　2．EEG results
　At the time of inclusion in this study, 
various EEG patterns were observed. Epileptic 
spikes in the left cerebral hemisphere were 
classified as “left spikes.” The left spikes 

included left focal spikes, bilateral focal spikes, 
and generalized spikes. The same was true for 

“right spikes.” Left spikes were observed in 
two patients in the MCP group and five in the 
non-MCP group; right spikes were observed in 
four patients in the MCP group and three in 
the non-MCP group. No epileptiform discharge 
was observed in four patients in the MCP 
group and three in the non-MCP group. There 
were no differences in the left and right spikes 
between the MCP and non-MCP groups (Table 
2).
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Table 1.  Patient characteristics

MCP
1
2
3
4
5
6
7
8

non-MCP
9

10
11
12
13
14
15
16

Demographics

Participants Dominant 
hand

Age at 
diagnosis

AED at 
scan

Age at 
Scan

 8 y 1 m
 9 y 2 m
 9 y 4 m
 9 y 4 m
10 y 4 m
11 y 6 m
12 y 4 m
12 y 5 m

 9 y 8 m
 9 y 8 m
10 y 2 m
11 y 1 m
11 y 9 m
12 y 1 m
12 y 6 m
14 y 8 m

Sex

M
F
M
F
M
M
M
F

M
F
F
M
F
F
F
F

L
R
R
R
R
R
R
R

R
R
R
R
R
R
R
R

Diagnosis

BECTS
CAE

BECTS
PS

BECTS
BECTS

PS
PS

BECTS
BECTS
CAE

BECTS
BECTS
BECTS
CAE

BECTS

 6 y 8 m
 9 y 2 m

 6 y 10 m
 7 y 1 m
 6 y 6 m
 9 y 2 m

 7 y 10 m
 5 y 8 m

 4 y 4 m
 9 y 8 m
 7 y 5 m
 9 y 6 m
 3 y 5 m
10 y 2 m
10 y 1 m
 7 y 9 m

No
No

CBZ
CBZ
ST

CBZ
No

CBZ

CBZ
No
No

CBZ
VPA
No

LTG
No

Previous history

Febrile seizure
No
Amblyopia
No
Right sensorineural hearing loss
No
Febrile seizure
Gestational age 35 weeks, brith weight 
2100 grams

No
Incomplete right bundle branch block
Neonatal jaundice
Allergic purpura
No
No
No
Febrile seizure

y, years; m, months; M, male; F, femle; L, left; R, right. 
BECTS, benign childhood epilepsy with centrotemporal spike; CAE, childhood absence epilepsy; PS, 
Panayiotopoulos syndorome; AED, anti-epileptic drug; CBZ, carbamazepine; LTG, lamotrigine; ST, 
sulthiame; VPA, valproic acid; DCDQ-J, the Japanese version of the Developmental Coordination Disorder 
Questionnaire; MCP, motor coordination problems; CDM, control during movement; FM/H, fine motor/
handwriting; GC, general coordination; WISC-IV, the Wechsler Intelligence Scale for Children-Fourth 
Edition; FSIQ, full scale intelligence quotient; VCI, verbal comprehension index; PRI, perceptual reasoning 
index; WMI, working memory index; PSI, processing speed index.
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　3．Neuropsychological assessment results
　1) DCDQ-J
　Table 1 shows the patients’  raw scores. 
Patient 3 had the lowest total score. He had 
BECTS with a normal FSIQ and a relatively 
lower PSI. As described above, he attended 
regular class and did not have any learning 
difficulties. The other patients in both groups 
did not experience difficulties in their daily 
lives. As shown in Table 2, the median 
DCDQ-J scores differed significantly between 
the MCP and non-MCP groups (43.5 vs. 63.5, p 
< .001); similarly, the median CDM (20 vs. 24.5, 

p = .01), FM/H (11 vs. 19, p < .001), and GC (11 
vs. 21.5, p = .002) scores differed significantly.
　2) WISC-IV
　There were no significant differences in 
the FSIQ, VCI, PRI, or WMI scores between 
the two groups, but the PSI was significantly 
lower in the MCP group (p = .021) (Table 2). 
Significant correlations between the PSI of 
the WISC-IV and the DCDQ-J total (r = .564) 
and FM/H (r = .654) scores were identified. 
There were no correlations between the other 
indexes (Table 3).

転帰

生存
不詳
生存
不詳
生存
生存
生存
生存
生存
生存

                         DCDQ-J

Total 
score

GC VCI PRICDM

52
55
29
47
32
54
32
40

72
56
59
69
65
68
58
62

25
22
12
19
15
21
13
21

30
24
19
26
25
26
24
22

12
16
10
17
10
13
8
9

20
17
18
19
19
20
16
20

15
17
7

11
7

20
11
10

22
15
22
24
21
22
18
20

106
90

109
113
80

102
74

110

100
94
92

102
107
107
118
106

125
111
119
113
84
97
93

113

103
103
105
119
129
103
109
97

101
85

118
111
98

102
74

106

102
78
80

102
80

109
111
106

91
82
97
94
68

112
68

106

88
97
91
82
88

100
120
106

88
86
86

115
84
96
76

102

104
104
96
96

121
110
113
110

FM/H FSIQ WMI

WISC-IV

PSI
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Table 2．Group comparisons

Measure

Age at scan, median (range)
Male
Dominant hand (right)
Family history of convulsions
Age at diagnosis, median (range)
AED at scan
Diagnosis to scan (months), median (range) 
Last seizure to scan  (months), median (range) 

