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Abstract: Purpose: The purpose of this study was to investigate the psychological effects on health-related quality of
life (HRQOL) of postoperative range of motion of the shoulder joint and subjective symptoms in patients with breast
cancer who underwent rehabilitation.

Methods: In 79 patients with breast cancer surgery who underwent rehabilitation during hospitalization, we investigat-
ed temporal changes in the range of shoulder joint function (flexion of shoulder joint/abduction angle), postoperative
subjective symptoms (surgical site pain, tightness, and anxiety regarding the disorder), and HRQOL scales (FACT-B
and EQ-5D-5L) from before to 6 months after surgery and examined the factors relating to HRQOL.

Results: The range of shoulder joint movement was significantly decreased even from pre-operation to 1 month after
surgery, but subjective symptoms had significantly improved at 6 months after surgery. Multivariable regression anal-
ysis showed that postoperative feelings of anxiety felt at 1, 3, and 6 months after surgery were a significant variable
influencing the FACT-B and EQ-5D-5L scales. The path coefficients of the standard partial regression coefficients of
breast cancer patients at 6 months postoperatively by covariance structure analysis were 0.66 for the EQ-5D-5L effec-
tive value, 0.94 for FACT-B, 0.47 for shoulder joint function, and —0.64 for postoperative subjective symptoms as the
latent variables of HRQOL.

Conclusion: The results suggested the importance of interventions that focus on postoperative subjective symptoms to
possibly improve not only patient function but also postoperative HRQOL.
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1. Introduction

About 70,000 people were affected with breast
cancer in Japan in 2012, and the prevalence rate was
113 per 100,000 people. Although breast cancer affects
a high number of patients and the incidence rate is
high, the 5-year relative survival rate is 91.1%. Among
cancers with high survival rates, thyroid cancer has the
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highest rate, skin cancer is second, and breast cancer
is third [1]. Thus, treatment of breast cancer is highly
likely to be lifesaving.

Breast cancer treatment is performed through a
combination of surgical therapy, radiotherapy, chemo-
therapy, and endocrine therapy. Over time, surgical
therapy has changed to less invasive surgery. Sentinel
lymph node biopsy reduces upper limb dysfunction
associated with breast cancer surgery. The onset of
upper limb dysfunction was reported to occur in 66%
of patients in an axillary lymph node dissection group
and in 36% in a sentinel lymph node biopsy group [2].
However, after sentinel lymph node biopsy, the frequen-
cy of limited shoulder joint flexion is 37—100%, that of
limited abduction is 40.8—100%, and that of upper limb
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dysfunction is high [3]. McNeely et al. [4] reviewed the
effects of postoperative rehabilitation in 24 randomized,
controlled trials against upper limb dysfunction caused
by breast cancer treatment. Rehabilitation of 3 months
or more performed on the operation-side shoulder joint
of postoperative breast cancer surgery patients signifi-
cantly improved the range of shoulder joint flexion
over the short term compared with the control group.
Shoulder joint function was also reported to improve
significantly at 1 month postoperatively. Another report
on the prevention of breast cancer recurrence showed
that the risk of breast cancer recurrence is suppressed by
physical activity [5]. Also, a review of 31 prospective
studies of the association between physical activity and
breast cancer risk reported a high relative risk of 0.88
for the recurrence of female breast cancer in women
with low physical activity [6].

However, Shimozuma [7] considered not only hard
outcome measures such as postoperative impaired upper
limb function and survival but also quality of life (QOL),
an outcome measured from the patient’s point of view.
From the idea of measuring or evaluating areas that can
be improved (or worsened) by interventions such as
treatment and care, healthcare providers promote health,
which is one part of the four main elements reported by
Ferrell and colleagues [8] that makes up health-related
QOL (HRQOL) of cancer patients: physical, psycholog-
ical, social, role, and functional. In addition, HRQOL
is based on patient-reported outcomes (PROs), i.e., any
report on patient health status obtained directly from
the patient without any interpretation. PROs can com-
prehensively measure the effect of mental and physical
functions, approaches to activities, and participation
on an individual’s levels of happiness, satisfaction, and
other factors [9]. In their review, Naaman et al. [10] re-
ported a moderate improvement effect of psychological
intervention on the HRQOL of breast cancer patients at
all stages.

Leach et al. [11] reported that a 24-week exercise
intervention improved HRQOL and depression, and
Wittmann et al. [12] reported that postoperative HRQOL
involves physical pain, anxiety, and depression. Gordon
et al. [13] found that an 8-month exercise intervention
was effective in improving HRQOL and cost-effective-
ness.

Taghian et al. [14] reported that postoperative
lymphedema development is associated with worsening
of HRQOL. Coyne et al. [15] reported that breast cancer
patients have been in good communication with their
families, that they can play a domestic role that is the
same as before surgery, and Ristevska-Dimitrovska
et al. [16] reported that having resilience, which they
defined as “Psychological resilience represents an ability

of a person to protect his/her mental health when faced
with adversity such is the cancer diagnosis [17]7, is a
factor that can keep HRQOL high. These reports on
HRQOL of breast cancer patients showed multifaceted
improvement in HRQOL due to psychological/motor
intervention, the presence of lymphoedema, HRQOL in
terms of family relations and psychological resilience
for breast cancer. However, it has not been clarified how
the HRQOL of the postoperative breast cancer patient
is related to disorders of shoulder joint range of motion
(ROM) and changes in the psychological state that may
occur postoperatively. By considering these changes
over time, we can clarify how rehabilitation after
surgery contributes to the improvement of HRQOL in
patients after breast cancer surgery.

Structural equation modeling (SEM) has attracted
attention as a statistical method to verify causal relations
[18]. SEM allows a visual understanding of the relation
between variables and can verify the relation between
latent variables by assuming multiple observation
variables as latent variables. Thus, the causal relation of
factors contributing to HRQOL of patients after breast
cancer surgery can be concretely and visually verified
using SEM. Furthermore, rehabilitation of breast cancer
surgery patients to improve their HRQOL is thought to
be possible.

The purpose of this study was thus to investigate
psychological changes and HRQOL, mainly in terms
of shoulder joint motion and subjective symptoms due
to surgical invasion, from the preoperative period to 6
months postoperatively in patients with breast cancer
who underwent rehabilitation to elucidate the factors
relating to HRQOL and their causal relations.

2. Methods

2-1. Subjects

The subjects comprised patients admitted to the
hospital affiliated with Hamamatsu University School of
Medicine from April 2016 to September 2017. Patients
receiving postoperative rehabilitation prescribed to
female breast cancer surgery patients agreed to partici-
pate in the research and were investigate up to 6 months
postoperatively. Exclusion criteria included patients who
required reoperation due to wound infection, who under-
went bilateral resection, who had serious complications
such as dementia or higher brain dysfunction, who were
judged as inappropriate by their attending physician,
and who did not provide consent to participate in this
research.

2-2. Investigation
Patients were evaluated at 5 points: the day before
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surgery, the start date of postoperative rehabilitation,
and at 1, 3, and 6 months postoperatively. Survey items
were shoulder joint ROM, passive shoulder joint flex-
ion/abduction ROM (shoulder joint flexion/abduction),
and the Visual Analogue Scale (VAS), which was used
to evaluate subjective symptoms after surgery, including
pain, the feeling of tightness (tightness), and the sense
of anxiety about the disease (anxiety). There is much
clinical experience with these three items. Regarding
pain and tightness, Verbelen et al. [3] reported that at 2
years after surgery, rates of tightness accompanied by
pain and numbness associated with shoulder dysfunction
ranged from 5 to 50%.

In addition, because Naaman et al. [10] reported
that reduction in anxiety (in terms of illness and future
life) and alleviation of depression improved QOL of
breast cancer surgery patients and Wittmann et al. [12]
reported that postoperative HRQOL involves physical
distress, anxiety, and depression, anxiety was thus used
as an indicator of a change in the patients’ psychological
state.

In the VAS, the left end of the 10-cm scale was
defined as “no subjective symptoms at all”, and the right
end was defined as “the subjective symptoms were very
strong”. The distance from the left end to the position
indicated by the subject was then measured.

As breast cancer disease-specific scales assessing
HRQOL, the Functional Assessment of Cancer Therapy-
Breast (FACT-B) [19] and the inclusive scale EuroQol-5
Dimension-5 Level (EQ-5D-5 L) [20—23] were used.
The FACT-B consists of 37 items, including sub-items
related to physical, social, mental, and functional health,
and breast cancer, and the score of the FACT-B: TOTAL
ranges from 0 to 144. We also used the 24-item FACT-B
Total Outcome Index (FACT-B: TOI), which assesses
physical + functional + breast cancer-related items and
is regarded as the indicator most reflecting the effect of
intervention research. Scores range from 0 to 92.

The EQ-5D-5L calculates utility value. Health
conditions of five items, “degree of movement”, “man-
agement of personal belongings”, “activities of ordinary
people”, “pain/discomfort”, and “anxiety/obsessive”, are
assessed at 5 stages: stage 1, “none”; stage 2, “slight”;
stage 3, “moderate”; stage 4, “quite”; and stage 5, “not
possible” or “extreme”. The utility value ranges from
—0.025 to 1.000, with values closer to 1.000 indicating
a more complete health condition. The utility value,
which is calculated using a conversion table based on
a healthy person in Japan [20], makes it possible to
compare HRQOL for each disease. It is one indicator
used to judge intervention effectiveness in the rehabil-
itation field in Japan and is the most frequently used
comprehensive scale in Japan [24]. The English version
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was finalized in 1990 [20, 21], and the Japanese version
was finalized in 1997 [22]. Originally comprised of
three levels in 2015, the EQ-5D-5L Japanese version
with 5 levels for higher accuracy subsequently became
available as a comprehensive measure to calculate utility
value [23].

We obtained the following basic attributes of the
subjects from their medical records: age, time from
operative day to each evaluation, sex, surgical side,
handedness, occurrence (initial incidence/recurrence),
cancer stage classification, operation type (partial exci-
sion/total resection), breast reconstruction surgery, range
of lymph node dissection (sentinel lymph node biopsy/
axillary lymph node dissection), and adjuvant therapy
(chemotherapy/radiotherapy/endocrine therapy).

2-3. Rehabilitation intervention

During hospitalization and after receiving physician
approval, an occupational therapist provided postoper-
ative rehabilitation five times/week for 20 minutes each
week. The intervention included automatic movement
of the shoulder joint through flexion, external rotation,
and lateral rotation within the pain range and stretch-
ing of the pectoralis major muscle including the skin/
subcutaneous tissue and the incision site. Preoperatively
and at discharge, guidance was provided on surgical site
protection and prevention of lymphedema (guidance on
three points of ADL/TADL behavior: 1) avoiding pres-
sure on the operative side, 2) infection prevention, and 3)
skin care). After discharge, we confirmed and provided
the patients with self-practice and living instructions at
the time of evaluation.

2-4. Statistical analysis

The results of the FACT-B and EQ-5D-5L were cal-
culated using conversion tables. To examine the changes
at the five evaluation time points, we used the multiple
comparison test (Steel-Dwass method). We analyzed the
association of HRQOL of the breast cancer patients at
the five times with Spearman’s rank correlation coeffi-
cient. The correlation between scores (i.e., r value) was
graded as absent (< 0.20), poor (0.20—0.34), moderate
(0.35-0.50), and strong (> 0.50) [22]. We used stepwise
selection in multiple regression analysis to search for
factors related to HRQOL at four times: postoperatively
and at 1, 3, and 6 months later. Dependent variables
included the HRQOL scales FACT-B: TO/TOTAL and
EQ-5D-5L, and the independent variables were the five
items of flexion/abduction of the shoulder joints and the
postoperative subjective symptoms of pain, tightness,
and anxiety.

We used SEM to create a causal model of the
HRQOL of the patients after breast cancer surgery. The
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postoperative HRQOL of the patients affected the utility
value of the FACT-B: TOI/TOTAL and EQ-5D-5L, and
from the evaluated items, it was hypothesized that two
factors were influenced by the latent variables: postop-
erative shoulder joint function and postoperative subjec-
tive symptoms. Anxiety was used as the indicator of a
change in psychological state. Thus, pain, tightness, and
anxiety were assumed to represent the latent variables of
postoperative subjective symptoms.

We examined the path diagram created by SEM.
The degree of conformity in the figure was judged by
the degree of freedom, %2 value, comparative fit index
(CFI), and root mean squares error of approximation
(RMSEA). For the degree of conformity of the path
diagram, the CFI is close to 1, RMSEA is < 0.1, and the
fit is good. Analysis results were examined by the path
coefficient, which directly represents the strength of
the relation between the variables; the relation becomes
stronger as the numerical value increases.

Because the number of patients required for SEM
and multiple regression analysis is large, we determined
the number of patients required on the basis of the de-
tection power of the multiple regression analysis. We set
one dependent variable and five independent variables.
G-POWER 3.0 showed an a = 0.05, 1 — f = 0.8, and
thus, the required number of patients was estimated to
be 50. IBM SPSS Statistics, AMOS Ver 24, and Excel
Statcel 4 were used for the statistical analyses, and the
significance level was set to p = 0.05.

2-5. Ethical procedures

This research was approved by the Ethics Com-
mittee of Hamamatsu University School of Medicine
(approval no. E16-142) and Niigata University of Health
and Welfare (17739). This study was conducted with
sufficient explanation of the procedures in writing, and
written informed consent was obtained from all partic-
ipants. Patients participated of their own free will and
could leave the study at any time.

3. Results

Among the original 103 subjects, 79 patients (all
women) could be followed through the full 6 months
after surgery. Twenty-four patients met the exclusion
criteria, which included male (2), bilateral resection
(3), reoperation due to wound infection (3), treatment
at another hospital (5), and exclusion due to patient
circumstances (11). Patient characteristics are shown in
Table 1. The average age of the subjects was 56.7 = 12.0
years, and preoperative evaluations were carried out in
all of them. The mean period from the operative day
to each postoperative evaluation point was as follows:

Table 1. Patient characteristics.
Mean SD
Age (yrs) 56.7 12.0
Postoperative 2.5 39
. . 1 month 29.7 7.3
Period to evaluation (days) 3 mouths 910 13.9
6 mouths 179 136
N9 %
L Right 30 38
Operative side Left 49 62
. Right 77 97
Dominant hand Left 5 3
Onset First 77 97
Recurrence 2 3
0 21 26
I1(A,B) 23 29
Stage classification 11 (A, B) 25 32
11 (A, B, C) 10 13
v 0 0
Operation t Partial removal 17 22
peration type Total removal 62 78
. Yes 13 16
Breast reconstruction No 66 84
Sentinel lymph node 66 84
. . biopsy
Dissection area .
Axillary lymph node
. : 13 16
dissection
Yes 31 39
Chemotherapy No 48 61
.. Yes 26 33
Radiation therapy No 53 67
. Yes 50 63
Endocrine therapy No 29 37

The average age of the subjects was 56.7 = 12.0 years, and preop-
erative evaluations were carried out in all subjects. The mean period
from the operative day to each postoperative evaluation point was as
follows: postoperatively, 2.5 + 3.9 days; 1 month, 29.7 + 7.3 days; 3
months, 91.0 £ 13.9 days; and 6 months, 179.0 + 13.6 days.

The surgical side was right in 30 (38%) and left in 49 (62%) pa-
tients, and the dominant hand was right in 77 (97%) and left in 2 (3%)
patients. Surgical methods included partial surgical procedures in 17
(22%) and total excision in 62 (78%) patients, and the lymph node
dissection range included sentinel lymph node biopsy in 66 (84%) and
axillary lymph node dissection in 13 (16%) patients.

postoperatively, 2.5 = 3.9 days; 1 month, 29.7 £ 7.3
days; 3 months, 91.0 £+ 13.9 days; and 6 months, 179.0 =
13.6 days.

The surgical side was right in 30 (38%) and left in
49 (62%) patients, and the dominant hand was right in
77 (97%) and left in 2 (3%) patients. Surgical methods
included partial surgical procedures in 17 (22%) and
total excision in 62 (78%) patients, and the lymph node
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Fig. 1. Changes in shoulder joint function.
Both flexion and abduction of the shoulder joints
decreased significantly from the preoperative to
postoperative period but significantly improved from
1 month after surgery. However, even at 1 month
postoperatively, function was significantly lower
compared with that preoperatively.

dissection range included sentinel lymph node biopsy in
66 (84%) and axillary lymph node dissection in 13 (16%)
patients.

3-1. Transition of each scale

The transition of shoulder joint function is shown
in Fig. 1. Both flexion and abduction of the shoulder
joints decreased significantly from the preoperative to
postoperative period and began to significantly improve
from 1 month after surgery. Even at 1 month postop-
eratively, function was significantly lower compared
with that preoperatively. The transition of postoperative
subjective symptoms is shown in Fig. 2. Pain, tightness,
and anxiety improved significantly from immediately
postoperatively to 6 months postoperatively.

The transition of each HRQOL scale is shown in
Fig. 3. The FACT-B: TOI and EQ-5D-5L scores de-
creased significantly from the preoperative to postopera-
tive time points and began to improve significantly from
one month after surgery. The FACT-B: TOTAL score
improved significantly by 6 months after surgery.

3-2. Relation between the scales at each time point

The EQ-5D-5L showed poor positive correlation
with shoulder joint abduction after surgery (r = 0.234)
and moderate negative correlation with pain (r =—0.414),
tightness (r = —0.348), and anxiety (r = —0.408). Shoul-
der joint flexion/abduction showed poor positive cor-
relations with EQ-5D-5L at 1 month (flexion/abduction:
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Fig. 2. Changes in subjective symptoms after surgery.
Pain, tightness, and anxiety improved significantly
from immediately postoperatively to 6 months post-
operatively.
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Fig. 3. Changes in HRQOL scales.
The FACT-B: TOI and EQ-5D-5L scores decreased
significantly from the preoperative to postoperative
time points and began to improve significantly from
one month after surgery. The FACT-B: TOTAL score
improved significantly by 6 months after surgery.
EQ-5D: EuroQol 5 Dimension-5 Level, FACT-B:
Functional Assessment of Cancer Therapy-Breast,
TOI: Total Outcome Index.

r=0.266/r = 0.340), 3 months (r = 0.320/r = 0.288), and
6 months (r = 0.240/r = 0.300) after surgery. Postoper-
ative subjective symptoms (pain/tightness/anxiety) also
showed poor positive correlation and moderate to strong
negative correlation with EQ-5D-5L at 1 month (pain/
tightness/anxiety: r = —0.413/r = —0.330/r = —0.502), 3
months (r=-0.461/r = —0.418/r = —0.642), and 6 months
(r=-0.480/r = —0.480/r = —0.550) after surgery.

The FACT-B: TOI showed poor to strong negative
correlations with postoperative subjective symptom
(pain/tightness/anxiety) postoperatively (r = —0.320/
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r = —0.339/r = —0.434) and at 1 month (r = —0.453/r =
—0.382/r = —0.562), 3 months (r = —0.347/r = —0.270/
r = —0.606), and 6 months (r = —0.411/r = —0.456/r =
—0.626) after surgery. A poor to moderately positive
correlation with shoulder joint flexion/abduction was
observed at 6 months (r = 0.333/r = 0.405) after surgery.
The FACT-B: TOTAL also showed poor to strong nega-
tive correlations with postoperative subjective symptom
(pain/tightness/anxiety) postoperatively (r = —0.243/
r =—0.305/r = —0.504) and at 1 month (r = —0.443/r =
—0.367/r = —0.560), 3 months (r = —0.313/r = —0.255/
r = —0.541), and 6 months (r = —0.476/r = —0.508/r =
—0.587) after surgery. A poor positive correlation with
shoulder joint flexion/abduction was present at 6 months
(r=0.325/r = 0.368) after surgery. All correlation coeffi-
cients were P < 0.05.

3-3. Factors influencing each HRQOL scale (Table 2)

The EQ-5D-5L was adopted as the model for anxi-
ety/pain after surgery, anxiety at 1 month after surgery,

Table 2. Predictive factors of HRQOL scales.

shoulder joint abduction and anxiety at 3 months, and
anxiety and pain at 6 months after surgery. The FACT-B:
TOI was adopted as the model for anxiety/tightness after
surgery, anxiety/pain at 1 month after surgery, anxiety at
3 months after surgery, and anxiety/shoulder joint flex-
ion at 6 months after surgery. The FACT-B: TOTAL was
adopted as the model for anxiety after surgery, anxiety/
pain at 1 month after surgery, anxiety at 3 months after
surgery, and anxiety/tightness at 6 months after surgery.

3-4. Covariance structure model of HRQOL in breast

cancer patients

Figure 4 shows the path diagram of a patient at 6
months after breast cancer surgery. The suitability of
this study as indicated by the CFI of 0.929 and RMSEA
of 0.138 was generally good. The path coefficients for
the latent variables of “HRQOL of patients after breast
cancer surgery” were 0.93 for FACT-B: TOI, 0.94 for
FACT-B: TOTAL, 0.66 for EQ-5D-5L, 0.47 for “Surgi-
cal shoulder joint function”, and -0.64 for “Postoperative

Extraction B 95%CI B t Adjusted R p
Pain -0.022  —0.035--0.010  —0376  -3.674
1 ek
Postoperative ety ~0.018  —0.029--0.007 0335  -3.270 0-275
M Anxiety -0.016  —0.023--0.008  —0.390  —4.017 0312 o
EQ-5D-5L Shoulder abduction 0.002 0.001-0.425 0.376 3.874 ’
3M Anxiety -0.024  —0.032--0.015  —0.587  —5.753 0.334 o
oM Anxiety -0.014  —0.022--0.007  —0.466  —3.747 0311 .
Pain -0.012  —0.021--0.003  —0.275  -2.539
. Anxiety -1.293  -1.998--0.585  —0.384  —3.600 s
Postoperative o hiness ~0.961  ~1.665--0258  —0.286  —2.726 0-260
M Anxiety -1.692  —2.412--0.971 -0.459  —4.680 0.365 .
FACT-B:TOI Pain -1.152 —1.949—-0.356 —0.283 —2.885
3M Anxiety -2.563  -3.456—-1.670  —0.586  —5.736 0.333 o
6M Anxiety . -2.077 —2.745—-1.410 -0.577 -6.217 0.422 -
Shoulder flexion 0.211 0.065—0.356 0.268 2.888
Postoperative Anxiety —2.528 —3.444—-1.612 —0.550 —5.506 0.292 wE
M Anxiety -2.523  -3.526--1.520  —0495  -5.014 0.358 .
Pain 1282 -2390--0.173  —0277  -2.305
FACT-B:TOTAL
3M Anxiety -3.566  —4.913--2219  —0.555  —5.290 0.297 o
Anxiety —2.440  -3.502--1378  —0.484  —4.588 .
oM Tightness 1360  —2.440--0280  —0.266  -2.515 0-408

EQ-5D-5L: EuroQol 5 Dimension-5 Level, FACT-B: Functional Assessment of Cancer Therapy-Breast, TOI: Total Outcome Index,

CI: Confidence interval

Multiple regression analysis: Stepwise method *: p <0.05, **: p <0.01

The EQ-5D-5L was adopted as the model for anxiety/pain after surgery, anxiety at 1 month after surgery, shoulder joint abduction and anxiety at
3 months, and anxiety and pain at 6 months after surgery. The FACT-B: TOI was adopted as the model for anxiety/tightness after surgery, anxiety/
pain at 1 month after surgery, anxiety at 3 months after surgery, and anxiety/shoulder joint flexion at 6 months after surgery. The FACT-B: TOTAL
was adopted as the model for anxiety after surgery, anxiety/pain at 1 month after surgery, anxiety at 3 months after surgery, and anxiety/tightness

at 6 months after surgery.
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Fig. 4. Six-month postoperative path diagram.

The path coefficients for the latent variables of “HRQOL of patients after breast cancer surgery” were 0.93 for FACT-B: TOI, 0.94
for FACT-B: TOTAL, 0.66 for EQ-5D-5L, 0.47 for “Surgical shoulder joint function”, and —0.64 for “Postoperative subjective
symptoms”. Those of the latent variables for “Surgical shoulder joint function” were 0.96 for “Shoulder flexion” and 0.89 for
“Shoulder abduction”, and those of the latent variables for “Postoperative subjective symptoms” were 0.86 for pain, 0.92 for
tightness, and 0.62 for anxiety. CFI: comparative fit index, EQ-5D: EuroQol 5 Dimension-5 Level, FACT-B: Functional Assess-

ment of Cancer Therapy-Breast, RMSEA: root mean squares error of approximation, TOI: Total Outcome Index.

subjective symptoms”. Those of the latent variables of
“Surgical shoulder joint function” were 0.96 for “Shoul-
der flexion” and 0.89 for “Shoulder abduction”, and
those of the latent variables of “Postoperative subjective
symptoms” were 0.86 for pain, 0.92 for tightness, and
0.62 for anxiety.

4. Discussion

We investigated the psychological changes and fac-
tors affecting the HRQOL of breast cancer patients who
underwent rehabilitation primarily in terms of shoulder
joint movement and subjective symptoms due to surgery
from preoperatively to 6 months after surgery. Recent
HRQOL studies of breast cancer patients showed that 6
to 8 months of exercise intervention and also psycholog-
ical interventions such as counseling improve HRQOL
[11, 13]. The scales used to assess HRQOL outcomes in
a previous study included the disease-specific FACT-B
scale and the comprehensive Short-Form-36-Item Health
Survey [10].

We could find no reports combining the use of the
EQ-5D-5L and FACT-B to examine the changes in pre-
operative to postoperative HRQOL over time in patients
with breast cancer surgery. Calculating disease specific-
ity and utility value at each time point after surgery can
diversely capture the HRQOL of breast cancer patients
and can lead to analyses of the cost-effectiveness of

treatment. By investigating the causal relations, rehabil-
itation to improve the HRQOL of breast cancer patients
can be examined. We believe that the results of the pres-
ent study are of high significance and discuss the three
salient findings obtained from the results of this study
below.

4-1. Shoulder joint function, postoperative subjective
symptoms, and characteristics of HRQOL over time
Shoulder joint function decreased significantly at

1 month postoperatively compared to that preopera-

tively. The postoperative subjective symptoms of pain,

tightness, and anxiety improved significantly 6 months
after surgery. HRQOL significantly decreased from the
preoperative to initial postoperative period as indicated
by the FACT-B: TOI and EQ-5D-5L scales but signifi-
cantly improved from 1 month after surgery. Declining
shoulder joint function due to surgical invasion can have

an effect even after more than 1 year of follow-up [26].

Thus, it seems that shoulder joint function cannot be

improved within the first month after surgery. Because

pain and tightness did not show significant improvement
until 6 months after surgery, the influence of surgical
invasion was thought remain until then.

Anxiety was significantly improved at 6 months
postoperatively. Lessening of the degree of involvement
of physical pain, anxiety about recurring metastasis, and
difficulty in adapting to life after treatment can help to
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improve HRQOL [12], but the psychological burden can
lower HRQOL even at 18 months after surgery [10]. Al-
though significant improvement was shown at 6 months
after surgery in the present study, subjective symptoms
could still remain after surgery. FACT-B is a specific
scale for breast cancer disease, and FACT-B: TOTAL
showed significant improvement from immediately post-
operatively to 6 months after surgery. However, FACT-
B: TOI and EQ-5D-5L scores significantly decreased
from the preoperative to immediate postoperative period
but significantly improved from 1 month after surgery.
FACT-B: TOI is regarded as the index that most
closely reflects the effect of intervention research, and
its subitems include physical, functional, and breast
cancer-related items [19]. It is thought to best reflect the
physical and psychological burden of surgical invasion
and adjuvant therapy, and we thought that this influence
was reflected in this study as well. The EQ-5D-5L
comprehensively reflects the physical and psychological
situation during the measurement period [23], and it
similarly reflected the situation in the present study.

4-2. Elucidation of factors affecting HRQOL

There was a poor positive correlation between the
EQ-5D-5L and shoulder joint function. Postoperative
subjective symptoms showed a negative correlation with
moderate pain at all times, a poor-to-moderate negative
correlation with tightness, and a moderate-to-strong
negative correlation with anxiety. This suggests that in-
terventions not only for shoulder joint function but also
for postoperative subjective symptoms are necessary.
The multiple regression analysis showed the factors
affecting the EQ-5D-5L to be pain and anxiety after sur-
gery, anxiety and shoulder joint abduction at 1 month,
anxiety at 3 months, and anxiety and pain at 6 months
postoperatively.

These findings revealed that surgical invasion from
immediately postoperatively to 1 month postoperatively
affected pain at the operative site and ROM of the
shoulder joint, especially the restriction of abduction. In
addition, anxiety affected both periods, and the relation
become stronger as the postoperative course continued.
As part of a rehabilitation program after surgery, auto-
matic movement incorporating shoulder joint abduction
and stretching mainly of the pectoralis muscle, which
acts on the skin and subcutaneous tissue of the surgical
wound, within a range in which pain does not occur
to relieve subjective symptoms after surgery, and the
necessity of life guidance and psychological follow-up
after discharge are suggested.

However, both the FACT-B: TOI and TOTAL show-
ed a poor-to-moderate positive correlation with shoulder
joint function at 6 months after surgery. Postoperative

subjective symptoms showed a poor-to-moderate nega-
tive correlation between pain and tightness and a nega-
tive correlation with moderate-to-strong anxiety at all
times.

The multiple regression analysis revealed that the
factors influencing FACT-B: TOI were anxiety and
tightness after surgery, anxiety and pain at 1 month, anx-
iety at 3 months, and anxiety and shoulder joint flexion
at 6 months after surgery. The factors affecting FACT-B:
TOTAL were anxiety after surgery, anxiety and pain at 1
month, anxiety at 3 months, and anxiety and tightness at
6 months after surgery. As with the EQ-5D-5L, anxiety
affects all periods, and the relation is stronger as the time
course progresses. In addition to evaluating the compre-
hensive HRQOL of cancer patients, FACT-B contains
breast cancer-related items that include symptoms (hair
loss, pain, lymphedema, weight change, and decrease in
physical strength) due to morphological changes after
excision and adjuvant therapy and the patient’s identi-
fication as a woman. Also, because anxiety was present
across the entire time course, it was thought that these
factors were also affected.

4-3. Causal relation of factors constituting HRQOL of

patients after breast cancer surgery

In this study, HRQOL of breast cancer patients at 6
months postoperatively influenced each HRQOL scale
(path coefficient of EQ-5D-5L, 0.66; FACT-B TOTAL,
0.94; FACT-B: TOI, 0.93), postoperative subjective
symptoms (—0.64), and shoulder joint function (0.47),
in that order. On the HRQOL scale, the disease-specific
scale of FACT-B was more influential than the compre-
hensive scale of the EQ-5D-5L, and in the rehabilitation
intervention, postoperative subjective symptoms influ-
enced HRQOL more than did shoulder joint function.
The path coefficient from postoperative subjective
symptoms showed that tightness had the highest value
at all of the times. This suggested that in the subjective
symptoms after surgery, tightness affected the decline
in HRQOL by limiting daily activities. The next highest
value was for pain, suggesting that chronic pain at the
operative site derived from surgical invasion interferes
with daily life and also affects the decline in HRQOL. In
addition, it is suggested that any remaining tightness and
pain encourage anxiety, thus forming a vicious circle.

There were problems and limitations with this re-
search. In this study, we did not adjust for surgical type,
surgical side, pre- and postsurgery adjuvant therapy,
timing of onset (period since onset, first incidence, or
recurrence), and postoperative complications of the
breast cancer patients who underwent rehabilitation.
The postoperative complications of axillary lymphangi-
ectasia syndrome [27] and lymphedema [28] can affect
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prognosis, shoulder joint function, and the psychological
state. Particularly, temporal changes in the HRQOL
scales can be expected to differ due to shoulder joint
function on the operative side, subjective symptoms
after surgery, surgical type, adjuvant therapy, postoper-
ative complications, and onset time. However, even if
these specific controls are carried out on the subjects,
it is not possible to exclude factors related to shoulder
joint function on the operative side and the influence of
improving the subjective symptoms after surgery.

