
INTRODUCTION

The term “children with severe motor and intellectual 
disabilities (SMID)” is a classification based on the 

degree of disabilities, but not the name of a disease. 
Suzuki (1995) indicated the presence of children con-
tinuously requiring respiratory care, such as mechani-
cal ventilation, tracheotomy, suction, and oxygen ther-
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due to their need to receive daily care. In particular, chronic physical and acute mental stress derived from daily 
medical care due to unstable health status are issues specific to SMID children. Therefore, it is important to 
approach these issues for the maintenance of their lives and quality of life. Seventeen children with a SMID-
medical care dependent group (SMID-MCDG) score of 25 or more will be enrolled in this study. Intervention 
by a hug while singing and rocking will be performed once a week for 24 weeks. The practitioner will sing, and 
slowly rock the child back and forth. Primary endpoint is high-frequency component of heart rate variability by 
frequency analysis. Secondary endpoints are low-frequency/high-frequency components of heart rate variability 
by frequency analysis, activity of salivary amylase, the incidence of adverse events, and changes in appearance. 
Frequency analysis of heart beat changes and salivary amylase activity are used as physiological indexes for 
assessing response to being held while singing and rocking. In this study, we will examine the efficacy and safety 
of hugging while singing and rocking as a practice of Ryouiku to promote relaxation in SMID-MCDG children.
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apy, or parenteral nutrition among children with SMID, 
and defined a group of children requiring continuous 
intense medical care over a long period as the SMID-
medical care dependent group (MCDG) [1].

Currently, children with SMID are covered by 
health insurance if their daily medical care meets spe-
cific criteria which are reflected in their “SMID-MCDG 
score”.

According to a survey involving 8 prefectures in 
Japan in 2008 [2], the number of SMID-MCDG or 
sub-SMID-MCDG children aged 19 years or younger 
was approximately 0.3 per 1,000 persons of the same 
age. The total number of those patients in Japan is es-
timated to be approximately 7,000, and 70% of them 
are living at home. It is pointed out that this number has 
annually increased. In particular, the number of chil-
dren requiring advanced care, including mechanical 
ventilation, has relatively increased in children aged 5 
years or younger.

Etiological factors of SMID are primarily classi-
fied into acquired factors such as sequelae after central 
nervous system injury due to encephalitis or brain dam-
age and aging-related severe status in degenerative 
disease, and many factors such as severe asphyxia and 
neonatal diseases. Especially, the number of children 
with SMID related to congenital or neonatal factors 
has increased recently. In these children, serious disor-
ders of brain function remain, leading to prolonged 
conscious disturbance. “Ryouiku” and education for 
such children is difficult. “Ryouiku” is educational ther-
apy under medical care, and is provided in institutions 
of the Medico-Social Welfare Service for SMID. In 
practice, including at schools for special needs educa-
tion, it is difficult to assess such children’s emotions or 
responses to actions [3].

On the other hand, outside of Japan the term “pro-
found intellectual and multiple disabilities (PIMD)” is 
used as an entity similar to “SMID-MCDG”. Although 
unlike Japan no criteria have been established for medi-
cal care, children with PIMD are defined as having both 
severe intellectual disability and motor dysfunction 
[4]. In addition, they have a wide range of health disor-
ders such as severe sensory disturbance, chronic pul-
monary infection, or gastroesophageal reflux [5,6]. 
Furthermore, there are marked individual differences 
in the cognitive function and communication capacity 
among children with PIMD. It is difficult to assess in-
dividual needs or abilities, and no effective tool for 
assessment has been established to date [7].

Thus, it is difficult to evaluate children’s conditions 
or responses due to the severity of disabilities involv-
ing cognitive function in the SMID-MCDG or PIMD 

group, making supportive intervention more difficult.
In response to these problems, there has recently 