EEG
　Left spikes
　Right spikes

DCDQ-J, median (range)
　Total score
　Control during movement
　Fine motor/handwriting
　General coordination

WISC-IV, median (range)
　Full scale intelligence quotient
　Verbal comprehension index
　Perceptual reasoning index
　Working memory index
　Processing speed index

J-KIDSCREEN-52 dimensions/self, median (range)
　Physical well-being
　Psychological well-being
　Moods and emotions
　Self-perception
　Autonomy
　Parent relations and home life
　Financial resources
　Social support and peers
　School environment
　Social acceptance (bullying)

J-KIDSCREEN-52 dimensions/proxy, median (range)
　Physical well-being
　Psychological well-being
　Moods and emotions
　Self-perception
　Autonomy
　Parent relations and home life
　Financial resources
　Social support and peers
　School environment
　Social acceptance (bullying)

.195  

.315 
1.000 
.315 
.328 

1.000 
.645 

1.000 

.315 

.608 

<0.001
.01

<0.001
.002

.798 
1.000 
.878 
.574 
.021

.234 

.645 

.574 

.798 

.130 

.234 

.959 

.083 

.959 

.645 

.021

.015

.574 

.878 

.798 

.038

.382 

.028

.065 

.234 

9 y 10 m (8 y 1 m-12 y 5 m) 
5
8
5

7 y 0 m (5 y 8 m-9 y 2 m)
5

28.5 (0-81)
27.5 (0-53)

 

2
4

  
  

  43.5 (29-55)
    20 (12-25)
   11 (8-17)
   11 (7-20)

 
 

    104 (74-113)
    112 (84-125)
  101.5 (74-118)
   92.5 (68-112)
     87 (76-115)

 
 

      47.2 (25.1-73.2)
      53.3 (35.5-68.5)
      44.8 (34.6-70.9)
      48.8 (33.2-69.8)
      44.6 (35.6-56.3)
      42.0 (20.6-65.9)
      43.1 (23.2-62.9)
    41.5 (9.4-71.5)

      53.4 (14.0-73.8)
      47.1 (29.1-58.8)

 
 

      39.9 (28.8-52.7)
      35.8 (30.9-48.9)
      40.8 (33.0-58.0)
      41.4 (35.8-61.4)
      40.5 (33.6-53.9)
      39.2 (27.2-49.4)
      44.7 (29.1-59.3)
      42.5 (25.9-57.9)
      41.3 (34.0-52.1)
      42.1 (30.9-58.8)

MCP (N = 8) non-MCP (N = 8) p

11 y 5 m (9 y 8 m-14 y 8 m)
2
7
2

8 y 8 m (3 y 5 m-10 y 2 m)
4

           31 (0-100)
           22 (0-100)
 

5
2

  
        
         63.5 (56-72)
         24.5 (19-30)
           19 (16-20)
         21.5 (15-24)
 
 
         104 (92-118)
         104 (97-129)
         102 (78-111)
           94 (82-120)
          107 (96-121)
 
 

61.8 (38.5-73.2)
60.1 (34.1-68.5)
51.6 (32.5-70.9)
46.9 (37.9-69.8)
48.4 (42.1-68.8)
48.5 (44.1-65.9)
45.6 (23.2-62.9)
56.4 (36.8-71.5)
51.3 (36.8-73.8)
53.5 (29.1-58.9)

 
 

51.1 (43.7-71.2)
50.5 (32.7-69.9)
45.2 (29.9-58.0)
42.3 (31.1-56.2)
40.5 (33.6-67.9)
46.9 (34.2-55.1)
50.4 (24.0-65.0)
55.5 (32.7-73.1)
52.1 (29.4-57.0)
54.7 (21.5-58.8)

*
*
*
*

*

*
*

*

*

*p < .05.       
y, years; m, months; AED, anti-epileptic drug; EEG, electroencephalogram; DCDQ-J, the Japanese version 
of the Developmental Coordination Disorder Questionnaire; MCP, motor coordination problems; WISC-IV, 
the Wechsler Intelligence Scale for Children-Fourth Edition; J-KIDSCREEN-52, the Japanese version of the 
KIDSCREEN-52. 
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Table 3.  Relationship between WISC-IV and DCDQ-J scores in all studied patients

Full scale intelligence quotient
Verbal comprehension index
Perceptual reasoning index
Working memory index
Processing speed index

.032

.081
-.038
.053
.564

.905

.765

.888

.845

.023

.151

.262

.006

.058

.490

.577

.327

.983

.831

.054

.110

.041

.102

.100

.654

.686

.880

.707

.714

.006

-.059
.059

-.094
.030
.401

.829

.827

.730

.913

.124

Total score CDM FM/H GC

r p r p r p r p

* *

Spearman's rank correlation coefficient. P values are uncorrected for multiple comparisons. *p < .05.  
DCDQ-J, the Japanese version of the Developmental Coordination Disorder Questionnaire; CDM, control 
during movement; FM/H, fine motor and handwriting; GC, general coordination; WISC-IV; the Wechsler 
Intelligence Scale for Children-Fourth Edition.        
    

