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Abstract.	 [Purpose] The Kyoto Scale of Psychological Development is an evaluation scale developed in the field 
of psychology. The initial aim of this study was to determine whether the quotient of the Postural-Motor area in 
the scale was correlated with the use of orthosis in patients with Down syndrome. The second aim was to examine 
a correlation among Postural-Motor, Cognitive-Adaptive, and Language-Social areas in the participants. [Partici-
pants and Methods] Patients with Down syndrome who had received a developmental examination, the Kyoto Scale 
of Psychological Development, were retrospectively investigated. The sample included 78 participants. Data on 
the participants’ calendar ages ranged from 4.1 to 6.0 years, and the mean age was 4.9 at the examination. The in-
vestigated parameters were the number of participants who used an orthosis or insole and the mean developmental 
quotient for the Postural-Motor, Cognitive-Adaptive, and Language-Social areas. [Results] Twenty participants 
who completed the exam used an orthosis, and 18 of these had an insole as a first orthosis. The mean Postural-Motor 
quotient was significantly lower in participants who used an orthosis than in those who did not (52.3 ± 14.7). [Con-
clusion] The mean quotient of the Postural-Motor area was significantly lower in patients with Down syndrome who 
were prescribed some kind of orthosis than in those who were not. There was a significant correlation among the 
quotients of the three areas. The use of orthosis was expected to positively influence the Cognitive-Adaptive and 
Language-Social areas through the future in people with Down syndrome who have some difficulty with posture 
and movement.
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INTRODUCTION

Patients with Down syndrome (DS) often have orthopaedic complications such as hip dislocation, scoliosis, and upper 
cervical spine instability1–3). Flat feet are a common orthopaedic problem in people with DS1, 4, 5). One study reported that 65 
of 85 (76.5%) children with DS met 3 out of 5 criteria for ligament laxity6). There is a significant relationship between general 
joint laxity and flat foot in children with DS7). Children with flat foot are generally prescribed an insole. A study reported 
the importance of starting a specific rehabilitative programme in early childhood, and recommended the use of proper foot 
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insoles for the most severe cases of flat foot8). We investigated the number of prescriptions for orthoses in patients with DS. 
Of the 215 patients, 54 were prescribed an orthosis for the lower extremity, and 47 of these prescriptions were for an insole9).

Mental and motor development are generally delayed in people with DS4). Postural-motor disorders such as clumsiness 
and poor co-ordination have also been reported in persons with DS10, 11). People with DS often develop mental and cognitive 
problems because of Alzheimer’s disease and dementia12, 13). The degree of cognitive impairment is variable and may be 
mild, moderate, or occasionally severe, with intelligence quotients of 50–70, 35–50, and 20–35, respectively12). A study 
reported a strong correlation between the Wechsler Intelligence Scale for Children-III (WISC-III) Intelligence Quotient and 
the Kyoto Scale of Psychological Development (KSPD) developmental quotient (DQ) in children with autism spectrum 
disorders14). The KSPD was developed in a field of Psychology. That examination evaluates three areas of development, 
Postural-Movement (P-M), which assesses motor functioning, including fine and gross motor functions, and detects motor-
development status; Cognitive-Adaptive (C-A), which assesses cognition, including non-verbal reasoning and visuospatial 
perception; and Language-Social (L-S) which assesses communication, including interpersonal relationships, socialization, 
and verbal abilities15). The KPSD DQ is considered a useful parameter for evaluating children’s development. However, the 
relationship between the P-M DQ and use of lower limb orthoses in children with DS has not been studied. If the association 
is confirmed, the DQ might be a useful indicator for medical workers in prescribing orthoses for people with DS. The initial 
aim of this study was to determine whether the quotient of P-M area included in the scale was correlated with the use of 
orthosis in patients with DS. A second aim of the study was to examine a correlation between P-M, C-A, and L-S area in the 
participants.

ParticipantS AND METHODS

All patients with DS who consulted a medical doctor and who conducted the KSPD at Ibaraki Prefectural University 
Hospital from 1995 to May 2017 were included in this retrospective, population-based study. The study included 78 patients 
with DS. The participants’ calendary ages when assessed by the KSPD ranged from 4.1 to 6.0 years, and the mean age was 
4.9 years.

