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Abstract
Purpose In the last two decades, the non-motor functions of the cerebellum have become the centre of attention for researchers.
Anecdotal observations of cognitive and psychiatric manifestations of cerebellar lesions have increased this interest. We aimed to
investigate the executive function (EF), intellectual capacity, and comorbid psychiatric disorders in adolescents with Chiari
malformation type 1 (CM1), which is a pathological manifestation of posterior cranial fossa structures include the cerebellum.
Methods The Chiari group consisted of ten adolescents aged 12–18 years old, and the control group consisted of 13 healthy
adolescents with similar age and sex with patients. Stroop test (ST), trail making test (TMT), and Behaviour Rating Inventory of
Executive Function-Parent form (BRIEF) were used to evaluate EF; Kent EGY and PorteusMaze Test was used tomeasuring the
intelligence quotient (IQ), and a semi-structured interview was used to determine the psychiatric disorders.
Results EF test scores were found comparable between the two groups. IQ scores of the Chiari group were found in the normal
range, but significantly lower than controls. No significant difference was revealed in terms of comorbid psychiatric disorders
between the two groups.
Conclusion In this study, we did not observe an impairing effect of CM1 on EF and intelligence. Also, we found that CM1 did not
cause more psychiatric disorders compared to controls. Further studies need to support our findings in adolescents diagnosedwith
CM1.
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Introduction

Chiari malformation (CM) is defined as the displacement of
the posterior cranial fossa structures into the spinal canal [1].
Many theories have been put forward to explain the aetiology
of CM; the most common view is that it develops as a result of
genetic predisposition causing abnormal mesodermal devel-
opment [2]. It is a congenital anomaly but may arise as a result
of acquired reasons [3]. CM is classically divided into four
subtypes, and classification depends on the degree of

displacement. Type 1 is the mildest form of malformation
and is described by the herniation of cerebellar tonsils at least
5 mm caudally through the foramen magnum. It often mani-
fests in the 3rd and 4th decade and is named ‘adult-type’ [4].

Based on neuroimaging studies, the prevalence of CM1
was estimated at approximately 4% in the paediatric popula-
tion [5]. CM1 is equal in females and males in paediatric
cases, while females are more common in adult patients [6].
However, a certain paediatric population rate is unknown
since many patients are asymptomatic and diagnosed inciden-
tally. Saletti et al. [4] reported that about 59% of children with
CM1 were asymptomatic. The clinical presentation in CM1 is
varied and includes symptoms such as severe headache, diz-
ziness, dysphagia, extremity pain, nystagmus, motor, and sen-
sory deficits [7]. With a rate of approximately 70%, the most
common symptom is a suboccipital headache and neck pain in
children and adults [8].

The traditional view suggests that the cerebellum does not
play a role in cognition; however, over the last two decades,
increasing evidence indicates that the cerebellum is not only
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associated with motor planning, balance, and coordination but
also plays an essential role in many cognitive processes [9]. In
particular, the posterior cerebellum is known to have compre-
hensive reciprocal cortical connections that affect and modu-
late several cognitive processes such as working memory,
multitasking, executive functions, planning, shifting, and in-
hibition [10–12]. As a result of the displacement of the cere-
bellar tonsils in CM1 patients, the pressure on the cerebellum
and brainstem can affect these regions’ functions, disrupt
functional networks, and lead to cognitive impairment [13].
There are a few studies that investigated the cognitive func-
tions of CM patients. Kumar et al. [14] and Allen et al. [15]
showed in their studies that adults with CM1 performed sig-
nificantly worse than healthy controls in executive function
tasks. Also, Lacy et al. [11] found that children with CM1
exhibited executive function problems according to the
parent-reported scale.

The association of CM1 and mental retardation (MR) is
based on some authors’ case observations so far. As report-
ed by these authors, MR accompanied 12% of the case
series; however, these cases were mostly accompanied by
meningomyelocele or supratentorial anomalies, which ac-
cording to some authors should be classified as CM 2 [16,
17]. There is only one study that directly examines the
relationship of CM1 with epilepsy and MR. In this study,
MR, speech delay, and epilepsy were found in 25.7% of
the cases [18].