                         
Table 4.  Relationship between the DCDQ-J and KIDSCREEN-52 scores in all patients 

Physical well-being
Psychological well-being
Moods and emotions
Self-perception
Autonomy
Parent relations and home life
Financial resources
Social support and peers
School environment
Social acceptance (bullying)

Physical well-being
Psychological well-being
Moods and emotions
Self-perception
Autonomy
Parent relations and home life
Financial resources
Social support and peers
School environment
Social acceptance (bullying)

.300

.222

.197

.306

.353

.326

.016

.455

.130

.037

.630

.752

.450

.205

.213

.687

.329

.641

.481

.397

.259

.408

.463

.249

.180

.217

.952

.077

.632

.892

.009

.001

.080

.445

.429

.003

.213

.008

.059

.128

.274

.400

.315

.379

.257

.238

.098

.281

.153

.002

.658

.597

.414

.248

.118

.559

.398

.386

.268

.352

.305

.124

.235

.147

.337

.375

.717

.292

.571

.993

.006

.015

.110

.354

.663

.024

.127

.140

.316

.182

.138

.155

.190

.269

.219

.426

.167

.451

.147

.121

.583

.741

.480

.124

.171

.731

.391

.598

.540

.444

.610

.568

.482

.313

.415

.100

.536

.079

.588

.654

.018

.001

.060

.646

.526

.001

.134

.014

.031

.085

.233

.106

.052

.288

.256

.151
-.083
.330
.010

-.086

.502

.728

.461

.277

.164

.661

.264

.575

.505

.384

.385

.696

.848

.280

.339

.577

.760

.212

.970

.752

.048

.001

.072

.298

.544

.005

.323

.020

.046

.142

Total score CDM FM/H GC

r p r p r p r p

*
*

*

*

Spearman's rank correlation coefficient. P values are uncorrected for multiple comparisons. *p < .05.  
DCDQ-J, the Japanese version of the Developmental Coordination Disorder Questionnaire; CDM, control 
during movement; FM/H, fine motor and handwriting; GC, general coordination; J-KIDSCREEN-52, the 
Japanese version of the KIDSCREEN-52.

J-KIDSCREEN-52 dimensions/self

J-KIDSCREEN-52 dimensions/proxy
*
*

*

*
*

*

*
*

*
*

*

*
*
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　3) J-KIDSCREEN-52
　The self-evaluation results did not differ 
significantly between groups. Conversely, the 
children’s guardians reported significantly 
lower scores in the MCP group for Physical 
Well-being (p = .021), Psychological Well-being 
(p = .015), Parent Relations and Home Life (p 
= .038), and Social Support and Peers (p = .028) 
(Table 2).
　Similarly, although there were no significant 
correlations between the DCDQ-J and self-
reported J-KIDSCREEN-52 scores, there 

were statistically significant correlations 
between the DCDQ-J and parent-reported 
J-KIDSCREEN-52 scores (Table 4).
　4．MRI analysis
　The results of the voxel-wise group analysis 
using TBSS showed no significant differences 
in the MK, FA, and MD values in the WM 
tract, including the pyramidal tract, superior 
longitudinal fasciculus, inferior longitudinal 
fasciculus, internal capsule, and the corpus 
callosum, between the MCP and non-MCP 
groups.

                         
Table 5.  Diffusion kurtosis and tensor metrics of the participants in the MCP and non-MCP groups

Corticospinal tract

Cingulate gyrus

Precentral gyrus gray matter

Precentral gyrus white matter

Postcentral gyrus gray matter

Postcentral gyrus white matter

Middle frontal gyrus

Supplementary motor area

Caudate nucleus

Thalamus

Globus pallidus

Putamen

MK

MCP (n = 8)

Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right

1.015 
1.048 
0.790 
0.728 
0.565 
0.571 
0.779 
0.781 
0.568 
0.587 
0.772 
0.763 
0.533 
0.559 
0.544 
0.556 
0.562 
0.522 
0.808 
0.732 
0.767 
0.855 
0.566 
0.643 

(0.855-1.133)
(0.822-1.144)
(0.684-0.879)
(0.652-0.828)
(0.422-0.589)
(0.476-0.586)
(0.615-0.830)
(0.629-0.807)
(0.444-0.619)
(0.490-0.599)
(0.590-0.801)
(0.619-0.796)
(0.406-0.579)
(0.497-0.578)
(0.463-0.564)
(0.366-0.591)
(0.501-0.652)
(0.433-0.589)
(0.672-0.911)
(0.551-0.828)
(0.656-0.894)
(0.762-0.948)
(0.430-0.681)
(0.554-0.756)

non-MCP (n = 8)

The Mann-Whitney U test was used to compare the MCP and non-MCP groups. P values are uncorrected 
for multiple comparisons.  *p < .05.        
Data are presented as the median (range).  
MCP, motor coordination problems; MK, mean kurtosis; FA, fractional anisotropy; MD, mean diffusivity.

p

1.033 
1.051 
0.774 
0.765 
0.590 
0.598 
0.836 
0.849 
0.599 
0.602 
0.787 
0.785 
0.577 
0.580 
0.566 
0.588 
0.540 
0.526 
0.796 
0.737 
0.756 
0.799 
0.566 
0.647 

(0.909-1.131)
(0.974-1.140)
(0.657-0.831)
(0.668-0.787)
(0.543-0.634)
(0.550-0.649)
(0.743-0.854)
(0.724-0.878)
(0.562-0.625)
(0.559-0.631)
(0.717-0.838)
(0.701-0.816)
(0.523-0.606)
(0.498-0.614)
(0.496-0.602)
(0.530-0.635)
(0.508-0.630)
(0.503-0.568)
(0.730-0.907)
(0.708-0.793)
(0.703-0.844)
(0.787-0.966)
(0.510-0.652)
(0.578-0.702)

.959
1.000
.798
.328
.161
.021
.105
.105
.195
.161
.505
.505
.065
.130
.083
.083
.645
.798
.959
.798
.721
.442
.959
.959