In the future it will be desirable to increase the
number of subjects in whom the above attributes can be
compared and to further follow long-term changes over
time.

Conclusion

By using both a breast cancer-specific scale and
utility values as comprehensive measures, we could
follow up breast cancer patients until 6 months after sur-
gery to assess the detailed changes in their HRQOL and
the causal relations associated with these changes. Not
only functional aspects but also postoperative subjective
symptoms may affect improvements in the HRQOL of
these patients. The utility value of breast cancer patients
obtained in this study from the day before surgery to the
6th month after surgery showed the effects of rehabil-
itation that accumulate in the future and can be a basis
for the future allocation of medical resources. From now
on, by increasing the number of cases and following the
long-term changes over time, methods of rehabilitation
intervention can be studied according to different post-
operative periods.
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Abstract: The primary goal of occupational therapy is to enable people to participate in normal everyday activities. To
understand and support a client’s desired activities, it is necessary to share the meaning of occupation between the ther-
apist and client. One concept that has been used to capture the psychological state for an activity is flow. Therefore, we
devised a process of adjusting the challenge-skill balance for occupational therapy based on flow theory.

In this pilot study, we aimed to verify whether adjusting the challenge-skill balance for occupational therapy im-
proved subjective quality of life in a recovery rehabilitation unit. To inform the future design of randomized controlled
trials, we therefore compared standard occupational therapy with this new approach. Both interventions took place from
recovery rehabilitation unit entry to discharge, and outcomes (continuous variables) were analyzed using a Bayesian
approach explored with generalized linear mixed modeling.

Among a total of 22 patients, those receiving the new approach showed a significant improvement in Ikigai-9 (quality
of life) compared with those receiving standard occupational therapy. The mean improvement was 4.44 + 2.17 with a
95% credible interval of 0.104—8.713. The dependence factor, effective sample size, and autocorrelation time were 3.769,
8093, and 6.18, respectively. We conclude that adjusting the challenge-skill balance during occupational therapy could

improve a client’s subjective quality of life.

Keywords: occupational therapy process, flow model, quality of life, recovery rehabilitation unit

Introduction

Occupational therapy is a client-centered profession
concerned with promoting health and well-being through
occupation. The primary goal of occupational therapy
is to enable people to participate in normal everyday
activities [1]. In occupational therapy, appropriate
activities are typically set based on a comprehensive
assessment of a client’s physical and mental functions,
occupational performance, and personal factors, as well
as any relevant environmental factors. Several practical
frameworks exist, including the Occupational Therapy
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Practice Framework [2], the Occupational Therapy
Intervention Process Model [3], and the Management
Tool for Daily Life Performance [4], together with
important theories, such as the Canadian Model of
Occupational Performance [5] and Model of human
occupation [6]. However, despite attempts to ensure that
occupational therapists provide client-centered therapy,
it has been reported that there can be differences in the
perception of skill and challenge difficulty between the
occupational therapist and client [7].

To understand and support a client’s desired activ-
ities, it is necessary to share the meaning of occupation
between the therapist and client. In other words, subjec-
tive assessments about a client’s occupation should be
acquired in a way that facilitates easy recognition. One
concept that has been used to capture the psychological
state for an activity is “flow” [8]. Csikszentmihalyi
reported that flow occurs when individuals are “so in-
tensely involved in an activity that nothing else seems to
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matter; the experience itself is so enjoyable that people
will do it even at great cost, for the sheer sake of doing
it” [9]. Flow can contribute to increased happiness,
self-esteem, work productivity, and joy of life [10—13].
Additionally, studies have described the relationship be-
tween the experience of flow and everyday life activities
[6, 14—-16].

According to flow theory, flow can also be defined
operationally according to a challenge—skill balance
called the “flow model” [8]. This model proposes that
flow occurs when the perceived level of challenge pro-
vided by the activity is in balance with the participant’s
level of skill. By contrast, activities in which the indi-
vidual has high perceived skill relative to the challenge
might lead to boredom, whereas activities in which there
is low perceived skill and high perceived challenge
might lead to anxiety. As research based on the flow
model, there were analyzes targeting activities engaged
by students and occupational therapists. [17—19], while
other analyses have looked at the relationship between
flow and health-related quality of life (QoL) in elderly
people [20—22]. We previously analyzed the activities
supported by occupational therapy among elderly people
in an adult day program and showed a difference in
recognition about the activity, consistent with previous
research [7, 22]. Based on the flow model, we thought
that adjusting the challenge—skill balance might facil-
itate occupational therapy. In a randomized controlled
trial, we examined the effect of occupational therapy
in which the challenge—skill balance was adjusted for
elderly people who used an adult day program, and we
showed improvements in health-related QoL [23].

However, since this previous study targeted only
one specific activity in the maintenance rehabilitation
phase, the influence of the intervention period and the
effectiveness of support for multiple activities have not
been clarified. Therefore, in this study, we conducted
the process adjusting the challenge-skill balance (called
adjusting the challenge—skill balance for occupational
therapy; ACS-OT) in a situation that supports multiple
activities at recovery phase, we examined whether
ACS-OT was more universally effective in occupational
therapy. Our aim was to verify if ACS-OT improved
subjective QoL in a recovery rehabilitation unit.

Method/Design

Method

This controlled clinical trial was designed to com-
pare the ACS-OT method (experimental group) with
standard occupational therapy (control group). The
primary outcome was change in subjective QoL (ikigai)
for both groups from admission (pre) to discharge (post).

The secondary outcomes were changes in health-related
QoL, flow experience, and ADLs. The study protocol
was approved by the Ethics Review Committee of the
Harue hospital (No.29-1).

Inclusion and exclusion criteria

From May 2017 to November 2017, Clients were
included if they were admitted to the recovery rehabili-
tation unit of Harue hospital with either cerebrovascular
disease or musculoskeletal disease. On admission to the
recovery rehabilitation unit, we excluded clients aged
<50 years and > 100 years, as well as those whose Mini
Mental State Examination scores were < 23 points [24].

Procedure

Intervention

Occupational therapy was provided according to
the guidelines of the American Occupational Therapy
Association [2] in both the experimental and control
groups. All interventions were implemented by occupa-
tional therapists experienced (= 200 hours) in delivering
client-centered occupational therapy. In reference to the
Graft’s research design [25], the criteria for the amount
of experience was set to more than 6 cases (40 minutes,
50 days, 6 cases, total 200 hours). Moreover, all had
received at least 50 hours of training for ACS-OT (30
minutes, 50 days, 2 cases, Total 50 hours). Occupational
therapy was conducted individually and was focused
on the performance of activities. The key difference
between groups was whether the evaluation and inter-
vention were conducted based on an assessment of the
challenge—skill balance. Treatment consisted of 40—60
minutes per day, six times in total in a week. The study
period was from admission to discharge from the recov-
ery rehabilitation unit.

Experimental group

The ACS-OT process was implemented in the
following way. In the first session, the therapist assessed
the client’s problems in daily living using the Canadian
Occupational Performance Measure [26]. Based on
the problems identified, some activities that could be
supported by occupational therapy were selected. In the
second session, the client performed the tasks related to
selected activities and evaluated the “challenge level”
and “skill level” as follows: challenge level defined as
the “challenge of the activity” and rated on a seven-point
scale from “very simple” (1) to “very difficult” (7); and
“skill level” was defined as “your skills in the activity,”
rated from “not at all skillful” (1) to “very skillful” (7)
[18, 27]. The therapist checked with the client why
certain ratings were given.
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Subsequently, evaluation by the client and therapist
in collaboration helped decide on the factors that made
occupational performance difficult (i.e., challenge com-
ponents, such as environment, execution time, and and
size of the location in which the activity is carried out)
and that improved performance (i.e., skill components,
such as frequency, range, distance, accuracy, and dexter-
ity related to activity). The challenge—skill balance for
tasks was then changed based on these conclusions. The
criteria for adjusting the challenge—skill balance was
that the difference in evaluation of the challenge and
skill levels between the therapist and client had to be
one or less.

After the client performed the adjusted tasks, the
challenge and skill levels were re-evaluated. If the chal-
lenge and skill levels were balanced, therapy was started
to improve performance in those activities. If the chal-
lenge and skill levels were not balanced, the tasks were
further adjusted and therapy was only started after they
were balanced. This process was repeated at least once
a week. It should be noted that, activity was changed
(added or finished) according to the status of treatment
progress. For example, in the initial session, activities
such as walking and toilets are targeted. Then, the toilet
is achieved (finished), walking tasks are shifted to stairs
and applied walking, bathing and cooking are added.

Control group

The first and second sessions were conducted
similarly to the experimental group, with the exception
that therapists were not allowed to confirm the client’s
subjective perceptions of the challenge posed by, or
skill needed to complete, the activities. From the third
session, therapists assessed the client’s performance and
conducted therapy in a typical manner, following the
general guidelines for occupational therapy [2].

Outcomes

Subjective QoL

We measured subjective QoL using the Ikigai-
9 [28], a client’s psychological measure of feeling a
reason for living (ikigai). It consisted of nine items rated
on 5-point scales (total score, 9—45 points).

Health-related QoL

Health-related QoL was assessed by the EuroQol-5
Dimensions (EQ-5D) [29]. The EQ-5D defines health in
five dimensions (i.e., mobility, self-care, usual activities,
pain and discomfort, and anxiety or depression). A
visual analog scale (EQ-VAS) enables self-assessment
on a scale from 0 (worst possible health) to 100 (best
possible health) per dimension.
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Flow experience

Flow experience was assessed using the Flow State
Scale for Occupational Tasks [30] developed for clinical
situations. This consists of 14 items and 3 factors (scores
range from 7 to 98), and its reliability and validity have
been confirmed [30].

ADL

ADLs were measured by the Functional Indepen-
dence Measure (FIM) [31]. This comprises 18 items on
7-point scales that uniformly assess the severity of a
client’s disability and functional outcome from medical
rehabilitation (overall score, 7 to 126).

Organization

The primary investigator plans and executes this
research and supervises three research assistants. The
research assistants obtained informed consent and
performed procedures, measurements. Data entry and
control were conducted by the primary investigator. A
statistician also helped with the data analysis.

Statistical analysis

All statistical analyses were performed using EZR
[32] and SAS” (SAS Institute, Sally, NC, USA). Data
were entered in Microsoft Excel 2016 and subsequently
exported into EZR and SAS for analysis. Baseline char-
acteristics were compared by chi-square tests for cate-
gorical variables and by independent #-tests and Mann—
Whitney U tests for continuous variables. The compari-
son of categories of activities targeted in two groups was
analyzed using Fisher’s exact test.

Each continuous outcome variable was analyzed
using a generalized linear mixed model (GLMM).
Considering the sample size of this study, outcome
analysis adopted a Bayesian method that enables rea-
sonable estimation even when the sample size is small.
We took a Bayesian approach and explored the Markov
chain Monte Carlo (MCMC) [33] fitting of GLMM,
including the following as fixed effects: group allocation
(experimental and control groups), time (pre and post),
and the interaction of group and time. Participants were
included as a random effect. MCMC is a method of
generating a sample having a distribution characteristic
matching the posterior distribution by Markov chain
using Bayesian method and using it to calculate an es-
timate value of the objective variable. The convergence
criterion for data in the MCMC fitting was set to a
dependence factor of 5 for Raftery—Lewis Diagnostics
[34]. In addition, autocorrelation time (ACT) and
effective sample size (ESS) are also effective indices for
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the diagnosis of MCMC algorithm. The ACT measures
dependency among Markov chain samples. The ESS es-
timates how many truly independent samples of a given
parameter the output of the MCMC represents. High
ESS or low ACT indicates good mixing of the Markov
chain. Therefore, we also confirmed the ACT and ESS
for MCMC convergence. All credible intervals were
given with a 95% credible interval.

Since the Bayesian method only calculates the
estimated value, effect sizes indicating the difference be-
tween the two groups with respect to each outcome after
the intervention were calculated to show the magnitude
of the effect in the experimental group.

Results

We included 22 clients (experiment Group; 11, con-
trol Group;11) and confirmed that the pre-test character-
istics were well matched between the two study groups
(Table 1). The total number of activities targeted by both
groups was 81 (average per client: 3.68), ADL was 54
(66.6%), and instrumental ADL was 20 (24.7%). There
was no significant difference in activity between the two
groups (Fig. 1).

The changes from the pre-test to the post-test
characteristics are shown in Table 2. Regarding each
outcome after intervention, Ikigai-9 was 33.18 = 7.04 in
the experimental group and 26.64 + 8.98 in the control

Table 1. Baseline data.

group. EQ-5D was 0.668 £+ 0.091 in the experimental
group and 0.653 + 0.122 in the control group, Flow state
scale for occupational task was 82.27 £+ 8.90 in the ex-
perimental group and 73.27 + 16.85 in the control group.
FIM total score was 118.73 + 4.29 in the experimental
group and 117.64 = 8.89 in the control group. The
results analyzed by MCMC for GLMM are shown in
Table 3. The mean improvement in the Ikigai-9 between
the experimental and control groups was 4.44 + 2.17,
with a 95% credible interval of 0.10—8.71. The differ-
ence between the two groups in EQ-5D was 0.061 =+
0.089 with a 95% credible interval of —0.115—0.236, in
Flow state scale for occupational task was —0.73 + 5.01
with a 95% credible interval of —10.88—8.94, in FIM
was 3.26 £ 4.88 with a 95% credible interval of —6.37—
12.72. Thus, a significant difference was confirmed in
Ikigai-9. Confirming the information on the convergence
situation of sampling about MCMC analysis for Ikigai-9,
The dependence factor, ACT, and ESS were 3.769,
6.178, and 8093.4, respectively. In addition to the re-
sults of dependence factor (less than 5), ESS and ACT,
posterior distribution by sampling data was in a smooth
normal distribution state, indicating that appropriate
sampling was being performed (Fig. 2).

There were no significant differences in the EQ-5D,
Flow State Scale for Occupational Tasks or FIM be-
tween the experimental and control groups. Regarding
the FIM, there was a significant difference between the

The results of the baseline data in the experimental and control groups were shown. The pre-test characteristics were

well matched between the two groups.

Experimental Group (n = 11) Control Group (n=11) p value

Age (M, SD) 75.36 (10.51) 73.64 (13.00) p=0.742
Sex (n)

Male 3 6 p=0.387

Female 8 5
Disease (n)

Cerebrovascular 3 5 p=0.659

Musculoskeletal 8 6
Treatment period: Day (M, SD) 46.27 (18.81) 44.64 (28.41) p=0.742
MMSE (M, SD) 25.64 ( 2.16) 26.18 ( 2.99) p=0.629
EQ VAS (M, SD) 60.45 (18.64) 63.36 (22.59) p=0.745
Flow state scale for Occupational task (M, SD) 79.73 (14.11) 70.00 (20.63) p=0.212
Ikigai-9 (M, SD) 31.09 (10.15) 28.00 ( 8.25) p=0.442
FIM (M, SD)

Motor 63.36 (14.35) 65.36 ( 8.66) p=0.696

Cognitive 33.09 ( 2.12) 33.27 ( 3.90) p=0.237

Total 96.45 (14.69) 98.64 (10.55) p=0.693

Note. M =mean; SD = standard deviation; EQ-VAS = EuroQol-5 Dimension visual analog scale;
MMSE = Mini Mental State Examination; FIM = Functional Independence Measure.
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ADL : 54 Instrumental ADL : 20
(Experimental group :25/ Control group : 29) (Experimental group :12/ Control group: 8)

6

4

Upperlimb ~ Basic Dressing Toilet Bathing Walking ~ Upanddown Cleaning  Washing Writing Cooking  Shopping Driving Public Hobby
function  movement stairs clothes transport

M Experimental Group M Control Group
Total number of activities: 81

Fig. 1. Activities targeted by experiment group and control group.
In this figure, it showed the classification of the activities that was the target in the experiment group and the control group. As a
result of Fisher’s exact test, there was no significant difference in activity between the two groups.

Table 2. Pre and post data in experimental and control group.
Changes from pretest to post-test characteristics about Ikigai-9, EQ-SD/EQ VAS, Flow state scale for occupational task, and FIM
between the experimental and control groups were shown. Effect sizes between two groups with respect to each outcome after the
intervention were also shown.

Observed M (SD) Observed M (SD) Effect size [95% CI]

Experimental group (n = 11) Control group (n = 11) Between two groups

after the intervention

pre post pre post
Ikigai-9 31.09 (10.15)  33.18( 7.04)  28.00( 8.25)  26.64( 8.98)  0.78 (~0.09 to 1.65)
EQ-5D 0.497 (0.187)  0.668 (0.091)  0.544 (0.243)  0.653 (0.122)  0.19 (~0.70 to 0.97)
EQ VAS 60.45(18.64)  77.09(15.43)  63.36(22.59)  72.27 (20.42)

Flow state scale for occupational task 79.73 (14.11) 82.27 ( 8.90) 70.00 (20.63) 73.27 (16.85) 0.67 (—0.21 to 1.50)

FIM
Total-score 96.45 (14.69)  118.73 ( 4.29) 98.64 (10.55) 117.64 ( 8.89)  0.16 (~0.69 to 0.99)
Motor-score 63.36 (14.35)  8527( 3.82)  65.36( 8.66)  84.73( 5.76)
Cognitive-score 33.09( 2.12)  3345( 1.81)  3327(3.90) 329 ( 5.07)

Note. M = mean; SD = standard deviation; CI = confidence interval; EQ-5D = EuroQol-5 Dimension;
EQ-VAS = EuroQol-5 Dimension visual analog scale; FIM = Functional Independence Measure;
Effect sizes between two groups = Calculated as standardized mean differences (Cohen’s d).

Table 3. Results analyzed by MCMC for generalized linear mixed model (GLMM).
The results of each outcome analysis by GLMM using MCMC were shown. There was a signifi-
cant difference in the subjective QOL (Ikigai-9) between the experimental and control groups.

Time M (SD) Group M (SD) Group*Time M (SD)
Ikizai-9 —1.36 (1.54) —2.36 (5.16) 4.44 (2.17)
& 95%CI [-4.49-1.62] 95%CI [-12.70-7.49] 95%CI1[0.10-8.71]

EQ-5D 0.110 (0.063) —0.108 (0.150) 0.061 (0.089)

95%CI [-0.015-0.235] 95%CI [-0.405—0.188] 95%CI [-0.115-0.236]
Flow state scale for 3.28(3.53) 10.50 (10.42) —0.73 (5.01)
occupational task 95%CI [-3.65-10.33] 95%CI [-9.17-31.60] 95%CI [-10.88-8.94]
FIM 18.99 (3.45) —5.30 (8.42) 3.26 (4.88)

95%CI [11.97-25.57] 95%CI [-21.98—11.27] 95%CI [-6.37-12.72]

Note. M =mean; SD = standard deviation; CI = confidence interval; EQ-5D = EuroQol-5 Dimension;
FIM = Functional Independence Measure; Time = pre and post; Group = experimental and control groups.
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Note. B3 = Difference between experimental group and control group in Ikigai-9.

Fig. 2. PROC MCMC procedure about Ikigai-9.

This figure shows mixing of the Markov chain, which has relatively constant mean and variance over iterations. The trace plot

shows indication of convergence.

pre-test and post-test results in both groups (18.99 =+
3.45, 95% credible interval: 11.974-25.571).

Analysis by actual measurement values showed
effect sizes (d) and 95% confidence intervals of 0.78
(=0.09 to 1.65), 0.19 (—0.70 to 0.97), and 0.67 (—0.21 to
1.50) for the Ikigai-9, EQ-5D, and Flow State Scale for
Occupational Tasks, respectively. In addition, all of the
clients in both groups were discharged home.

Discussion

To the best of our knowledge, no other study has
compared the outcomes between ACS-OT and standard
occupational therapy in a recovery rehabilitation unit.
When we compared subjective QoL (Ikigai-9) between
the two groups, there was a significant difference in the
Bayesian GLMM. Although the effect size was moderate
(d = 0.78), no significant effect was shown (95% confi-
dence interval, —0.09 to 1.65). In addition, there were no
significant differences in health-related QoL (EQ-5D) or
flow status (Flow State Scale for Occupational Tasks).
Regarding FIM, there was no difference between the
two groups, though both improved from before to after
the intervention.

The ACS-OT method was based on the flow model,
adjusting the client’s therapy to their perceived skill with
the support of an occupational therapist. The challenge—
skill balance was key to this flow model, requiring that
the difficulty level of the occupational therapy engaged

in by the client matched the ability of the client; it was
therefore logical that occupational therapy and flow
models should have a very high affinity. Although flow
experiences can be addictive [35], this might relate to a
lack of opportunity for meaningful chances to develop
the skills needed to perform activities [36]. We believe
that our ACS-OT method, by helping to improve skill
by adjusting the challenge level to the patient’s needs,
helped promote the client’s own initiative.

Bayesian estimation by MCMC was used to
provide a statistical framework. In this method, data
were combined with subjective prior information about
parameter values to derive posterior probabilities of dif-
ferent models or parameter values. MCMC is a Bayesian
statistical technique that samples parameters according
to a stochastic algorithm that converges on the poste-
rior probability distribution of parameters, combining
information from the likelihood and the posterior dis-
tributions [37]. By using the prior distribution properly,
this method can give a reasonable estimation even with
small sample sizes. Adopting this analysis allowed us
to calculate a more accurate estimated value with fewer
samples.

The Ikigai-9 [28] used in this study consisted of
the following three concepts: 1) optimistic and positive
attitude toward present living and life, 2) active and
positive attitude toward the future, and 3) recognition
of the meaning of self-existence. In general, rehabil-
itation and occupational therapy focus on long-term
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goals. Pessimism of goal achievability might therefore
be evidenced by high anxiety if the patient perceives a
high challenge level and a low skill level. Equally, if the
client judges that the goal has already been achieved (low
challenge with high skill), he or she may be less likely
to concentrate on an assigned activity. This relates to the
psychological phenomenon of “mind wandering” [38],
in which thoughts drift away from the task at hand and
onto unrelated thoughts, such as memories, thoughts
of the future, negative emotions, and misfortune [39].
Therefore, because the ACS-OT method focused on ac-
tivities adjusted to achieve a challenge—skill balance in
this study, it is possible that negative emotions and mind
wandering may have been reduced, increasing being
present or self-esteem. Since there was no significant
difference between the two groups in the comparison
on the contents of the selected activity, and tasks related
to the activities were set taking into consideration the
client’s condition (skill), it is unlikely that the difference
in the activities targeted for support affected the out-
comes of the two groups. We believe that the use of the
ACS-OT method has made it possible to support clients
more appropriately and has led to positive psychological
state.

We noted that the flow scale score did not differ
between the two groups. Given that the ACS-OT method
was based on the flow model, it is possible that clients in
this study did not reach the flow state experienced with
a high challenge—skill balance.

Regarding the FIM results, improvement was
observed for ADL before and after intervention in both
groups, but no significant difference was found be-
tween ACS-OT and normal occupational therapy. This
suggested that for ADL, it could not be concluded that
ACS-OT intervention was more effective than standard
occupational therapy. The reason for this was that im-
provement of ADL was one of the main objectives in
the recovery rehabilitation unit, and the improvement
of ADL was also shown in conventional occupational
therapy [40—42], it was considered that clear difference
was not reached even with ACS-OT.

A limitation of this research is that it was only a
controlled clinical trial. Therefore, we are planning a
randomized controlled trial to obtain more evidence in
the future (UMIN ID: UMIN000029505). Moreover, we
used the GLMM to estimate values in this study because
of the small number of subjects. Although we confirmed
the sampling accuracy, we would like to clarify the
effects of the ACS-OT method, including verification
of the validity of the Bayesian estimate, in a future ran-
domized controlled trial.
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Conclusion

In conclusion, this study showed that the ACS-OT
method could improve a client’s subjective QoL (i.e.,
ikigai) during recovery in a rehabilitation unit. Com-
bined with the results of previous studies [22, 23], this
method could have application in different areas of
occupational therapy.
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Abstract: We aimed to clarify intervention processes for facilitating patients’ living activities by understanding the
practical structure of home-based occupational therapy (OT). Study participants were occupational therapists with at
least three years of home-based OT experience. Data analysis was based on the grounded theory. For categorisation,
MAXQDA 10 was used to conduct continuous comparative analysis. Analysis resulted in the following categories: 1,572
text segments, 195 labels, 40 small categories, 15 medium categories and 6 large categories. The large categories were
(a) identifying unique living activities, (b) analysing and predicting living activities, (c) employing practices to confront
living activities, (d) creating an environment that fosters living activities, (¢) implementing independent living activities
and (f) co-operating to realise living activities. Occupational therapists used patients’ living spaces to support them in
terms of independently performing living activities, accumulating living activity experience in familiar homes and com-

munities.
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Introduction

Comprehensive community care systems are being
promoted in Japan to help elderly people live in familiar
communities for as long as possible [1]. The main ob-
jectives of comprehensive community care of the elderly
are to expand support for elderly people from a multi-
disciplinary, professional perspective that ensures the
continuity of elderly people’s unique lives through
improvements to social infrastructure. Occupational
therapists can contribute to sustainable community life
of the elderly by providing well-balanced approaches
to activities, opportunities to participate in the environ-
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ment, and supporting mental and physical functions [2].

In light of these circumstances, the Japanese As-
sociation of Occupational Therapists has proposed the
Management Tool for Daily Life Performance (MTDLP)
to the public as one approach that occupational ther-
apists can use in comprehensive community care [3].
Activities of daily living, work, hobbies and leisure
activities are designed to maintain self-care [4, 5]. The
MTDLP is a process tool for occupational therapists
that is intended to improve living activities of elderly
individuals living in the community.

Home-based occupational therapy (OT) contributes
to improving living activities at home and specifically
provides services that are congruent with a patient’s
lifestyle. The reported outcomes of home-based OT
are improvement of patients’ practical functions and
reduction of carer burden [6—8], as well as increased
social participation through interventions congruent with
patients’ interests and concerns [9, 10].

Home-based OT is therefore considered to be effec-
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tive at improving living activities [9]. Accordingly, our
objective in this study was to analyse the intervention
processes employed to enable patients in fulfilling living
activities by gaining an understanding of the practical
structure of home-based OT. We referred reference to
the theoretical framework of MTDLP to identify the
purpose of the intervention process. We expect our
findings to help standardise the process of facilitating
patients’ daily living activities and further expand the
scope of patient activities and participation.

Materials and Methods

Study Design

We used a qualitative design for this study. We
conducted interviews with experienced occupational
therapists and created a structural diagram—aiming to
present home-based OT as a storyline—that depicts the
co-operative building of daily living activity goals as
related to home-based OT.

Participant and Procedure Selection

This study’s participants were experienced occu-
pational therapists involved in home-based OT. They
were selected by requesting the names of occupational
therapists from the Japan Association of Home-Visit
Rehabilitation (in Japanese), and snowball sampling was
employed to select participants whenever a referral was
obtained from a director of OT. The participants were
occupational therapists with at least eight years’ experi-
ence after obtaining their therapist’s licences and at least
three years’ experience in home-based OT. The sample
size of a qualitative study varies depending on whether
or not theoretical saturation has been reached; thus, we
did not identify the sample size needed in this study [11,
12].

We created an interview survey and conducted
semi-structured interviews. To create a supportive
environment for the interviews, we informed the par-
ticipants of the study objectives and ensured them that
their stories would be confidential. To protect privacy,
we clarified in writing that the participants’ rights would
be respected. Translation from Japanese to English was
performed by experts in the translation of rehabilitation
information after generation of categories. Subsequently,
reverse translation from English to Japanese was per-
formed using translation software (MED-Trancer V12),
and transparency was confirmed. Backward translation
was repeated with healthcare professionals until the
correct meaning was obtained. The interviews involved
listening carefully to the participants’ answers to a list of
open-ended questions (Table 1), which was distributed
in advance, asking participants to freely answer. The

Table 1. Questions Included in the Semi-structured Interview.

1 Practice of home-based rehabilitation and unique viewpoint of
home-based OT
0 Please tell me the specific content that directly interfered with
the target person during the home-based OT.
o Please tell me anything specific to OT.
o Please tell us a unique perspective of home-based OT.
0 Any other practices of home-based OT
2 Intervention of OT with respect to the subjects
0 Please tell me about actual environmental adjustment and intro-
duction of welfare equipment.
O Please tell me specifically whether there is a point of view
unique to home-based OT.
0 Please tell me the role of home-based OT.
0 Any other approach of home-based OT

items in the interview list included (1) the participants’
unique viewpoints on home-based rehabilitation, (2)
outcomes of home-based OT, (3) environmental adjust-
ments and (4) open-ended questions. With the partic-
ipants’ consent, interview data were recorded using a
digital voice recorder. The recorded interview content
was transcribed verbatim.

Data analysis was conducted using the Grounded
Theory Approach [13]. In Japan, there are few empirical
data from previous studies on the subject of this study
and there is no hypothesis about it. Therefore, to clarify
the occupation structure, we first adopted a qualitative
research design. Labels were generated using the Steps
for Coding and Theorization (SCAT) [14], and coding
and continuous comparative analysis were conducted
sequentially, in conjunction with experienced instructors
in the field of health sciences, until opinions matched.
The labels obtained from SCAT were categorised ac-
cording to similarities; however, coding in this study
differed from that done in broad integration, such as in
SCAT, in that labels were assigned to each line. Labels
were named with gerunds, as recommended by Charmaz
(2014) [15].The study used the qualitative data analysis
software MAXQDA 10 (VERBI, GmbH, Berlin, Germa-
ny). The raw data were referred to, and the labels were
revised many times during their generation.

The Schnabel method was adopted for measuring
theoretical saturation [11]. This method can show the
capture rate from a rational perspective. Toyoda et al.
used the data capture rate as an indicator of the degree
of saturation [12]. To determine if theoretical sampling
had been achieved, the capture rate was calculated and
evaluated at the point when almost no new findings were
seen. Schnabel method evaluations were determined
on the basis of the relationship between the overall
labels obtained from SCAT and the labels obtained
from the last case. Category reliability was examined by
calculating the concordance rate, using Scott’s pi [16],
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Table 2. Characteristics of the nine interviewed occupational therapists.
Subject No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

Gender M M M F M F M M
Age (y) 40s 30s 30s 30s 30s 30s 40s 40s 50s
Mean OT experience (y) 19 15 8 16 11 16 14 30
Mean home-based OT experience (y) 16 14 7 4 11 6 7 20
Mean number of weekly home visits 20 20 22 24 2 23 20 1

Interview time (min) 48 112 74 60 79 91 84 60

M: male; F: female; OT: occupational therapy

which can verify the concordance rate corrected for con-
cordance arising from coincidence. A concordance rate
of 70% was deemed to ensure reliability in accordance
with a previous study [17].

Once the reliability of categorisation was con-
firmed, we created a structural diagram depicting the
relationship between categories. The structural diagram
was then used to create a storyline for the support pro-
cess of home-based OT.

Results

Theoretical saturation of data and establishment of
reliability

Two researchers were involved in data analysis.
First, we individually created the code and then com-
pared the codes to reach a consensus. The researchers
conducted the analysis with university faculty members
who have conducted doctoral programs in the field of
health care. In the interviews, from the seventh partici-
pant onwards, the interview content appeared to repeat
the same narrative. We therefore examined theoretical
saturation using the Schnabel method. We verified reli-
ability by confirming the capture rate with the Schnabel
method up to the ninth participant, who had 30 labels,
28 of which were the same as the overall labels and two
of which qualified as newly obtained labels, yielding a
capture rate of 94.5%. Since the capture rate exceeded
90%, theoretical saturation was deemed to be achieved
[16]. The nine participants comprised six men and three
women with a mean age of 35 (SD, +6.8) years, mean
OT experience of 15 (SD, £5.9) years, mean home-
based OT experience of 10.4 (SD, £4.9) years and a
mean of 15.5 (SD, £8.6) for number of weekly home
visits (Table 2).