A few case reports about the association between psy-
chiatric comorbidities, anxiety disorder, panic disorder,
and depressive disorder accompany CM patients in the
literature [19–21]. Bakim et al. [22] evaluated adult pa-
tients with CM in terms of quality of life and psychiatric
comorbidity. They found that 43.8% of the patients had a
psychiatric disorder. They indicated that patients with psy-
chiatric disorders had significantly high pain inventory
scores, reflecting the poor quality of life. The most com-
mon psychiatric disorders in these patients were major de-
pression and anxiety disorder, with a rate of 18.8% and
12.5%, respectively. To date, only one study has investi-
gated psychiatric disorders in paediatric CM1 cases [23].
Eighty-six children diagnosed with CM1 were included in
this study, and psychiatric disorders were found in 47% of
the children. ADHD was the most common psychiatric
disorder in these children, with a rate of 22%.

This study’s objective was to evaluate adolescents
with CM1 from a psychiatric perspective and determine
whether they have any comorbid psychiatric disorder. We
also aimed to assess their intellectual capacities and ex-
ecutive functions by comparing them with healthy con-
trols. Examining the literature, there is no study investi-
gating the intellectual capacity, executive functions, and
accompanying psychiatric conditions in adolescents with
CM1.

Material and methods

Participants

Ten adolescents between 13 and 18 years of age who
applied to the Department of Neurosurgery, Cumhuriyet
University Faculty of Medicine, between September
2018 and December 2019 and diagnosed with Chiari
malformation 1 (CM1) were included as a study group.
All patients were asymptomatic and incidentally detected
by MRI for a common symptom such as headache. Also,
none of the patients underwent decompression surgery.
The adolescents diagnosed with CM1 had no additional
medical disease, such as epilepsy. The control group
consisted of thirteen volunteer adolescents with similar
age and gender as the study group, had no neurological
disorder and mental retardation, and had no previous
psychiatric admission.

Procedure

The researcher prepared a questionnaire form to ask the chil-
dren’s sociodemographic data and their parents who partici-
pated in the study. Child and adolescent psychiatrist applied
the Kent EGY and PorteusMaze Test to assess the intellectual
capacity, and Stroop colour and word test (SCWT) and trail
making test (TMT) to evaluate the executive functions of chil-
dren’s and also conducted a semi-structured psychiatric inter-
viewwith children and their parents to determine whether they
have any psychiatric disorder.

Parents were also asked to complete the Conners’ Parent
Rating Scale-Revised Short form (CPRS-R:S) to assess their
children’s attention, impulsivity, mobility, behaviour, and the
Behaviour Rating Inventory of Executive Function (BRIEF)
to evaluate executive functions. Child and adolescent psychi-
atrist also evaluated all children with a semi-structured inter-
view to determine whether they have any psychiatric disorder.
Ethical approval was obtained from the ethics committee of
the Sivas Cumhuriyet University for this study. Written con-
sent was obtained from all children and their families included
in the study.

Data collection tools

Questionnaire form

Prepared by the researcher. It consists of questions about
sociodemographic data such as age, sex, residence, parental
educational status, and monthly income. Also, there are ques-
tions about school notes and whether the child has a medical
and psychiatric illness.
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The Conners’ Parent Rating Scale-Revised short form
(CPRS-R:S)

The parent form of the CPRS-R consists of 27 items appro-
priate for use with parents of children and adolescents ages 3–
17. The items are collected in three sub-scales (Oppositional-
O, Cognitive Problems-Inattention-CP-I, Hyperactivity-H)
and an auxiliary scale (ADHD Index-ADHD). There are four
answer options for each item with a score value ranging from
0 to 3: not true at all (never, seldom), 0 points; just a little true
(occasionally), 1 point; pretty much true (often, quite a lot), 2
points; very much true (very often, very frequent), 3 points.
The high score indicates that the child has more problems
defined in the scale [24].