*
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　The quantitative ROI analysis results are 
shown in Table 5 and Figure 1. The MK 
value of the right PrCG was significantly 
lower in the MCP group [median (range): 
0.571 (0.476–0.586)] than in the non-MCP group 
[0.598 (0.550–0.649)] (p = .021). The FA and 
MD values did not differ significantly between 
groups.
　The receiver operating characteristic 
analysis for all patients indicated that the 
area under the curve for the MK of the right 
PrCG was 0.844 (95% confidence interval: 

0.624–1.000). The cutoff MK value was 0.587 
(sensitivity, 100%; specificity, 75%).
　5．Correlations between MRI analysis 

and neuropsychological assessments
　The following correlations between the 
diffusion kurtosis/tensor metrics and the 
DCDQ-J scores were identified (Table 6): 
between the FM/H scores of the DCDQ-J 
and the MK values of the right PrCG GM (r = 
.504); between the GC scores of the DCDQ-J 
and the MK values of the right PrCG GM (r = 
.510); between the GC scores of the DCDQ-J 

転帰

生存
不詳
生存
不詳
生存
生存
生存
生存
生存
生存

                         FA MD

MCP (n = 8) non-MCP (n = 8) pMCP (n = 8) non-MCP (n = 8) p

0.561 
0.577 
0.335 
0.306 
0.131 
0.139 
0.328 
0.314 
0.119 
0.121 
0.309 
0.312 
0.141 
0.143 
0.149 
0.162 
0.157 
0.124 
0.367 
0.303 
0.247 
0.349 
0.167 
0.187 

(0.497-0.588)
(0.532-0.601)
(0.260-0.438)
(0.234-0.400)
(0.125-0.143)
(0.128-0.153)
(0.289-0.345)
(0.292-0.351)
(0.114-0.144)
(0.115-0.141)
(0.270-0.331)
(0.294-0.325)
(0.127-0.158)
(0.124-0.150)
(0.135-0.176)
(0.152-0.182)
(0.123-0.209)
(0.103-0.189)
(0.325-0.389)
(0.283-0.335)
(0.230-0.253)
(0.317-0.366)
(0.137-0.195)
(0.159-0.213)

0.580 
0.593 
0.327 
0.311 
0.136 
0.142 
0.328 
0.339 
0.127 
0.131 
0.316 
0.307 
0.148 
0.143 
0.157 
0.179 
0.160 
0.126 
0.367 
0.324 
0.243 
0.344 
0.171 
0.183 

(0.551-0.598)
(0.579-0.612)
(0.264-0.381)
(0.290-0.367)
(0.123-0.142)
(0.130-0.152)
(0.314-0.358)
(0.299-0.351)
(0.113-0.132)
(0.121-0.152)
(0.271-0.352)
(0.279-0.330)
(0.142-0.157)
(0.136-0.153)
(0.133-0.163)
(0.157-0.193)
(0.145-0.170)
(0.115-0.169)
(0.363-0.384)
(0.295-0.337)
(0.211-0.270)
(0.301-0.415)
(0.152-0.196)
(0.175-0.213)

.105

.130

.505

.574

.798

.328

.505

.065

.574

.279

.505

.328

.328

.959

.328

.065

.798

.721

.721

.382

.382

.645

.574

.645

0.819 
0.788 
0.835 
0.825 
1.189 
1.187 
0.821 
0.828 
1.257 
1.236 
0.840 
0.835 
1.115 
1.110 
1.313 
1.209 
0.836 
0.914 
0.803 
0.838 
0.806 
0.836 
0.768 
0.804 

(0.782-0.848)
(0.753-0.808)
(0.802-0.878)
(0.811-0.866)
(1.054-1.303)
(1.036-1.249)
(0.799-0.855)
(0.803-0.864)
(1.084-1.340)
(1.103-1.309)
(0.812-0.880)
(0.819-0.862)
(1.077-1.237)
(1.054-1.208)
(1.189-1.618)
(1.109-1.413)
(0.819-0.930)
(0.866-0.987)
(0.790-0.830)
(0.802-0.881)
(0.790-0.843)
(0.812-0.881)
(0.750-0.785)
(0.788-0.829)

0.817 
0.785 
0.832 
0.829 
1.168 
1.132 
0.822 
0.820 
1.201 
1.194 
0.831 
0.839 
1.091 
1.117 
1.247 
1.167 
0.861 
0.906 
0.813 
0.844 
0.830 
0.847 
0.770 
0.809 

(0.775-0.842)
(0.760-0.807)
(0.813-0.882)
(0.816-0.874)
(1.038-1.289)
(1.026-1.222)
(0.788-0.839)
(0.788-0.853)
(1.071-1.351)
(1.014-1.284)
(0.785-0.899)
(0.795-0.879)
(0.983-1.239)
(1.019-1.222)
(1.125-1.444)
(1.065-1.324)
(0.830-0.895)
(0.884-0.950)
(0.798-0.827)
(0.826-0.873)
(0.814-0.849)
(0.811-0.880)
(0.762-0.796)
(0.786-0.832)

.645

.798
1.000
.645
.574
.234
.721
.382
.382
.328
.721
.798
.195
.959
.442
.382
.328
.878
.442
.574
.083
.645
.161
.382



Jun Ito, et al.72

                         

Fig 1.  Diffusion kurtosis and tensor metrics of patients in the MCP and non-MCP groups.
          The MK values of the right PrCG GM were significantly lower in the MCP group than in 

the non-MCP group.
        MCP, motor coordination problems; MK, mean kurtosis; FA, fractional anisotropy; MD, 

mean diffusivity; CST, corticospinal tract; CG, cingulate gyrus; PrCG GM, precentral gyrus 
gray matter; PoCG GM, postcentral gyrus gray matter; PrCG WM, precentral gyrus 
white matter; PoCG WM, postcentral gyrus white matter; MFG, middle frontal gyrus; 
SMA, supplementary motor area; CN, caudate nucleus; TH, thalamus; GP, globus pallidus; 
PT, putamen