This study was approved by the Ibaraki Prefectural University of Health Sciences Ethics Committee (approval no. 778), 
and endorsed by the Research Ethics Committee at Ibaraki Prefectural University of Health Sciences Hospital. Participants 
had the right to opt-out of the study at any time.

As participants with DS generally undergo a developmental examination before they are enrolled in a primary school, we 
also targeted children with DS in the same age range. Therefore, data from participants aged 4.1 to 6.0 years were included.

Data were collected for the following variables: number of participants who used an orthosis, and the number of partici-
pants who used an insole as a first orthosis. Data collected by the KPSD included the mean DQ for the P-M, C-A and L-S 
areas in all participants, the mean DQ for the three areas in participants who used an orthosis and those who did not use 
an orthosis, and the mean DQ for the three areas in participants who used an insole and those who did not use an insole. 
Descriptive statistics were calculated for the study population. The Mann-Whitney U test was used to evaluate the mean DQ 
of participants in each of the three areas to compare the difference between participants who used orthoses and those who did 
not. The correlations between the three areas of the KSPD were also calculated. Statistical analyses were performed in SPSS 
Statistics ver. 24 (IBM SPSS, IBM Corp., NY, USA). The level of statistical significance was set at p=0.05.

RESULTS

The characteristics of the participants with DS who completed the KSPD are presented in Table 1.
Twenty participants underwent the exam and used an orthosis. Of these, 18 had an insole as a first orthosis, 1 had an 

ankle-foot orthosis and 1 had a plastic ankle-foot orthosis as a first orthosis.
The mean DQ for participants who used an orthosis and did not are listed in Table 2. There were significant differences 

in the mean DQ for the P-M area between those with no orthosis and those with an orthosis of any type, and those with only 
an insole orthosis (p<0.05; p<0.05, respectively). The DQ for the P-M area was significantly lower in participants with an 
orthosis of any type than in those with no orthosis. No significant differences between the mean DQs for the C-A and L-S 
areas were found between participants with and without orthoses.

Table 3 shows the correlation coefficients between the mean DQ for each area of the KSPD. The mean DQ for the P-M 
area was strongly and significantly correlated with that of the C-A area (r=0.66; p<0.05) and moderately and significantly 
correlated with that of the L-S area (r=0.57; p<0.05). The mean DQ for the C-A area was very strongly correlated with that 
of the L-S (r=0.85; p<0.05).

DISCUSSION

The mean DQ of the P-M area was significantly lower in participants who used some kind of orthosis, including an 
insole, than those who did not. Muscular tone has been reported to be lower in children with DS than in those with typical 
development16). People with DS suffer from many medical problems, such as muscular hypotonia, ligament laxity, and 
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Table 1.	Characteristics of participants with Down syndrome who completed The Kyoto Scale of Psycho-
logical Development

 Items Values and numbers
Gender (n) Male: 40; Female: 38
Mean calendary age of participants who underwent KSPD aged 4.1 to 6.0 years 4.9 ± 0.6
Mean DQ of P-M area 48.5 ± 16.0
(n=64; male: 33; female: 31)
Mean DQ of C-A area 47.5 ± 13.7
(n=78; male: 40; female: 38)
Mean DQ of L-S area 39.3 ± 12.2
(n=77; male: 39; female: 38)
Participants who used an orthosis (n) 20
Ratio (% of 78 persons) 25.6
Participants who who used an insole as a first orthosis (n) 18
Ratio (% of 78 persons) 23.7
Values are shown as mean ± SD.
KSPD: The Kyoto Scale of Psychological Development; DQ: Developmental Quotient; P-M: Postural-Mo-
tor; C-A: Cognitive-Adaptive; L-S: Language-Social.