Behaviour Rating Inventory of Executive Function-Parent
form (BRIEF)

The BRIEF was developed by Gioia et al. [25]. It is an 86-
item scale designed to evaluate children’s executive func-
tions 5–18 years completed by parents. It is a 3-point
Likert scale, and parents complete each item with a score
ranging from 1 to 3 (1: ‘never’, 2: ‘sometimes’, and 3:
‘often’) by taking into account the behaviour of the child
or adolescent within the last 6 months. The scale is divided
into eight subscales, including working memory,
inhibiting, initiating, planning/organizing, organizing ma-
terials, monitoring, emotional control, and shift. These
subscales load onto the two factors of the Behavioural
Regulation Index (BRI), which consists of the sum of
inhibit ing, shif t , and emotional control , and the
Metacognition index consists of the sum of the remaining
scales. This inventory is useful for assessing the executive
functions in children and adolescents with neurological,
psychiatric, and medical conditions, such as learning dis-
abilities and attention disorders, traumatic brain injuries,
lead exposure, pervasive developmental disorders, and de-
pression. The Turkish validity and reliability study of the
scale was conducted by Batan et al. [26].

The Kent EGY and Porteus Maze Test

The Kent EGY test is applied to evaluate the verbal intel-
ligence skills of individuals based on knowledge and lan-
guage; there is no time limit and is used individually in a
single session. The Porteus Maze Test is a nonverbal intel-
ligence test developed to measure planning and adaptation
to new situations and is based on performance. It also mea-
sures some executive functions such as planning ability,
judgement, foresight, impulsivity, and the ability to delay
gratification [27].

Stroop Test (ST)

It is a neuropsychological test developed initially by Stroop in
1935 and used to measure executive functions including se-
lective attention, cognitive flexibility, and the ability to inhibit
cognitive interference (the function of sustained attention of
individual by suppressing one of the two competing stimuli)
[28]. Patterns of performance on the Stroop colour and word
test in children with learning, attentional, and psychiatric dis-
abilities. In this study, we used the Tubitak Basic Sciences
Research Group version of the form, which was developed
by combining the Stroop test with the Victoria form by Kilic
et al. [28]. This form contains four cards. The first card con-
tains colour names printed in black on a white background.
The second card contains colour names printed in a different
colour than the word. The third card contains circles printed in
different colours, and the fourth card contains neutral words
printed in different colours. The test consists of 5 sub-sections
with an increasing level of difficulty. The first two sections
require reading the words on the cards, and the last three
sections require naming the colours of the words or shapes.
The second card is used twice for reading in the second section
and for naming colours in the fifth section. During the task,
subjects are asked to read four different cards as fast as possi-
ble. Thus, the completion times, the number of errors, and
corrections obtained from the five sections. The fifth section
is the critical section, where the disturbing effect is measured
[29].

Trail making test (TMT)

TMT is a neuropsychological test that requires visual-spatial
processing and motor skills. It is used to measure working
memory, complex attention, and executive functions such as
planning and shifting sets [30]. It consists of two parts: TMT
A and B. In TMA, the patient is asked to connect circles
numbered 1–25 with a solid line in ascending order, and in
TMB, the patient is asked to match circles numbered 1–13
with circles labelled A-L (A-1, B-2…L-13). Part A evaluates
the processing speed based on visual scanning capability,
while part B evaluates the ability to change the setup and
follow sequencing between stimulus sets. Completion time
for part B is more prolonged than that for part A and requires
more visual-spatial processing due to its complex structure.
Also, part B’s difficulty level is higher than that of part A
because it requires more engine speed, agility, and attention
[31].