been an attempt in the academic field of education for 
children with disabilities to use physiological indexes 
for assessment. A study using the acceleration/decel-
eration responses of heart beat as an index reported 
deceleration response as positive evidence for orient-
ing responses to stimuli [8,9]. Another study using a 
frequency analysis of heart beat changes investigated 
the effects of educational intervention, regarding the 
power spectrum of a high-frequency component as an 
index of the parasympathetic nerves and the power 
spectrum calculated by dividing a low-frequency com-
ponent by a high-frequency component as an index of 
sympathetic nerve response [10,11]. Another study 
measured cerebral blood flow by near infrared spectros-
copy, and indicated changes in cerebral blood flow af-
ter stimulus presentation as evidence for the recogni-
tion of stimuli [12,13]. Furthermore, a study using 
salivary amylase activity (sAA) as an index investi-
gated the state of comfort/discomfort based on changes 
in the value after various actions [14-16]. An increase 
in sAA reflects eustress, and its decrease reflects dis-
tress. These physiological indexes are used as indices 
of autonomic nervous system activity or stress, and are 
interpreted as primarily reflecting the emotional re-
sponses of children with disabilities.

However, since all of these were case studies in-
volving a small number of children (1 to 2 children), 
and educational intervention methods were exploratory, 
neither an effective method of Ryouiku nor the effi-
cacy of assessment by physiological indexes has been 
demonstrated.

Few studies have scientifically demonstrated the 
relaxation effect of a hug, but recent studies have shown 
that the heart rate of an infant transported while being 
hugged is reduced significantly in only a few seconds 
(i.e., the parasympathetic nerve enters a significantly-
relaxed state). Also, it was shown that children in a 
group who were hugged while being transported rarely 
moved or cried and the heart rates were lower than 
those in the group hugged while sitting [17]. Therefore, 
for the purpose of temporary release from chronic 
stress, we will perform intervention by a hug in hopes 
of achieving a relaxation effect. Because it is impos-
sible to hug and transport children with a ventilator, 
we will incorporate movement by rocking. Also, prac-
titioners will sing to alleviate the unnaturalness of 
rocking silently and to make it easier for them to mark 
the tempo of rocking. In this study, we will examine 
the efficacy and safety of hugging while singing and 
rocking as a practice of Ryouiku to promote relaxation 
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in 17 SMID-MCDG children. Frequency analysis of 
heart beat changes and sAA as physiological indexes 
will be used to assess response.

 

METHODS
Participants

The number of children was set at 17, at which level 
exploratory assessment is possible. Among children 
with SMID, those requiring continuous intense medi-
cal care will be enrolled in this study. Those with an 
SMID-MCDG (Table 1) score of 10 to 24 for medical 
care items for a period >_ 6 months are regarded as 
sub-SMID-MCDG, and those with a score of >_ 25 are 
regarded as SMID-MCDG.

Inclusion criteria
1)  Multiple and severely handicapped children with 

SMID-MCDG scores of 25 or more. 
2)   Children with tracheotomy or who need mechanical 

ventilation. 

3)   Children aged 17 years or younger. 
4)  Children with body weight lower than 20 kg. 
5)  Children whose consent for participation in this 

study is provided by the representative.

Exclusion criteria
1)  Children recognized as inappropriate by the princi-

pal investigator or other investigators.
2)  Children who suffered multiple and severe handi-

caps from traumas such as traffic injury, etc.
3)  Children who need sustained continuous suction. 
4)  Children with a history of bone fracture within 3 

years before the time of registration.

Study treatment plan
The study procedures are shown below. The ex-

amination/observation schedule is shown in Table 2.
The study treatment will be conducted by a team 

consisting of several health care professionals: a prac-
titioner, who will directly encourage disabled children, 
an assistant responsible for heart-rate and sAA meas-

TABLE 1.
Score of SMID-MCDG

Evaluation item Score
I Motor function: Sitting position

II

Respirator management 10 points
Endotracheal intubation, tracheotomy 8 points
Nasopharyngeal airway 5 points
O2 inhalation or SpO2 of ＜＿ 90% at a percentage of ＞＿ 10% 5 points
Frequent suction (once per hour or more) 8 points 
(or ≥6 times/day) (3 points)
Continuous use of a nebulizer (or ＞＿ 6 times/day) 3 points
IVH 10 points
Total oral assistance 3 points

Tube feeding (including nasogastric/ gastrostomy feeding) 5 points
Intestinal fistula/enteral nutrition 8 points
Use of a continuous infusion pump (on intestinal fistula/enteral nutrition) 3 points

Continuous dialysis (including peritoneal dialysis) 10 points
Regular urethral catheterization (＞＿ 3 times/day), artificial anus (each) 5 points
Postural change (total assistance)(＞＿ 6 times/day) 3 points

Sweat-related clothes changing and postural correction (＞＿ 3 times/day) in the 
presence of hypertonia, which is not relieved by surgery/drug therapy

3 points

<Judgement>
SMID-MCDG: Sitting position can be maintained at best as Motor function in I, and total score in II is 
more than 24 points.
Sub-SMID-MCDG: Sitting position can be maintained at best as Motor function in I, and total score in II 
is more than 9 points, and less than 25 points. 