The reliability of categories was verified using
Scott’s pi. Third parties were shown small categories
and asked to identify the middle category in which they
would place these small categories to confirm the con-
cordance rate with the analysts. The third parties includ-
ed a professor in health sciences, a qualitative researcher
and an occupational therapist not involved in qualitative

research. There were three third parties. They worked
in practical research in the field of OT and had more
than 8 years of experience in community medical care.
They included two men and one woman with a mean
age of 37 (SD, +6.4) years and mean home-based OT
experience of 14 (SD, +4.9) years. The concordance rate
according to Scott’s pi was at least 78.3% in all three
parties, which was deemed to indicate ensured reliability
[18].

Generation of categories for the process of realising
home-based OT

Categories were generated by conducting a con-
tinuous comparative analysis until opinions matched
those of experienced instructors in the field of health
sciences. The categories were coded by the researchers
who compared codes. Analysis generated the following
categories: 1,572 text segments, 195 labels, 40 small
categories, 15 medium categories and six large catego-
ries. The large categories consisted of (a) identifying
unique living activities, (b) analysing and predicting
living activities, (c) employing practices to confront
living activities, (d) creating an environment that fosters
living activities, (¢) implementing independent living
activities and (f) co-operating to realise living activities.
When the large categories were classified by type for
the realisation of living activities, they formed the (A)
co-operative building of living activity goals (a, b);
(B) practical building of living activities (c, d); and (C)
autonomous building of living activities (e, f) (Fig. 1).

Storylines of supportive techniques in co-operative
building of living activity goals

In the process of realising living activities in this
study, the category for the co-operative building of
living activity goals included (a) identifying unique
daily living activities and (b) analysing and predicting
daily living activities (Fig. 2). These practices were sup-
portive techniques forming the foundation for the prac-
tical building of daily living activities. The storylines of
each supportive technique are indicated as follows by
[...] for large categories, (...) for middle categories, “...”
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C) Autonomous building of living activities

e) Implementing independent

living activities

f) Cooperating to realise living
activities

&

B) Practical building of living activities

c) Employing practices to confront living
activities

d) Creating an environment that
fosters living activities

A) Co-operative building of living activity goals

a) Identifying unique living activities

b) Analysing and predicting living
activities

Fig. 1.

Practical structural diagram of home-based occupational therapy for the realisation of living activities.

(iii) Intervening in a way that
respects patients’ life roles

(i) Supporting living activities in
which patients are interested

(iv) Intervening in a way
that respects patients’
living habits

(viii) Judging the degree of patients’
suspension of living activities

(vii) Judging the degree of
patients’ awareness of
their own capabilities

(ix) Judging living tasks that
patients had not noticed

(a) Identifying unique living activities

(b) Analysing and predicting living activities

(v) Encouraging patients’
unique aspects

(x) Analysing behaviour so that patients
can engage in their lifestyle

(vi) Encouraging patients in living a
life that feels unique to them

(ii) Supporting living activities
that maintain patients’ unique
aspects

(xi) Analysing the environment so
that the patient can engage in
their lifestvle

(xii) Analysing the work that is

useful for patients to
perform in their lifestyle

+ 'Unique' is regarded as a person's unique world feeling. In this research, we were aware of the existence of a person's unique lifestyle and regard it as a breakthrough for a new life.
+ 'Autonomous' is regarded as the authority to make his/her own decisions independently. This research considers the person to have authority to independently decide to challenge life.
+ 'Adaptability' is regarded as the quality required in a constantly changing environment. This research observes the extent of ability recognised in a person's daily activities.

Fig. 2. Co-operative building of living activity goals set by occupational therapists and patients.

for small categories and °...” for raw data.

a) Storyline for identifying unique living activities
[Identifying unique living activities] involved ((1)
providing support to realise unique living activities)
to encourage living activities in which patients are
interested and to ensure that interest can be maintained.
Occupational therapists also gained an understanding
of life roles and habits followed by ((2) intervening in
a way that respects these unique habits and roles). Fur-
thermore, occupational therapists gained an understand-
ing of the living situations of patients and encouraged

patients to embrace the feeling of living in that situation
so as to ((3) encourage a unique way of living).

In ((1) providing support to realise unique living
activities), occupational therapists supported patients in
actualising their own living activities by “(i) supporting
living activities in which patients are interested” while
“(ii) supporting living activities that maintain patients’
unique aspects”. For example, an occupational therapist
responsible for a patient who was a Japanese dance
teacher focused on daily living activities in which the
bedridden patient was interested, thereby revealing that
patient’s unique lifestyle. In their story, the occupational
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therapist described how ‘the patient talked about creat-
ing a form of Japanese dance that could be done sitting
down and actually created this form of dance’. This
‘greatly changed the patient’s lifestyle’.

In ((2) intervening in a way that respects these
unique habits and roles), occupational therapists sup-
ported patients in experiencing a unique lifestyle by
“(ii1) intervening in a way that respects patients’ life
roles” while also “(iv) intervening in a way that respects
patients’ living habits”. For example, an occupational
therapist of a patient with incomplete tetraplegia from
a neck tumour supported the patient in living activities
tailored to his lifestyle. In their story, the occupational
therapist described how they ‘walked together, during
working hours, covering the 800-m distance from the
patient’s workplace to his house’.

In ((3) encouraging a unique way of living),
occupational therapists supported patients through inter-
vention by “(v) encouraging patients’ unique aspects”
more at home and “(vi) encouraging patients in living a
life that feels unique to them”. This involved supporting
patients so that they could perform their own individual
routines and live unique lifestyles in their familiar
homes. Occupational therapists intervened by surmising
how beneficial it is for the patient to live in his/her
home. In one of the stories, an occupational therapist
described how ‘it is natural to intervene in a way that
allows one to feel that the person is living’.

b) Storyline for analysing and predicting living activities

[Analysing and predicting living activities] in-
volved ((4) evaluating patients’ self-awareness of living
activities) to gain an understanding of their awareness
of their own capabilities while ((5) analysing patients’
adaptability to living activities) to ascertain the degree
of engagement in living activities and predict patients’
future living activities.

In ((4) evaluating patients’ self-awareness of living
activities), occupational therapists used “(vii) judging
the degree of patients’ awareness of their own capabil-
ities” to gain an understanding of patients’ self-aware-
ness of their own capabilities and used “(viii) judging
the degree of patients’ suspension of living activities”
to ascertain the living activities from which patients
were turning away. Occupational therapists also used
“(ix) judging living tasks that patients had not noticed
to analyse living activities that patients were unable to
recognise. Occupational therapists evaluated patients’
adaptability to living activities. In one of the stories, an
occupational therapist described how ‘patients play a
large role in identifying needs of which they are not yet
aware’.

In ((5) analysing patients’ adaptability to living ac-
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tivities) in home-based OT, occupational therapists used
“(x) analysing behaviour so that patients can engage in
their lifestyle” to gain an understanding of the patient’s
lifestyle and used “(xi) analysing the environment so
that patients can engage in their lifestyle” to ascertain
the patient’s situation. Occupational therapists also
used “(xii) analysing work that is useful for patients to
perform in their lifestyle” to analyse activities that can
contribute to maintaining their lifestyle. Occupational
therapists therefore analysed patients’ adaptability to a
different lifestyle. In one of the stories, an occupational
therapist remarked, ‘If a patient in a wheelchair wishes
to visit a golf course and grasps and swings a golf club, |
would check the balance and swing, taking into account
the environment of the golf course’. This was linked to
the next step, ‘I was able to listen to the patient’s stories
about where they went and what they did the week
before’.

Discussion

“Identifying unique living activities” and “Analys-
ing and predicting living activities” were based on the
co-operative building of living activity goals. Practising
support for patients in confronting living activities
identified a structure in which patients carry the ability
to autonomously lead their own lives. Occupational
therapists used patients’ living spaces to support them
in performing their own living activities, accumulating
living activity experience, and engaging in living activi-
ties independently.

Christiansen (1999) [19] argued that occupation
expresses and identifies an individual’s identity. In other
words, it is estimated that a lot of personal experiences
are accumulated in the living activities at home. In the
current report, “identifying unique living activities” is
understood in the context of co-operative building of
daily activity goals in home-based OT, and intervention
appears to focus on encouraging patient uniqueness and
their sense of living a unique lifestyle. Furthermore, in
“identifying unique living activities” in home-based OT,
occupational therapists directly intervene in patients’
lifestyles, which indicates an interventional structure
wherein evaluation and support take place simultaneous-
ly in OT.

Meanwhile, when patients lack experience in en-
gaging in daily living activities because of an illness or
disorder, they have no opportunities to recognise their
own capabilities and may stop performing living activi-
ties at home [20]. Home-based OT involves “analysing
and predicting living activities” to gain an understanding
of patients’ self-awareness of living activities, which
may serve to prevent the suspension of living activities.
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Furthermore, occupational therapists evaluated patients’
self-awareness of living activities to analyse and predict
patients’ adaptability to living activities. This suggests
that occupational therapists predict patients’ future
living activities on the basis of the degree of living ac-
tivity recognition and adaptability of patients.

In addition, occupational therapists promote
occupational engagement of patients [2, 21]. This is
presumed to be a challenge for patients themselves. This
involves “identifying unique living activities” and “ana-
lysing and predicting living activities” to analyse adapt-
ability to living activities and encourage motivation in
patients. In the practice of home-based OT, conventional
behavioural and environmental analyses and analyses of
work that is useful to patients’ lifestyles are conducted
to examine opportunities to motivate patients. Patients
are consequently thought to willingly engage in living
activities.

The MTDLP includes confirmation, analysis and
prognosis of living behaviour. Our findings indicated
that providing support to realise unique living activities,
intervening in a manner that respects these unique habits
and roles and encouraging a unique way of living are in-
fluential factors in the identification of living activities.
Evaluating patients’ self-awareness of living activities
and analysing their adaptability to living activities were
identified to affect the analysis and prediction.

In other words, home-based OT has no fixed way as
many personal experiences of patients are accumulated.
Occupational therapists suggested that it is important to
collaboratively explore the patient’s unique living activ-
ities.

Conclusions

The process of facilitating daily living activities in
elderly individuals living in the community is supported
by home based occupational therapists. Therefore, the
practices of experienced occupational therapists respect
the uniqueness of patients, and the process of cooper-
atively building goals with occupational therapists ap-
pears to allow patients to autonomously perform living
activities.

By this research, interventions for occupational
therapists working in elderly people and communities
to maintain and improve daily living functions make the
current state of their daily activities visible, and show
the daily activities to be tackled along with their abili-
ties. In other words, it is inferred that it is adapting the
living act within the range that the elderly knows.

In this study, the viewpoint of occupational therapy
realised the living behaviour of the patient. However,
we could not judge whether we responded to our own

emotions and feelings in this research nor show the rela-
tionship with patient intention.

In the future, according to the process of this
research, we need to develop a questionnaire and a
checklist as indicators and examine the viewpoint of
occupational therapy.
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Abstract: Objective: The present study aimed to investigate the complex interaction of factors affecting discharge des-
tination after the acute phase of stroke.

Methods: In 304 patients with stroke who required rehabilitation, we focused on three discharge destinations (i.e.,
home, convalescent rehabilitation ward, and other facility). Sociodemographic, medical, and acute symptoms data,
within the first week of stroke onset and discharge destination, were collected from acute stroke wards. The complex
interaction of factors relating to discharge destination from an acute stroke ward was investigated by classification and
regression tree analysis.

Results: Patients with a total Functional Independence Measure (FIM) score > 35, a Brunnstrom recovery stage of the
lower limb >V, and a comprehension FIM score > 5 had a 91.7% chance of home discharge. By contrast, patients with
a total FIM score < 35, age < 79.5 years, and > 2.5 family members had an 80% chance of discharge to a convalescent
rehabilitation ward. Finally, patients with a total FIM score < 35, age > 79.5 years, and an expression FIM score < 3 had
a 78.6% chance of discharge to other facilities.

Conclusion: The interaction of independence on FIM, function of the paralyzed lower limb, age, number of family
members, and comprehension or expression function affect the choice of discharge destination from acute stroke wards.

Keywords: rehabilitation, stroke, prediction, discharge destination, classification and regression tree

Introduction

Discharge planning is important for patients after
acute stroke to ensure that medical resources are used
effectively through appropriate rehabilitation planning
[1, 2]. Acute care hospitals typically determine discharge
destinations on the basis of a patient's initial status at
hospitalization, with home, convalescent rehabilitation
ward, other hospital, or long-term care facility being
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the main options. Prediction of discharge destination at
an early stage is necessary for implementing effective
occupational therapy for patients with acute stroke. A
previous study has reported that improved prediction of
discharge destination could shorten acute stays, improve
outcomes, and reduce treatment costs [3]. Therefore,
a patient’s discharge destination should be considered
soon after admission [2, 4].

The rehabilitation team plays a key role in evaluat-
ing activity limitations and rehabilitation tolerance, and
they are therefore important for determining discharge
destinations [5]. Especially, occupational therapists are
required to be involved in determining discharge des-
tinations in the rehabilitation team because they are
responsible for supporting patients’ activities and social
participation. In general, stroke rehabilitation in Japan
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is delivered in acute, convalescent, and maintenance
phases [6]. During the acute phase in acute care settings,
rehabilitation aims to encourage compensatory functions
in the cerebrum to restore the functional impairment
while preventing disuse syndromes [6]. Once this phase
has passed, patients enter the convalescent phase. If
further improvement of function can be expected, these
patients undergo intensive rehabilitation in convalescent
rehabilitation wards until they are discharged from
hospital [6]. The main purpose of rehabilitation in the
maintenance phase is to maintain the acquired functions,
activities, and social participation for as long as possi-
ble. In the maintenance phase, patients use home-visit
rehabilitation or facility services, such as the welfare
facilities for the elderly requiring long-term care, in
long-term care insurance system. However, patients are
often discharged to their homes after using the rehabil-
itation of facility service in the health care facilities for
the elderly requiring long-term care.

Discharge destination after acute stroke has been
reported to be predicted by many factors, including
age, race, gender, medical complications/comorbidities,
neurological complications, and environmental and
socioeconomic factors [4]. In particular, younger age
has been identified as a significant factor for being
discharged home [7-9]. High scores on Functional In-
dependence Measures (FIM) of activities of daily living
(ADL) at admission have also been associated with
home discharge versus discharge to other settings [10].
Indeed, functional dependence of ADL on admission is
considered the most important determinant of discharge
destination by some researchers [7, 11, 12], though the
number of family members and the marital status have
also been associated with better chances of being dis-
charged home [11, 13]. Thus, the choice of discharge
destination is influenced, not by a single factor, but by
a combination of factors [2], that has yet to be clarified.
This is further confounded by the fact that many previ-
ous studies on discharge destination after acute strokes
have used dichotomous categories (i.e., home versus
other facilities) [2, 9, 13—15], limiting their usefulness.
That is, the dichotomous categories of discharge destina-
tion can predict patients who are likely to be discharged
home, but cannot predict patients who are likely to be
transferred to convalescent rehabilitation ward.

In Japan, there is a need to develop appropriate
decision-making policies for discharge planning to con-
valescent rehabilitation wards, other hospitals, or long-
term care facilities. Moreover, this needs to be applica-
ble in the acute phase of stroke. Therefore, we aimed
to investigate the complex interaction of factors that
influence discharge destination after acute stroke, fo-
cusing specifically on discharge to home, convalescent

rehabilitation wards, or other facilities. Furthermore,
we aimed to analyze the combinations of related factors
of discharge destination in clinically useful method
(decision tree analysis). This information could be used
by not only professionals in acute stroke ward, such as
medical doctor, occupational therapists and physical
therapists, but also patients and family members to
facilitate discharge planning as early as possible during
hospitalization. Furthermore, by being able to predict
discharge destination, the problems of ADL of patients
and the needs of patients and their families will become
concrete, and the goal of occupational therapy can be set
more clearly. In other words, the prediction of discharge
destination enables more effective occupational therapy
program and environment adjustment (including welfare
equipment) of the living situation in the acute phase of
stroke. Moreover, by the early decision of the discharge
destination, collaboration between acute care ward
and post-discharge institution becomes possible from
the early stage; therefore, occupational therapists can
adjust necessary service contents and support system for
patients, and seamlessly provide necessary occupational
therapy to patients after discharge.

Materials and Methods

We enrolled patients admitted to the Takeda
General Hospital with a diagnosis of stroke who were
prescribed rehabilitation therapy between July 2014 and
June 2016. For inclusion, patients were required to be
aged >20 years and to have their initial rehabilitation
assessment conducted within 1 week of symptom onset.
We excluded patients who died or had missing data.
All enrolled patients were required to provide written
consent for participation and were given an opportunity
to refuse to participate in the study.

Takeda General Hospital is a certified Aizu Com-
munity-Based Rehabilitation Center in the Fukushima
prefecture that has 897 hospital beds and offers multi-
disciplinary care for cerebrovascular disease [16]. The
rehabilitation team consisted of a neurologist, a rehabili-
tation physician, an occupational therapist, a physiother-
apist, a speech therapist, a nurse, and a social worker.
Multidisciplinary team meetings were conducted weekly
to discuss rehabilitation and discharge planning (includ-
ing destination). During these meetings, the occupation-
al therapists were asked by the doctors about the ADL
goal based on functional prognosis. Furthermore, based
on the results of the initial evaluation and the needs of
patients and their families, occupational therapists were
asked for opinions on the place of transference and the
required services when performing patient’s acute post-
rehabilitation. Based on the information collected at
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these meetings, the support staff creates a patient’s dis-
charge plan.

This study protocol was reviewed and approved
by the Ethics Committee of Tohoku Fukushi University
(RS14071106).

Occupational therapists collected all sociodemo-
graphic and medical data, such as age, sex, number
of family members, dominant hand, type of stroke,
affected side, and the history of illness. Furthermore,
occupational therapists assessed the acute symptoms
of stroke patients within the first week of symptom
onset, as follows: consciousness [Japan Coma Scale
(JCS) score] [17], upper limb function [Brunnstrom
recovery stage (BRS) for the upper limb] [18], lower
limb function (BRS for the lower limb) [18], sensation
in the upper and lower limbs, upper and lower limb joint
range of motion, limb and trunk ataxia, agnosia, apraxia,
aphasia, hemianopia, trunk control test [19], Functional
Ambulation Categories classification [20], cognitive
function [Hasegawa Dementia Scale—Revised (HDS-R)
score] [21], and ADL (using the FIM) [22]. Moreover,
evaluation in case of severe consciousness disorder was
objectively evaluated based on the fact that it was con-
firmed by each test of the acute symptoms in principle.
However, in particular, those with a consciousness level
of 100—300 in JCS were rated as 0 in HDS-R. BRS was
evaluated based on reactions that could be confirmed by
palpation and observation scenes, and the sensation was
mainly evaluated through a response by pain stimulus.
Finally, we identified the discharge destination from the
acute care ward.

Statistical analysis

Subjects were divided into three groups based
on discharge destination (i.e., home, convalescent
rehabilitation ward, or other facilities). Differences in
sociodemographic profiles, medical profiles, and acute
symptoms were tested among these groups by one-way
analysis of variance for continuous variables or by the
Kruskal-Wallis and chi-squared test for categorical
variables. All statistical analyses were performed using
the IBM SPSS Version 25.0 (IBM Corp., Armonk, NY,
USA). The level of statistical significance was set at
a p-value of < 0.05. Descriptive data are presented as
numbers (percentages) or as means + standard devia-
tions (SDs).

Classification and regression tree (CART) analysis
was used to investigate the complex interaction of
factors related to discharge destination in the previous
analyses. Binary trees were used to split predictor
variables recursively with yes/no questions about each
variable [23]. The CART algorithm produced a tree from
the root by selecting the best predictor variable, defined
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as that with the lowest Gini index value as an internal
node [24]. We specified a growing depth of three with
the parent node having at least 10 subjects and a child
node having at least three subjects [25]. The partition-
ing process was recursively applied until the stopping
criteria were fulfilled or splitting was impossible [24].
Additionally, we performed a 10-fold cross-validation
in which we randomly divided data into 10 groups (nine
used to build and one used to validate the model) [26].
The sample size of this study was based on the previous
study that used a CART analysis [27] because it is dif-
ficult to determine the number of samples required for
a study on the interaction of factors affecting discharge
destination after the acute phase of stroke using CART
analysis.

Results

In total, 414 patients were enrolled during the study
period, from which we excluded 110 patients (12 died
and 98 had missing data). Consequently, our final analy-
sis included 304 patients. The mean time to assessment
from symptom onset was 1.4 + 1.2 days. The mean age
was 78.5 = 11.7 years, and the male to female distribu-
tion was similar (154 men and 150 women). Approxi-
mately 75% of patients had suffered cerebral infarctions.
Histories of stroke and hypertension were present in
36.2% and 62.8%, respectively, and approximately 60%
of patients had a history of circulatory disease. The
mean HDS-R score was 12.8 + 11.4, and the mean FIM
score was 44.0 = 25.2. The clinical characteristics of
the patients are summarized by discharge destination in
Table 1.

Among the 304 patients, 102 (33.6%) were dis-
charged home, 107 (35.2%) were transferred to a
convalescent rehabilitation ward, and 95 (31.3%) were
transferred to other facilities. Concerning the socio-
demographic and medical profiles, there were significant
differences in the age, sex, number of family numbers,
and history of mental and behavioral disorders among
groups based on discharge destination. There were also
significant differences in all acute symptoms except for
trunk ataxia, apraxia, and hemianopia. Finally, signifi-
cant differences were present for all FIM scores, except
for stair climbing (Table 2).

In the CART analysis, the total FIM score (> 35
or < 35) was identified as the single best discriminator
of discharge destination (Fig. 1). Patients with a total
FIM score > 35, a BRS of the lower limb >V, and an
FIM comprehension score > 5 had a 91.7% probability
of home discharge. Moreover, patients with a total FIM
score > 35, a BRS of the lower limb <V, and an FIM
motor score > 44 had an 81.2% probability of home
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Table 1. Characteristics of the study subjects (n = 304)

Discharge destination from acute care ward

Variables Home Copyal@scent Other facilities P value
(n=102) rehabl]lt_atlon ward (n =95)
(n=107)

Age, years, mean = SD 75.4+12.1 75.3+£10.7 85.6+£9.3 <.001
Female, n (%) 47 (46.1) 46 (43.0) 57 (60.0) .039
Number of family members, mean = SD 32+1.8 28+1.7 24+1.8 .007
Dominant hand side (right), n (%) 102 (100) 105 (98.1) 94 (98.9) 392
Type of stroke (ischemic/ hemorrhage), n (%) 84 (82.4)/18 (17.6)  74(69.2)/33 (30.8) 69 (72.6)/26 (27.4) 165
Paralyzed side (right), n (%) 45 (44.1) 59 (55.1) 58 (61.1) .052
History of illness, n (%)

Stroke 34 (33.3) 39 (36.4) 37 (38.9) 713

Hypertension 62 (60.8) 67 (62.6) 62 (65.3) .808

Heart disease 29 (28.4) 32(29.9) 33 (34.7) .608

Hyperlipidemia 15 (14.7) 21(19.6) 13 (13.7) 463

Diabetes mellitus 24 (23.5) 32(29.9) 17 (17.9) 135
Japan Coma Scale, n (%)

Grade 0, Normal 59 (57.8) 26 (24.3) 6(6.3) <.001

Grade 1, Single digit 37 (36.3) 61 (57.0) 47 (49.5)

Grade 2, Double digits 6(5.9) 17 (15.9) 30 (31.6)

Grade 3, Triple digits 0 (0) 3(2.8) 12 (12.6)

BRS of the upper limb, n (%)

I 2(2.0) 6(5.6) 16 (16.8) <.001

I 4(3.9) 28 (26.2) 28 (29.5)

111 6(5.9) 18 (16.8) 15 (15.8)

v 11 (10.8) 20 (18.7) 16 (16.8)

\Y% 26 (25.5) 22 (20.6) 12 (12.6)

VI 53 (52.0) 13 (12.1) 8(8.4)

BRS of the lower limb, n (%)

I 3(2.9) 4(3.7) 13 (13.7) <.001

I 3(2.9) 22 (20.6) 25(26.3)

I 5(4.9) 13 (12.1) 14 (14.7)

v 5(4.9) 24 (22.4) 19 (20.0)

A% 32 (31.4) 33(30.8) 16 (16.8)

VI 54 (52.9) 11 (10.3) 8(8.4)

Sensation of the upper limb, n (%)

Deficit 36 (35.3) 54 (50.5) 55(57.9) .006
Sensation of the lower limb, n (%)

Deficit 30 (29.4) 53 (49.5) 53 (55.8) <.001
ROM of the upper limb, n (%)

Deficit 6(5.9) 11 (10.3) 21 (22.1) .002
ROM of the lower limb, n (%)

Deficit 7(6.9) 9(8.4) 18 (18.9) .014
Ataxia of limbs, n (%)

Presence 5(4.9) 14 (13.1) 3(3.2) .013
Ataxia of trunk, n (%)

Presence 2(2.0) 7 (6.5) 1(L.1) .060
Agnosia, n (%)

Presence 4(3.9) 15 (14.0) 16 (16.8) 011
Apraxia, n (%)

Presence 2 (2.0) 6 (5.6) 4(4.2) .395
Aphasia, n (%)

Presence 11 (10.8) 25 (23.4) 31 (32.6) .001
Hemianopia, n (%)

Presence 9 (8.8) 7 (6.5) 11 (11.6) 454
Trunk control test, mean + SD 69.2 +37.0 33.4+379 12.7+£26.2 <.001
Functional Ambulation Categories, mean + SD/median (range) 1.6 £ 1.6/2.0 (0-3) 0.3 +0.8/0.0 (0-0) 0.2+0.6/0.0 (0-0) <.001
HDS-R scores, mean + SD 19.3+99 14.3+£10.8 42475 <.001

BRS: Brunnstrom recovery stage; ROM: Range of motion; HDS—R: Hasegawa Dementia Scale—Revised; SD: standard deviation.
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Table 2. The Functional Independence Measure scores by discharge destination
Discharge destination from acute care ward
Variables Home Copyalt_:scent Other facilities P value
(n=102) rehablht_atlon ward (n=95)
(n=107)
Eating, mean = SD/median (range) 4.3+2.2/5(1-6) 2.6 +£2.0/1 (1-5) 1.5+1.4/1(1-1) <.001
Grooming, mean + SD/median (range) 3.1£2.1/3 (1-5) 1.5+1.2/1 (1-1) 1.2+£0.8/1 (1-1) <.001
Bathing, mean + SD/median (range) 22+ 1.7/1 (1-4) 1.2+0.6/1 (1-1) 1.1 +£0.5/1 (1-1) <.001
Dressing upper body, mean + SD/median (range) 2.3+£1.5/1(1-4) 1.4+ 0.8/1 (1-1) 1.1+£0.5/1 (1-1) <.001
Dressing lower body, mean + SD/median (range) 2.5+ 1.8/1(1-4) 1.4+0.9/1 (1-1) 1.1£0.5/1 (1-1) <.001
Toileting, mean + SD/median (range) 3.3+£2.3/4(1-5) 1.6 £1.3/1 (1-1) 1.2+0.8/1 (1-1) <.001
Bladder management, mean = SD/median (range) 3.9+2.8/3.5(1-7) 1.9+ 1.7/1 (1-2) 1.2+ 1.1/1 (1-1) <.001
Bowel management, mean = SD/median (range) 3.9+28/4(1-7) 2.1£2.0/1 (1-2) 1.2+ 1.1/1 (1-1) <.001
Transfers to bed/chair/wheelchair, mean + SD/median (range) 3.4+£2.1/4(1-5) 1.7+ 1.3/1 (1-2) 1.2+0.8/1 (1-1) <.001
Transfers to toilet, mean + SD/median (range) 34+£2.1/4(1-5) 1.7+ 1.3/1 (1-1) 1.2+0.9/1 (1-1) <.001
Transfer to tub/shower, mean = SD/median (range) 1.24+0.9/1 (1-1) 1.0+ 0.3/1 (1-1) 1.0+ 0.0/1 (1-1) .029
Walking or wheelchair propulsion, mean + SD/median (range) 2.1+ 1.7/1 (1-4) 1.1+0.6/1 (1-1) 1.1+0.6/1 (1-1) <.001
Stair climbing, mean + SD/median (range) 1.0£0.1/1 (1-1) 1.0 £0.0/1 (1-1) 1.0+ 0.0/1 (1-1) 372
Comprehension, mean + SD/median (range) 5.6+ 1.8/7(5-7) 4.7+2.0/5 (3-6) 2.5+ 1.72 (1-4) <.001
Expression, mean + SD/median (range) 5.7+ 1.8/6 (5-7) 4.5+2.1/5(3-6) 2.4+1.8/2(1-3) <.001
Social interaction, mean = SD/median (range) 5.7+2.2/7(6-7) 4.9£2.6/6 (1-7) 2.6 £2.5/1 (1-5) <.001
Problem solving, mean + SD/median (range) 4.7+2.6/6 (1-7) 3.3+£2.5/1(1-5) 1.7+ 1.6/1 (1-1) <.001
Memory, mean = SD/median (range) 5.0£2.2/6 (3-7) 4.0+2.2/3 (2-6) 1.9+ 1.6/1 (1-2) <.001
Motor FIM Score, mean + SD/median (range) 36.7+19.9/36.5 20.1 £10.9/14 15.0+7.9/13 < 001
(16-56) (13-24) (13-13)
Cognitive FIM score, mean = SD/median (range) 26.7+9.7/32 21.3+9.6/22 11.0+7.7/8 < 001
(18.8-35.0) (14-30) (5-14)
Total FIM score, mean = SD/median (range) 63.4+27.3/64.5 41.3+£17.1/39 26.1 +13.3/21 <001
(38.8-89.0) (27-51) (18-27)

FIM: Functional Independence Measure; SD: standard deviation.

discharge, whereas those with a total FIM score < 35,
age < 79.5 years, and with > 2.5 family members had
an 80% probability of discharge to a convalescent reha-
bilitation ward. Finally, patients with a total FIM score
< 35, age > 79.5 years, and FIM expression score < 3
had a 78.6% probability of discharge to other facilities
(e.g., long-term care). The 10-fold cross-validation
showed that the outcomes of 61.5% of the patients were
correctly predicted by the CART analysis.

Discussion

CART analysis indicated that functional ADL status,
lower limb function, and comprehension ability at
admission were most strongly associated with home
discharge. Of note, the total FIM score at admission
(> 35 or < 35) was the best predictor of discharge des-
tination. A total FIM score of 35 points is almost at the
level of total or maximal ADL assistance, indicating that
complete dependence of ADLs (i.e., a total FIM score
< 35) at the initial assessment within 1 week of stroke
onset made home discharge very unlikely. By contrast,
when patients with a total FIM score > 35 had retained

lower limb function (BRS of the lower limbs > V) and
comprehension (FIM comprehension score > 5), home
discharge was more likely. Therefore, we recommend
that occupational therapists use these results as clinical
indicators and thresholds for determining discharge des-
tination.

A BRS of the lower limb of VI implies normal
muscle tone and control [28], and an FIM compre-
hension score > 5 implies independence level [29].
After a stroke, patients are usually forced to rest in
bed for medical treatment despite having functional
ability. However, under conditions where ADLs were
restricted, home discharge was the most likely, in our
cohort, in case of BRS of the lower limbs >V and FIM
comprehension score > 5. Home discharge was also
highly probable if patients with a total FIM score > 35
and a BRS of the lower limb < V (i.e., apparent motor
paralysis) had an FIM motor score > 44. Despite the
poor BRS, patients with an FIM motor score > 44 can be
expected to have relatively mild motor paralysis of the
lower limbs because the average FIM motor score was
36.7 = 19.9 in the home discharge group.