Statistical analysis

IBM SPSS Statistics for Windows version 25 (IBM Corp.,
Armonk, NY, USA) was used to assess clinical data. We used
nonparametric tests as statistical measurements, since the
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small sample size of the study. Mann-WhitneyU and Fisher’s
exact tests were used for numeric and categorical data analy-
ses, respectively. Spearman correlation coefficients were ob-
tained to evaluate the association between IQ and EF tests
(SCWT, TMT, and BRIEF). Data were presented as median
with range or interquartile range and number (%). A p value of
less than 0.05 was considered statistically significant.

Results

The Chiari group and controls were similar in terms of age,
gender, parental education, family income, and school note
(p>0.05) (Table 1).

The mean age of the adolescents in the Chiari group was
13.9 ± 1.8 years, and the control group was 14.2 ±1.5 years.
The patient group’s mean IQ score was 94.1 ± 10.7, while this
score was 104.6 ± 5.6 in the control group. The control

group’s intelligence level was found to be significantly higher
than the patient group (p = 0.006).

Figure 1 presented the Stroop test results, including the com-
pletion time and numbers of error and correction obtained from
sections 1–5. The completion time of the Chiari group from
sections 1–5 was significantly higher than that of the controls
(p=0.009, p=0.005, p=0.013, p=0.003, and p=0.007, respec-
tively). In section 5, the number of error of the Chiari group
was significantly higher than that of the controls (p=0.015). In
sections 1–4, completion times of the Chiari group and controls
were found comparable (p=1.000, p=1.000, p=0.099, and
p=0.171, respectively). In section 5, the number of correction
of the Chiari group was significantly higher than that of the
controls (p=0.010). In sections 1–4, the number of corrections
of the Chiari group and controls were found comparable
(p=0.254, p=0.099, p=0.552, and p=0.151, respectively).

Figure 2 presented the trail making test results, including
the completion time and numbers of error obtained from sec-
tions A1–B. The completion time of the Chiari group from
section A1 was significantly higher than that of the controls
(p=0.006). In sections A2 and B, completion times of the
Chiari group and controls were found comparable (p=0.051
and p=0.182, respectively). The number of errors of the Chiari
group and controls from sections A1, A2, and B was found
similar (p=0.254, p=0.808, and p=0.947, respectively).

The data of the BRIEF-Parent Form of the Chiari and the
control groups were given in Table 2. As shown in the table,
there was no significant difference found between the two
groups in all sub-scales of BRIEF.

Table 3 displayed the CPRS-R:S scores of the Chiari and
control groups. Accordingly, the scores of the Chiari group
and controls were found comparable in all four sub-scales of
CPRS-R:S (p>0.05).

Table 4 exhibited the comorbid psychiatric disorders of the
Chiari and control groups. No significant difference was found
between the two groups in terms of psychiatric disorders
(p>0.05). According to our findings, half of the Chiari group
adolescents had at least one comorbid psychiatric disorder.
Three of them had two psychiatric disorders concurrently.

We examined whether there is a correlation between intel-
ligence capacity and Stroop 5th section, which has the most
disruptive effect on executive functions. Accordingly, there
was a mild negative correlation between IQ and the comple-
tion time (r=− 0.414; p=0.05), and with the number of errors
(r=− 0.430; p=0.041), and a moderate negative correlation
with the number of corrections (r=− 0.883; p=0.000). When
the correlation between IQ and TMT was examined, a mod-
erate negative correlation with the completion time of TMT-
A2 (r=− 0.582; p=0.004) and a mild negative correlation with
the completion time of TMT-B (r=− 0.455; p=0.029) was
found. Considering the correlation between Stroop subsec-
tions and BRIEF sub-scales, a significant correlation was
found between only the 5th subsection of Stroop and the

Table 1 Sociodemographic characteristics of children with CM1 and
controls

Chiari (n=10) Controls (n=13) p value

Age, years 13.5 (12.0–17.0) 14.0 (12.0–17.0) 0.591

Gender, F/M

Female 70.0% (7) 61.5% (8) 1.000
Male 30.0% (3) 38.5% (5)

Place of residents

Province 60.0% (6) 69.2% (9) 0.685
District 40.0% (4) 30.8% (4)