          * p < .05 (Mann–Whitney U test)
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and the FA values of the right PrCG WM 
(r = .641); between the total DCDQ-J scores 
and the FA values of the right PrCG WM (r 
= .537); and between the CDM scores of the 
DCDQ-J and the MD values of the left GP (r = 
.529).
　Table 7 displays the correlations between 
diffusion kurtosis/tensor metrics and WISC-
IV scores. The MK values of the cortical GM 
displayed significant differences. The greatest 
correlation was observed between the left 
PrCG GM and the PSI (r = .701). There were 
also significant correlations in the GM of the 
other paracentral lobules: between the left 
PrCG GM and the FSIQ (r = .622); between 
the left PrCG GM and the WMI (r = .640); 
between the right PrCG GM and the WMI (r 
= .567); between the right PrCG GM and the 
PSI (r = .624); between the left PoCG GM and 
the FSIQ (r = .603); between the left PoCG GM 
and the WMI (r = .613); between the left PoCG 
GM and the PSI (r = .650); between the right 
PoCG GM and the FSIQ (r = .538); between 
the right PoCG GM and the WMI (r = .613); 
and between the right PoCG GM and the PSI (r 
= .634).
　

IV．Discussion
　To the best of our knowledge, this is the 
first study to evaluate diffusional kurtosis 
abnormalities in the brain microstructure 
of children with epilepsy with and without 
MCP. Our major finding was that the MCP 
group had signif icantly decreased MK 
values in the right PrCG. Furthermore, we 
demonstrated significant correlations across 
groups between ROI analyses and scores 
on the DCDQ-J or WISC-IV, particularly for 
MK values in the cortex of the paracentral 

lobules. The MK parameter is the average 
of the diffusion kurtosis along all diffusion 
directions. The MK tended to decrease with 
mild histologic changes in demyelination
and decreased myelin, axonal, or neuronal 
density  37, 38),  whereas FA and MD are 
thought to reflect more evident destruction 
of t issue architecture ,  such as axonal 
degeneration, demyelination, neuronal loss, 
gliosis, and vasogenic edema 39). In this study, 
MK performed better than FA and MD in 
distinguishing among children with epilepsy 
with MCP and those without MCP. This 
suggests that mild microstructural changes 
occur without tissue destruction in children 
with epilepsy and MCP. These findings 
suggest that the subtle dysfunction of the 
sensorimotor system due to micropathological 
alterations plays an important role in MCP.
　The MK values of the right PrCG were 
positively correlated with the DCDQ-J scores; 
however, the MK values of the left PrCG did 
not show significant correlations. Because all 
participants except one were right-handed, 
there may be disturbed mechanisms of the 
transcallosal interhemispheric inhibitory motor 
control signals from the ipsilateral cortex to the 
dominant side 40). Brindley et al. suggested that 
patients with BECTS have disruption in the 
cross-hemispheric communication involved in 
coordination motor control circuits 41). Although 
disruption of transcallosal interhemispheric 
inhibition may be caused by destructive 
or dysfunctional connectivity 42), our study 
demonstrated no significant DTI findings on 
the corpus callosum using TBSS.
　We found no significant differences in the 
DKI/DTI metrics of the WM tracts and the 
basal ganglia between patients with epilepsy 
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with and without MCP. Although previous 
DTI studies in children with DCD compared 
with children showing typical development 
have reported FA reductions in a variety of 
WM tracts, including the pyramidal tract, 
superior longitudinal fasciculus, inferior 
longitudinal fasciculus, and the corpus callosum, 
there are considerable inconsistencies in those 
tracts. Furthermore, previous neuroimaging 
studies have revealed that differences in several 
brain areas, particularly the basal ganglia and 

cerebellum, are linked with DCD compared 
with typically developing children. However, no 
two studies observed the same differences 43). 
Hence, we consider the microstructural 
lesion of the right PrCG as the principal 
cause of MCP in children with epilepsy. Brain 
structure abnormalities may predate the time 
of diagnosis 44); therefore, we were unable to 
clarify whether the microstructural changes in 
the bilateral paracentral lobules were innate 
or acquired.

                         Table 6.  Relationship between diffusion kurtosis/tensor metrics and DCDQ-J scores in all studied patients