When the FIM motor score reaches the 40-point



32 CLINICAL INDICATORS AND THRESHOLDS AFFECTING DISCHARGE DESTINATION

Home 33.6 % (n=102)
&gxgblhtatlon 352 % (m=107)
Other facilities 31.2 % (n=95)

Total FIM score

Other facilities 56.8 % (n=84)

<35
|
Home 13.5 % (n=20)
Rehabilitation g 7 oy (n=44)
ward ’

<795

>79.5

Age

>35

e

Home 52.6 % (n=82)
&Z?gbﬂltatmn 40.4 % (n=63)

Other facilities 7.1 % (n=11)

<V >V
7’7 BRS of the lower limb

<25

Home 18.2 % (n=8)

Rehabilitation 59 | of (n=26)
ward

Other facilities 22.7 % (n=10)

Home 11.5 % (n=12)

&g?gbilitation 173 % (n:18)
Other facilities 71.2 % (n=74)

Home 32.2 % (n=29)

&S?(?bilitation 60.0 % (n=54)

Other facilities 7.8 % (n=7)

80.3 % (n=53)
Rehabilitation |3 ¢ o, (a="9)
ward

Home

Other facilities 6.1 % (n=4)

>25

<44

Motor FIM Score

> 44

r Number of family members

Home 16.7 % (n=14)
5§?§b111tat10n 41.7 % (@=10)

Home 20.0 % (n=4)
Rehabilitation 80.0 % (n—16)
ward

Home 21.6 % (n=16)
Rehabilitation 68.9 % (a=51)
ward

Home 81.2 % (n=13)
&;?gblhtatmn 18.8 % (n=3)

Rehabilitation 11.9 % (s=10)
ward

Other facilities 78.6 % (n=66)

&g}lgblhtatwn 40.0 % (n=8)

Other facilities 40.0 % (n=8)

&g?gbmtatwn 27.8 % (n=5)

Other facilities 22.2 % (n=4)

Other facilities 41.7 % (n=10)  ||Other facilities 0.0 % (n=10) Other facilities 9.5 % (n="7) Other facilities 0.0 % (n=0)
<3 " < .
- FIM expression -3 - ’57 FIM Comprehension ;5\
Home 9.5 % (n=8) Home 20.0 % (n=4) Home 50.0 % (n=9) Home 91.7 % (n=44)

Rehabilitation g 3 0, (n=4)
ward

Other facilities 0.0 % (n=0)

BRS: Brunnstrom recovery stage; FIM: Functional Independence Measure; Rehabilitation ward: Convalescent rehabilitation ward.

Fig. 1. Classification and regression tree for discharge destination after the acute phase of stroke
Patients with a total FIM score > 35, a BRS of the lower limb >V, and an FIM comprehension score > 5 had a 91.7%
probability of home discharge. Patients with a total FIM score > 35, a BRS of the lower limb <V, and an FIM motor
score > 44 had an 81.2% probability of home discharge, whereas those with a total FIM score < 35, age < 79.5 years,
and with > 2.5 family members had an 80% probability of discharge to a convalescent rehabilitation ward. Patients with
a total FIM score < 35, age > 79.5 years, and FIM expression score < 3 had a 78.6% probability of discharge to other

facilities (e.g., long-term care).

level, it has been reported that other items of the motor
FIM indicate less than moderate assistance, except for
items related to bathing (bathing and transfer to tub/
shower) and locomotion (walk or wheelchair) [30].
Eating, bladder management, and bowel management
are considered the easiest of the FIM motor items,
whereas walking or wheelchair use, tub/shower transfer,
using stairs, and bathing are the most difficult [31]. The
results of the present study are consistent with these
studies [30, 31]. On the other hand, bathing-related
activity and locomotion are highly likely to reduce the
amount of assistance needed through welfare equipment
and social resources [30]. Therefore, patients with 40 or
more FIM motor points are likely to be discharged home
[30]. Occupational therapists should conduct a detailed
assessment of each activity of ADL, and it is important
to carry out environmental interventions using assistive
devices or welfare equipment from the acute stage.
Additionally, if necessary, various services and social

resources should be utilized.

When patients had a total FIM score < 35, were
aged < 79.5 years, and had > 2.5 family members, the
chance of discharge to a convalescent rehabilitation
ward increased. This suggested that, even if the ADL at
stroke onset indicated the need for full assistance, there
remained a high probability of transfer to a convalescent
rehabilitation ward if the patient was younger than 79.5
years and had three or more family members. Patients
are expected to improve further when admitted to a
convalescent rehabilitation ward [6]. Previous studies
have also shown that a patient’s age and the number of
family members were related to home discharge [7-9].
Our data indicate that transfer to a convalescent reha-
bilitation ward may be more appropriate in this group,
with the ultimate goal being home discharge. Moreover,
patients with a total FIM score > 35, a BRS of the lower
limb <V, and an FIM motor score < 44 had approxi-
mately a 70% chance of discharge to a convalescent
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rehabilitation ward. Requiring moderate to maximal as-
sistance in the total FIM at stroke onset, excluding items
related to bathing and locomotion, may predict recovery
in future rehabilitation.

Factors associated with discharge to other facilities,
such as other hospitals or long-term care facilities,
were near-total assistance on the ADL assessment, age
80 years or over, and the need for more than moderate
assistance with expression. This suggests that not only
motor function but also cognitive function must be
severely impaired for patients to be discharged to other
facilities. In clinical practice, even if there is severe
dysfunction at onset, patients can recover function in
the future, and patients with family support at home are
often first transferred to a convalescent rehabilitation
ward. Although severe disability makes home discharge
difficult, there are cases in which it may remain possi-
ble, such as when there is adequate support from family
and welfare services. The results of this study were
consistent with those of previous studies [11].

Several studies have been done using regression
analysis to predict discharge destinations after stroke
[7-11, 13], but few have used CART analysis. For ex-
ample, Falconer et al. used CART analysis to show that
independence in toilet management, bladder manage-
ment, and toilet transfer, as well as adequacy of financial
resources, affected the outcomes of patients after stroke
[27]. Furthermore, El-Solh et al. reported that several
variables predicted the discharge destination of stroke
patients in post-acute geriatric rehabilitation units. These
were as follows: age; preadmission living environment;
nursing severity index; cardiac, musculoskeletal—integ-
ument, and lower gastrointestinal symptoms; toileting
transfer; and toilet management [32]. By using signal
detection analysis, Miyamoto et al. also showed that
ADLs, key person preference, age, gender, route taken
to hospitalization, residence before hospitalization, and
diagnosis of dementia were significant predictors of dis-
charge destination [2]. Even though there are differences
in the methods of analysis, the variables associated
with discharge destination tend to be the same in these
studies. However, because CART analysis can provide a
model diagram (e.g., Fig. 1) of the complex interaction
of factors relating discharge destination, it provides
more useful information for clinical reasoning compared
with logistic regression analysis. Furthermore, this study
showed multiple clinical indicators in the acute phase
of patients, who were expected long-term recovery and
eventually would be discharged to their home by placing
convalescent rehabilitation ward in the category of dis-
charge destination.

We believe that the present study would provide
useful information for occupational therapy practice
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in the acute phase of stroke. First, occupational thera-
pists will be able to concretely examine the priority of
patients’ daily life problems in the acute phase with a
long-term perspective, by using these clinical indicators
to make discharge predictions. Second, occupational
therapists will be able to more accurately conceptualize
the occupational therapy goals under discharge predic-
tion, taking into consideration the needs of patients and
their families, and as a result, it would be possible to
introduce interventions, not only viewpoints of physical
and cognitive functions but also activities, occupations
or environment adjustment in the acute phase. We be-
lieve that the goals of occupational therapy according to
patients’ future life are definitely reflected in the goals of
the acute rehabilitation team. Third, occupational ther-
apists will be able to communicate patients’ problems,
particularly with respect to the next stage after the acute
phase; i.e., occupational therapists are required to coor-
dinate service contents and support systems necessary
for patients in post-discharge institution, and the results
of this study are considered to be useful as appropriate
discharge plan in acute stroke patients. American Oc-
cupational Therapy Association (AOTA) recommends
that occupational therapy’s holistic approach should
focus on patient’s goals and integrate occupation-based
activities into the rehabilitation process of acute care
[33]. Moreover, AOTA also recommends that occupa-
tional therapists collaborate closely with other health
care professionals to create an interdisciplinary plan of
care and a coordinated and appropriate discharge plan
[33]. Therefore, the present study is believed to further
promote occupational therapists’ practices in the acute
phase of stroke.

Study Limitations

This study has several limitations. First, we only
included patients from one acute care ward, making it
is difficult to generalize our findings and making mul-
ticenter collaboration necessary in the future. Second,
previous studies have reported that it is desirable to
consider a patient's discharge destination soon after
symptom onset to screen for further interventions [2, 7].
However, predicting discharge as a short-term outcome
is not necessarily synonymous with predicting optimal
rehabilitation and long-term outcomes [34]. Given that
it has also been reported that outcomes should not be
predicted before day seven after a stroke [35], there
remains a need to confirm the optimal time at which
outcomes should be predicted. Third, we did not include
key background factors, such as household income,
housing conditions, and local community resources,
that are known to be important when making discharge
decisions. Verification of the role of these is needed in
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future research, aiming to determine whether their inclu-
sion produces different decision trees in CART analysis.
Finally, with regard to statistical analysis, because
there are many items to consider in this study, there are
concerns about the problem of multiple testing. Thus,
further verification is necessary in the future.

Conclusion

The findings of this study suggested that degree
of independence on the FIM, function of the paralyzed
lower limb, age, number of family members, and com-
prehension or expression function influence the choice
of discharge destination for patients from acute stroke
wards. However, further studies are needed to clarify
the clinical indicators that determine the likely discharge
destination from acute stroke wards. This is because
intervention of occupational therapists based on accurate
prognostic prediction in acute stroke rehabilitation is
extremely important for supporting patients’ activities
and social participation.
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Abstract: Background: Children with developmental disorders who require occupational therapy often show clumsi-
ness in handwriting (hereafter referred to as clumsy children). The quality of handwriting has been reported to be dete-
riorated in children who had physical function-related issues for using handwriting tools. However, to date there has not
been any clinical research to investigate the types and severity of deficits in physical function that influence the using
handwriting tools. Similarly, how the trends and the severity of problems in physical function affect the characteristics
of the results of handwriting task was previously unaddressed.

Objective: This study investigated the influence of characteristics of physical function on drawing performance and
drawing motion in clumsy children.

Method: Participants were healthy children and clumsy children enrolled in grades 2—6 of elementary school. The par-
ticipants’ drawing performance was evaluated using the triangle drawing task on a tablet personal computer. The partic-
ipants’ drawing motion was evaluated using the two-dimensional movement analysis device. The physical function of
clumsy children was evaluated using the clinical observational assessment.

Results: The largest stray distance, the range of speed and the difference of speed for the healthy child group by grade
and each clumsy child. The sway length ratio of the clumsy children differed from those of the healthy children group.
Clumsy children who exhibited poor drawing skills also had problems in posture maintenance, muscle condition, upper
limb coordination, and eye movement.

Conclusion: We found the influence of poor physical function on poor drawing and drawing motion in clumsy children.

Keywords: developmental disabilities, clumsy children, drawing performance, drawing motion, physical function

Introduction

Children with developmental disorders who require
occupational therapy often show clumsiness in writing
and drawing (hereafter referred to as clumsy children)
[1].

Previous studies have examined the accuracy of
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drawing tasks using PC tablets to measure changes in
speed and pen pressure while drawing figures. These
studies have reported that clumsy children exhibit a
lower level of accuracy in drawing and show patterns of
drawing speed changes that are different from those of
children with typical development (hereafter referred to
as healthy children) [2—4]. These studies also noted that
accuracy and speed changes both differ greatly between
individual clumsy children. However, clumsy children
who present with problems associated with using a
pen are uniformly assessed as having poor handwriting
skills, then clinical support based on individual prob-
lems has not been examined.

Previous reports have identified numerous factors
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that affect the test results of children assessed as having
poor handwriting skills in using a pen. These factors
include problems in physical function, such as decreased
cooperativeness and manual dexterity of the upper limbs,
difficulty in maintaining posture, controlling muscle
tone and poor eye movements. Additionally, the quality
of handwriting has been reported to be deteriorated in
children who had physical function related issues for
using handwriting tools [5-9]. However, to date there
has not been any clinical research to investigate the
types and the severity of deficits in physical function
that influence the using of handwriting tools. Similarly,
how the trends and the severity of problems in physical
function affect the characteristics of the results of hand-
writing task was previously unaddressed.

In this study, we clarified the relationship between
drawing performance and drawing motion in clumsy
children as compared to that in healthy children by
analyzing the results of a drawing task and their drawing
motions while doing the task. Additionally, by analyzing
physical function we also elucidated how characteristics
of physical function influence drawing performance and
drawing motion in clumsy children.

The hypotheses of this study were as follows.

1) The clumsy children were different from the healthy
children in the accomplishment result of drawing
motion in the drawing task.

2) The accomplishment result and the campaign for
drawing motion in the drawing task of the clumsy
children were related to characteristic of physical
function.

Methods

Research Design

A cross-sectional design was used to study the
relationship between drawing performance and draw-
ing motion in clumsy children, and to determine how
characteristics of physical function influence drawing
performance and drawing motion in clumsy children.
Each clumsy and healthy child was asked to perform a
drawing task, and each clumsy child was asked to per-
form an additional physical function test. This study was
approved by the institutional review board at Sapporo
Medical University. Parents were informed of the study
and given a right to remove their child from this study.

Subjects

The clumsy child group comprised 10 boys who
had received a diagnosis of developmental disorders
by a doctor, and who showed difficulty in handwriting.
There is not an evaluation scale of clumsiness standard-
ized in Japan. Therefore, in this study, the clumsy child

was defined as judged to be weak in writing compared
to each grade children by occupational therapists and
parents. This group included 2 second grade students, 3
third grade students, 1 fourth grade student, 2 fifth grade
students, and 2 sixth grade students.

The healthy child group comprised 54 boys who
did not have any apparent physical or learning disabili-
ties. We classify them in 2—-6 grade by age. The healthy
child group included 8 second grade students (78 years
old), 10 third grade students (8-9 years old), 12 fourth
grade students (9-10 years old), 12 fifth grade students
(10-11 years old), and 12 sixth grade students (11-12
years old),. All subjects normally used their right hand
to handwrite.

Instrument
Drawing Performance and Drawing Motion

A tablet personal computer (Sony VAIO Duo 11;
hereafter referred to as PC tablet), a stylus to draw
directly on the screen, and software developed for the
assessment of upper limb function in handwriting tasks
[10] were used for the drawing task. Microsoft Visual
Basic 2012 was used to create the figures used for as-
sessing upper limb function. During the drawing task,
changes in the positioning of the stylus and elapsed time
were recorded using a sampling frequency of 133 Hz.

Subjects were seated with both feet placed on the
floor and with their forearms on the table. The PC tablet
was placed 12.5 cm from the front edge of the desk, and
subjects held the stylus with their right hand. Their left
hand was placed on the bottom left of the tablet. Video
cameras were placed above and to the right of the sub-
jects to record the drawing motion. Based on a previous
study [1], markers were placed on the right acromion,
lateral epicondyle of the right humerus, right radial
styloid process, and stylus to serve as indicators for the
analysis of motions.

The drawing task was to draw a line between two
concentric equilateral triangles displayed on the PC
tablet, spaced 3 mm apart, the side length of the outer
equilateral triangle was 10 cm. The subjects drew a
line in a counterclockwise direction, starting from the
top point. Subjects were instructed to draw accurately,
to try to not write outside the lines, and to not lift up
the stylus from the screen while drawing. The drawing
task was performed three times after the subjects had
practiced using the PC tablet and stylus and after they
were accustomed to the necessary movements. Based on
the position coordinates of the stylus on the PC tablet,
the distance that the stylus strayed outside of the parallel
lines (hereafter referred to as stray distance) and the
speed of the stylus movement (hereafter referred to as
speed) were calculated.
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Fig. 1. Environment Configuration of Drawing Motion Analysis.
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Note. Video cameras were placed above and to the right of the subjects to record the drawing motion, and markers were
placed on the right acromion, the lateral epicondyle of the right humerus, right radial styloid process, and stylus to serve

as indicators for the analysis of actions.

Dartfish 4.0 (Dartfish Company) was used to an-
alyze the movements of each marker recorded by the
cameras placed above and to the right of the subjects.
The markers attached to the right acromion, lateral
epicondyle of the right humerus, right radial styloid
process, and stylus during the drawing tasks indicated
movements of the body, shoulder joint, elbow joint, and
fingers, respectively (Fig. 1). We calculated the trace
length for each marker (hereafter referred to as sway
length) and the total trace length (hereafter referred to
as total sway length) while performing the drawing task.
The ratio of the sway length for each marker was calcu-
lated by setting the total sway length of each marker to
100%.

Physical Function

Twenty-six tasks were selected from the clinical
observational assessment items of the Japanese Acad-
emy of Sensory Integration: three tasks were related
to the postural reflex, three tasks were related to the
residual primitive reflexes, four tasks were related to the
muscle tone condition, two tasks were related to posture
maintenance, four tasks were related to cooperativeness
of the upper limbs, six tasks were related to compound
motions and four tasks were related to eye movements.
The tasks were conducted by occupational therapists in
accordance with the procedures in the manual, and some
subjects were filmed during the tests when the subjects
and their parents gave consent.

The result of each task was classified into one of
three categories: poor, moderately poor, or normal.
Based on these results, the occupational therapist re-
sponsible for the experiment and a second occupational
therapist with at least 5 years of clinical experience
confirmed the scores while checking the recordings. In
cases where subjects were not filmed, the second occu-

pational therapist re-evaluated the clinical observations
and, if the scores did not match, the two assessors dis-
cussed the results and confirmed the scores. The results
of the clinical observations were quantified as follows:
poor, 2 points; moderately poor, 1 point; and normal, 0
points. Total points for the seven categories and all tasks
were then calculated.

Data Analysis

Drawing Performance

For healthy children, we calculated the largest stray
distance in three times of the drawing task, the speed
of the trial with the largest sway length, the difference
between the fastest and the slowest speed (hereafter
referred to as the range of speed) for each school grade,
and the difference between the fastest and slowest speed
of each healthy children (hereafter referred to as the dif-
ference of speed). For clumsy children, the largest stray
distance, the range of speed, and the difference of speed
were calculated and then compared with those of healthy
children of the same grade. Clumsy children who had a
larger stray distance than the largest stray distance of the
healthy children of their grade were considered to have
a drawing problem. Clumsy children who had a faster
speed than the fastest speed of the healthy child group
of each grade were defined as having a fast drawing
speed. Similarly, those who had a slower speed than the
slowest speed of the healthy child group of each grade
were defined as having a slow drawing speed. Clumsy
children who had a larger range of speed than the largest
range of speed of the healthy child group of each grade
were considered to have a varied drawing.

Drawing Motion
In regards to drawing motion in the healthy child
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group, we calculated the mean and standard deviation
(SD) of both the sway length and the total sway length
for each marker for each grade. Subjects who had a
sway length of greater than the mean value +1SD of the
healthy child group were defined as having a large sway
length, and those who had a sway length of less than the
mean value —1SD were defined as having a little sway
length. We concluded that the clumsy children had dif-
ferent drawing motion than healthy children when their
sway length was qualified as large or little.

Further, we calculated the mean ratio of the sway
length for each marker for each grade. A goodness-of-
fit test was used to analyze the ratio of sway length. The
mean ratio value of the healthy child group for each
grade was defined as the expected value and the mean
ratio of the each clumsy child in each grade was defined
as the actual measurements. When the ratio of sway
length for each marker in the healthy child group and
the clumsy child did not match, we concluded that the
drawing motion differed between healthy child group
and the clumsy child.

IBM SPSS statistical software version 16.0 J for
Windows (IBM Global Services Japan Solution and
Services Company) was used for statistical analysis and
p <0.05 was used to determine statistical significance.

INFLUENCE OF PHYSICAL FUNCTION ON DRAWING IN CLUMSY CHILDREN

Physical Function

The physical function tasks were measured using
the assessment scores of each area of the clinical obser-
vations and converted to a score with a possible total of
100 points. In the present study, subjects who had high
assessment scores and high total points were determined
as having a physical function problem.

Finally, clumsy children who had any problem in
drawing performance or drawing motion were classified
and analyzed according to trends noted in their physical
dysfunction.

Results

Drawing Performance

The largest stray distance, the range of speed and
the difference of speed for the healthy child group by
grade and each clumsy child are shown in Table 1.
Clumsy children were classified into two groups ac-
cording to the largest stray distance: 6 children in Group
I (Case A, B, G, H, I and J) had a drawing problem; 4
children in Group II (Case C, D, E and F) did not have
a drawing problem. In clumsy children from Group I,
they had a tendency for larger mean stray distance and
greater speed variability than the healthy child group,
when categorized by grade.

Table 1. Drawing performance for healthy and clumsy children.
the trtlral og.ﬂ;e largest difference of speed
Grade (age) stray distance range of speed
sway length  speed min max
2(7-8) 2.39 2.13 1.36-3.28 0.16 1.32
3(8-9) 2.32 2.44 0.95-4.10 0.24 1.97
Healthy children 4(9-10) 1.80 2.69 0.96-3.11 0.03 0.85
5(10-11) 1.34 222 0.88-3.59 0.14 1.37
6(11-12) 0.20 1.74 1.20-2.67 0.05 0.76
the trial of the largest
grade stray distance range of speed  difference of speed
sway length  speed
A(2) 3.70%* 4.79% 2.10-4.79 2.69%
B (2) 2.94% 2.15% 1.96-2.72 0.76
Group 1 G () 5.18% 2.65% 1.10-2.65 1.55%
with drawing problem H () 1.54* 1.30 0.91-2.63 1.72%
1(6) 1.58* 3.84% 2.48-3.84 1.36*
J(6) 13.76* 7.26* 3.93-7.26 3.33*
C@3) 0.27 2.43 1.95-2.81 0.86
Group II D (3) 1.94 3.07* 3.07-4.57 1.50
without drawing problem E(3) 2.18 1.03 1.03-2.94 1.91
F (4) 0.34 1.09 1.09-1.39 0.30

Stray distance; cm, Speed; cm/sec, *; above the standard of the healthy child group of each grade

Note. In clumsy children from Group I, they had a tendency for longer mean stray distance and greater

speed variability than the healthy child group, when categorized by grade.



Asian J Occup Ther 15: 37-44, 2019

Drawing Motion

The mean sway length and total sway length of
each marker for the healthy child group and the clumsy
children were classified into two groups according to
drawing performance are shown in Table 2. The sway
length and total sway length of each marker for clumsy
children were defined as being large when the sway
length deviated above the normal range of movement as
measured by one of the cameras monitoring the subject.
The sway length was defined as little than the normal
range when the sway length deviated below the normal
range as measured by either camera monitoring the
subject.

We then compared the trends in the drawing motion
between the two drawing performance groups are shown
in Table 3. In clumsy children from Group I, most mark-
ers deviated from the normal range. In clumsy children
from Group II, most markers remain within the normal
range. Further, body sway length in all Group II subjects
was within the normal range.

The goodness-of-fit test results for the ratio of sway
length and total sway length for the healthy and clumsy
children were classified into two groups are shown in
Table 3. When the goodness-of-fit test revealed that the
sway length ratio of the clumsy children differed from
those of the healthy children group. And then there were
differences in normal range of movement as measured
by either camera monitoring the subject, the sway length
ratio for each marker was determined not to be a fit.
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Therefore, we compared the trends in drawing motion
between the two groups from the results of the drawing
performance tests. All children in Group I had differing
ratios when compared with individuals in the healthy
child group, and were therefore determined not to fit.

Physical Function

The clinical observations of drawing performance
for each of the two groups of clumsy children are shown
in Fig. 2. The results revealed numerous problems,
including residual primitive reflexes, muscle tone condi-
tion, posture maintenance, cooperativeness of the upper
limbs, and eye movement in both groups. However, a
tendency for greater severity of problems was observed
in Group I than that in Group II. Furthermore, a tenden-
cy for increased severity of problems related to postural
reflex was noted in Group I. The total point score
revealed that subjects in Group II tended to have fewer
problems related to physical function characteristics.

Discussion

Drawing Performance and Drawing Motion

We found that some clumsy children who had poor
drawing skill tended to have large motion of the body
and shoulder joint for all drawing tasks, as compared
to healthy children. On the other hand some clumsy
children who tended to use finger movements to draw
and exhibit a small handwriting motion, as compared

Table 2. The mean sway length and total sway length of each for healthy and clumsy children.

sway length (above)

sway length (right side)

Grade
(age) body shoulder elbow finger total body shoulder elbow finger total
2(7-8)  1.47(0.77) 0.74(0.38) 0.96 (0.59) 2.22(1.06) 537 (2.00) 1.44 (0.86) 0.82(0.38) 0.81 (0.37) 1.65(0.88) 4.70 (1.48)
3(8-9)  1.01(0.63) 0.74(0.44) 1.10(0.63) 2.09(0.87) 4.91(1.92) 0.90(0.57) 0.91(0.53) 0.57 (0.45) 1.05(0.71) 3.39 (1.69)
Healthy children 4 (9-10)  0.86 (0.62) 0.59 (0.37) 0.92 (0.48) 1.83(0.58) 4.19(1.53) 0.74 (0.55) 0.55(0.38) 0.55 (0.48) 0.87(0.56) 2.72 (1.53)
5(10-11) 0.73 (0.57) 0.67(0.38) 1.14 (0.56) 2.38(1.09) 4.93 (1.99) 0.67 (0.45) 0.67(0.38) 0.64 (0.46) 1.05(0.71) 3.02(1.63)
6 (11-12) 0.60 (0.41) 0.48(0.40) 0.96 (0.72) 2.02(0.62) 4.08 (1.63) 0.64 (0.46) 0.75(0.44) 0.66 (0.64) 1.33(0.56) 3.38 (1.37)
trace length (above) trace length (right side)
grade

body shoulder elbow finger total body shoulder elbow finger total

AQ2) 17.46 22.17 2439 30.13 94.15 9.40 22.03 16.19 16.27 63.89

Group B(2) 28.73 28.64 36.44 37.76 131.57 20.04 30.02 16.43 19.99 86.49
. . G(5) 15.68 14.52 17.67 21.37 69.24 10.97 10.46 7.64 11.11 40.18
with drawing H(5) 4571 28.54 29.32 41.46 145.03 25.19 33.82 19.87 36.69 115.57
problem 1(6) 224 2.00 16.00 21.16 41.40 1.51 2.09 579 8.57 17.96
3(6) 4.01 3.15 14.43 19.05 40.65 2.61 4.93 9.59 10.74 27.86

Group I CcE) 15.56 22.66 36.18 34.83 109.23 6.47 19.37 11.67 14.26 51.78
without drawing P @ 10.13 20.06 31.00 29.72 90.92 5.71 20.88 14.90 14.01 55.51
EQ3) 8.05 10.72 18.97 23.64 61.38 3.43 5.88 11.18 12.19 32.67

problem F(4) 15.30 12.25 2037 30.22 78.15 533 8.67 7.87 12.71 34.57

Trace length : cm

Note. The mean sway length and total sway length of each marker for the healthy child group and the clumsy children were classified into two groups accord-

ing to drawing performance.
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Table 3. Drawing motion by mean sway length and total sway length in clumsy children.

sway length judgment goodness of fit test
child above right side
d body sholder elbow  finger  total judgment

(grade) X’ df  pvalue X’ df  pvalue
A(2) large large large 7.7107 3 =0.05 22623 3 0.52 non fit
Group 1 B(2) large large large large 13.1850 3 <0.01 129190 3 <0.01 non fit
with grawin G (5) large little 147510 3 < 0.01 17.1680 3 < 0.01 non fit
roblem & H(5) large large large large 447810 3 < 0.01 8.7063 3 < 0.05 non fit
P 1(6) little little little little little 209390 3 <0.01 340620 3 <0.01 non fit
I(6) little little little little little 10.7470 3 < 0.05 163830 3 <0.01 non fit

Cc@3) large large 1.1378 3 0.77 1.4787 3 0.69

Sirt‘;‘;pu:l drawing PG 06731 3 088  2.0445 3 0.56
roblem £ g 3) little little 0.8870 3 083 11.6710 3 <0.01 non fit
P F (4) little little 7.6320 3 =0.05 44216 3 0.22  nonfit

Note. A goodness of fit test was used to analyze the ratio of sway length. The mean value of the healthy child group scores for each grade were
defined as the expected values and the ratio of sway length of each clumsy child in each grade were defined as the actual measurements.
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Fig. 2. The Physical Function in Clumsy Children.
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Note. A tendency for increased severity of problems related to postural reflex was noted in Group I. The total point score
revealed that subjects in Group II tended to have fewer problems related to physical function characteristics.

to healthy children. In either case, the drawings were
inaccurate due to drawing problems, the mechanism by
which these drawing problem manifest are not uniform.
The drawing tasks used in the present study con-
tained an equilateral triangle with 10 cm sides. Tasks
such as this that involve drawing large lines require
movements of the shoulder and elbow joints [11, 12].
Therefore, inaccurate drawings may be associated
with instability of the body or scapula, or decreased
cooperativeness of the upper limbs. When the drawing
motion was generally large, movements of the body
and shoulder joints also tended to become larger due
to posture instability. This is similar to the results of
previous studies [13] and may be due to the influence
of problems in maintaining continued muscle tone [7].
Children who have decreased muscle tone and problems
in maintaining continued muscle tension often stabilize
or immobilize another part of the body for increased
support [14]. Subjects who used small drawing motions

to draw the 10 cm triangle placed their upper limbs on
the desk to obtain support for handwriting, allowing
them to compensate for the instability in posture and
problems in maintaining continued muscle tension.

Physical Function

The results of the clinical observations revealed that
when drawings were inaccurate, there were problems
with postural reflexes, posture maintenance, or cooper-
ativeness of the upper limbs. However, based on the re-
sults of the clinical observations, the trends observed for
characteristics of physical function problems in clumsy
children whose drawings were inaccurate appeared to be
similar, but the severity of the problems was unclear.

Each clumsy child used a different strategy when
using the writing tools to cope with their individual
deficits in physical function, which may have led to
differences in drawing motion. However, the strategies
used by clumsy children did not seem to be appropriate,
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and the subjects could not control the writing tools accu-
rately.

Moreover, body stability appeared to have the most
influence on drawing accuracy in clumsy children who
had no problems in drawing, and had similar drawing
motion as healthy children. This was based on the fact
that these subjects tended to show no problems in pos-
ture reflexes, posture maintenance, or performance of
composite movements.

Study Limitation

It may be inappropriate to apply the results of this
research to females, because this research was per-
formed exclusively in male subjects. The figure in this
drawing task was a triangle; hence, these results may
not apply directly to other drawing tasks. A problem of
handwriting indicated by daily life is that it includes
writing as well as drawing. The drawing task performed
in this study can generate a quantitative result, but
handwriting evaluation is inevitably subjective to some
degree. We can’t evaluate three-dimensional movement
enough because this study analyzed drawing motion of
two dimensions movement analysis software.

Implication for Occupational Therapy Practice
The results of our study have the following implica-
tions for occupational therapy practice:

* The evaluation of physical function is necessary to a
supported occasion for a problem of drawing, and we
have to confirm the muscle tone condition, posture
maintenance, cooperativeness of the upper limbs and
eye movement in particular

e Children with drawing problems exhibit different
drawing motion than healthy children, and it is nec-
essary to support it in drawing motion as well as the
physical function.

Conclusion

From our findings, clumsy children with devel-
opmental disorders seem to present with difficulty in
physical functions. Limitations in drawing and drawing
motion are influenced primarily by body stability. More-
over, although we originally thought that the severity
of problems in muscle tone and cooperativeness of the
upper limbs had an influence on the ability to control
writing tools, in some cases, subjects could nevertheless
control the tools accurately depending on the method of
drawing.

When providing support to children who have
problems in writing or drawing, improvements may be
gained by teaching them the strategies that are uniquely
used by healthy children. However, it is possible that
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changing strategies may decrease drawing ability
in clumsy children. In order to examine methods of
support for the physical function of individual clumsy
children, it is necessary to not only evaluate the drawing
performance and physical function of subjects but also
to assess the methods of drawing.
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Abstract: Background: Depression causes mothers to experience difficulties in child care and increases stress, which
can influence the development of the child. Japan currently has insufficient support for mothers with depression.
Objectives: We aimed to reveal the difficulties in child care and related factors of three Japanese mothers with depres-
sion by examining their narratives.