Maternal education

Primary 70.0% (7) 38.5% (5) 0.393
Secondary 10.0% (1) 38.5% (5)

High school 10.0% (1) 15.4% (2)

University 10.0% (1) 7.7% (1)

Paternal education

Primary 50.0% (5) 23.1% (3) 0.577
Secondary 10.0% (1) 23.1% (3)

High school 30.0% (3) 38.5% (5)

University 10.0% (1) 15.4% (2)

Family income

Low 20.0% (2) 15.4% (2) 0.858
Moderate 50.0% (5) 61.5% (8)

High 30.0% (3) 23.1% (3)

School note

Bad (<50) 10.0% (1) 7.7% (1) 0.858
Medium (50–70) 40.0% (4) 30.8% (4)

Good (>70) 50.0% (5) 61.5% (8)

IQ scores 94.1 ± 10.7 104.6 ± 5.6 0.006

Data were expressed as % (number)

IQ intelligence quotient
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metacognition and GEC sub-scales of BRIEF. Accordingly,
there was a moderate positive correlation between the com-
pletion time of the 5th subsection with metacognition and
GEC (r=0.518, p=0.11; and r=0.476, p=0.22, respectively).
We did not find a significant correlation between IQ values
with the scores of BRIEF sub-scales and CPRS-R:S sub-
scales (p>0.05). Analysing the correlation between BRIEF
and CPRS-R:S sub-scales, we found positive moderate corre-
lations between BRI and CP/I scores (r=0.526, p=0.010) and
ADHD index (r=0.553, p=0.006), between metacognition and
CP/I scores (r=0.705, p=0.000) and ADHD index (r=0.667,
p=0.001), and between GEC and CP/I scores (r=0.686,
p=0.000) and ADHD index (r=0.067, p=0.001). No meaning-
ful association was found between Stroop and TMT with
CPRS-R:S scores (p> 0.05).

Discussion

In the present study, we explored the executive functions,
intellectual capacity, and accompanying psychiatric disorders

in adolescents diagnosed with CM1 concurrently and com-
pared them with their healthy peers in all these aspects for
the first time in the literature.

Contrary to the traditional view, over the past 20 years, the
cerebellum is associated with non-motor functions such as
cognition, executive function, working memory, visuospatial
abilities, expressive language, and affective behaviour as well
as motor functions in experimental and clinical studies [12,
32, 33]. The findings obtained from these studies indicate that
the cerebellum plays an essential role in monitoring the in-
coming sensory information and providing the adaptation of
both motor and non-motor functions to perform related behav-
iours [32, 33]. Schmahmann and Sherman [34] described ‘cer-
ebellar cognitive affect syndrome’ is characterized by im-
paired executive functions, impaired spatial cognition, lan-
guage and speech problems, and personality changes, in 20
adult patients with acquired cerebellar lesions. Thus, they
were amongst the first scientists to highlight the cerebellum’s
role in planning, shifting, fluency, and working memory abil-
ities. According to them, the posterior cerebellar lobe pathol-
ogies led to more cognitive problems [16, 34]. Levinsohn
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Fig. 1 Data of the Chiari group
and controls of the Stroop test,
including completion time and
numbers of error and correction
obtained from sections 1–5. Data
were expressed as median with
range and analysed with the
Mann-Whitney test.
a,b,c,d,eCompletion time of the
Chiari group was higher than
controls (p<0.05). fNumbers of
error of the Chiari group were
higher than the controls.
gNumbers of correction of the
Chiari group were higher than
those of the controls
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et al. [35] and Riva and Giorgi [36] found deficits in executive
functions, visuospatial abilities, expressive language abilities,
and verbal memory in children treated after surgery for a cer-
ebellar tumour. Based on this information about cerebellar
pathologies, some authors have examined cognitive functions
in patients with CM1, which occurs due to the displacement of
cerebellar tonsils. In one of these few studies, ten adults diag-
nosed with CM1 performed significantly worse in visual-
motor coordination, concentration, mental speed, attention,
and visual-spatial capacity tasks than controls with age and
education matched [14]. In another study, 24 adult CM1 pa-
tients who underwent decompression surgery performed sig-
nificantly worse in memory and executive function tasks than
controls. They performed significantly worse in response in-
hibition tasks, even after surgery, compared to controls [15].
Lacy et al. [11] evaluated executive functions with the
BRIEF-Parent Form in 77 children diagnosed with CM1.
They found that these children exhibited executive dysfunc-
tion problems, and metacognitive problems related to working
memory and initiation items were the most common in these
children (38%).