IVH, intravenous hyperalimentation.
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urement, and a physician/nurse responsible for medi-
cal observation. Study treatment is done in principle in 
the morning. If it is difficult to implement in the morn-
ing, it will be carried out at the same time each time. 
The following procedures will be performed once a 
week for 24 weeks:
(1)  Before the start of the study treatment, oral/intra-

nasal suction and excretion treatment will be con-
ducted. If suction is performed, children will be 
rested for at least 3 minutes.

(2)  Initially, sAA will be measured. The sAA are meas-
ured using a salivary amylase monitor (NIPRO, 
Osaka). Inserting a dedicated tip under the tongue 
for about 30 seconds and collecting saliva. 
Subsequently, the heart rate will be determined for 
5 minutes. During measurement, attention must be 
paid so that each child may not be touched for pur-
poses other than measurement. When saying some-
thing, the content must be limited to matters re-
garding measurement.

(3)  While touching the child’s body, the practitioner 
will say “Let me give you a hug from now”. To 
slowly reduce myotonia or hypersensitivity to be-
ing touched, the trunk and limbs will be touched 
over a period of 5 minutes. Simultaneously, sing-
ing or saying something is permissible.

(4)  The practitioner will hug the child while paying 
attention to the child’s state or any attached medi-

cal instruments. A transverse hug will be given so 
that the upper body may sit slightly upright. The 
target angle is 45 degrees, and attention must be 
paid so that the child does not dislike the posture 
(through negative expressions or marked myoto-
nia). The head should be placed on the practition-
er’s right. However, if the state of scoliosis or at-
tachment of medical instruments affects the stability 
and safety of the hug, a hug on the contralateral side 
is permissible.
◆  For a child using mechanical ventilation, a hug 

with singing and rocking will be given in ac-
cordance with the following procedures:

i.  A physician or nurse temporarily removes the 
mechanical ventilation.

ii.  The physician or nurse supplies gas using an 
Ambu bag. 

iii.  Under gas supply with the Ambu bag, the 
practitioner hugs the child. 

iv.  When the hugging position becomes stable, 
the mechanical ventilation is attached again. 
At this point, to prevent the junction’s becom-
ing disconnected due to upper-body move-
ment, adequate room should be established 
between the corrugated tube and junction.

v.  The physician or nurse should confirm the 
adequacy of mechanical ventilation under di-
rect vision. The following points must be 

TABLE 2.
Examination/observation schedule

Timing Observation period

Timing of execution 
(reference: first day of 
the test strategy)

The following examinations/observations will be conducted at 7-day intervals for 24 weeks (A 
6-day prolongation is permissible).

Point Before the start 
of a hug

Swinging by a 
hug

Immediately 
after the com-
pletion of a hug

Resting after 
completion

Examination item 
(Clinical parameter)

Heart rate (HF 
component, LF/HF 
component)

⃝ ⃝ ⃝

Salivary amylase 
activity ⃝ ⃝

Observation item Presence or absence 
of medical treatment ⃝ ⃝ ⃝ ⃝

Monitoring of 
adverse events <------------------------------------------------------------------------------------>

HF, high frequency; LF, low frequency.
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checked: the presence or absence of a tear/
distortion of the corrugated tube, junction 
loosening, water retention in the circuit/water 
trap, and occlusion of an expiratory valve, as 
well as cuff pressure.