Methods: A mixed method design was applied. We conducted in-depth, semi-structured interviews with mothers with
depression and analyzed the data using both the grounded theory approach and text mining software (KH Coder).
Results: As a result of focus coding, 11 focus codes were extracted. In addition, as a result of multi-dimensional scal-
ing, two codes (“Physical burden caused by family and child care” and “The mother coping with difficulties by her-
self”) were in close proximity and formed a unit. Another two codes (“Anxiety over not having complete control over
child care” and “One-sided coping methods”) were in close proximity, creating a second unit.

Conclusion: This study suggested the following: 1) in spite of being aware of their excessive burden, mothers with
depression believed that they should take care of their children by themselves; 2) because of the desire to be a perfect
mother, mothers with depression tended to have extremes in their child care. We need further research based this result

for the developing support systems.

Keywords: depression, mother, support, narrative, text-mining

Having a role to play is one of the most important
factors for occupational therapy clients to reconstruct
their daily lives. Their roles allow them to engage in
activities and social interactions, and contribute to
their self-esteem and identity [1]. For women, mother
is one of the most typical roles. Since the 1990s, many
studies in the field of occupational therapy have focused
on the role of the mother and parental behavior [2].
Additionally, the parental consciousness of women have
been reported to be higher than that of men [3]. When
mothers have difficulty in parenting activities, they tend
to have more stress than fathers. Previous reports have
investigated the disruption of mothering activities due
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to illness. Vallido, Wilkes, Carter and Jackson (2010)
[4] suggested the following themes in their systematic
review of women’s experiences of mothering disrupted
by illness: mechanism of disruption, reframing the
mother’s role, experiencing guilt or shame, protecting
the children, experiences with health care professionals,
living to mother, and mothering to live. Additionally,
they mentioned that we should consider these themes
when developing intervention and support programs.
Depression is an illness that disrupts mothering.
The lifetime prevalence of depression in women is twice
that in men. This difference is attributed to changes in
the hormonal balance or changes in life stages through-
out women’s lives [5, 6]. Women are reported to have
a high prevalence of depression in the postpartum and
menopausal periods. Postpartum depression develops
within 1 year after childbirth [7, 8, 9], and is a notable
topic in women’s health. About 10% to 15% of new
mothers worldwide develop depression [10]. Moreover,
symptoms can continue depending on the severity of
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depression for some years [8, 11].

In 2009, The National Research Council and In-
stitution of Medicine [12] recommended a coordinated
approach that combines treating the mother’s depression
and training mothers on parenting skills. Goodman and
Garber [13] suggested the necessity of integrated inter-
vention that reduces mothers’ depression and promotes
mothers’ parenting behavior. The United States has
introduced several interventions to improve parenting
by mothers of infants and young children, such as home
visiting programs (HVP), including in-home Cognitive
Behavioral Therapy (CBT) and the Positive Parenting
Program, also known as Triple P. In these programs, the
evidence for improving parenting and effectively reduc-
ing depression in mothers is strong [14—16]. However,
in Japan, we have no outreach services equivalent to
HVP. Therefore, Japanese mothers with depression have
little support available. Furthermore, this topic is not
given sufficient attention in Japan, and previous reports
in this area have been limited to investigations of the ex-
periences of mothers with infants; for example, infants
under the age of 1 year [17]. Therefore, there are not
enough reports to serve as a basis for the development
of support systems for Japanese mothers. Since parental
behavior and child care are influenced by the culture of
mothers, it is necessary to investigate the situations of
Japanese mothers with depression in order to develop a
support system in Japan.

As a first step of the basis for the development of
support system, in this study, we aimed to obtain clues
for revealing the difficulties in child care and related
factors of Japanese mothers with depression by exam-
ining their narratives. We focused on three Japanese
mothers, who are serve as a prime examples supported
in the future, of preschool children to investigate post-
partum depression in particular. Qualitative Analysis
based on their narratives can make clear their character-
istics based on their individualities. On the other hand,
we have necessity of revealing common factors among
mothers, because aim of this study is the first investiga-
tion for the development of support. Therefore, addition
to usual qualitative analyses, we used the text mining
which is one of the quantitative analyses.

Method

Design
The approach in this study was a mixed methods
design through semi-structured interviews.

Participants
The study participants were recruited from three
private psychiatric clinics in Aichi Prefecture, Japan.

The inclusion criteria were as follows: women aged 20
to 50 years old; living in Japan in a household with more
than two family members, including a preschool child;
being responsible for the majority of the housework and
child care; psychiatry clinic outpatients receiving treat-
ment including psychotherapy and pharmacology for
major depression diagnosed by an attending psychiatrist
according to the Diagnostic and Statistical Manual of
Mental Disorders-4 Text Revision (DSM-4); and scoring
over 16 points on the Center for Epidemiologic Studies
Depression (CES-D) scale.

The CES-D is a self-assessment questionnaire with
20 items scored on a four-point scale; it was designed
to quantify the level of depressive symptoms during the
past week, with a cut-off point of 16 to discriminate the
depressive state [18]. Therefore, all participants in the
present study were in a depressive state at time of the
interview. The validity and reliability of the Japanese
version of the CES-D have been confirmed [19, 20].

Semi-structured interviews

In-depth, semi-structured interviews were conduct-
ed by the first author. The interviews lasted for 1 hour
and were conducted in a private room (e.g., a room in
the participant’s workplace or psychiatry clinic). A mon-
etary reward (1000 Japanese yen per 1 hour) was given
to the participants. An interview guide was used, and the
contents of the interviews were recorded. The interview
guide included open-ended questions that explored the
participants’ experiences with difficulties in child care
and housework (e.g., when did you experience difficul-
ties in child care or housework, could you tell me about
a child care or housework situation that you felt was
very difficult). Basic information (e.g., family structure,
participant’s age, age of their child(ren), and contents
of child care and housework that the participants
undertook) was collected at the start of the interview.
Then, the interviews explored the participants’ concrete
experiences with housework and/or child care situations
that they found difficult, their thoughts about these situ-
ations, and the ways they managed them.

Analyses

Data were analyzed using a conversion mixed
design following Teddlie and Tashakkori [21]. In this
method, a correlational approach was used together
with a dictionary-based approach. Application of a con-
version mixed design enables the visualization of data
from both processing language computer analysis and
the interpretations of researchers. In this study, we used
a mixed conversion approach [22] that included both a
text mining approach and a grounded theory approach
(GTA).
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Table 1. Participants’ remarks, initial codes and focus codes
Initial code
Participant Remark In vivo code Focus code
Name of code
(one word)
Participant A “My baby is so inflexible and he never moves Baby is inflexible inflexible The child does not act
when he does not want to.” as the mother expected.
Participant B “They don’t really listen to me.” Children don’t listen to me. don’t listen The child does not act
as the mother expected.
Participant C “For example, after | make him breakfast, he The child does not act as the  selfish The child does not act

has so many requests and complaints for me;
he is so selfish. I know he is a little boy, but I
am so tired.”

mother expected.

as the mother expected.

First, recorded interview data were transcribed ver-
batim into text data. After that, the text data were read
repeatedly and checked for accuracy in Japanese word-
ing and expression. In cases of transcription mistakes
or a lack of uniformity of expression, the data were
carefully modified. This process was conducted in order
to avoid misinterpretation in the subsequent computer
analyses. Second, the data for each participant were
sectioned at every remark and coded as initial coding. In
this process, we also extracted one word that was related
to the purpose of this study and made in vivo code for
each word. Third, we conducted focus coding in order to
organize these codes (Table 1). Focus coding enables the
interpreted data to be integrated into one code depending
on meaning of the code. These analyses were based on
the GTA [23] and the results were examined by research
colleagues with experience in qualitative research
based on GTA. The qualitative data analysis software
MAXQDA (VERBI GmbH, Germany) was used in this
process.

After completing the GTA process, analyses based
on text mining were conducted. Text mining clarifies
the characteristics and tendencies of text data through
natural language processing based on morphological
analysis. In this study, we used KH Coder (Ritsumeikan
University, Japan) which is a free software tool for text
mining and text analyses that can handle six languages,
including English and Japanese, and has been recently
used by several researchers [24—26]. Using KH Coder, it
is possible to make a table of the frequency words, and
extract words that co-occur with certain words through
morphological analysis. It also has functions to allow
visualization of co-occurrence networks or the results
of multivariate analysis. Moreover, with KH Coder,
we could define results of “in vivo code in each word”
and “focused coding” as a coding rule, and perform
multivariate analysis based on this rule. These results or
the relationships between codes could then be visualized
using a multidimensional scale (MDS) method. MDS is

a visualizing method based on similarities between data.
Namely, data that have high similarities are positioned
near each other, and those with low similarities are posi-
tioned far from each other.

In this study, we defined “in vivo code in each
word” as the coding file in each “focused coding”. After
that, the results of the analyses were visualized with
coding functions and multivariate analysis using KH
Coder.

Ethical considerations

All procedures were approved by the Research
Ethics Committee of the Graduate School of Medicine,
Nagoya University, Japan (authorization number: 2016-
0015), and all participants provided informed written
consent.

Results

Participants

Three participants (Participant A, B, C) were enroll-
ed in this study. All three were in their thirties or forties
and the ages of their preschool children were 11 months
(son), 3 years old (son) and 6 years old (son). All family
members including their children they lived with were
healthy, and no one had any illness and disability. Par-
ticipant B and Participant C were both employed full
time whereas Participant A was a stay-at-home mother.
Participant B had a clerical position at a medium-sized
company and Participant C was a care worker at a nurs-
ing home. Both Participant B and Participant C had two
children (a preschool child and an elementary school
child, respectively). All of their households were nuclear
families. Participant C was divorced and her household
consisted of only herself and her children. All three
participants talked about receiving support from their
husbands or ex-husband. The mean score of CES-D in
three patients was 24.6 £ 5.0. Detailed information on
the participants’ basic information is provided in Table 2.
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Table 2. Participants’ basic information
Participant A Participant B Participant C
Age (years) 33 46 38
Family structure Husband Husband One daughter (9 years old)
(living together) One son (11 months) Two sons (9 years old/3 years old) One son (6 years old)
Ordinary contents of Child care and housework Everything Everything

child care and housework except preparing meals

Employment status Unemployed

Full-time clerical work

Full-time care worker

Preparing meals

General support

General support

Support they received (husband/every day) (husband/
. .. . (ex-husband/
(name of supporter(s)/ Child care when the participant works overtime) about once a week or dependin
frequency) (maternal grandmother/ Picking up sons from nursing home on tlllle husbaI::l’s conven?ence)g
once a week) (paternal grandmother/everyday)
Results of focus coding getting burned because he is always around me. So, now

As a result of focus coding, 11 focus codes were
extracted.

Positive feelings for the child’s father who sup-
ports the mother. The mothers expressed grateful feel-
ings towards their husband or ex-husband who provided
support.

“He makes food for us, so I thank him.” (Participant A)

Negative feelings about the support that the
child’s father gives. On the other hand, they also com-
plained about the kind of support that the father gives.
“My ex-husband helps me only when it is convenient for
him. Convenient time for him means that he is free, or
that he wants to eat dinner with the children. It is not
usual daily life.”” (Participant C)

The child does not act as the mother expected.
The mothers’ expectations differed depending on the
mental and physical development of their children.
However, they experienced difficulty when their chil-
dren’s behaviors and actions were contrary to their
expectations and intentions.

“My baby didn t act as I expected.” (Participant A)
“I always think, ‘you are so slow, please hurry up!
(Participant C)

”9

The child’s characteristics. The participants talked
about the characteristics of their children.
“Mischievous.” (Participant B)

The mothers had difficulties with not only their
children’s characteristics, but in situations caused by
their children’s characteristics.

One-sided coping methods.
“When I use gas to cook, I am always afraid of my baby

I eat only food that doesn't need to be cooked on the
stove.” (Participant A)

These narratives illustrate ways of dealing with or
avoiding difficult situations caused by child care. The
mothers’ methods were limited and were “one-sided”
in that they placed too much priority on merely coping
with children rather than actually addressing the real
problems.

The mother coping with difficulties by herself.
“There is no one except me.” (Participant A)
“I have always done everything.” (Participant C)

These narratives illustrate that the mothers seemed
to think that they always have to solve any and all prob-
lems.

The mother does not want to use support systems.
“[ think that I am spoiling myself whenever I use support
systems.” (Participant C)

The mothers talked about their negative feelings
towards using support systems. They not only worried
about leaving their child in someone else’s care, but also
experienced a sense of guilt.

Anxiety over not having complete control over

child care.
“When I'm sleeping, I am afraid that something bad
will happen to my baby. So, I am too scared to sleep.”
(Participant A)
“I should take perfect care of my child, but I cannot.”
(Participant C)

The mothers seemed to believe that they should
have complete control over child care and the impossi-
bility of being perfect caused them a great deal of stress
and anxiety.
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Fig. 1.

Overdoing child care during the appearance of
symptoms.
“Even if I had heavy symptoms, I had to go about my
routine as usual.” (Participant C)

Regardless of the severity of their symptoms, the
mothers still had to engage in child care and housework.
At such times, they felt their situation was difficult.

Physical burden caused by family and child care.
“I desperately try to finish my tasks in the morning,
for example, making breakfast, brushing my childs
teeth, etc. After finishing those tasks, 1 go to work at the
nursing home. But by the time I get there, I am already
exhausted.” (Participant C)

These narratives show that the mothers experience
a physical burden from the quantity of tasks they have
to perform.

Impatience and panic.
“[ felt more and more impatient and I was in a panic.
What should I do? I am scared.” (Participant C)

These narratives illustrate that impatience brought

Visualized similarity map based on MDS with KH Coder.

the mothers a high degree of stress.

Relationships among codes analyzed by MDS.

Data were visualized based on MDS analysis
through a coding file. Based on the similarity map, we
could visualize the structure of our data (Fig. 1).

Two codes (“Physical burden caused by family and
child care” and “The mother coping with difficulties
by herself”) were in close proximity and formed a unit.
Another two codes (“Anxiety over not having complete
control over child care” and “One-sided coping meth-
ods”) were in close proximity, creating a second unit.

Discussion

Japanese mothers’ consciousness of their role as a mother
and the influence of depression

The MDS results showed that two codes (“The
mother coping with difficulties by herself” and “Physical
burden caused by family and child care”) were in close
proximity. We can infer that the participants had to cope
with their situation regardless of their awareness of their
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excessive burden. In our previous study, we showed
that the amount of support that women with depression
receive is lower than that of healthy women [27]. Simi-
larly, the result of this study showed that the participants
also could not get support when they need.

One of the closest supporters of the participants
seemed to have been their husband or ex-husband. The
participants had positive and negative opinions about
the support they received from their child’s father. How-
ever, in both the positive and negative comments, they
used the word “help” to express their husband’s support.
From this viewpoint, they seemed to have the idea that
all child care was basically the mother’s responsibility.
In Japanese mother, compared with European counties,
they were found to have a lower quality of life due to
gender roles and to receive less support [28]. Also, Mori
compared mothering between two Asian countries,
China and Japan, and found that Japanese mothers had
a firmer belief that children should be reared by their
mother than Chinese mothers [29]. Additionally, in an
investigation by the Japanese Cabinet Office in 2018,
that examined adults aged 20—49 years old in five coun-
tries (the United States, South Korea, Sweden, France
and Japan) [30], 66.9% of Japanese respondents selected
“Child care should be always done by the mother” or
“Mainly the mother should rear a child, and the father
should help sometimes.” On the other hand, in similar
surveys in Sweden, the United States and France,
over 50% of respondents selected “Both the mother
and father should care for their child.” Based on these
results, Japan has a culture of child care being provided
mainly by the mother. In addition, mothers in the present
study, who were in a depressive state, noted that they
were strongly aware of their responsibilities and expe-
rienced guilt. Combining this pathological mindset and
the strong consciousness of a mother’s role in Japanese
culture, serious situations might result for mothers with
depression. This result gave us worthy viewpoint, but
that point were limited in three Japanese mother with
depression in this study. Therefore, we need more inves-
tigation in many participants.

Necessity of considering strong anxiety and self-esteem
related to child care

The code “Anxiety over not being able to com-
pletely control child care” showed mothers’ desire to
have complete control over child care and be a perfect
mother, and strong anxiety when that desire was not ful-
filled. As a result, they tended to select extreme methods
of child care to cope with difficult situations, such as
“avoiding cooking with gas”. Also, the code “Mothers
do not want to use support systems” was located in
proximity to the previously mentioned code. Therefore,

background of those behavior might be their wish which
they should be a perfect mother. In other word, their
wish of being perfect mother might prevent from using
support, because being perfect mother based might be
related to their self-esteem and their identity in Japanese
culture.

In Japan, one of the general methods for treating
outpatients with depression is to enlist the help of a
grandparent or another close relative or friend in child
care activities to lighten the parents’ burden and to allow
them a short break from their role as a parent. However,
speaking of three participants in this study alone, this
might increase anxiety and decrease the self-esteem of
mothers. Like in outreach services, mothers caring for
their children together with the help of others would be
ideal.

Limitations

There are some limitations of the present study.
First, the amount of basic information collected for
the participants was insufficient. Housework and child
rearing might be influenced by several factors such as
economic status, employment status, and degree of sup-
port provided by family members. Addition to those, we
needed to have collected more basic information about
mother’s depression, for example amount of medicine
they had, timing of their onsets and duration of illness.
Therefore, we should have conducted a more in-depth
investigation of the mothers’ backgrounds. Second,
we had possibilities which participants were not prime
examples strictly. This investigation was limited to three
participants, further research with a larger number of
participants is required to verify the results.

Conclusion

This study suggested the following: 1) in spite
of being aware of their excessive burden, participants
believed that they should take care of their children
by themselves; 2) because of the desire to be a perfect
mother, they tended to have extremes in their child care.

Japan has few support systems for mothers with
depression and their children, we believe it is necessary
to further research this topic to develop effective means
of support.
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Abstract: Background: Children with neuropsychiatric disorders may have a limited participation in everyday activi-
ties. It is common that they tend to avoid engaging in activities due to a decreased ability to interpret sensory informa-
tion. To increase these children’s’ activity performance ball vests are provided and prescribed as an intervention. The
aim of this study was to explore the use of a ball vest in everyday activities from the perspective of adolescents with
neuropsychiatric disorders, their parents and teachers.

Method: A qualitative method, where six adolescents with neuropsychiatric disorders, their parents and teachers were
interviewed concerning experiences of the adolescents’ use of a ball vest for eight weeks. A qualitative content analysis
approach was used.

Results: The analysis identified four themes. The adolescents with neuropsychiatric disorders, their parents and teach-
ers portrayed different aspects of the use of the vest which all were mainly positive. The adolescents experienced that
their high activity level was influenced by using the ball vest in activities. A slightly delayed calming effect was also
described which influenced the adolescents plan when to use of the ball vest during the day.

Conclusion: This study identifies a positive though limited hypothesis regarding how a ball vest can be experienced in
relation to everyday activities at home and in the school setting for adolescents with high activity levels and neuropsy-

chiatric disorders.

Keywords: ADHD, autism, leisure activities, qualitative research, weighted vest

INTRODUCTION

Through performing everyday activities at home
and in the school setting, children develop abilities and
skills [1]. Which activities are chosen and how they are
performed are influenced by the context, and the perfor-
mance of an activity builds one’s motivation, routine and
abilities. Children and adolescents with attention deficit
hyperactivity disorder (ADHD) display developmental
difficulties concerning inattention, hyperactivity, impul-
sivity and social interaction, which bring difficulties in
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activities in everyday life [2—5]. The symptoms dimin-
ish as the children grow up, but at least 50% percent of
the children still have impairing symptoms in adulthood.
Autism spectrum disorder (ASD) is the behavioral ex-
pression of a neurological disturbance which is triggered
in different ways and in different stages of development
[5—7]. Children with autism have difficulties within the
areas of verbal and nonverbal communication, under-
standing of social codes, image ability and play [6—8].
They may have difficulties with social interaction in
different ways and limited opportunities to initiate activ-
ities. An updated literature review indicates that many
symptoms overlap between ADHD and ASD in children
and adolescents and that comorbidity between the two
diagnoses is common [9].

Children with ADHD and ASD [10] often show
sensory processing challenges [11—13]. These children
often raise their activity levels when they are exposed to
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sensory input (hearing and visual) and have difficulties
lowering it again and therefore easily become stressed
[2, 7]. Research show that there are similarities be-
tween children with ADHD and ASD regarding sensory
processing patterns and behavior strategies to manage
sensory stimuli [14]. A decreased ability to interpret
sensory information often leads to evasion of partici-
pation in activities [15], and restricted participation in
daily activities decreases children’s opportunities for
everyday learning [16, 17].

In summary, children with neuropsychiatric disor-
ders are at risk of having limited participation in every-
day activities and it is of great importance to examine
new interventions which may enable increased activity
performance. A common intervention in children with
ADHD is stimulant medication [18, 19]. To improve
functioning and lower risks for future disabilities, it is
important to combine stimulant medication with other
interventions such as psychosocial treatments, parenting
interventions and child psychological therapy [3, 4, 18].
Common intervention approaches for children with
autism are psychosocial and educational interventions
such as the Treatment and Education of Autistic and
Communication Handicapped Children (TEACCH) pro-
gram [20], which uses structured teaching procedures,
and Applied Behavior Analysis [21]. There is also a
general increase of psychotropic medications among
children and especially among children with autism
[22, 23].

Occupational therapy provides Sensory Integration
Therapy (SI) to this group of children [24, 25]. SI was
designed by A. Jean Ayres [25] when she studied the
question of a relationship between learning difficulties
among children and a decreased ability to interpret
sensory input. SI is defined as the neurological process
which organizes sensory input from the context and
makes it possible to use the body effectively [24, 25].
The integrative functions are normally activated at en-
gagement in an activity and the ability to process and
integrate sensory information is of vital importance to
maintain balance and encourage health and wellbeing
[26]. Sensory Integration difficulties are labelled Sensory
Processing Disorder (SPD), which can worsen the im-
pairment that the diagnosis of ASD brings the child [27].
Ayres [25] observed that children with ADHD and ASD
were calmed by deep pressure stimulation when rolled
up in a gym mat. For the purpose of enabling activity
participation interventions are developed that use deep
pressure to calm down [15, 24, 28]. One example is to
use the weight of a ball blanket, which supports the body
to feel its boundaries [29]. A case control study which
explored this method found that children with ADHD
benefitted from a ball blanket to fall asleep and to sleep

well during the night. Participants in this study were 21
children with ADHD and 21 typical developing children
during 28 nights. All children slept 14 nights with a ball
blanket and 14 nights without. Results showed that the
time it took to fall asleep when using the ball blanket
was the same for the children with ADHD and the typi-
cal children. Inattention and hyperactivity were rated by
both parents and teachers at the end of both periods and
also after 7 nights after the use of the blanket. The chil-
dren with ADHD were observed by their teachers rated
to improve their activity function in the school setting
even after the period the ball blanket was used. Their
activity levels were lowered and their attention spans in-
creased according to the measurement using the ADHD
rating scale [30]. Fertel-Daly, Bedell and Hinojousa [31]
studied deep pressure intervention for preeschool chil-
dren with ASD who used weighted vests during daytime
while performing activities. The participating children
increased focus and attention and showed less dis-
tractibility when they wore weighted vests. Follow-up
showed that the gains in behavior were partly enduring,
suggesting that the intervention had some lasting effect.
Occupational therapists who participated in a survey
reported that the use of weighted vest intervention in-
creased focus on tasks and extended attention spans
when used on preschool children with autism, ADHD
and delayed development [32]. Students with ADHD
showed increased focus in a study when they wore
weighted vests, and three of the four students wanted
to wear the vests on occasions other than wearing vest
for the study [33]. A randomized two-period crossover
design with children with ADHD resulted in significant
improvements in attention, less talking, decreased fid-
geting and leaving their seats while wearing a weighted
vest, compared to wearing a vest without weights [34].
In addition to the positive result above, another study
found that weighted vests did not decrease stereotyped
behaviors or support arousal for the six participated chil-
dren with autism performing table-top activities in the
school setting [35]. Davis et al. [36] examined the effects
of weighed vests on aggressive and self-injurious behav-
ior of a young boy with autism and their result found no
effect on the behaviors that were analyzed.

A weighted vest and a ball vest are similar to each
other. The weighted vest has pockets in front, back and
on top of shoulders where weights are inserted, and this
vest is supposed to give deep touch pressure to the body
of the wearer [34]. A ball vest is tighter on the body and
has canals on front and back filled with heavy plastic
balls. The balls are supposed to give pointwise deep
touch pressure to the skin and body and are also sup-
posed to stimulate the kinesthetic sense of the muscle
joints. Accordingly, both vests are supposed to give deep
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pressure and a ball vest also to give stimulation of the
sensory system of the body.

In a literature review Morrison [37] observed that,
among occupational therapists weighted vests are per-
ceived as beneficial but the evidence to support the
positive effect is restricted. There is a similar case with
ball vests that research reflecting the use of these vests
is limited although they have become a more common
intervention. Consequently, there is a need to investigate
the usefulness of a ball vest for the wearer. Because the
context influences activity performance which is a dy-
namic interplay between the performer and the environ-
ment [1] we decided to address observations of parents
and teachers in this study. The current study addresses
questions on how the adolescents with neuropsychiatric
disorders and the adults in their context experienced the
use of a ball vest in various activities and daily situa-
tions. Furthermore, this study seeks to contribute knowl-
edge that facilitates the performance of daily activities
for children and adolescents with neuropsychiatric
diagnoses. The aim of this study was to explore the use
of a ball vest in everyday activities from the perspective
of adolescents with neuropsychiatric disorders, their
parents and teachers.

METHODS

Design

A qualitative descriptive approach was used [38].
Interviews were conducted after the participants had
used a ball vest for a period of eight weeks.

Procedures

A secretary sent out cover letters with information
and consent forms on the study, and an enquiry to par-
ticipate to parents of adolescents who met the inclusion
criteria (n = 40). The adolescents got an easy-read letter
with consent form that was especially addressed to them.
Seven adolescents and their parents accepted and were
invited to an information meeting, where ball vests were
on loan. What was important to think of during the in-
troduction was given by the first author, and the families
were given opportunity to ask questions. Information
was given about the time range of the loan and that in-
terviews would be conducted subsequently. Because of
the qualitative design of the study there were no further
instructions given on the use of the ball vest.

Participants

Inclusion criteria were adolescents in mainstream
schools with ADHD, ASD or both diagnoses in ages
9 to 14 years, their parents and teachers. Adolescents
with intellectual disability were excluded, because
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they were expected to have difficulties carrying out an
interview and developing their answers. Participants
were recruited from both Neuropsychiatric Teams of the
Children’s and Youth habilitation Centre (CYHC) in a
northern county of Sweden. Seven out of forty enquiries
were returned with an agreement to participate and the
remaining thirty-three did not respond. The two female
teachers of the participants who wore the ball vests
regularly in the school setting were also asked to partici-
pate, and they agreed.

After a month one family discontinued their partic-
ipation. Thus six adolescents, five boys and one girl, six
parents (four mothers and two fathers), and two teachers
participated in the study. Two of the adolescents had an
ADHD diagnosis, two had an ASD diagnosis and two
had both diagnoses.

Materials

The participating adolescents were invited to try
wearing a ball vest to get the opportunity to discover
what experiences they could have from wearing it in
their daily life. The vest was in most cases handled by
the adolescents, but sometimes parents or teachers asked
them to wear it. A ball vest in junior size weighs 2.5 kg
and is manufactured with an elastic fabric that fits tight
to the body. On the front and back there are channels
filled with heavy plastic balls. The vest is closed with
a zipper and has a simple system of strings on the back
and at the sides which makes it easier to adjust individ-
ually. The vest is portable and the wearer can choose to
use it in different activities and contexts.

/ https://www.komikapp.se

Data collection

The first author collected the data by semi-structured
interviews with a focus on the participants’ experiences
of using the ball vest in everyday activities [38, 39]. In-
terviews were booked and carried out individually with
all participants directly after the vests were returned.
The participants chose the surroundings where the in-
terviews took place; some chose the school setting, and
some chose the premises of the CYHC. The interviews
lasted between 30 to 45 minutes.

The interviews followed an interview guide with
open-ended questions to facilitate supplementary in-
quiry. Examples of questions were: Give an example of
how it was for you to wear the ball vest at home. Tell
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me about a usual situation when you wore the vest. Tell
me about how it was to use it in the beginning. Describe
what situations make you wear it. Give an example of
how it was for you to wear the ball vest in school.

Data analysis

The interviews were written out verbatim and
data were analyzed by the first author using qualitative
content analysis following guidelines by Graneheim and
Lundman [39]. At first the transcripts representing each
of all fourteen interviews were read through a couple of
times to receive an overview of the data. The transcripts
were compared to discover and identify similarities
and differences in experiences, outlining the substance
of the data. Patterns concerning the use of the ball vest
at home and in the school setting were identified. In
a second step each interview was reread and meaning
units which seized the use of the ball vest and the expe-
riences of wearing it in various activities were identified.
The captured meaning units were condensed so that the
core of the meaning in each unit was recognized. These
condensed meaning units were abstracted into codes and
categories regarding the adolescents’ and their networks’
experiences of the ball vest. In the third stage the codes
and categories were compared concerning differences
and similarities and sorted into four themes of which
two also were divided into subthemes. The content of
the meaning units were foundation to what themes and
subthemes that were chosen. In the fourth stage, the con-
tent of the themes and the subthemes were compared to
the original text, and it was confirmed that they reflected
the content of the interviews. Throughout performing
the analysis, emerging findings were discussed with the
co- authors.

Every theme and subtheme that the analysis iden-
tified described different aspects of the experiences of
wearing a ball vest and how it was used. Table 1 shows
an example of the qualitative content analysis process in
which the theme The ball vest as mind and body helper
emerged. Table 2 shows one example of the qualitative
content analysis process in which the subtheme Pos-
sibilities to be active and participate in school setting
emerged.

Ethical aspects

The fact that the recipients of the enquiry letters
were families who had contact with the CYHC could
have made it difficult to decline. However, the letter
clearly informed that the decision of participation or not
would not influence the further contact with the CYHC.

The participating adolescents belong to a group
which may have difficulties expressing themselves ver-
bally. This circumstance put demand on the interviewer

to be extra attentive in order to fulfil ethical standards.
The interviewer had to be considerably conscious about
the balance of power between adults and adolescents
and to create a comfortable situation while questioning
[40]. The questions had to be put in a substantially
natural, attentive and simultaneously distinct way. In the
result, pseudonyms are used for the adolescents’ names.
The Regional Ethics Board in Umed, Sweden approved
the study, study code 2014-92-31M.

RESULTS

The result of the analysis is presented in four
themes, of which two themes were sorted into three sub-
themes that each described the experiences of wearing
a ball vest and how it was used. The four themes are:
1. A desire to relive an earlier experienced feeling;
2. The ball vest as mind and body helper with three sub-
categories; 3.The Ball Vest as an Activity Friend with
three subcategories and 4. Attitudes of people influenced
the use of the ball vest.

A desire to relive an earlier experienced feeling

The analysis showed that most adolescents had
earlier tried a ball blanket which was remembered as
cozy to wind down with and hoped that the ball vest
would bring the same sensation. Oscar, nine years old,
said: “Directly when we got the letter about the vest |
thought I should try it because the ball blanket had been
so calming and maybe this also would feel real nice”.

In the beginning of the period of wearing the vest
for the study, a calming feeling was experienced, which
brought a desire and a longing to experience this posi-
tive feeling again. Patrick, 10 years old, said: “I actually
can buy a vest, if we have the money. I would like to,
because I could concentrate better, and it was really
comfortable to wear. I thought that it reminded me of the
ball blanket, it felt almost the same. It felt good when
the balls squeezed”.