Corticospinal tract

Cingulate gyrus

Precentral gyrus gray matter

Precentral gyrus white matter

Postcentral gyrus gray matter

Postcentral gyrus white matter

Middle frontal gyrus

Supplementary motor area

Caudate nucleus

Thalamus

Globus pallidus

Putamen

MK

DCDQ-J Total score CDM FM/H GC

Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right

-.219
-.184
-.188
.157
.227
.468
.196
.262
.240
.334

-.053
.162
.364
.262
.347
.293

-.199
-.049
-.113
-.007
.043

-.308
.019
.060

.415

.495

.485

.560

.399

.068

.468

.327

.371

.206

.845

.549

.166

.327

.187

.271

.461

.858

.676

.978

.875

.247

.944

.824

-.400
-.383
-.174
-.004
.133
.260

-.025
.021
.137
.185

-.238
.142
.366
.214
.179
.179

-.152
-.164
-.297
-.192
.006

-.380
-.115
-.069

.124

.144

.519

.987

.624

.331

.926

.939

.612

.494

.375

.600

.163

.426

.508

.508

.574

.544

.264

.476

.983

.147

.671

.798

-.172
-.198
-.143
.149
.231
.504
.240
.250
.247
.410

-.009
.198
.357
.322
.423
.274

-.244
-.072
-.092
-.059
-.028
-.170
.022
.064

.525

.462

.596

.581

.390

.046

.371

.350

.356

.115

.974

.462

.175

.223

.103

.305

.362

.790

.735

.828

.918

.529

.935

.815

-.172
-.056
-.180
.173
.226
.510
.207
.349
.235
.367

-.003
.204
.277
.237
.340
.302

-.115
.068

-.004
.053
.089

-.322
.074
.121

.525

.836

.504

.522

.399

.043

.442

.185

.381

.162

.991

.448

.300

.377

.197

.256

.670

.802

.987

.845

.744

.223

.785

.655

Spearman's rank correlation coefficient. P values are uncorrected for multiple comparisons. *p < .05.  
MK, mean kurtosis; FA, fractional anisotropy; MD, mean diffusivity; DCDQ-J, the Japanese version of the 
Developmental Coordination Disorder Questionnaire; CDM, control during movement; FM/H, fine motor 
and handwriting; GC, general coordination.

r p r p r p r p

* *
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　This study investigated 16 patients with 
childhood epilepsies, half of whom had MCP, 
who had normal intelligence and no previous 
diagnoses of neurodevelopmental disorders. 
Similarly, a previous report mentioned that 
no participants had recognized DCD before 
participating in that study 45). We used the 
DCDQ-J, which has been developed and 
adapted to Japanese culture, to evaluate 
MCP 12). In this study, a higher proportion of 
children with epilepsy had MCP than in the 

general Japanese population (approximately 
20%) 14). In the United Kingdom, Kirby et al. 
indicated that 40% of patients with BECTS 
had suspected DCD according to the DCDQ’
07, and nearly half (47.6%) of patients with 
BECTS had some motor functioning difficulties 
based on assessment with the Movement 
Assessment Battery for children-2 10). 
　MCP was not defined as DCD because the 
DCDQ is only used for screening and not 
for diagnosing DCD. Nevertheless, the MCP 

                         

MD

Total score CDM FM/H GC

r p r p r p r p

.037

.009

.090

.222
-.068
-.218
-.004
-.150
-.121
-.178
.107

-.069
-.213
.247
.026
.019
.272
.181
.347
.272
.493
.293
.313
.386

.892

.974

.741

.408

.803

.418

.987

.579

.656

.509

.692

.799

.427

.356

.922

.944

.308

.502

.187

.308

.052

.271

.237

.140

.182

.114

.213

.223

.025
-.077
.264
.165

-.037
-.025
.269

-.072
-.037
.355
.127
.137
.310
.298
.414
.269
.529
.459
.371
.375

.501

.675

.429

.406

.926

.777

.322

.540

.892

.926

.314

.790

.892

.178

.639

.612

.242

.262

.111

.314

.035

.073

.157

.152

.178

.152

.068

.240
-.146
-.417
-.059
-.180
-.185
-.274
.183
.104

-.325
.021

-.083
-.111
.213
.061
.265
.166
.494
.107
.280
.324

.511

.573

.802

.371

.588

.108

.828

.504

.493

.305

.496

.703

.219

.939

.760

.682

.428

.823

.322

.540

.052

.695

.294

.221

.077
-.003
.101
.274

-.003
-.107
-.055
-.204
-.007
-.118
.053

-.016
-.107
.342
.111
.161
.203
.186
.380
.352
.401
.197
.241
.374

.777

.991

.711

.305

.991

.695

.840

.448

.978

.662

.845

.952

.695

.195

.682

.551

.452

.489

.146

.181

.124

.465

.368

.153

.234

.155
-.215
.149

-.162
.057
.097
.537

-.013
.081
.037

-.210
.110

-.155
.022
.134
.035
.079

-.074
.119

-.293
.184
.312
.252

.383

.568

.424

.583

.549

.833

.720

.032

.961

.766

.892

.434

.684

.568

.935

.621

.897

.770

.787

.660

.271

.495

.239

.347

-.061
-.226
-.220
.027

-.201
-.208
-.183
.238
.019

-.080
-.186
-.077
.001

-.047
-.071
-.043
.121
.108

-.034
-.032
-.335
-.092
.278
.236

.824

.400

.413

.922

.456

.439

.497

.375

.944

.769

.490

.777

.996

.862

.794

.875

.655

.691

.901

.905

.204

.736

.298

.378

.068

.183
-.160
.175

-.059
.178
.077
.496
.138
.213

-.096
-.256
.207
.041
.192
.228
.041
.172

-.040
.266

-.093
.275
.284
.189

.802

.496

.554

.518

.828

.511

.777

.051

.611

.428

.723

.339

.442

.879

.476

.396

.879

.525

.883

.319

.731

.302

.286

.482

.365

.250
-.212
.143

-.256
.072
.149
.641

-.135
-.044
.200

-.143
.036

-.243
-.114
.007
.043
.034

-.115
.038

-.398
.318
.324
.272

.164

.350

.432

.596

.339

.790

.581

.008

.619

.870

.458

.596

.896

.365

.674

.978

.875

.900

.670

.888

.127

.230

.221

.308

r p r p r p r p

Total score CDM FM/H GC

FA

*

*

*
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Table 7.  Relationship between diffusion kurtosis/tensor metrics and WISC-IV scores in all patients

Spearman's rank correlation coefficient. P values are uncorrected for multiple comparisons. *p < .05. 
MK, mean kurtosis; FA, fractional anisotropy; MD, mean diffusivity; WISC-IV, the Wechsler Intelligence 
Scale for Children-Fourth Edition; FSIQ, full scale intelligence quotient; VCI, verbal comprehension index; 
PRI, perceptual reasoning index; WMI, working memory index; PSI, processing speed index.