Table 2.	Mean Developmental Quotient of The Kyoto Scale of Psychological Development in participants with Down 
syndrome

Orthosis Title of KSPD area for mean DQ Total Did not use Used

Insole and other  
orthoses for lower 
limbs

Mean DQ of P-M area on KSPD 48.5 ± 16.0 52.3 ± 14.7 38.1 ± 15.0*
(n=64; did not make: 47; did make: 17)
Mean DQ of C-A area on KSPD 47.5 ± 13.7 48.9 ± 13.4 43.5 ± 14.0
(n=78; did not make: 58; did make: 20)
Mean DQ of L-S area on KSPD 39.3 ± 12.2 40.7 ± 12.3 35.3 ± 11.6
(n=77; did not make: 57; did make: 20)

Insole only

Mean DQ of P-M area on KSPD 49.5 ± 15.2 52.3 ± 14.7 40.9 ± 13.6*
(n=62; did not make: 47; did make: 15)
Mean DQ of C-A area on KSPD 48.1 ± 13.2 48.9 ± 13.4 45.7 ± 12.4
(n=76; did not make: 58; did make: 18)
Mean DQ of L-S area on KSPD 39.6 ± 12.2 40.7 ± 12.3 36.0 ± 11.5
(n=75; did not make: 57; did make: 18)

Values are shown as mean ± SD.
KSPD: The Kyoto Scale of Psychological Development; DQ: Developmental Quotient; P-M: Postural-Motor; C-A: Cog-
nitive-Adaptive; L-S: Language-Social.
*p<0.05.

Table 3.	The correlations between mean Developmental Quotient of each 
area on The Kyoto Scale of Psychological Development in people 
with Down syndrome

Title of KSPD area P-M C-A L-S
P-M (n=64) ― 0.66* 0.57*
C-A (n=78) 0.66* ― 0.85*
L-S (n=77) 0.57* 0.85* ―
*p<0.05.
KSPD: The Kyoto Scale of Psychological Development.
P-M: mean Developmental Quotient of Postural-Motor area on the Kyoto 
Scale of Psychological Development for participants.
C-A: mean Developmental Quotient of Cognitive-Adaptive area on the 
Kyoto Scale of Psychological Development for participants.
L-S: mean Developmental Quotient of Language-Social area on the Kyoto 
Scale of Psychological Development for participants.
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orthopaedic problems1, 6, 12). These issues lead to various complications including scoliosis, joint dislocation, weak ankles, 
and foot problems17). Therefore, patients with a lower DQ in the P-M area may need an orthosis or insole according to our 
findings. Insoles and orthoses for the lower extremity are generally prescribed for people with foot problems. A study by 
Puszczałowska et al. found that boys with DS had flatter feet than their healthy peers without DS18). An insole is often used 
as a general treatment for flat foot in people with DS to ensure correct foot alignment19). Providing orthotics for boys with DS 
helped to stabilize them and relieve the overburdened parts of the feet18). Our study reported that 23–25% of the participants 
were prescribed some kind of orthoses. A previous study mentioned a correlative relationship between ligament laxity and 
flat foot7). Joint laxity has been reported to be present in 76.5% of children with DS6). Our participants who were prescribed 
orthoses for lower limbs may have medical problems such as ligament laxity and flat foot.

Although there was no significant difference in the mean DQ for the C-A and L-S areas between orthosis groups, the DQ 
for P-M showed significant positive correlations with the C-A and L-S areas. We expected that ambulation ability would be 
closely related to these two areas because moving enables people to be exposed to more experiences and to improve their 
cognitive skills. In a clinical setting, we have observed that children with DS show accelerated improvement in intelligence 
after becoming mobile. Brain structure and function can influence the development of mental ability13). Bolach reported 
that the level of intellectual disability had a major influence on motor skills20). Therefore, we expected to find a relationship 
between motor development and cognitive development. The appropriate prescription of insoles for patients would help them 
to walk properly and thus to develop their cognition. In contrast, children with DS who had a lower level of cognition were 
also affected by muscle tone and laxity, and they may also have had more severe foot deformities, including flat foot.

A limitation of the present study was that it was retrospectively implemented with a small number of cases. We were 
unable to find any prospective studies, and thus in future we need to collect prospective data.

In conclusion, the mean quotient of P-M area was significantly lower in patients with Down syndrome who were pre-
scribed to use some kind of orthosis than those who were not. There was a significant correlation between the quotients of the 
three areas. The use of orthosis was expected to positively influence for C-A and L-S area through the future in people with 
DS who have some problems of posture and movements.
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