The ball vest as mind and body helper
A great sense of comfort and fatigue made life brighter
The analysis revealed that the ball vest provided a
pleasant feeling of fatigue and comfort. The vest gave
heaviness on the body described as a pleasant hug and a
feeling of being safe and brought a need to yawn. Agnes’
father explained: “She likes to wear it, and that proves
that something happens in her body. I think there is
something with the balls that makes her feel calmer and
safer that gives her body a nice feeling on the whole,
that gives a kind of massage on her back and both sides
of her body. Otherwise you could wear any vest at all”.
The vest brought a confident feeling and was worn
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Table 1.
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Examples of the qualitative content analysis process in which the theme The ball vest as mind and body helper emerged

Identified meaning unit

Condensed meaning unit

Code, underlying meaning

Subcategory

Category

Well, when we got the letter
I thought that it would feel
rather nice like, and that I
should become calmer of it,
of having it.

... got the letter, thought
it would feel nice, become
calmer.

Had an expectation that
the vest would feel nice
and bring composure.

Had an expectation that
the vest would feel nice
and to bring composure.

Had an expectation that
the vest would feel nice
and to bring composure.

It has been rather heavy to
use, but has been calming in
the same time. Thus I have
become calmer; I have not
been that stressful.

Become calmer, haven’t
been that stressful.

Become calmer, haven’t
been that stressful.

I used in the afternoon when
it was pretty messy at home,
when everyone came home
and hurried round.

Used in the afternoon
when it was messy at
home, when everyone
came home

Used as shelter in the
afternoon when messy
at home when everyone
came home

Used as shelter in the
afternoon when messy
at home when the family
gathered.

When I was very excited
and became calmer when [
put the vest on and so.

I was very excited and
became calmer when I put
the vest on

Winded down by the vest

Winded down by the vest.
Became calmer wasn’t
that stressful.

It felt very nice to wear it, in
the same time a little heavy

in a nice way the balls gave

a nice feeling.

It felt very nice to wear it,
in the same time a little
heavy in a nice way, the
balls gave a nice feeling.

The vest was very nice to
wear, it was a little heavy
in a nice way, the balls
gave a nice feeling.

The vest was very nice to
wear, gave a nice heavy
feeling.

Winded down by the vest.
Calmer, not stressful. The
vest gave a nice heavy
feeling. Used as shelter
in the afternoon when
messy at home.

Table 2. Examples of the qualitative content analysis process in which the subtheme Possibilities to be active and participate in school setting

emerged
Identified meaning unit Condensed meaning unit  Code, underlying meaning Subcategory Category
I have used the vest every Used the vest every day The vest was used Used the vest vey day The vest was worn

day since I got it. It has felt
good to use the ball vest. It
feels important

since | got it. Feels good,
important

every day, felt good and
important

since I got it. It feels
important

I had it mostly in school
during lessons, took it off
during breaks and lunch.

Mostly in school during
lessons, off during breaks
and lunch.

The vest was worn in
school during lessons, not
breaks and lunch.

It has been good when I had
it on in the classroom, the
lesson went better.

It has been good when |
had it on in the classroom

Wearing the vest felt good.

I had the vest on during
Swedish, English classes
and reading. All was better;
I was calmer and listened
better.

Wore the vest during
Swedish, English classes
and reading. All was
better; I was calmer and
listened better.

Wore the vest during
Swedish, English classes
and reading. All was
better; I was calmer and
listened better.

The vest was worn during
lessons in school because
it brought calm and made
it easier to listen.

I put it on when I want,
when I feel for it, it can be
that I feel I will not be able
to sit in the classroom for so
long, not the whole lesson.
Then I put the vest on.

Put it on when I want, can
be that I feel I will not be
able to sit in the classroom
the whole lesson.

Put it on when I want, can
be that I feel I will not be
able to sit in the classroom
the whole lesson.

Wear it whenever the
need, can be a feeling
not being able to sit in
the classroom the whole
lesson.

It feels good to have it on I
like the balls.

Feels good to have it on I
like the balls.

The vest feels good to
wear and the balls are nice

The vest feels good to
wear

during lessons in school
whenever the need

was. Felt good, brought
calmness, made it easier
to listen and to sit longer
time.
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to be able to perform an activity or to be able to relax
and calm down in stressful moments. Andrew liked that
the vest made him relax so well that he fell asleep when
he was sitting on the couch and had nothing to occupy
himself with. Ben’s mother stated that when her son
tried the vest for the very first time, he after 10 minutes
uttered: “Mum, it feels in my body like I’'m going to
burst into laughter!” Ben then looked very pleased and
she recognized a positive feeling in him that sort of
poured through his body. He was very calm and looked
like he had received a kick of endorphins. During the
following intervention period he took the initiative to
wear it himself on half of the occasions, saying: “Well,
now mum I have to have the vest. Now I must have it.
Mum, I use the vest for a while”.

Lucas’ mother noticed he had the strongest need to
wear the ball vest in the afternoon, when the effect of the
stimulant medication disappeared. Patrick discovered
that the vest gave massage on the back and shoulders
when he pulled his shoulders up and down and thought
it was comfortable to do this now and then to become
more aware of his body.

Loosened up to be able to socialize

The analysis revealed that the vest brought a sooth-
ing effect on mood and temper and contributed to the
ability to endure sounds, light and smells better. During
the afternoons after school the adolescents often got
irritated because they experienced this time as messy.
At this time of day the adolescents could get very edgy
if someone touched them, or when they stood close
together with their siblings or sat at the table during
dinner. Some participants experienced that wearing the
vest could reduce such incidences and make it possible
to handle the teasing of younger siblings without getting
tantrums. Wearing the vest made it easier to loosen up
and focus on what parents and siblings said and handle
the situation in a proper way. The vest was also used to
wind down all on their own when contact with others
was unwanted. One of the boys put it on deliberately for
half an hour afterwards to be able to meet and socialize
with family and friends for a long while in a balanced
way. Andrew, 13 years old, explains: “The ball vest was
comfortable to wear. It made thus I did not get so fast
angry with my brother”.

Lucas, 13 years old, explained that when he wore
the vest while playing computer games, he did not get
as upset as he used to when the keys got stuck. He said:
“Well, then I can lose in certain games. When I had the
vest on I could just simply start from the beginning and 1
did not get so enraged either”. When he had discovered
this, he began to put the vest on before he started play-

ing.

The ball vest as a friend and pet

The ball vest brought a feeling of comfort when
things were strenuous both in school and at home. In
general, the vest helped to hold one together and sup-
ported the adolescents when they were sad or missed
someone. The vest was handled gently and protected
and sheltered from other students in school and from
younger siblings at home. It was described as a friend
that could make the adolescents calm down when they
were angry and support them to feel better when they
were sad. Lucas said: “Yes, it feels like someone is there
to hug you all the time. You need to have a little, well...
if you feel alone, maybe miss someone or so. Well, |
missed my cat, and then I put the vest on and then it felt
much better”.

The vest was experienced as hugging and consoling
by the adolescents, and when hurting themselves they
said they were less distressed. Giving the ball vest back
after the loan was described by one participant as similar
to have to leave a dog or a cat with a new owner because
not being able to take care of it.

The ball vest as an activity friend
Easier to think of what to do and keep it in mind

Several participants described that the vest made it
easier to be concentrated on activities they wanted to do.
The vest also enabled to perform activities they did not
want to do, such as tidying up the room, doing home-
work, and writing, doing math’s, and making a snack.
Andrew explained that he could walk wildly around not
knowing what to do but when he put on the vest, on it
became easier to do activities that were planned. He ut-
tered: “I concentrate when I wear the vest because then
1L am calm, I can think of what I have to do and keep it in
my mind — do not think of other things, and 1 finish what
1 have to do. Then I do those things first. If I don’t wear
it I don’t concentrate as well. I can sit and write or do
something, and then whoop — start to do something else
and immediately stop doing what I have to, for example
write. Instead I fetch and build with Lego, because that
is one of the most fun things I can do, I think, actually”.

Possibilities to be active and participate in the school
setting

The two adolescents who brought the vest to school
regularly wore it during lessons containing exposition,
instruction and individual school work. Wearing the vest
brought an ability to pull together and participate and
stay in the classroom during a whole lesson performing
school activities. Oscar was calm and listened better
when he used the vest during academics. His teacher
observed him being proud wearing the vest and that the
vest gave him gravity, as if he felt, Here I am! Patrick,
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11 years old, thought that the best time to wear the vest
was when his teacher gave instructions and information,
which then were easier to receive. Agnes explained that
during the two days she wore the ball vest in the school
setting, she relaxed more than she used to. Because of
negative attention from other students, she discontinued
bringing it but wore it at home at breakfast before going
to school, and then had a calming feeling of still wearing
it when she entered school.

Satisfaction with performing interesting and funny
activities

The analysis showed that it was common to switch
between activities such as building with Lego and
watching a film, without finishing any of these activities.
The vest brought the capacity to view a whole film with-
out a break in the middle and made it possible to follow
the storyline in a TV series you wanted to see. Lucas
explained that if he wondered what to do, he sat down
on his bed, put the vest on and then had an idea of what
to do. He then could use his iPad, watch TV, play Mine-
craft, play cards or use his smartphone. Patrick said: “/
have watched TV with it too, yes. It is comfortable to sit
calm and nice and concentrate to watch a little... with-
out walking away directly and think... nooooo, boring,
kind of. Then I can stay and watch a while, to see what
it is all about and think yes, this was pretty enjoyable
after all, in spite of starting dull”.

Wearing the vest made it possible to build more
creative and advanced constructions of Legos and other
materials and it was deliberately worn to get imaginative
and funny ideas. It also gave the opportunity to imple-
ment ideas for activities and how to use the vest could
be arranged. When Ben got an idea of an advanced
building project, he put the vest on in advance because
he had discovered he had to wear it to be able to sit
calmly and concentrate to carry the plan out. He thought
the vest had a disadvantage in that it was clumsy and, in
the way, when he sat on the floor building Legos, but he
used it anyway because it made him relax.

Attitudes of people influenced the use of the ball vest

The analysis revealed that all six adolescents used
the vest at home and that two of them also used it regu-
larly in school. Another two wanted to wear it in school
and brought it there for a couple of days and felt com-
forted by it but discontinued the use because of other
pupils’ teasing. The adolescents who wore the ball vest
regularly in school were younger and their teachers were
engaged in the use. The vest was accepted by everyone in
their school context and they got questions but not teas-
ing. The older adolescents felt uncomfortable to wear
the ball vest in school despite its benefits. They who
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attended upper secondary school felt deviant and stig-
matized because of all the questions from other students
who did not understand the purpose of wearing it.

DISCUSSION

This qualitative study brought an insight into how
wearing a ball vest while performing everyday activities
could be experienced by adolescents’, their parents and
teachers. The theme “The ball vest as an activity friend”
indicate that the ball vest may be an enabler to increase
activity performance both at home and in the school
setting among adolescents with neuropsychiatric disor-
ders. This is illuminating because the ability to focus on
and concentrate to perform an activity is a known issue
among this group of adolescents [2—4, 6, 7, 18]. Regard-
ing children with ADHD this result can be compared
to another study where researchers found that weighted
vests showed improvement in attention, responding
and processing speed, executive management and on-
task behavior [34]. Their study showed no significant
improvement in impulse control and automatic vocaliza-
tions in a randomized, two-period crossover design, but
the study supported the use of weighted vests to increase
attention to task problems of children with ADHD.

In the present study, the adolescents reported an
increased ability to perform various activities which
means that this was essential to them. This condition
supports earlier findings where students with disabilities
communicated that to them the most important element
was to be active and to be seen participating with others
in their context [41]. That adolescents with disabilities
emphasize the need to prioritize mainstream solutions
were also found in other studies [42, 43]. In the Model
of Human Occupation (MOHO) [1], participation is
acknowledged as an important aspect of activity perfor-
mance, and is perceived as engagement in play, work
or daily activities, which are part of our sociocultural
context and are desirable or necessary to our wellbeing.
That the adolescents in the present study found that the
ball vest brought possibilities to perform interesting and
funny activities corresponds with how Kielhofner [1]
describes pleasure as an important aspect of creating an
active life.

The vest was useful at home but not all adolescents
felt comfortable to wear it in the school setting. The
subtheme “Attitudes of people influenced the use of the
ball vest” indicate that the social context in the upper
secondary school influenced negatively on the possibil-
ities of using the ball vest. This finding supports earlier
research that found the social context more important
to students’ deciding to use or abandon their assistive
technology than the benefits they received from the



60 WEARING A BALL VEST IN EVERYDAY ACTIVITIES

devices [42]. However, this study also shows that the
adolescents who used the ball vest in the school setting
had teachers who were positive. The success of the use
of assistive technology devices may depend on teachers’
encouragement [44].

Another finding in the theme “A desire relieve an
earlier experienced feeling” is that the majority of the
participating adolescents earlier had tried a ball blanket
and felt the need to experience the same sensation that
the ball blanket had given them. That they felt a need
to relive an earlier experienced feeling indicates the
importance of opportunities for children and adolescents
to try and experience new assistive technology devices.
This finding also supports earlier research that found
that children and adolescents need to have their own
experiences to know whether a device is useful or not
[42, 45]. Associated with this result, one could discuss
what impact the fact that the majority of the adolescents
had a positive experience of trying a ball blanket before
had on how they experienced the ball vest. That the
adolescents associated the ball blanket with the ball vest
suggests that children and adolescents should get the op-
portunity to try a ball blanket before they try a ball vest.
An implication could be to try a ball blanket before pre-
scription. This also suggests further studies with more
participants to get answers about if there is a correlation
between these two interventions.

An interesting finding is that a delayed effect was
discovered which was made use of preventively. One
example is that the vest was worn during breakfast at
home, to be able to enter school in a calm mood. Other
examples are that the vest was worn for half an hour in
the afternoons to prepare to socialize with the family
and in advance of building a complicated Lego project
to be able to carry the building plan out. A delayed effect
of deep pressure treatment goes in line with earlier stud-
ies [29, 31]. This finding suggests that clinicians should
inform ball vest users to try to wear the vest ahead of
performing an important activity where they have to
concentrate. Overall, it should be recommended that
ball vest users themselves decide when and where to use
their vest.

The present study supplies knowledge of how a
ball vest can be useful to adolescents that need to relax
to be able to focus and stay engaged in an activity. This
supports earlier research on calming down using deep
pressure which earlier was given by holding, stroking,
hugging and swaddling [45]. The results revealed that
the ball vest gave a feeling of confidence and was worn
during stressful moments or to make one able to perform
an activity or to just relax and calm down. The ball vest
was described as giving a pleasant feeling and provided
comfort when the balls squeezed, phrased as a kind of

massage on the body. This finding shows that a ball
vest can be an alternative to techniques used for stress
reduction such as mindfulness meditation, which is used
to find relaxation through cognitive and intention-based
self-regulation [46]. Morrison [37] found in her review
that the results of the articles were questionable or posi-
tive and concluded that the effectiveness of the weighted
vests was limited, and further research using larger sam-
ples using standardized protocol and less homogenous
groups is needed. The present study has a qualitative
approach, and does not meet any of these proposals, but
can serve as an important guide forward.

Limitations

The findings can be utilized as a guide to under-
standing what might occur in other situations and sam-
ples. Despite this, the following limitations need to be
taken into account. This study sought insights into the
adolescents’ experiences of using a ball vest in everyday
activities, but it is common that when interviewing
children, data is not as exhaustive as one intends [40].
Addressing the adolescents themselves to gather data
was significant for the study. To also address their par-
ents and teachers increased the trustworthiness. Another
limitation was the eight-week-long period of using the
ball vest, which means that the long-term outcome has
not been studied. In this matter this study can be viewed
as a pilot study.

CONCLUSION AND IMPLICATION

This qualitative study identifies an interesting hy-
pothesis regarding how a ball vest can be experienced
in relation to the performance of everyday activities at
home and in the school setting for students with high
activity levels and neuropsychiatric disorders. This
study suggests that the participating adolescents them-
selves were conscious about the importance of their
own activity performance and activity participation.
An implication for practice and further use of ball vest
includes that detailed information from the occupational
therapist to the teacher and the school class should be
given to create a friendlier climate for ball vest use.
There is a need of structural information to the children
and adolescents themselves. The occupational therapist
and the teacher should also give more time for informa-
tion and adaptation in the school setting.

In addition, the adolescents need to wear the ball
vest in different contexts and activities to get experienc-
es in which settings it was most useful, which seems to
be of importance for the experience of benefit. Further
research is needed to explain what factors are important
and to influence the decision to wear a ball vest or not in
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the school setting.
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Abstract: Everyday technology (ET) has become central to modern life, but its use poses challenges to those with cog-
nitive impairments. We sought to describe the level of perceived difficulties in using ET by people with Acquired Brain
Injury (ABI) and to assess the correlation between perceived level of difficulty and cognitive impairment. The Every-
day Technology Use Questionnaire revised Japanese version (ETUQ-Japan) was used to assess perceived difficulties in
ET use for twenty-two participants with ABI. A trend of negative correlation was observed between the ratio of ET used
with assistance of someone else and all neuropsychological test results. In particular, strong negative correlation was
observed between the executive function (Behavioral Assessment of the Dysexecutive Syndrome, BADS) and the use
of ET with assistance. It is likely that impairments to executive function are associated with difficulties in using ET use
and patients with ABI living at home will require aid to address these problems.

Keywords: acquired brain injury, everyday technology, executive function

1. Introduction

The daily life of people with acquired brain injury
(ABI) is influenced by their cognitive impairments
including memory disorder, attention disorder, and
executive dysfunction [1]. Wilson and her colleagues
have reported the challenges for their patients with ABI
in their daily lives, including forgetting where they have
placed objects or parked their cars and being unable
to manage money or leave the house alone [2]. Others
reported that people with ABI have limitations to their
level of activity [3] and social adaptation [4]. Many
young persons with ABI who live at home need services
and supports in their environments [5]. In addition to
the inconveniences faced by persons with ABI them-
selves, there is also extensive burden placed upon care-
givers [6, 7]. Cognitive impairment is associated with
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the loss of social autonomy and an inability to return to
work after ABI [8].

For people with ABI to live comfortably at home, it
is important to have abilities to handle many everyday
technologies (ET). ET has been defined to include a
variety of technical, electronic, and mechanical equip-
ment, including both recently developed devices and
well-known technology and services [9]. Not only does
the use of ET contribute to an improved lifestyle [10],
it has also become an integral part of most tasks at
home and in society, including the workplace in recent
decades [11]. However, the use of ET, even by people
without cognitive impairments, can be difficult at times
[12], and the benefits that people with ABI, who have
various types of cognitive impairment, can gain from
ET are even more limited than those without cognitive
impairment [13].

Multiple studies have evaluated the relationships
between people with ABI and their ET use in everyday
life. Lindén and her colleagues have demonstrated that
people with ABI have difficulties using everyday tech-
nology, in particular, advanced technology such as com-
puters, telephones, and other electronic systems which
require the use of cognitive functions [14]. Fallahpour
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and her colleagues have revealed that perceived diffi-
culty in ET use is significantly increased among people
with ABI, with severe to moderate disability, compared
with controls [15]. Malinowsky and Lund have de-
scribed the relationship between the perceived difficulty
and the observed ability of ET use in people with ABI of
working age [16].

Although there are a few studies that evaluated dif-
ferent aspects of ET use in people with ABI, to the best
of our knowledge, there have been no studies regarding
the relationship between the difficulties using ET and
various types of cognitive impairments. Therefore, our
study sought to explore the level of the difficulties in
using ET among people with ABI and to assess how the
level of difficulties is associated with cognitive impair-
ment in people with ABI. Lund et al. also emphasized
the need for occupational therapists to evaluate the
extent to which people with ABI experience difficulties
while using ET as a result of cognitive impairment [17],
and occupational therapists need knowledge about the
relationship between the difficulties experienced by
people with ABI during ET use and their cognitive im-
pairments.

In conclusion, this study aimed to clarify the relation-
ship between various cognitive functional impairments
in people with ABI living at home and their perceived
level of difficulty of ET use.

2. Participants

Inclusion criteria required that participants in this
study (i) had a diagnosis of cognitive impairment caused
by acquired brain injury and, (ii) lived at home and,
(ii1) either had no physical dysfunction or only limited
physical dysfunction that scarcely affected their ET use
in daily life. Exclusion criteria included (i) a diagnosis
of cognitive impairment with no clear cause, (ii) a diag-
nosis made by someone other than a physician and (iii)
those who lacked the communicative ability to undergo
interviews. Upon commencing research, requests for re-
search cooperation were sent to eight general hospitals,
clinics, community workshops specialized in cognitive
disorders and ABI Patient-Family Associations in the
Kansai area and Okayama prefecture. People from these
institutions and organizations introduced the research
to potential participants using written explanations.
Twenty-two participants who met the criteria were
enrolled (Table 1). The participants, of which 17 were
men and five were women, were aged from 20 to 62
years with a mean age of 41.3 + 13.4 years. Causes of
head injuries included head trauma (15 participants),
cerebrovascular accident (five participants) and hypoxic
encephalopathy (two participants). Two participants

Table 1. Characteristics of 22 participants in the study
Age (years)
Mean (SD) 41.3(13.4)
Range 20-62
Gender (n)
male 17
female 5
Living situation (n)
with family 20
alone 2
Employment Status (n)
not employment 10
assisted employment 9
regular employment 3
Type of ABI (n)
Trauma 15
Stroke 5
hypoxia 2

lived alone and 20 participants lived with their families.
Three participants were in regular employment, nine
participants were in assisted employment at welfare
facilities, and 10 participants were unemployed (includ-
ing retirees, housewives and students).

This study proposal was approved by the Ethical
Committee of Kobe University Graduate School of
Health Sciences. All participants provided written in-
formed consent before data collection.

3. Materials and Methods

Data-collection tools

For collecting information of perceived difficulty
in ET use by the participants with ABI, the Everyday
Technology Use Questionnaire revised Japanese version
(ETUQ-Japan) was used. The original ETUQ is a semi-
structured standardized interview questionnaire, devel-
oped to investigate perceived difficulties among elderly
people with cognitive deficits living at home [9, 12].
The original ETUQ is composed of 93 ET-items orga-
nized into 8 domains, namely: household activities (e.g.,
microwave oven and vacuum cleaner), activities at home
(e.g., TV and DVD), personal care (e.g., thermometer
and hair dryer), power tools (e.g., lawnmower and
electric screwdriver), accessibility (e.g., elevator and in-
tercom), data and telecommunications (e.g., push-button
telephone and PC), economy and shopping (e.g., credit
card and the Internet banking), transportation (e.g., an
automatic turnstile and automatic ticket machine). The
ETUQ-Japan was composed of 101 items in the same 8
domains [18-20].

For evaluating cognitive functions of the people with
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Table 2. Neuropsychological test results of ABI patients
WMS-R WAIS-III BADS
verbal memory visual memory total memory VIQ PIQ FIQ BADS score
Mean 70.9 75.1 68.5 85.7 75.5 78.5 79.0
SD 14.9 19.2 16.1 20.8 15.9 17.6 22.8
Median 68.5 81 67 85.5 75 77 80.5

ABI, we used the Wechsler Adult Intelligence Scale-
Third Edition (WAIS-III) for Intelligence, the Wechsler
Memory Scale-Revised (WMS-R) for memory functions,
and the Behavioral Assessment of the Dysexecutive
Syndrome (BADS) for executive function. These cogni-
tive functions were evaluated in the participant’s home,
and some was submitted from the cooperating facility
with consent.

Data collection methods

Interviews regarding perceived difficulty in ET use
were obtained by conducting the ETUQ-Japan in the
participant’s home. These interviews were done by first
author. He, as well as the members of the research team,
had extensive knowledge about the ETUQ obtained
from a workshop on the original ETUQ and work on
developing the ETUQ-Japan [20].

In the ETUQ interviews participants were first asked
if each ET was “relevant” or “not relevant” for them.
If an ET was relevant, then they were asked regarding
ease or difficulty of use, which was scored according to
the level of perceived difficulty in using it. There were
three scoring categories: (i) “use independently without
difficulty,” (ii) “use independently with difficulty,” or
(ii1) “use with assistance of someone else.”

Data analysis

In each participant, a value was obtained by dividing
the number of ET included in each category (i, ii, and
iii) by the total number of relevant ET. These three
values and the number of using ET (relevant ET) were
defined as “condition of using ET”.

The condition of using ET and the results of neuro-
psychological tests (“performance intelligence quotient
(PIQ),” “verbal intelligence quotient (VIQ),” “full scale
intelligence quotient (FIQ)” of WAIS-III, “verbal
memory,” “visual memory,” “total memory” of WMS-R,
and BADS score) were analyzed with the Spearman’s
rank correlation coefficient in order to clarify the
relationship between the various measured cognitive
functions and use of ET. All risk ratios were considered
significant with scores below 5% based on the two-sided
test. For data analysis, the SPSS version 20.0 for win-
dows was used for this study.

4. Results

The relationship between various cognitive and execu-
tive functional impairments and perceived level of diffi-
culty of ET use

The mean + standard deviation for ET used in people
with ABI was 34.7 + 8.3, out of a total of 101 items of
the ETUQ-Japan. Neuropsychological test results for
subject with ABI are shown in Table 2.

The coefficient ratio of each neuropsychological test
and the condition of using ET are shown in Table 3. A
positive correlation was observed between “the number
of using ET” and the BADS score (r = 0.466, p < 0.05).
A positive correlation was also observed between “use
independently without difficulty” and the BADS score
(r = 0.430, p < 0.05). A negative correlation was ob-
served between “use with assistance of someone else”
and verbal intelligence following WAIS-III “VIQ” score
(r=-0.479, p < 0.05). A negative correlation was also
observed between “use with assistance of someone else”
and WMS-R “verbal memory” (r = —0.570, p < 0.01),
“visual memory” (r = —0.561, p <0.01), “total memory”
(r = —0.568, p < 0.01), WAIS-III performance intel-
ligence “PIQ” score (r = —0.613, p < 0.01), full scale
intelligence “FIQ” score (r = —0.598, p < 0.01), and
executive function BADS score (r =—0.843, p <0.01).

No significant correlation was observed between “use
independently with difficulty” and neuropsychological
scores.

5. Discussion

A trend of negative correlation was observed between
the ratio of ET “used with assistance of someone else”
and all of neuropsychological test results. In particular, a
strong negative correlation was observed with the BADS
score. On the other hand, there was a positive correla-
tion between the BADS score “the number of using ET”
and “use independently without difficulty” categories,
but no correlations were observed for the condition of
ET use and the other neuropsychological tests results,
except for the “use with assistance of someone else”
category. Therefore, it is believed that the BADS score
reflects the condition of ET use and everyday quality of
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Table 3.
relation coefficient)

Relationship between the states of ET use and each score of neuropsychological test (Spearman’s rank cor-

Types of neuro- the number of

use independently

use independently use with assistance

psychological test using ET (rs) without difficulty (rs) with difficulty (rs) of someone else (rs)

verbal memory 0.364 0.411 0.167 —0.570%*
visual memory 0.409 0.195 0.339 —0.561%%*
total memory 0.416 0.355 0.214 —0.568**
VIQ 0.281 0.360 0.162 —0.479*

PIQ 0.271 0.382 0.197 —0.613**
FIQ 0.342 0.397 0.204 —0.598%*
BADS 0.466* 0.430* 0.371 —0.843**

%p <0.05, ** p < 0.01.

life of patients with ABI. Furthermore, there is a greater
likelihood of requiring assistance, especially when the
BADS score is low. BADS was developed by Wilson
and her colleagues as a standardized battery for evalu-
ating executive dysfunction [21] and was thought to be
an effective tool for evaluating the ability to perform
an action independently and efficiently [22]. Executive
functions are the controlling mechanisms of the brain
and include the processes of planning, initiation, organi-
zation, inhibition, problem solving, self-monitoring and
error correction [23]. People with executive dysfunc-
tion lack the ability to create ideas and build practical
strategies, have difficulties in starting and maintaining
actions, as well as taking independent actions [1, 22]. In
conclusion, occupational therapists should heed BADS
scores as indicating the possible existence of difficulties
with using ET.

No previous research makes explicit reference to the
relationship between ET use and executive dysfunction;
but several studies have suggested the relationship.
Organizing or sequencing steps and actions in a logical
order may affect using ET in daily activities [24]. Also,
Larsson and colleagues reported one of the response
actions while using ET being random and inflexible
repeating [17]. Kassberg et al identified that people with
ABI require varied support to identify their problems
and goals related to ET use [25]. In a recent research
we conducted, we characterized the difficulties faced by
people with ABI in daily life, by classifying the encoun-
tered difficulties [26]. According to that research, vari-
ous types of level of perceived difficulties among people
with ABI were identified, such as, “pressing the buttons
of DVD player at random, due to having difficulty in
recording” or “being unable to distinguish the difference
between the ways of cooking on the rice cooker.” These
difficulties are classified as “cannot correct one’s error
when using ET” and “inflexible in changing one’s corre-
spondence according to each device.” These difficulties
are thought to be caused by executive dysfunction.

Therefore, when these people perceive any difficulties
at the time of ET use, they tend to give up or depend
on others, rather than trying to solve the problems by
themselves through trial and error. This is thought to be
characteristic of “use with assistance.” Furthermore, in
that study there were some problems, such as “spend a
day without adjusting the air conditioner according to
the room temperature” or “often use the hair dryer when
reminded by the caregiver and get told that the time
for drying is not enough.” The present study’s results
support the notion that for people with executive dys-
function, difficulties arise when they start or continue
operating ET, and then it is necessary for someone to
watch and tell them what to do at the time of their ET
use.

Regarding these problems that he/she cannot start or
continue operating ET, the use of assistive technology
that prompt his/her actions is thought to be effective. The
paging system designed by Wilson and her colleagues
is an assistive technology for memory impairment,
but can also be used to give cues regarding initiating
actions [27]. As for a trial to replace caregivers with
assistive technology, Tanemura and her colleagues have
developed a daily life management application named
“Arata,” which achieved good results [28].

In a study of mental health and related factors, Suzuki
and his colleagues indicated that memory disorder was
less related to mental health, and it was executive dys-
function and social behavior disorder that were associat-
ed with mental health [29]. In addition, they pointed out
that the number of prompting and time spend watching
over a person with executive dysfunction required for
each occupational performance process in everyday life
may affect the mental health of caregivers. Based on
the results of that study and the present study, it seems
that with executive dysfunction increasing so does the
tendency to depend on others when using ET, and as a
result the burden on caregivers is increasing. Decreasing
the need for prompting and watching over required for
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each occupational performance process in everyday life
might result the reduction of caregiver burden. Also,
assistive technology that prompts the actions of people
with executive dysfunction instead of caregivers is
useful for the reduction of caregiver burden.

Executive dysfunction is also said to have a mutual
relation with social participation [30]. Executive func-
tion is associated to the abilities of planning efficiently
to do daily routines skillfully and to adjust well with the
surrounding people to solve social problems [31]. The
result of this study indicated that there is a relationship
between ET use and executive dysfunction. We have to
focus both on the situation of using ET and the level of
executive dysfunction to understand the daily life of the
people with ABI from their ADL to social integration.

Study limitations

We looked at the influence of cognitive impairment,
however there are many other influences. It is known
that personal identification and environmental factors
affect the difficulty of ET use [33]. Considering these
factors is necessary when providing interventions for
people with ABI.

The surveyed area of this study was limited in the
Kansai region and Okayama prefecture. Accordingly
this study’s findings might not reflect geographical
differences that might influence the use of ET and the
relationship between client and caregiver.

Even though the participants did not have difficulty
with physical function, it is well-known that people
with ABI have additional problems, not only with
memory disorder and executive function, but also with
motivation and personality. Taking such problems into
consideration might lead to different findings regarding
cognitive impairment and conditions of ET use. For
instance, there is a possibility that motivation and per-
sonality are more important than executive function.

Conclusions

The level of perceived difficulties in ET use by people
with ABI were explored and revealed. The results sug-
gest that the quality of executive function influence the
ability of an individual to use ET. People with ABI have
many difficulties in ET use, and they might have a need
for support from others in many cases. Consequently,
difficulties of using ET not only impedes the use of ET
in clients, but also hinders their participation in society
and places burdens on caregivers. It is necessary for
occupational therapists who are involved in the home
life of patients with ABI to pay attention to the patient’s
ability to use ET as well as their executive dysfunction.
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Abstract: Purpose: This study aimed to compare adjustability of grasping force (AGF) between people belonging to
young and elderly age-groups.