Corticospinal tract

Cingulate gyrus

Precentral gyrus gray matter

Precentral gyrus white matter

Postcentral gyrus gray matter

Postcentral gyrus white matter

Middle frontal gyrus

Supplementary motor area

Caudate nucleus

Thalamus

Globus pallidus

Putamen

MK

WISC-IV FSIQ VCI PRI WMI

Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right

.108

.027

.214

.116

.622

.357

.323

.264

.603

.538

.572

.591

.682

.613

.491

.659
-.268
.196

-.221
-.037
-.187
-.150
-.140
-.093

.692

.922

.427

.668

.010

.175

.223

.323

.013

.032

.021

.016

.004

.012

.054

.006

.315

.467

.411

.892

.488

.578

.605

.732

-.068
-.081
-.353
-.337
.328
.112
.033
.001
.359
.219
.390
.259
.470
.340
.188
.350

-.312
-.114
-.336
-.245
-.313
-.585
-.457
-.466

.802

.765

.179

.202

.215

.679

.905

.996

.172

.416

.135

.333

.066

.198

.486

.183

.240

.675

.204

.360

.237

.017

.075

.069

-.074
-.071
.102

-.028
.207
.092
.062
.108
.229
.316
.219
.443
.303
.371
.203
.334

-.234
.041

-.197
-.064
.006
.030
.038
.077

.786

.794

.707

.918

.442

.736

.819

.691

.393

.233

.416

.085

.254

.157

.452

.206

.384

.879

.466

.815

.983

.913

.888

.777

.318

.295

.570

.384

.640

.567

.465

.561

.613

.613

.434

.625

.480

.601

.569

.697

.202

.412

.244

.266

.087

.254

.276

.288

.231

.267

.021

.142

.008

.022

.069

.024

.012

.012

.093

.010

.060

.014

.022

.003

.452

.113

.363

.320

.748

.342

.300

.279

.041
-.112
.266
.378
.701
.624
.448
.331
.650
.634
.420
.389
.689
.535
.698
.612

-.347
.101

-.173
-.009
-.157
-.135
-.087
-.015

.879

.679

.319

.148

.003

.010

.082

.210

.006

.008

.105

.137

.003

.033

.003

.012

.187

.711

.522

.974

.562

.619

.748

.957

r p r p r p r p r p

*
*

*
*

*
*
*
*

*

*
*
*
*
*
*

*

PSI

*

*

*
*

*
*
*

*

*
*
*

group had significantly lower PSI scores than 
the non-MCP group, and the total and FM/
H scores of the DCDQ were highly correlated 
with the PSI. However, this result may reflect 
the fine motor problems of the MCP group 
and should be interpreted with caution. 
　Children with epilepsy and MCP have 
a slower processing speed and may have 
academic problems, such as difficulties with 
handwriting and achieving study skill tasks; 
these problems may create difficulties with 
work in the future. Austin et al. indicated 
that behavior problems at the seizure onset 
of children with epilepsy are related to their 

processing speed 46), and baseline psychomotor 
slowing was predictive of behavior problems 3 
years later. In previous studies, patients with 
BECTS had lower PSI scores than controls. 
Vannet et al. reported that psychomotor 
and fine motor speed are affected in BECTS; 
they also identified significant negative 
correlations between the frequencies of left-
sided Rolandic spikes and fine motor skills of 
the right hand 47). Although our study did not 
demonstrate any correlations between the 
interictal epileptiform discharges and cognitive 
functions, there were significant correlations 
between the MK values of the bilateral 
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paracentral lobules and the FSIQ, WMI, and 
PSI scores. 
　We recommend applying the DCDQ for early 
and valid consultation for families because it 
is a simple and suitable tool for children with 
epilepsy. This report showed that children with 
epilepsy and MCP had lower parent-reported 
HRQOL. Children with epilepsy have a lower 
HRQOL when rated by a parent than when 
rated by themselves because of parental stress 
and other factors 48). Although it remains 
controversial whether a proxy report is more 
accurate than a self-report, behavior problems 
of children as indicated by their parents have 

neuroanatomical correlations in the brains of 
those children 49). To evaluate the HRQOL of 
children with epilepsy, the DCDQ, an easy 
screening tool, can be routinely applied.
　This study has several limitations. First, 
a  prev ious study reported that  some 
environmental factors during pregnancy, 
including maternal alcohol intake and smoking 
during the first trimester of pregnancy, the 
mothers’ education level, and the annual 
household income, are related to MCP in the 
child 30); however, we did not investigate those 
factors in this study. Second, although the 
DCDQ is an internationally accepted parent-

                         