Contrary to the literature, we could not find a significant
difference between the Chiari and the control groups regard-
ing executive functions in our study (p>0.05). Children in
both groups received similar scores from the EF tests
(Stroop and TMT) and the brief scale completed by the par-
ents. This may be due to the small number of our samples, or
to the fact that our cases do not require surgery or have no
additional medical problems such as epilepsy and syringomy-
elia; that is, they are not clinically severe cases.

To the best of our knowledge, no comprehensive studies
have been conducted to illuminate the relationship between
mental retardation and Chiari I malformations or determine
the prevalence of MR in CM1 patients. However, in the last
decade, some authors have published their observations on
CM1 patients with MR, based on data they obtained from
patients hospitalized in neurological centres [16, 17, 37].
Elster and Chen [16] detected MR in 12% of the patients in
their series of 68 CM1 cases. Likewise, Gabriella et al. [17]
detected MR in 12% of the patients in their series of 50
asymptomatic CM1 cases. Brill et al. [37] reported eleven
CM1 children, who had epilepsy and developmental delays
in language and motor functions. We did not find MR in any
of our CM1 cases. However, the Chiari group’s IQ scores
were significantly lower than the controls; we found that the
IQ scores of both groups are within the normal range (90–
110).

To date, psychiatric disorders in CM1 cases have been
presented mostly as case reports [19–21]. Bakim et al. [22]
examined psychiatric disorders and their effects on quality of
life in adult CM cases. In this study, 18 CM1 patients who
underwent decompression surgery were included in the study
1 month after surgery. They found psychiatric disorders in
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Fig. 2 Data of Chiari and controls of the trail making test, including
completion time and numbers of error obtained from sections A1–B.
Data were expressed as median with range and analysed with the
Mann-Whitney test. aCompletion time of the Chiari group was higher
than that of the controls (p<0.05)