Methods: Twenty young people and 20 elderly people, with no previous pathology involving the hands and fingers,
were included in the study, and an AGF assessment was performed for all the subjects using an iWakka. Subjects
adjusted the grasping force according to the target value displayed on the monitor by opening or closing the iWakka.
Results: The assessment of AGF was performed separately from that of the gripping force, and the latter was found to
be comparable between the two groups. The mean AGF was found to be 8.9 + 4.0 g and 7.6 + 2.8 g for the dominant
and the non-dominant hand, respectively, in the elderly group, as compared to the mean AGF for the dominant and the
non-dominant hand of 4.4 + 1.2 g and 4.4 + 0.6 g, respectively estimated in the young age-group. A t-test conducted
after controlling the disparate factors (sex, handedness, gripping force) between the subjects of the two groups, showed
that there was a significant difference in AGF between the young and the elderly groups for both the dominant (p = 0.03)
and the non-dominant hand (p = 0.02), indicating that the AGF of the elderly people was significantly lower than that
of the young study-subjects.

Conclusions: Our findings suggest that AGF decreases with aging and that it is necessary to assess AGF separately

from the gripping force, to make a precise comparison.

Keywords: adjustability of grasping force, iWakka, elderly people, gripping force

1. Introduction

The functions of hands and fingers involve making
grabbing, gripping, pinching, hooking, scooping, and
pressing movements, which play an important role in
performing daily activities [1]. Therefore, in many in-
stances, rehabilitation centers have developed interven-
tional programs for training patients to resume activities
of daily living (ADL), based on the results of functional
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assessment of their hand and finger movements. Cur-
rently, an assessment of gripping force, the Purdue Peg-
board Test [2], the O’Connor Finger Dexterity Test [3, 4],
the Jebsen-Taylor Hand Function Test [5], and an ex-
amination of the physical capacity of hand-related skills
[6], are utilized widely for assessing the hand and finger
functions. Since these tests depend on an evaluation of
both the time taken to complete a task and the degree to
which the task is achieved, they can assess the maximum
functional output while attempting to complete a task.
However, while performing ADL, though there are tasks
for which maximum force output is indicated, there are
also those which require the capability of adjusting the
exertional force, both chronologically and spatially, in a
continuous manner and at a level below the maximum,
without dropping a grasped object, further defined by its
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shape, weight, and type of material. This capability is
referred to as the adjustability of grasping force (AGF).

A specialized device, called an iWakka, has been
developed for the purpose of measuring AGF. Assess-
ments performed using this device allow insights into
the patient’s actual AGF capability, which other existing
modalities cannot evaluate [7-9]. Kaneno et al. [10]
verified the reliability of an AGF-assessment method in
young adults using an iWakka. Kaneno et al. [11] also
verified the reliability of using this device for AGF eval-
uation in elderly individuals. These studies reported that
AGEF assessments performed using an iWakka provide
reliable data on the AGF of people belonging to both the
young and elderly age-groups.

Studies have reported that compared to young
subjects, the elderly ones tend to have reduced hand and
finger functions, indicated by evaluating various param-
eters including gripping force and fine motor skills [12,
13]. Conversely, with respect to certain mental skills
such as comprehending a story from the context and for
recall related to prospective memories [14, 15], elderly
people demonstrate a capability equivalent to that ob-
served in young subjects. These insights about the types
of abilities that elderly individuals need assistance can
help provide targeted preventive assistance. However,
there have been no reports on a comparison of AGF
between young and elderly individuals, and no data are
available on whether elderly individuals have a reduced
AGF as compared to the young age-group. Therefore,
this study aims to compare AGF between people belong-
ing to young and elderly age-groups.

2. Methods

2.1 Subjects

The eligibility criteria for the young subjects in-
cluded in the study were 20 < age < 30 years and being
affiliated to the Faculty of Health Sciences, Mejiro
University, in Japan. Exclusion criteria were having
an experience of carrying out tasks similar to those
required to be performed for this study, or having a
current or past (history of) orthopedic or neurological
disease of the hands and fingers that impacted ADL. The
eligibility criteria for elderly individuals subjects were
age > 65 years, those living in their own homes (main
place of residence), and those able to ambulate without
a walking-aid and able to travel to the study venue by
themselves. The exclusion criteria for the latter group
were having an experience of carrying out tasks similar
to those required to be performed for this study, having
a current or past (history of) an orthopedic or neurologi-
cal disease of the hands and fingers that impacted ADL,
or scoring < 23 on the Mini-Mental State Examination

(MMSE).

In order to estimate the sample size required for this
study, we conducted a pilot survey of a small group (n
= 10) consisting of 5 young people and elderly people,
respectively. The results showed that the effect size of
the AGF value (the main outcome of this study) for this
small-sized sample was 1.17. We estimated the size of
the study-sample required for the study, from the effect
size of AGF value on the test group, using software
G*Power [16] at a setting of a = 0.05 and § = 0.20,
which showed that an evaluation of at least 10 subjects
in each group would be necessary to obtain statistically
viable results. In order to adjust for confounding factors
arising from matching of subjects, we recruited 20 sub-
jects each for the young and elderly study groups.

All subjects received written and verbal explanation
of the objectives and the study protocol in advance.
All subjects included in the study provided written,
informed consent for participation. The study protocol
was approved by the research ethics review board of the
Mejiro University (Approval number: 17-007).

2.2 Outcome measures
2.2.1 AGF assessment

In this study, we used the device iWakka (Aimu
Co., Ltd.) for assessing the AGF of the study subjects.
The device has a cylindrical shape with an 80-mm
height and a 65-mm diameter. It consists of attached
hinges for fixation to one of the edges of the cut- vinyl
chloride pipe, and plate springs are placed within the
pipe in such a manner that they cross each other [7, 8]
(Fig. 1). Opening or closing the iWakka causes the plate
springs to distort. We measured the level of distortion
with a gauge and used a computerized analysis to create
a real-time graph indicating the variability of the grasp-
ing force (in grams) over time (in seconds). Subjects
were instructed to adjust the grasping force according
to the target value displayed on the monitor. The maxi-
mum target value used was 400 g. The target value was
changed in a stepwise manner at certain time intervals.
The displayed values moved from right to left on the
graph, with the passage of time. Quantitative evaluation
is possible by calculating the absolute value of error,
between the target value and the measured value of
grasping force as AGF. A smaller the absolute values
were indicative of a better AGF (Fig. 1).

With reference to the methods described in older
studies [11, 17], the test environment was arranged as
follows (Fig. 1). The assessment was conducted in a
quiet environment. An adjustable table was utilized with
its height adapted to the test subject’s preference, based
on the distance from their seat or chair to the table,
to increase the ease of using the device. In order to
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Fig. 1. Adjustability of grasping force assessment using the iWakka.
(a) The iWakka device (b) Real-time graph indicated on the monitor, with the graph indicating the variability of the
grasping force (in grams) over time (in seconds) (c¢) Schematic of the test arrangement.
Reproduced with permission of the Society of Physical Therapy Science from [Kaneno, ef al.]. [Assessing the adjusta-
bility of grasping force using the iWakka in elderly individuals. J Phys Ther Sci. 2017; 29: 2215-9].

maintain a uniform seating position and posture for all
study subjects, no backrest was provided. The subjects
were seated with their legs shoulder-width apart and
their knee joint was kept in a 90 degrees flexed position.
The distance from the table to the body was maintained
at 10-cm, and the monitor was placed at a distance of
50-cm from the edge of the table. Subjects were in-
structed to maintain the position of the test-hand in the
“Functional position”, i.e. in dorsiflexion at 30° with
the metacarpophalangeal joint of the digitus minimus
attached to an acrylic plate. In order to eliminate the
impact of the upper arms and maintain an equal shoulder
height during measurement, the subjects were seated
with both elbows on the table with both their forearms
positioned at a point in-between pronation and supina-
tion, while the iWakka was placed on the acrylic plate,
so that the device would not be tilted.

2.2.2 Assessment of gripping force

An analog tester (Takei Scientific Instruments Co.,
Ltd.) was utilized to measure the gripping force for
all subjects. With reference to the positioning method
described by Edo et al. [18], in this study, the grip-
ping-force measurements were performed with subjects

seated upright with their upper limbs placed down along
the body. The gripping width was set in such a manner
that the proximal interphalangeal joint of the index
finger was bent at 90°. Since it has been reported that
measuring the one-time gripping-force provides reliable
data [19], we also carried out only one-time measure-
ment of the gripping force for each study-subject.

2.3 Measurement procedure

Firstly, basic information such as age and gender
was collected in an interview. Following this, a laterality
index was estimated using the Edinburgh Handedness
Inventory [20] to determine the dominant hand in each
subject. As per the criteria described by Sakano [21],
those with a laterality index value from 80—100 were
determined to be right hand-dominant, and those with
scores from —20 to —100 were considered to have a
dominant left hand. Thereafter, prior to the assessment,
a short practice session was conducted for each subject
to familiarize them with the details of the tasks to be
performed using the iWakka. Different target values
were used from those in the assessment for this practice.
A five-minute break was given after completion of the
practice tasks, and the assessment were carried out in
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the same environment as that used for practice. Subjects
performed assessment tasks twice each with the domi-
nant and the non-dominant hand, and the mean value of
the two attempts was used as the measurement value. In
order to eliminate the effect of order of testing, counter-
balancing was used by dividing the subjects into those
who started the assessment with their dominant hands
and with their non-dominant hands, respectively.

2.4 Data analysis

Subjects were categorized into a young group and
an elderly group. The Chi-square test was used to ana-
lyze the distribution of baseline characteristics including
sex and handedness, between the two groups. Further-
more, the groups were compared using t-tests for inde-
pendent samples, in order to evaluate deviations in the
values of both gripping force and AGF.

We performed adjustment to control variations in
factors including sex, handedness and gripping force so
that the difference between the two groups would only
be limited with respect to age to the maximum possible
extent. Subject-matching was conducted between both
groups for the comparative analysis of AGF. While per-
forming the analysis, factors, including both sex and the
dominant hand of the subjects, were completely matched
(e.g., right-handed young men and right-handed elderly
men). In addition, the permissible ranges of gripping
force were set at + 5 kg and £ 3 kg for males and
females, respectively, and the pair whose values of grip-
ping force were as similar as possible were matched. As
per data on variations in gripping force with age, issued
by the Japanese Government Ministry of Education,
Culture, Sports, Science and Technology, the standard
deviations in both males and females aged 70—74 years
were smaller than in those aged 20—24 years. In our
study, the standard deviations among males and females
aged from 70—74 years were referred to for setting the
standard deviation values [12]. After matching, a t-test
for analysis of independent samples was repeated.

The software IBM SPSS Statistics 25 was used for
statistical analysis, and the level of significance was set
at 5%.

3. Results

The mean age of the group of 20 young subjects
was 21.0 £ 0.7 years (95% confidence interval [CI]:
20.7, 21.3), and it included 4 males and 16 females.
Nineteen subjects were right-dominant, while 1 was
left-dominant (Table 1). The mean gripping force for
the dominant and the non-dominant hand was found to
be 26.9 £ 6.4 kg (95% CI: 24.0, 29.9) and 24.9 + 7.1 kg
(95% CI: 21.6, 28.2), respectively. The mean AGF for

the dominant and the non-dominant hand was calculated
as 4.4+ 1.2 g (95% CI: 3.8, 5.0) and 4.4 £ 0.6 g (95%
CI: 4.1, 4.7), respectively, in the young age-group.

The mean age of the group of 20 elderly subjects
was 71.1 + 4.1 years (95% CI: 69.1, 73.0), and it
included 15 males and 5 females (Table 1). The mean
MMSE score of the group was 28.8 £ 2.0 points (95%
CI: 28.1, 29.4), and all 20 subjects were found to be
right-dominant. The mean gripping force was 29.1 +
7.8 kg (95% CI: 25.4, 32.7) and 28.4 £ 8.2 kg (95%
CI: 24.5, 32.2) for the dominant and the non-dominant
hand, respectively. The mean AGF was 8.9 + 4.0 g (95%
CI: 7.0, 10.7) and 7.6 + 2.8 g (95% CI: 6.3, 8.9) for the
dominant and the non-dominant hand, respectively, in
the elderly group.

An analysis of AGF between the two groups
through a t-test indicated that it was significantly lower
in the elderly group than in the young group for both
the dominant and non-dominant hands (p < 0.01 for
both, Cohen’s d = 1.52, Cohen’s d = 1.58, respectively)
(Table 1). No significant difference in gripping force
was observed between the two groups for both dominant
and non-dominant hands (p = 0.35 and p = 0.17, respec-
tively). The number of female subjects was significantly
larger in the young group, and that of male subjects was
significantly larger in the elderly group (p = 0.03). No
significant difference in the number of right and left-
dominant was observed between the two groups (p =
0.31).

The two groups were matched for sex, the dominant
hand, and the gripping force of the subjects, in order to
control these factors (Table 2). Following matching, the
number of subjects in in each of the two groups was 6
with a sex-distribution of 2 males and 4 females in each
group. A t-test conducted after controlling the disparate
factors (sex, handedness, gripping force), showed that
there was a significant difference in AGF between the
young and the elderly groups for both the dominant (p =
0.03, Cohen’s p = 1.61) and the non-dominant (p = 0.02,
Cohen’s p = 2.04) hands, indicating that the AGF of the
elderly subjects was significantly lower than that of the
young subjects.

4. Discussion

Since there have been no AGF-assessment meth-
ods described in existing literature, it was unclear
whether elderly individuals had a higher or lower AGF
as compared to that of young people. However, this
study showed that elderly people have lower AGF than
young people, even after performing adjustment for sex,
handedness and gripping force of the test-subjects. It has
been reported that since innervation ratio increases with
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Table 1. A comparison of adjustability of grasping force between the young and the elderly study-groups.
Young group Elderly group R
n=20 =20 P Cohen’s d
Age (year) 21.0+0.7 71.1+4.1
Male 4 15
Gender (no. of people) Female 16 5 0.03
MMSE (score) 28.8+2.0
. Right 19 20
Dominant hand (no. of people) Left | 0 0.31
Gripping force (kg) Dominant hand 269+6.4 29.1+7.8 0.35 0.31
PPIng & Non-dominant hand 249+7.1 284+82 0.17 0.46
AGF () Dominant hand 44+12 8.9+4.0 <0.01 1.52
£ Non-dominant hand 44+0.6 7.6+£2.8 <0.01 1.58

AGF: adjustability of grasping force; MMSE: Mini-Mental State Examination.

MMSE was measured for elderly subjects only. Chi-square tests were performed to assess the differences between the two
groups with respect to the sex and the dominant hand of the subjects. To comparatively evaluate gripping force and AGF,
t-tests for independent samples were performed. AGF indicates the absolute value of error of the actual grasping force from
the target grasping force. Therefore, when AGF is high, the measurement value is small.

Table 2. A comparison of adjustability of grasping force between the young and the elderly groups after performing adjust-
ment for factors including sex, handedness and gripping force of the subjects.

Young_ group Elderl)_f group » Cohen’s d
n==6 n==6
Age (years) 212+ 1.0 70.5+3.9
Male 2 2
Gender (no. of people) Female 4 4 1.00
MMSE (score) 29.0+2.2
. Right 6 6
Dominant hand (no. of people) Left 0 0 1.00
Gripping force (kg) Dominant hand 248+74 24.6+7.7 0.97 0.03
PPIg & Non-dominant hand 229495 219475 0.84 0.12
AGF () Dominant hand 49+2.0 122 +6.1 0.03 1.61
& Non-dominant hand 45+08 94+33 0.02 2.04

AGF: adjustability of grasping force; MMSE: Mini-Mental State Examination

age, elderly people tend to find it difficult to perform
precise movements that require a subtle adjustment
of force [22, 23], and the impairment was considered
to be related to a decrease in AGF in this population.
Additionally, a report has also suggested that the in
elderly individuals, the capability of adjusting force
while holding an object reduces, because the sensitivity
of sensory receptors including those responsible for
tactile sensibility and mechanoreception, declines with
age [24]. The Japanese Association of Occupational
Therapists [25] has reported that about 30% of elderly
people, who have no specific diseases and are living
in the community, find it difficult to perform certain

everyday tasks, indicating a difficulty in conducting
their ADL. The Association develops occupational
therapeutic interventions with a focus on ADL, and the
effects of such interventions have been published [26].
This study demonstrated that local elderly residents
who can apply the same level of gripping force as that
exerted by young people demonstrate a lower AGF than
young people. Since AGF is the capability of adjusting
the force exerted while holding any object (depending
on its shape, weight and material), it can be considered
that individuals with reduced AGF may face difficulties
in performing actions in their everyday lives, such as
dropping a grasped object or accidentally crushing an
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object in the hand. Therefore, this study suggested that
it is necessary to assess the AGF of elderly people sep-
arately from gripping force and have an understanding
of to what degree their AGF has been reduced from an
early stage, in order to alleviate difficulties which local
elderly residents face in their everyday lives.

The elderly population is expanding at a global
level, and it is particularly expected to rapidly increase
in Japan [27]. Consequently, Japan is also expected to
start facing difficulties related to the care of this age-
group relatively earlier than other countries, and the
manner in which, the country would address such issues
is currently of interest to the international community.
The World Federation of Occupational Therapists [28]
has expanded its scope for occupational therapy to be
extended not only to those with health problems but also
to any individuals, who are occupationally involved,
indicating that those who do not have health issues can
also benefit from the therapy. Preventive interventions
have been provided through occupational therapy, based
on knowledge related to the reduced capabilities of
elderly people as compared to those of young people
[29-31]. This study elucidated that elderly individuals
have significantly reduced AGF as compared to young
people, suggesting that it is necessary to provide inter-
ventions for this reduced capability from a preventive
perspective.

This study, after making adjustments for factors
including sex, handedness and gripping force of the
subjects, was able to determine that the AGF of elderly
people was lower than that of young people. However,
the number of pairs assumed in advance was not created
as a result of matching. Therefore, we calculated the
actual power from the effect size of AGF value on the
two groups following matching, using software G*Power
at a setting of o = 0.05 and sample size of 6. The results
indicated that the power of our comparison for both
dominant hand and non-dominant hand was sufficient
(power = 0.71, power = 0.89, respectively), as the effect
size after matching was higher than before matching. In
addition, the impact of reduced AGF on ADL has not
been elucidated till date, indicating the necessity of fur-
ther research on this aspect. Moreover, while this study
indicated that AGF may reduce with aging, it did not
clarify what kind of factors may have been responsible
for the reduction. In particular, AGF may be affected by
hand size and sensory function. Therefore, in the future,
in order to provide effective interventions for reduced
AGF, it is necessary to elucidate these factors that influ-
ence AGF. Also, further investigations of AGF, not only
of elderly individuals able to live in the community,
but also of weaker elderly people and those facing dif-
ficulties in their everyday lives are required, in order to

accumulate knowledge that will be useful in developing
effective intervention programs for this vulnerable age-

group.
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Abstract: It is well known that children with autism spectrum disorder show handwriting difficulty. Although it is
considered that not only cognitive but also motor impairments affect the difficulty, remarkably little is known about
the motor characteristics of handwriting in autistic children. Therefore, the purpose of this study is to investigate: 1)
peculiarities of hand and finger functions; and 2) characteristics of handwriting movement in preschool children with
ASD during the chrysalis stage of handwriting. Participants were children with ASD and age- and partially IQ-matched
controls. We conducted assessment of muscle strength, motor coordination, separate finger movement, dexterity, grasp
posture and line drawing movement. We compared data between ASD and control groups. Significant differences were
observed in repetitive hand tapping, pronation and supination, sequential finger tapping, finger lifting and pegboard.
Considering components of handwriting, there seems to be no prominent difference between the two groups in grasp
posture, although ASD showed poorer motor coordination on the drawing line task compared to that of controls. The
present results also showed atypical characteristics of hand and finger motor functions and line drawing movement in
ASD. These findings provide further insight into the motor aspects of handwriting and suggest investigating correla-
tion between hand and finger functions, especially separate finger movement and manual dexterity and motor aspect of

handwriting may be important to clarify effective bottom up training for acquisition of handwriting skills.

Keywords: handwriting, developmental disorders, tool use, motor coordination

Introduction

The Diagnostic and Statistical Manual of Mental
Disorders 5th edition (DSM-5) characterizes autism
spectrum disorder (ASD) by deficits in social com-
munication and social interaction as well as restricted,
repetitive patterns of behavior, interests or activities [1].
In addition to the main peculiarities, it is well known
that persons with ASD demonstrate various motor
impairments, such as impaired gross motor function,
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motor coordination and manual dexterity [2—6]. These
impairments are also referenced in DSM-5 [1]. Those
difficulties have a large impact on activities of daily
living as well as social activities in persons with ASD.
There is literature on handwriting difficulty in
children with ASD. Several studies have demonstrated
handwriting impairments in ASD using a standard
assessment battery of handwriting [7—13]. A previous
study suggested that more than 65% of persons with
ASD have handwriting difficulties [8]. Handwriting is a
highly important skill for schoolchildren to achieve aca-
demic progress, acquire language and build self-esteem.
Fuentes et al. suggested that general motor skills
could predict handwriting impairments in children with
ASD [10]. However, they used the score for gross motor
functions to represent motor skills, therefore, it remains
unclear how hand and finger movements affect their
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handwriting skill.

Writing is a complex behavior involving motor
control, visual perception, language, memory and other
functions. Considering its motor aspects, it is a complex
tool use activity and adequate hand and finger motor
development is essential for skillful writing. Hand and
finger function is required for appropriate pen grip and
fine adjustments while drawing and writing [14]. There
are a few studies demonstrating relevance between
hand and finger function and handwriting in normal,
healthy children. Schneck showed correlation between
pencil grip pattern and writing skill [15] and Berninger
and Rutberg found that finger functions (e.g., finger
tapping, finger lifting and finger cognition) correlated
with writing skills in early elementary school children
[16]. Finger lifting is a test for separate finger movement
and it is necessary for approximate posture of pen grip
and fine control of a pen point [14, 17, 18]. In clinical
settings, children with ASD who had lower performance
on separate finger movement test showed difficulty in
manipulating a writing utensil [19].

As described above, even though hand and finger
function is known to be important for handwriting, little
is known about these functions in ASD. Dufield et al.
reported ASD showed lower performance on functional
tests such as grip power, tapping and pegboard, but
subjects in their study showed a wide age range from 5
to 33 years old [20]. Thus, there is no information about
these functions in preschool children who are acquiring
handwriting skill. Clarifying the development of hand
and finger functions and its relation to handwriting in
ASD is expected to contribute to the establishment of
efficient interventions to address these difficulties.

Therefore, the purpose of this study is to investi-
gate: 1) peculiarities of hand and finger functions; and
2) characteristics of handwriting movement in preschool
children with ASD during the chrysalis stage of hand-
writing. As a preliminary study, we conducted several
tests and tasks for this research; tests of muscle strength,
motor coordination, separate finger movement and dex-
terity and assessment of grasp posture and line drawing
task. Line drawing task was selected to focus on motor
aspects of writing, while minimizing the influence of

cognitive aspects as much as possible.

Methods

Participants

This study examined 17 children with and without
ASD. Subjects were eight children diagnosed with
ASD aged 4—6 (yrs.) and nine age- and nonverbal 1Q-
matched children demonstrating typical developmental
milestones as controls. A summary of subjects is shown
in Table 1. Children in control group were recruited with
leaflet in community around the research institute where
this study was conducted. Regarding ASD group, there
was child and adolescent psychiatrist among cooperative
researchers and children with ASD were recruited from
her patients. Children with ASD were diagnosed with
autism spectrum disorder following DSM-5 criteria
or diagnosed Pervasive Developmental Disorder and
Asperger’s Syndrome following DSM-4 revised criteria.
In addition, all subjects were evaluated by the Japanese
version of the Social Responsiveness Scale (SRS) [21].
SRS is a standardized battery for assessment autistic
traits for individuals aged 4 to 18 years. It consists of
65-items questionnaire categorized into five subscales;
social awareness, social cognition, social communica-
tion, social motivation and autistic mannerism. T-score
calculated by raw score and standard deviation is applied
to assess autistic trend. The score above 76 is considered
as “ASD-possible”, from 60 to 75 as “ASD-probably”
and bellow 59 as “ASD-unlikely”. Diagnoses were
confirmed in all ASD children by scores above the cut-
off value and all control children were confirmed as not
having ASD by scores below the cutoff value on SRS
(Table 1). All subjects had a full-scale 1Q (FIQ) greater
than 75 and Perceptual Reasoning Indices (PRI) greater
than 80 on the Wechsler Intelligence Scale for Children,
4" edition (WISC-IV) [22]. There are significant differ-
ences in FIQ and primary index scores except for PRI
between two groups. PRI was considered the primary
intelligence measure for our study since we employed
a nonverbal, motor-based task. None of the subjects
was receiving any medication. None of the controls had
any history of neurological or psychiatric disorders. All

Table 1. Summary of subjects.
number age (yrs.) SRS T score (range) full IQ VCI PRI WMI PSI
ASD 8 (M:F =6:2) 5.6 70.8 (61-105) 82.4 82.1 92.4 76.3 91.3
controls 9 (M:F =4:5) 5.6 41.9 (40-51) 104.8 104.0 103.5 96.6 108.0

Subject backgrounds are shown in the table. All data from “age” to “PSI” are presented as the average of the group. Range of
SRS T score is presented in brackets. Items of “Full IQ” to “PSI” are the results of intelligence quota assessments on WISC-
IV. “VCI”, “PRI”, “WMI” and “PSI” indicating Verbal Comprehension Index, Perceptual Reasoning Index, Working Memory

Index and Processing Speed Index, respectively.
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subjects had normal or corrected-to-normal vision and
no one had any detectable sensory abnormality of the
hands or fingers. Each subject could understand the task
instructions and was able to continuously concentrate
their attention on the task for at least 30 minutes while
maintaining an appropriate posture. All participants
were right handed according to the results of Edinburgh
Handedness Inventory [23] as well as an interview with
their parents about activities of daily living.

Prior to the study, written informed consent was
obtained from the parents of each child in a manner
approved by the ethical committee of the National
Rehabilitation Center for Persons with Disabilities in
accordance with the Declaration of Helsinki.

Materials and Procedure: Assessments for hand and
finger functions

Assessments for hand and finger motor functions,
muscle strength (grip and lateral pinch), motor coordi-
nation (hand tapping, pronation and supination, finger
tapping and sequential finger tapping), separate finger
movement and fine motor skills (Perdue pegboard),
were conducted. All assessments were basically con-
ducted for both hands. We applied some parts of Zurich
Neuromotor Assessment: ZNA which is standardized
assessment of duration and degree of motor functions
[24] for assessment of motor coordination. “Hand
tapping” requires movement of tapping knee with one
hand repeatedly and “finger tapping” requires movement
of tapping with thumb and index finger. Participant is
asked to repeat the movement 20 times and the duration
is measured. “pronation and supination” is task of pro-
nation and supination with forearm repeatedly. Ten sets
of movements (pronation and supination are one set)
is required and the duration is measured. In the task of
“sequential finger tapping”, participant is required to
tapping with their fingers; thumb and the other fingers.
The tapping is done in order of thumb-index finger,
thumb-middle finger, thumb-ring finger and thumb-little
finger. Three sets of order are required and the duration
is measured [24]. For separate finger movement, we
applied a modified version of the test developed by
Wolff et al. [17]. Subjects were asked to put their hands
palms-down on the table and lift the finger touched by
the experimenter in random sequence. They were asked
to immediately lift the touched finger only. We evalu-
ated voluntary control of separate finger movements by
counting how many other fingers lifted when the child
tried to lift the touched finger only.

Materials and Procedure: Components of handwriting
We measured pen grasping posture and line draw-
ing movement as components of handwriting.
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Fig. 1. Line drawing task.
Two conditions of line drawing task. Participants
drew a line from dot to dot.

Pen grasping posture was evaluated using a five-
part score (score of 1 indicating the lowest and 5 the
highest) on Pencil-Grip Assessment by Schneck and
Henderson [25].

Subjects were asked to draw a 2 cm straight line
using a pen-type writing pressure gauge (DP-1000
USB version; Japan System Development Co., Ltd) to
measure motor elements. We recorded pen pressure as
power control and trajectory of line as motor coordi-
nation. Subjects were asked to draw a line from dot to
dot within the limited space. They moved the pen point
forward at their own speed without touching either of
the parallel lines (Fig. 1). We referred to standard assess-
ment battery; Developmental Test of Visual Perception
(DTVP), subtests 1, visuomotor coordination to fix the
task setting [26]. The line drawing task consisted of two
conditions ranked by difficulty in order to investigate
whether their movement is affected by a difference in
the visual information provided during the task. Two
parallel lines were presented in order to designate the
limits of the drawing space and subjects were asked to
draw a line between the parallel lines. The parallel lines
were 2cm apart in the easy condition and 2mm apart in
the difficult condition. Two dots were presented as the
starting and ending points of drawing line. Before the
trials, subjects practiced a few times to confirm their
understanding of the instructions. The task was limited
to 12 trials in order to avoid tiring the subjects. Six trials
were in the easy condition, while the other six were in
the difficult condition. Each child held the pen with their
dominant hand in their own grasp posture.

Statistical analysis

We conducted statistical analyses of all test results
to compare ASD to controls. All data were analyzed
using R (version 3.1.0.). Because there were few sub-
jects, we applied Wilcoxon rank sum test as a nonpara-
metric test.
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Fig. 2. Results of assessments for hand and finger functions.

A—E: Assessment results for Strength, Tapping, Finger Lifting, Pegboard are shown in Figures A to E. The score of each partici-
pant was plotted in the figure. Bar and square besides each plots indicates range of 2 standard deviation and median, respectively.

Results

Although all subjects in both groups completed
the tests and task, data on finger lifting, pegboard, pen
force and deviation from one or two subjects in the
ASD group were considered unreliable because they
appeared to respond facetiously. Therefore, those data
were excluded from analysis. Ultimately data from six
participants for finger lifting, pen force and deviation
and data from seven participants for pegboard in ASD
were statistically analyzed. Results of assessments for
hand and finger functions and components of handwrit-
ing were shown in Figs. 2, 3.

Assessments for hand and finger functions

We compared data of hand and finger functions
between ASD and control groups (Fig. 2). Measured
value of muscle strength, time durations of motor co-
ordination test, score of separate finger movement and
fine motor skills were applied. Significant differences
were observed in repetitive hand tapping on the left side
(p = 0.02), pronation and supination on the right and
left sides (p = 0.001, p < 0.001 respectively), sequential

finger tapping on the right and left sides (p = 0.001, p =
0.04 respectively), finger lifting on the right and left
sides (p =0.01, p <0.001 respectively), and pegboard on
the right and left sides (single hand use) (p = 0.01, p <
0.01 respectively).

Components of handwriting

Considering grasp posture, that of all participants in
both groups were scored at the level 4 or 5. There were
four grasp types observed; Four-finger grasp and Cross
thumb grasp as in level 4 and Lateral tripod grasp and
Dynamic tripod grasp as in level 5 (Fig. 3). There were
no prominent differences between the two groups.

For the line drawing task, we evaluated deviation
of the line trajectory to evaluate motor coordination
based on differences between the length of the actual
drawn line and a straight 2 cm line connecting the two
dots. There was significant difference in deviation in the
difficult condition (p = 0.01) (Fig. 3). Thus, deviation
demonstrated the degree of motor coordination. ASD
group showed poorer motor coordination than controls.

Furthermore, two participants in ASD whose results
of deviation were superior to the others got better results
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Fig. 3. Results in components of handwriting.
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A) Grasp Posture B) Pen force C) Deviation

A—C: Results of evaluation for Grasp Posture are shown in figure A. Grasp posture identified in the figure is based on Pencil-Grip
Assessment by Schneck and Henderson [24], which shows 10 postures at 5 levels. Average scores for each participant for Pen
force and Deviation on drawing line were calculated and are shown on figures B and C. Bar and square besides each plots indi-
cates range of 2 standard deviation and median, respectively.

in finger lifting and pegboard among ASD group.