MD

*

*

*

FSIQ VCI PRI WMI

-.044
-.066
-.108
-.007
-.136
.077
.118
.140

-.118
.139
.081
.304
.069
.000

-.276
-.370
.155

-.178
-.018
-.099
.162

-.254
-.255
-.361

.871

.807

.692

.978

.617

.778

.664

.605

.664

.609

.765

.253

.799
1.000
.302
.158
.567
.509
.948
.716
.549
.343
.341
.169

-.078
.109
.489
.652

-.203
.183
.386
.464

-.183
.191
.092
.384
.069

-.003
-.108
-.137
.149

-.010
.334
.285
.511
.396
.114

-.024

.773

.687

.054

.006

.452

.497

.140

.070

.497

.479

.736

.142

.798

.991

.691

.612

.581

.970

.206

.284

.043

.129

.675

.931

.123
-.022
-.136
-.129
.124
.101
.121
.145
.167
.254
.378
.466
.319
.182
.049

-.081
.101

-.046
-.124
-.188
.053

-.529
-.336
-.420

.651

.935

.616

.635

.647

.711

.655

.592

.536

.342

.148

.069

.228

.500

.858

.765

.711

.866

.647

.486

.845

.035

.204

.105

.120
-.030
-.225
-.145
-.024
-.035
.028

-.058
-.078
-.034
-.006
.183
.016

-.087
-.310
-.425
.341

-.058
-.077
-.040
.056

-.337
-.180
-.040

.659

.914

.403

.593

.931

.896

.918

.832

.773

.901

.983

.497

.952

.748

.242

.100

.196

.832

.777

.883

.836

.202

.504

.883

-.015
.034

-.225
-.050
-.420
-.373
-.102
-.176
-.442
-.344
-.130
-.052
-.455
-.173
-.497
-.554
.126

-.273
.078

-.077
.210
.010

-.016
.013

.957

.901

.403

.853

.105

.155

.707

.515

.087

.191

.631

.849

.076

.522

.050

.026

.643

.305

.773

.777

.435

.970

.952

.961

r p r p r p r p r p

PSI

*

*

FSIQ VCI PRI WMI

.069
-.100
.227
.093
.382

-.329
-.385
.021
.482
.130

-.040
.184

-.019
.233
.610
.486
.296
.249
.333
.339

-.052
-.090
.329
.284

.799

.712

.398

.732

.145

.214

.141

.940

.059

.632

.884

.495

.944

.385

.012

.056

.265

.352

.207

.199

.850

.741

.214

.286

.152
-.309
-.415
-.519
-.127
-.612
-.427
-.239
.217

-.222
.108

-.016
-.455
-.306
.225
.056
.028

-.179
-.266
-.234
-.169
-.375
-.043
.001

.573

.244

.110

.039

.639

.012

.099

.372

.419

.409

.691

.952

.076

.249

.403

.836

.918

.507

.319

.384

.533

.152

.875

.996

-.118
.098
.302
.157
.132

-.216
-.294
.044
.149
.016

-.251
.019
.031
.195
.272
.211
.188
.201
.557
.435
.077
.160
.458
.324

.663

.719

.256

.562

.627

.422

.269

.870

.581

.952

.348

.944

.909

.469

.308

.432

.486

.455

.025

.093

.777

.555

.074

.221

.074

.160

.258

.250

.487

.000
-.315
.188
.383
.238

-.072
.115

-.093
.356
.504
.609
.207
.186
.578
.349

-.335
.162
.353
.216

.786

.555

.334

.351

.055
1.000
.235
.487
.144
.375
.790
.671
.732
.176
.047
.012
.442
.490
.019
.186
.204
.548
.180
.422

.123
-.050
.232
.386
.482
.075

-.095
.328
.559
.452
.012

-.004
.302
.276
.730
.630
.288
.384
.035
.355

-.115
-.015
.279
.239

.651

.853

.387

.140

.059

.781

.727

.215

.024

.079

.965

.987

.256

.300

.001

.009

.279

.142

.896

.178

.671

.957

.295

.372

r p r p r p r p r p

PSI

FA

*
*

*

*

*
*

*

*
*
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reported questionnaire that can identify 
children at risk of DCD, such children must 
be evaluated by an occupational therapist to 
confirm the diagnosis of DCD; this was not 
performed in this study. Furthermore, we 
did not consider the influence of antiepileptic 
drugs. Third, although the influence of motor 
coordination on processing speed may be 
associated with both cortical function and 
the relationships between the cerebellum 
and brainstem 42), we did not examine these 
associations. Fourth, this study was conducted 
in 1 day. The MRI was performed after the 
psychological examination. Thus, the DKI 
results may have been influenced by patient 
fatigue from the preceding psychological 
assessment. Finally, although this study 
included the minimum number of cases 
necessary for a statistical examination, the 
sample size was small, and further prospective 
studies are necessary.
　

V．Conclusion
　Quantitative DKI analyses can detect 
microstructural changes in the right PrCG in 
childhood epilepsy with MCP. In particular, 
MK values can readily differentiate childhood 
epilepsy with MCP from that without MCP, 
suggesting this as a promising method for 
diagnosis of patients with MCP.
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　協調運動問題（motor coordination problems: MCP）
を伴う小児てんかんにおいて，拡散尖度画像（diffusion 
kurtosis imaging: DKI）が脳の微細構造の変化を明ら
かにできるか，DKI 所見が神経心理学的評価と相関
するか検討した．小児てんかん患者 16 名を対象とし，
そのうち 8 名が日本語版発達性協調運動障害質問票

（Developmental Coordination Disorder Questionnaire: 
DCDQ-J）の得点がカットオフ値より低く，MCP 群に
分類した．DKI による大脳皮質の関心領域分析を行
い MCP 群と非 MCP 群を比較し，右中心前回灰白質

の mean kurtosis（MK）値は，MCP 群が非 MCP 群
より有意に低かった（p = . 021）．DKI 指標と DCDQ-J
得点の間に有意な相関があり，特に中心傍小葉で強
かった．全患者の受信者動作特性解析で，右中心前回
灰白質の MK 値に対する曲線下面積は 0.844 であり，
MCP の有無を区別するカットオフ MK 値は 0.587（感
度 100%，特異度 75%）であった．右中心前回灰白質
の DKI は小児てんかんに関連する MCP のバイオマー
カーとして有用である可能性が示唆された．

要旨