(5)  According to the following procedures, interven-
tion by a hug with singing and rocking will be con-
ducted, and the heart rate will be measured for 5 
minutes:

i.  The electrode pad of a heart rate monitor will 
be attached to the bilateral forearm of the 
child.

ii.  In a hugging posture, the child will be in-
formed of the start of singing/rocking. 
Simultaneously, the child’s body will be 
touched. Although the site of touching is not 
designated, the same site (and the same site 
as described for Procedure (3)) should be 
touched every time. 

iii.  After announcing the start of singing/rock-
ing, the heart-rate measurement will be started. 
The heart rate monitor will be set to automat-
ically stop after 5 minutes.

iv.  In a hug posture, the child’s upper body will 
be slowly rocked up and down. The target 
heart rate is 45 to 50 beats per minute (BPM) 
on a metronome. However, the favorite tempo 
may differ among children, and the speed 
should be regulated in accordance with each 
child’s appearance or expression.

  The practitioner will sing Japanese children’s 
songs matching the tempo of the rocking. 
The first song is “Kintaro” (only the first 
verse). The second song is “Urashima Taro” 
(until the second verse). The third song is 
“Momotaro” (until the third verse). When 
singing the second or third song, the child 
will always be informed of the start of sing-
ing/rocking according to the procedure de-
scribed in “ii”. Approximately 1-minute inter-
vals should be established between two 
songs. A natural relationship must be built by 
saying things such as: “Do you feel good?” or 
“You look so happy!”.

v.  After the completion of the rocking con-
nected with the 3 songs, the practitioner will 
say something to the child, and touch the 
child’s body to convey the completion of 
their activity. Although the site of touching is 
not designated, the same site (and the same 
site as described for Procedure (3)) should be 
touched every time.

(6)  Immediately after the hugging intervention with 
singing and rocking, sAA will be measured.

(7)  While paying attention to the child’s state or at-
tached medical instruments, the practitioner will 
lay the child on the bed. At this point, the most 
stable position must be prepared using a cushion. 
Subsequently, the heart rate will be measured for 5 
minutes. If the electrode pad of the heart rate mon-
itor deviates while laying the child on the bed, it 
should be reattached after positioning.
◆  Children wearing mechanical ventilation should 

be laid on the bed as stated previously (the study 
procedures (4) i-v in Study treatment plan).

Endpoints
The primary endpoint is the high-frequency (HF) 

components of heart rate variability as measured by 
frequency analysis. The HF component appears due to 
activation of the parasympathetic nerve, and the LF 
component increases as the HF component decreases. 
Accordingly, research using the HF component as an 
index showing the activity of the parasympathetic 
nerve, and using the ratio of the low-frequency (LF) 
and HF components as an indicator of sympathetic 
nerve activity is the mainstream practice currently 
[18]. In a study in which 21 adults with physical and 
mental health listened to music with 1/f fluctuation, 
the LF/HF components significantly decreased (i.e., 
sympathetic nervous activity subsided) after listening, 
and it was shown that this result correlated with the 
subjects’ subjective evaluation of listening to music 
[19]. In this study, in order to assess the effect of stress 
relief in targeted children by a hug, we will adopt the 
HF component reflecting parasympathetic nerve ac-
tivity as the endpoint.

Secondary endpoints are the LF/HF components 
by frequency analysis of heart rate variability, activity 
value of salivary amylase, the incidence rate of ad-
verse events, appearance change (in facial expression, 
body movements).

Statistical analysis
Analysis of the primary endpoint

With respect to the HF component, summary sta-
tistics will be calculated at every point on each day of 
the study treatment. To examine changes after the start 
of the study treatment in Week 1 during the 24-week 
period, the paired t-test will be used, and the 95% con-
fidence interval will be estimated.

Analysis of the secondary endpoints
With respect to LF/HF components and salivary 
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amylase, summary statistics will be calculated at every 
point on each day of the study treatment. To examine 
changes after the start of the study treatment in Week 
1 during the 24-week period, the paired t-test will be 
conducted, and the 95% confidence interval will be 
estimated. Furthermore, the incidences of adverse 
events will be calculated.

DISCUSSION

The results obtained from this study will provide 
suggestions on the efficacy of a new support model for 
children with SMID who are biased toward medical 
care, and to provide useful proposals for support to 
improve their quality of life. The approach in this 
study is a proposal for individual support that could be 
applied in many children with SMID-MCDG, not only 
those who participate in this study, but also those who 
are treated at institutions of Medico-Social Welfare 
Service and at home.
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