Discussion

We investigated: 1) hand and finger motor func-
tions; and 2) components of handwriting in ASD. Per-
sons with ASD show motor impairments in some areas.
In this study, we demonstrated atypical motor character-
istics in ASD that have not been reported previously.

Hand and finger functions

ASD showed significantly lower performance on
both sides for pronation and supination, sequential finger
tapping, finger lifting and pegboard (single hand use).
Our results were consistent with those of previous
studies demonstrating impairments in manual dexterity
[4, 20, 27]. Duffield et al. reported that ASD showed
significantly lower performance on finger tapping and
pegboard test, but not on grip strength [20]. For grip
strength and pegboard, our results were consistent with
their research. Simple finger tapping did not show a
significant difference between groups in our study, al-
though there was a difference in their study. The smaller
number of subjects in our study may have affected the
result. Previous structural or functional neuroimaging
studies also support our findings in terms of atypical
neural patterns in ASD [20, 28, 29]. The lower perfor-
mance on sequential finger tapping and finger lifting
test in ASD indicates a developmental delay in separate

finger movement. Previously, Virginia and Berninger
reported a correlation between handwriting and both
sequential finger tapping and finger lifting in normal
children [16]. Investigating correlation between separate
finger movement and handwriting skill in ASD is re-
quired.

Components of Handwriting

Certain characteristics of line drawing were ob-
served in ASD. Slightly less pen force was observed in
ASD, although the difference did not reach significance.
Deviation was significantly larger for ASD than con-
trols in the difficult condition. Heuvel et al. previously
reported that in normal adults, pen force increased for
large targets and decreased for small targets [30], that is,
pen force decreased under more difficult conditions. Our
results for both controls and ASD were consistent with
those findings. Since there was no difference in hand
or finger strength between groups, the lower pen force
in ASD may indicate that appropriate power control is
difficult for ASD. Larger deviation in ASD suggests
impaired sensorimotor coordination, especially visuo-
motor coordination. Glazebrook ef al. and Rinehart et al.
reported that ASD exhibited more spatial variability
during reaching tasks [31-33]. Papadopoulos et al.
showed more widely variable errors in ASD during a
reciprocal reaching task [34]. It may be beneficial that
influence of impaired motor coordination on handwrit-
ing in ASD.
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There seems to be no difference in grasp posture be-
tween groups. Considering previous literature [15, 16],
handwriting difficulty in ASD may be caused by motor
impairment rather than grasp posture.

Although we could not analyze correlation between
hand and finger functions and handwriting components
in this study, in ASD group, two children who scored
better in deviation performed better in finger lifting and
pegboard. The result may suggest that separate finger
movement and manual dexterity are factors of skill of
drawing line regarded as motor aspects of handwriting.

Limitations and Recommendations
for Further Research

There are methodological limitations of our study.
In the study, eight autistic children and nine control chil-
dren participated. Limited number of participants might
have influenced the findings. Gender and 1Q differences
except for PRI might be another factor. In addition,
participants were asked to perform a limited number of
trials for each condition in order to avoid their loss of
interest in doing the same task repeatedly. Recruiting
more autistic and control participants whose IQ are
totally equal and analyzing the correlation between hand
and finger functions and characteristics of drawing line
should be considered in future studies.

Summary and Conclusions

The present results showed atypical characteristics
of hand and finger motor functions and line drawing in
ASD. These findings provide further insight into the
motor aspects of handwriting in ASD. Investigating cor-
relation between hand and finger functions, especially
separate finger movement and manual dexterity and
motor aspect of handwriting may be suggested to clarify
effective bottom up training for acquisition of handwrit-
ing skills.
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Abstract: This study investigated the effects of seat cushion material during a reaching task. Ten healthy adults and
three individuals with cerebral palsy participated. All subjects performed the reaching task on two urethane cushions
and one silicone cushion. Anterior/posterior and medial/lateral displacement of the center of pressure and straight rate
were assessed. In addition, the movement trajectory of the hand was recorded. No differences among seat cushions
were observed in healthy adults. However, all of individuals with cerebral palsy were able to perform the task more
efficiency while seated on the silicone cushion than the others. These findings suggest that seat cushion design may im-
prove movement in individuals with cerebral palsy who have postural control disabilities.

Keywords: cerebral palsy, reaching task, center of pressure

I. Introduction

Individuals with cerebral palsy (CP) usually
experience disabilities in postural control, such as direc-
tion-specific patterns of adjustments and center of mass
stability [1]. Therefore, many such individuals require
support to maintain balance while sitting and are limited
in the performance of upper-limb tasks that move the
center of gravity. Individuals with postural issues require
extrinsic support to perform activities of daily living
with unobstructed voluntary movement. Seat cushion
adjustment in wheelchairs is one approach for providing
postural support. Previous studies show that seat surface
inclination can affect sitting posture and upper-extremity
function in children with CP. A more vertical trunk posi-
tion is associated with more efficient performance [2—4],
and the use of an anterior inclined seat is related to
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initial head position [5]. However, such an anterior incli-
nation could cause forward slippage or burden the lower
limbs if used during activities of daily living. The use
of seat cushions may help avoid the risks of seat surface
inclination. Many seat cushions have been developed
to disperse pressure for individuals with CP. However,
soft seat cushions and materials that avoid high pressure
have some problems concerning instability during move-
ments [6]. As individuals with severe motor disability
spend much of their life sitting, it is necessary to investi-
gate seat cushions appropriate for dynamic tasks. There-
fore, we developed a seat cushion that aims to facilitate
movement for individuals with CP and instability. The
cushion specifically uses silicone material, which not
only has flexibility but also viscoelasticity, providing
mobility to the material of the seat cushion itself.

We previously measured the effect of this siliconee
seat cushion in terms of the displacement of center
of pressure (COP) during a dynamic task. The COP,
which is calculated by the dispersion of pressure and
an area added to the seat surface, is an index of body
disturbance that is closely associated with body sway
[7-9]. We observed no difference in COP displacement
between seat cushions of different materials in healthy
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Table 1. Charateristics of cerebral palsy.

Gender Age Heigth Weigth BMI Arm Length Type GMFCS  Fine motor skill Trunk tone
cpl F 49  149.0 61.0 275 49.6 SQ 111 severe Low
cp2 M 47 151.7 46.5 20.2 50.2 SQ v severe Low
cp3 F 41 162.0 55.0  21.0 55.0 SD + Ath 1 severe Low

Note. M = male. F = female. SQ = spastic quadriplegia. SD = spastic diplegia. Ath = Athetosis

GMFCS = Gross Motor Function Classification System. (Palisono et al.,1997).

Fine motor skill: severe = The performance is slow and achieved with limited success regarding quality and quantity.
modulate = Handles most objects but somewhat reduced quality and speed of achivement.

mild = At most, limitations in the ease of perfmorming manual tasks requiring speed and accuracy.

adults; however, the silicone seat cushion was associated
with decreased COP displacement in individuals with
CP [10]. However, the effects of the silicone seat cush-
ion on the timing of movement onset during a reaching
task in individuals with CP were not thoroughly inves-
tigated. The onset of trunk motion related to movement
stability occurs significantly earlier than the onset of
peripheral motion related to manipulation during a
dynamic task that requires trunk movement [11]. Thus,
when evaluating stability, it is necessary to evaluate not
only COP displacement but also the timing of movement
onset in the peripheral limb and trunk to establish the
efficiency of the new silicone seat cushion. Therefore,
this study examined COP displacement and the timing
of movement onset during a reaching task using three
different cushions including a new design made with sil-
icone materials and two others made with conventional
urethane materials.

I1. Methods

1) Subjects

The study group consisted of 10 healthy adults and
three individuals with CP. The healthy adults (all males,
mean age 22.9 + 2.5 years, height 172.5 = 5.0 cm,
weight 64.5 £ 6.4 kg, body mass index [BMI] 21.7 +
1.7 kg/m®, and arm length 72.0 + 2.4 ¢cm) had no physi-
ological impairments. Individuals with CP (1 male and
2 females, mean age 45.7 + 4.2 years, height 154.2 £ 6.9
cm, weight 54.2 + 7.3 kg, BMI 22.9 + 4.0, arm length
51.6 + 3.0 cm) were able to maintain an independent sit-
ting position and follow oral instructions (Table 1). Two
subjects with CP had level III disability, and one had
level IV disability according to the Gross Motor Func-
tion Classification System (GMFCS) [12]. They had
low muscle tone in the trunk, indicating the absence of
postural stability. Two subjects had instability but a low
magnitude of body sway and no involuntary movement
in activities of daily living. The other subject had both
instability and involuntary movement, and sometimes
fell during walking. In addition, all of them had func-

tions of reach for the objects during sitting, however
limitations manipulating objects of varying quality and
quantity. All subjects signed informed consent forms
approved by the Ethics Committee of Sapporo Medical
University. In addition, this study was performed in
compliance with the Declaration of Helsinki and placed
careful attention on protecting the privacy and human
rights of the subjects. And the authors have no conflicts
of interest directly relevant to the content of this article.

2) Instrumentation

During the reaching task, the pressure distribution
at the body—seat interface was recorded at 10 Hz using
a FSA mat (Vista Medical, Canada), which consists of
225 force sensors organized on a flexible mat in a 15
x 15 grid. The FSA mat was calibrated up to its max-
imum pressure of 520 mmHg. A web camera (BWC-
130MS03A, Buffalo, Japan) was connected to the FSA.

Movements were recorded kinematically with a
Locus 3D MA-3000 video monitoring system (Anima
Corp, Japan) using a six-camera configuration at a
sampling frequency of 100 Hz. Reflective markers
were placed on the side of the body corresponding to
the dominant hand on the following landmarks: (1)
processus spinosus at C7, (2) processus spinosus at T10,
(3) processus spinosus at L5, (4) right acromion, (5) left
acromion, (6) olecranon of the dominant hand, and (7)
styloid process of the ulna of the dominant hand (Fig. 1).

3) Reaching task

The distance between the popliteal fossae and front
edge of the seat was adjusted to 5 cm. Subjects were
seated on a stool with their hips and knees both bent at
90°, feet hanging free, and without back, leg rest, or arm
support. Arm length was measured using a measuring
tape from the acromion process to the tip of the third
finger while the subject sat in a seated position with the
upper limb extended in the horizontal plane and pointing
in a forward direction. A small 1 x 1-cm yellow switch
was used as a target and set at a distance of 120% of the
arm length, level with shoulder height. The task used in
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Fig. 1. Test condition.
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Target(lcm x 1cm)

Dots denote the postion of the ANIMA reflective markers used for kinematic recordings.

(1) processus spinosus at C7
(5) left acromion

this study involved reaching for the target repeatedly.
The subject started with his or her hand resting on the
ipsilateral thigh for the initial position. During reaching,
the unused hand was placed on the contralateral thigh to
ensure stability.

Subjects performed the reaching task for 60 sec-
onds using the following three seat cushions in random
order: a low-rebounding urethane cushion (cushion A,
density 55 + 5 kg/m’, impact resilience > 15%), a high-
rebounding urethane cushion (cushion B, density 40 +
2 kg/m’, impact resilience > 30%), and the new silicone
seat cushion (cushion C). The silicone cushion consisted
of 12 x 12 columns (height 5 cm, diameter 3 cm) with
individual columns separated by 5 mm. The hardness of
the silicone, determined by a durometer (TECLOCK,
Japan), was A15.

The pace of the reaching task for healthy adults
was modulated with a metronome (46 beats/min). No
instructions on movement speed were given to individu-
als with CP. They were instead instructed to perform the
reaching movement as many times as possible without
losing their postural balance. The subjects practiced the
task three times before measurement.

4) Analysis

Movement time (MT) was defined as the duration
between the beginning of one reaching movement and
the next in healthy adults. Mean MT was calculated over
20 trials for each seat cushions as the achievement of
task. We set the target of analysis 20 times after the start
in order to clarify the effect of the movement by the seat

(2) processus spinosus at T10
(6) olecranon of the dominant hand

(3) processus spinosus at LS (4) right acromion
(7) styloid process of the ulna of the dominant hand.

material. For subjects with CP, the number of successful
reaches was assumed the achievement of task for each
seat cushions.

The pressure exceeding 20 mmHg measured by the
FSA was analyzed as COP displacement. The straight
rate (SR) was calculated as the total hand path from
beginning the reaching movement to touching the target
divided by the difference between the target and starting
position. SR represents the straightness of the hand tra-
jectory [13] and has an ideal value of 1; the smaller the
SR, the straighter the hand trajectory and more efficient
the movement. In addition to SR, displacement in the
anterior/posterior (AP) and medial/lateral (ML) direc-
tions was also calculated. The mean values = 2SD of the
SR, AP, and ML in healthy adults were considered the
standard values in this study.

Statistical analyses were performed using SPSS ver-
sion 21 (SPSS Inc., USA). Repeated-measures ANOVA
was used to examine the effects of seat cushions on SR,
AP, and ML. The threshold for statistical significance
was p < 0.05.

The marker on the styloid process of the ulna of
the dominant hand was defined as the hand marker. The
movement trajectory of the hand marker in the horizon-
tal and sagittal planes was calculated. In addition, the
maximum velocity of each joint marker was calculated
during the reaching task, and movement onset was de-
fined as the continuous change in hand velocity exceed-
ing 5% peak velocity. The timing of movement onset
was calculated in terms of the difference in movement
onset of each joint marker from that of the hand marker.
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Fig. 2. Mean SR, AP, and ML displacements of COP in healthy adults.
(a) Mean SR, (b) Mean AP displacements, (c) Mean ML displacements
No significant deferences were odserved between the cushions.
%% SR: straight rate, AP: anterior/posterior, ML: medial/lateral, COP: center of pressure
2% seat cushion; A: low urethane, B: high urethane, C: silicone
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Fig. 3. The trajectory of the wrist joint motion inheathy adults.
Upper graph showed the horizontal plane. Lower graph showed the sagittal plane.
Left graph is seat cushion A, Center graph is seat cushion B, Right graph is seat cushion C.
In each trace, the left side is the start of movement, and the right side is the completion of the reach.
The trajectory of the reach motion from completion of one reaching movement back to the start position was excluded.
Each curve represents a trace from a single trial, and each graph contains all trial.
% seat cushion; A: low urethane, B: high urethane, C: silicone

II1. Results adults. No significant differences in SR, AP, or ML

were observed among cushions. Therefore, the stan-
1) Healthy adults dard values in this study were SR, 1.60; AP, 12.45;
(1) MT and ML, 1.49.

All healthy adults successfully performed the repeat-
ed reaching task. The means MT for seat cushions  (3) Trajectory of the hand marker

A, B, and C were 2.61 £ 0.02, 2.62 £+ 0.05, and 2.62 Subjects were consistently able to reach straightly to
+ 0.02 s, respectively. There were no significant the target from the initial position (Fig. 3). No differ-
differences between seat cushions (F, 3 = 0.114, p = ence was observed among seat cushions.

0.894).

(4) Movement onset of each joint
(2) Measurement of body pressure Figure 4 shows the timing of the movement onset in
Figure 2 presents the means of COP for healthy each joint. The graph depicts the start time lag (s) of
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Fig. 4. Mean the timing of the movement onset in each joint in
healthy adults.
The timing of the movement onset depicts the start time lag
(s) of other markers with respect to the hand marker when the
movement onset of the hand marker was set to 0.
% seat cushion; A: low urethane, B: high urethane, C: silicone

other markers with respect to the hand marker when
the movement onset of the hand marker was set to
0. In all cushions, all markers on the trunk started
movement earlier than the hand marker.

2) Individuals with CP

(1) Number of reaches
Subjects with CP were able to reach the target 10 or
more times using seat cushion C. By contrast, they
were unable to reach the target 10 times using the
two urethane seat cushions (Fig. 5). In particular,
the fewest reaches were observed using the high-
rebounding cushion (cushion B).

(2) Pressure (Fig. 6)

The SR of seat cushion C was almost 1 or smaller
than the standard value. The mean AP was smaller
than the standard value in every seat cushion. ML
was greater than the standard values in all subjects
regardless of the seat cushion used. CP1 and CP3
subjects demonstrated the smallest disturbance in
ML on seat cushion C.

(3) Trajectory of the hand marker
Figure 7 illustrates the trajectories of movement.
Traces were more linear and consistent with seat
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12 _(the number of times)

CP1 CcpP2 CcP3

® seat cushion A seat cushion B m seat cushion C

Fig. 5. Number of successful reaches in subjects with cerebral palsy.
% seat cushion; A: low urethane, B: high urethane, C: silicone

cushion C than the other seat cushions.

(4) Movement onset of each joint
Figure 8 shows the timing of movement onset in
each joint. Using seat cushions, A and B, almost all
trunk markers started moving after the hand marker.
By contrast, in the seat cushion C, trunk markers, in
particular the acromion, started moving earlier than
hand marker.

IV. Discussion

1) Effects of seat cushions in healthy adults

Healthy adults were able to perform the task at
the prescribed pace and number of times. The speed
control of arm motion varies when the movement speed
slows down [14]; therefore. the task was designed with
a constant thythm. As a result, there was no difference
in movement velocity among the seat cushions. In ad-
dition, the SR, AP, and ML values of the COP were not
significantly different among seat cushions. The healthy
subjects’ proficient posture adjustability can be consid-
ered a factor in their high performance regardless of the
seat cushion material used as a base of support.

Movement analysis supported this hypothesis,
indicating the right acromion began moving earliest
with all cushions and that the trunk moved prior to pe-
ripheral parts. This timing is due to anticipatory postural
adjustment (APA) [15, 16]. APA is a postural adjustment
function that stabilizes posture during disturbance
caused by voluntary movement and is largely related to
developmental processes [2, 17]. Various investigations
into APA have been conducted since it was first reported
in 1967 by Belen’kii [18]; however, in healthy adults
with mature motor function, APA is thought to function
by increasing the efficiency of a movement. In other
words, by stabilizing the trunk, the center of the body,
during a movement and reducing shaking, APA helps
exercise the pectoral girdle, a moving segment, more ef-
ficiently and improves the accuracy of a movement [14].
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Fig. 6. Mean SR, AP and ML displacements of COP in subjects with cerebral palsy.
The horizontal line indicates the mean value of healthy adults plus 2SD
(a) Mean SR, (b) Mean AP displacement, (¢) Mean ML displacement
No significant diference was observed between seat cushions.
SR: straight rate, AP: anterior/posterior, ML: medial/lateral, COP: center of pressure
%% seat cushion; A: low urethane, B: high urethane, C: silicone
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Fig. 7. Trajectory of wrist joint motion in subjects with cerebral palsy.
Upper graph showed the horizontal plane. Lower graph showed the sagittal plane.
Left graph is seat cushion A, Center graph is seat cushion B, right graph is seat cushion C.
In each trace, the left side is the start of movement, and the right side is the completion of the reach.
The trajectory of the reach motion from completion of one reaching movement back to the start position was excluded.
Each curve represents a trace from a single trial, and each graph contains all trial.
% seat cushion; A: low urethane, B: high urethane, C: silicone

As the reaching task was designed to require a reach  earlier than the arm and suggest a connection between
longer than arm length, forward movement of the trunk  the movements of the center and arm [11]. Therefore, it
was required, and movement of the center preceded that ~ can be presumed that healthy adults use this strategy for
of the periphery for more efficient movements. Previous  efficient movement wherein they stabilize their center to
studies also reported that the center begins moving  move closer to an object.
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Fig. 8. Mean the timing of the movement onset in subjects with cerebral palsy.

The timing of the movement onset depicts the start time lag (s) of other markers with
respect to the hand marker when the movement onset of the hand marker was set to 0.
%% seat cushion; A: low urethane, B: high urethane, C: silicone

2) Effects of seat cushions in individuals with CP

Individuals with CP completed fewer reaches than
healthy adults, because individuals with CP who have
a disability in postural adjustment experience difficulty
maintaining postural stability and moving the upper
limbs independently. This was apparent in the results
for all seat cushions. However, the number of reaches
performed by individuals with CP differed among seat
cushions, with the silicone cushion, resulting in the most
successful reaches.

Corroborating these observed differences in task
performance, we confirmed that on the urethane seat
cushions, subjects tended to increase the SR of the COP
to at least the same extent as that for the silicone seat
cushion, which affected their periphery, with the upper
limb initiating the movement followed by the movement
of the trunk. The task used in this study required moving
the center of gravity of the trunk during reaching; this
may have been difficult to accomplish without increas-
ing the tension of the trunk muscles and then moving
forward. A urethane seat cushion tends to sink with
forward movement because of its material properties.
Therefore, the trunk leans forward. At this time, hy-
potonic CP patients must maintain their posture more
consciously, making it difficult for them to perform a
smooth reaching movement. Therefore, their perfor-
mance of the reaching task can be considered to involve
first increasing trunk muscle tension, then raising the
upper limbs, and finally leaning forward.

According to a previous report, in a reaching task
requiring greater posture adjustment such as circumnut-
ation of the trunk, CP patients prioritized the stability
of the center rather than the motion efficiency of the
periphery; thus, the movement of the peripheral con-
trolling part tended to be unstable [13]. The results
of the present study also demonstrate that the motion
trajectory of the wrist joint was extended on a more
unstable seat cushion, requiring posture stabilization. By
contrast, all subjects had a stable motion trajectory, and
their motion start time was similar to the motion pattern
of healthy adults on the silicone seat surface. Therefore,
we hypothesize that the improvement of trunk support
enabled the forward movement of the trunk, leading to
improvements in task performance and stability of the
motion trajectory compared to those on the urethane seat
surface.

The cause of the improvement in trunk support with
the silicone seat cushion might be the sensory feedback
exerted from each silicone tube, supplying the posture
control mechanism of the trunk with more information.
CP patients cannot gain adequate sensory feedback
because of somatosensory system dysfunction and may
have difficulty controlling their posture [7, 19], which
can result in increased shaking during balancing in the
standing position [7]. As this study confirms the effects
of the silicone seat cushion specifically in subjects
whose trunks were hypotonic, it demonstrates the pos-
sibility that the postural control of such subjects can be
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promoted by environmental factors such as seat surface
material to help them exercise more efficiently.

V. Conclusion

The findings of this study indicate that the use of a
silicone seat cushion increases the number of reaches,
efficiency of COP displacement, and stability of the
trajectory of peripheral movement in individuals with
CP who have hypotonic trunk muscles. Therefore, seat
cushion design may improve movement in individuals
with cerebral palsy who have postural control disabili-
ties. However, further larger studies considering multiple
clinical conditions are needed. In addition to the current
reaching task, the use of a silicone cushion should be
investigated in many reaching and manipulation tasks
resembling activities of daily living.
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Abstract: Introduction: Few reports describe interventions combining the Canadian Occupational Performance Mea-
sure (COPM) with cognitive behavioral therapy (CBT) although both are important in enabling occupation for a client
with depression. We outline the therapy process conducted by an occupational therapist combining the COPM with
CBT to enable occupation for a client with depression.

Methods: A single-system research design was implemented. The intervention was based on behavioral activation, and
the cognitive restructuring was divided into three phases: baseline (Phase I), intervention 1 (Phase II), and intervention
2 (Phase III). Baseline consisted of behavioral activation only. In intervention 1, the COPM was used in addition to the
baseline action. In intervention 2, cognitive restructuring was conducted in addition to intervention 1.

Results: There was no significant difference in the client’s frequency per week of going out in Phase I compared with
Phase I (p = 0.062), but the rate increased significantly in Phase III compared with Phase II by binomial test (p = 0.002).
As assessed by the COPM, the performance and satisfaction scores for going out were 4 and 3 at the 5th week, but they
improved to 7 and 6 at the 17th week.

Conclusion: Combining the COPM with CBT significantly increased the frequency of going out that a client with de-
pression hoped to attain. The present intervention might facilitate enabling occupation for clients with depression. Our
findings suggested that in clients with depressive symptoms, enabling occupation is possible by combining the COPM

with CBT.

Keywords: enabling occupation, COPM, cognitive behavioral therapy, depression, single system design

Introduction

It is important to focus on an individual’s occupa-
tion and to select appropriate interventions for enabling
occupation in a client with depression. The Canadian
Occupational Performance Measure (COPM) is an useful
method for focusing on the occupation of a client [1].
Schindler [2] showed that an occupation-based practice
increased client scores on satisfaction and performance
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of occupational performance problems identified on the
COPM in psychiatric disorders.

Cognitive behavioral therapy (CBT) is one effective
intervention for depression [3, 4]. When appropriately
self-assessing themselves, clients with depression tend
to have difficulty in recognizing positive results.

Although the self-assessment of positive changes
in daily activity by using the COPM might promote the
effect of CBT, few studies in depression show the effect
of combining the COPM with CBT.

The purpose of this study was to outline the therapy
process conducted by combining the COPM with CBT
for enabling occupation of a client with depression.
Signed informed consent for this study was obtained
from the client.
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Baseline

Phase I: 1st to 4th week

Behavioral
activation

+

COPM
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Fig. 1. The experimental procedure.

Intervention 1

Phase II: 5th to 11th week

Behavioral
activation

Intervention 2
Phase III: 12th to 20th week

Behavioral

activation
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COPM

(17th week)

_|_

Cognitive
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—

Baseline therapy consisted of behavioral activation only. In intervention 1, the Canadian Occupational Performance Measure
(COPM) was used in addition to the baseline action. In intervention 2, cognitive restructuring was carried out in addition to inter-

vention 1.

Subject

The client was a woman in her 40s with depres-
sion. She lives with her husband and daughter and is a
housewife. Her symptoms of depression such as anxiety
and sleeplessness first appeared 10 years ago, and she
was diagnosed as having anxiety disorder. After that,
her symptoms worsened from one year ago, and she
was diagnosed as having depression. Her symptoms
were mainly anxiety that often worsened when she did
nothing during the day. Although she had hoped to go
out shopping and eat in restaurants, she was unable to
act with her own intention and was in a double bind due
to the influence of her symptoms.

We adopted “behavioral activation” using a table
of her self-recorded daily activities to enhance behavior
that reduced her anxiety by visualizing the relationship
between her behavior and mood. Behavioral activation
is a technique of CBT that promotes engagement with
activities and focuses on increasing pleasure and pro-
ductive experiences [5, 6].

“Cognitive restructuring” was also adopted to allow
her to behave in a manner that would reduce her anxiety
after stressful events. Cognitive restructuring is a CBT
technique that focuses on automatic thoughts, cognitive
distortion, and decreasing feelings such as depression
and anxiety, and corrects non-adaptive behaviors [7].

Method

Therapy process

The interventions based on the COPM, behavioral
activation, and cognitive restructuring were divided
into three phases and were carried out via home-visiting

support once a week (Fig. 1). The only services used by
our client were outpatient treatment and home-visiting
support.

Phase I (baseline: 1st to 4th week)

As an intervention based on behavioral activation,
performance of daily activities and changes in her
anxiety were self-recorded by the client. In addition,
activities that would decrease her anxiety were checked,
and an executable daily schedule was planned collabora-
tively.

Phase II (intervention 1: 5th to 11th week)

Assessment with the COPM for the purpose of fo-
cusing on her occupations was added to the interventions
in Phase 1. In addition, the use of COPM was proposed
to promote the client’s self-awareness of satisfaction
and occupational performance of going out. Therefore,
the presentation of the COPM score to compare with the
current situation were conducted in the interview.

Phase III (intervention 2: 12th to 20th week)

Cognitive restructuring was added to the inter-
ventions in Phase II, and her tendency to grasp ideas,
automatic thoughts, and cognitive biases generated by
stressful events were confirmed. Moreover, the adjustive
thoughts and behaviors that reduced her anxiety were
examined collaboratively.

Procedure

A single-system research design comprising three
target outcomes was conducted to clarify the effect of
intervention for the client (Fig. 1).
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Frequency per week of going out
(time)

0 T e Y S ——
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Fig. 2. Frequency per week of going out.

Going out indicates that the client hoped for it. The broken grey line shows the celeration line in Phase I. The solid grey line
shows the celeration line in Phase II. Going out was not done in Phase 1. Visual observation was found to increase in Phase 11
compared with Phase I, and it increased significantly in Phase III compared with Phase II by the binomial test (p = 0.002). Phase
1= Ist to 4th week; Phase II = 5th to 11th week; Phase III = 12th to 20th week.

1) Frequency of going out

The target behavior was the frequency per week of
going out that she hoped to achieve. “Going out” was
defined as eating at restaurants and going shopping.

2) COPM performance and satisfaction scores

We conducted COPM assessment to determine the
occupation “Going out” that she hoped to achieve and
analyzed changes in COPM performance and satisfac-
tion scores in Phases II and III.

3) Degree of anxiety

The changes in her degree of anxiety (range, 0 to
100) for each hour of every day that she self-scored
were monitored.

Data analysis

Visual analysis, the split-middle technique, and the
binomial test were adopted to compare the frequency per
week of going out, which was counted in each phase.
A p value < 0.05 was considered to indicate statistical
significance.

Results

The average frequency per week of going out in
each phase is shown in Fig. 2 and Table 1. There was no
significant difference in the client’s frequency per week
of going out in Phase II compared with Phase I (p =
0.062), but the rate increased significantly in Phase III
compared with Phase II by binomial test (p = 0.002).

As assessed by the COPM, the performance and
satisfaction scores for going out were 4 and 3 at the Sth

week, but they improved to 7 and 6 at the 17th week
(Table 1). The client recognized that she went out for
mandatory and rehabilitative activities to help reduce
her anxiety in Phase 1. The number of destinations she
visited in Phase II had increased, but she still had no
confidence in going shopping. In Phase III, she began
to experience the feeling of leisure when she went out.
However, her average degree of anxiety did not change
during each phase (Table 1).

Discussion

Identifying factors inhibiting occupational per-
formance and selecting appropriate interventions are
important roles of occupational therapists in the practice
of enabling occupation [8]. The present results show that
the behavior of our client with depression was difficult
to change with either COPM or CBT alone. A combi-
nation of prompt self-monitoring and other techniques
is effective in initiating behavioral changes [9]. The
combination of COPM and several CBT techniques was
an appropriate method for addressing the factors that
inhibited her occupational performance. Therefore, her
COPM scores improved, and she began to understand
the meaning of leisure and to achieve enabling occupa-
tion via the present interventions without exacerbating
her anxiety.

Depressive symptoms have a negative effect on
the quality of life. However, the process of changing
one’s attitudes, goals, and skills to live a satisfying life
by overcoming the limitations caused by mental disease
is important [10]. Visualization of the behaviors and
anxiety based on CBT and focusing on meaningful oc-
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Table 1. Changes in target outcomes in each phase.
Phase 1 Phase 11 Phase 11
Frequency per week of going out (times) 0+0 1.3+£0.8 2.7+1.0
Number of destinations visited 1 2 4

Reason for visiting destination » Mandatory visit

COPM
Performance score (range: 1-10) —
Satisfaction score (range: 1—10) —

Degree of anxiety (range: 1-100) 41.8+20.1

» Mandatory visit
« Eating out at restaurants
* Visiting town

* Mandatory visit
« Eating out at restaurants

* Shopping
4 7
3 6
409+17.5 41.6+17.9

Notes. Phase I = Ist to 4th week; Phase Il = 5th to 11th week; Phase III = 12th to 20th week; COPM = The Canadian Occupational

Performance Measure. Values are mean + SD, n, or score.

cupation based on performance and satisfaction scores
of the COPM prompted the client to positive thought for
enabling occupation. Therefore, our findings suggested
that if enabling occupation of clients with depression is
difficult to achieve due to their symptoms, an interven-
tion combining the COPM with CBT might be effective
in home-visiting support. Further research and increase
of sample size are required to validate the effectiveness
of combining the COPM and CBT.

Conclusions

An intervention combining the COPM with CBT
was sufficiently appropriate to facilitate the enabling
occupation of a community-dwelling client with depres-
sion.

Acknowledgements: We thank the client for her partici-
pation in this study.
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