Table 2 Comparison of BRIEF-Parent Form scores of the Chiari and
control groups

Chiari (n=10) Control (n=13) p values

Inhibit 14.1±3.15 12.9±2.63 0.339

Shift 15.0±2.90 13.3±3.45 0.226

Emotional control 18.3±3.80 17.7±4.50 0.769

Initiate 16.4±4.81 12.6±3.01 0.061

Working memory 19.7±5.46 16.2±3.24 0.090

Plan/organize 20.7±5.54 19.5±4.80 0.596

Organization of materials 10.4±3.66 9.9±4.02 0.737

Monitor 15.0±3.46 12.5±2.93 0.079

BRI* 47.4±7.06 44.0±9.16 0.342

Metacognition** 82.2±19.89 71.5±13.50 0.138

GEC** 129.6±25.68 115.5±21.46 0.165

*BRI (Behavioural Regulation Index): inhibit + shift + emotional control

**Metacognition: initiate + working memory + plan/organize + organi-
zation of materials + monitor

***GEC (Global Executive Composite): BRI + metacognition
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43.8% of all patients and half (50.0%) of those with syringo-
myelia. They also found that these patients’ quality of life
scale scores were found to be lower than controls. To date,
only Lacy et al. [23] have examined psychiatric disorders in
juvenile CM1 cases. In this large cohort study, including 86
CM1 children, they determined that 47% of the children were
accompanied by at least one psychiatric disorder. In this study,
ADHD (22.1%), anxiety (12.8%), and depressive disorders
(10.5%) were the most reported psychiatric conditions. In this
study, the patients were accompanied by medical comorbidi-
ties such as pregnancy and/or delivery complications (43%),
developmental delay (32.6%), syringomyelia (16.3), seizures
(15.1%), and pseudotumour cerebri (11.6%). Also, there were
no control groups in their study. None of our study cases was
accompanied by medical comorbidities such as epilepsy and
syringomyelia or mental retardation. Besides, none of our
cases has undergone decompression surgery. In our study,
while determining psychiatric disorders with a semi-
structured psychiatric interview, we also used the CPRS-R:S
to support the diagnosis of ADHD, which is the most closely
related psychiatric disorder to EF and is more common in
childhood. We found no difference in psychiatric comorbidity
between the Chiari group and controls. The reason for this
may be the low number of our cases or the fact that the cases
do not require an operation, do not accompany syringomyelia,
in short, without a severe clinical condition.

Our study has some limitations and strengths. The primary
limitation is the small sample size of our study.We spread our

research for over 1.5 years; however, we could only detect 10
CM1 cases during this period, since it is challenging to detect
CM1 in children and adolescents. Secondly, we used only the
Stroop and TMT to evaluate executive functions in these chil-
dren. We could give other comprehensive tests such as the
continuous performance test or the Wisconsin card sorting
test. We could also use the Wechsler intelligence scale for
children-IV (WISC-IV) to measure adolescents’ intelligence
quotient, but we did not choose it. It takes approximately one
and a half hours, so individuals have difficulty completing the
test.

On the other hand, our study’s main strength is that this is
the first study to examine executive functions and intelligence
levels in adolescents with CM1 in addition to determining the
psychiatric comorbidity. Reviewing the literature, there is no
psychiatric study conducted on adolescents with CM1. For
this reason, we believe that our findings will make significant
contributions to the literature, albeit the small sample size of
the study.

Conclusion

Our main purpose of this study was to evaluate EF in adoles-
cents with CM1.We also aimed to measure these adolescents’
intellectual capacity, detect accompanying psychiatric disor-
ders, and compare them with healthy controls. We found the
EFs of adolescents with CM to be similar with the controls.
Although we found a significant difference in intellectual ca-
pacity with controls, the IQ of adolescents with CM1 was
within the normal range. We found at least one comorbid
psychiatric disorder in half of the Chiari group, and ADHD
was the most common disease with a rate of 40%. However,
we could not find a significant difference between the two
groups in terms of psychiatric disorders. These findings were
in contrast with the literature but need to be supported by
further studies.

Consequently, our study is like a preliminary study with a
small sample size. Therefore, the data we obtained from this
study are not sufficient to determine the treatment modality of
CM1, including the decision of surgery. For this reason, future
studies investigating similar variables in large sample groups

Table 3 Conners’ Parent Rating
Scale-Revised short form sub-
scale scores of the Chiari and
control groups

Sub-scales Chiari (n=10) Control (n=13) p values

Oppositional-O 5.1±3.04 5.3±2.53 0.860

Cognitive Problems-Inattention-CP/I 12.1±11.11 12.9±7.2 0.841

Impulsivity/Hyperactivity-I/H 3.4±2.68 2.7±2.53 0.523

ADHD index* 15.5±11.9 15.6±8.9 0.979

*ADHD Index: CP/I + I/H

Table 4 Comorbid psychiatric disorders in the Chiari and control
groups

Chiari (n=10) Control (n=13) p values

Psychiatric disorder

Yes 5 (50.0%) 5 (38.5%) 0.685
No 5 (50.0%) 8 (61.5%)

ADHD 4 (40.0%) 2 (15.4%) 0.341

SLD 2 (20.0%) 0 (0.0%) 0.178

ODD 1 (10.0%) 0 (0.0%) 0.435

Anxiety disorder 1 (10.0%) 1 (7.7%) 1.000

ADHD attention deficit and hyperactivity disorder, SLD special learning
disability, ODD oppositional defiant disorder
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should be conducted to reach a definitive conclusion on this
matter.
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