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Chapter |

Introduction

1.1 Background

Epidemiology

Fall is a big problem worldwide. Elderly age 65 years old and above have
tendency to fall 28 — 35 percent/ year, and tendency to increase to be 32 — 42
percent/ year when age reach 70 years old. (1) Previous study on fall in one year
period found that healthy elderly age over 65 years old - dwelling in communities
fall 30 — 50%, nursing home residents fall 50 - 66%, hospitalized patients fall 50%.
(2). A study reported that, one third of elderly aged over 65 years old experienced
fall each year. fall once increase 2-3 times to fall again (3). Healthy elderly age 65
years old and above in community has incident of fall 0.3 - 1.6 fall/ year/ person. (4)

In Thailand (2014), a national statistical survey (5) conducted in 8,640 elderly
age over 60 years old. The study found that fall prevalence of fall in past 6 months
prior to study 16.9% and female experienced fall more than male (female 19.9%.
male 13.9%).Fall occurs more often in those who is female (2, 6, 7), older age (2, 6,
8), living alone, insufficient income, cognitive impairment(9), fall experience(9), poor
ability to perform activity of daily living(9), gait and balance problem(9), visual
impairment(9), multiple medication use or using seductive(9), using walking assistive
devices(10) Environment which can predicted factors of fall are slippery first floor of

house, slippery at bathroom/ toilet room, bathroom is outside the house. (6)



Consequences of fall

Falling leads to hip fracture especially in elderly with osteoporosis. Moreover
falling with impact to head may cause cerebrovascular accident which can cause
mortality or disability. Previous studied found mortality rate of osteoporosis elderly
who have hip fracture from falling is 20 percent/ year. (1)

Falling in elderly is risky. Just one time of falling in elderly can affects health
status and activity daily living. Some elderly cannot take care of themselves. Thus
family member need to take care of them. So one fall may effect to whole family.
Approximately one third of falling leads to injury from light to heavy level. Falling is
one of major cause of admission in hospital in elderly age 65 year and above. Elderly
who have hip fracture from falling may have to stay at hospital over 20 days. The
more comorbidity, or higher age elderly is, the more hospital stay time. Or even
become bed ridden (1).

Rate of fall related - hospital admission in elderly age over 60 years old in
Australia, Canada and the United Kingdom of Great Britain and Northern Ireland (UK)
are varied from 1.6 to 3.0 per 10,000 population.

Rate of fall related injury at emergency visits of elderly age over 60 years old
in Western Australia and in the United Kingdom are higher: 5.5 - 8.9 per 10,000
population total (2).

Falls is 40% of all injury deaths. In the person age 65 years and above, fall
mortality rate in United States of America (USA) is 36.8 per 100,000 population (46.2

for men and 31.1 for women), Canada mortality rate is 9.4 per 10,000 population.(2)



Cost of fall

One fall may effect to whole family, not only health impact of fallen person,
but impact on expense of medical treatment as well especially in long term stay in
hospital or nursing home. Expense of fall has direct cost and indirect cost.

Direct cost of fall such as medication treatment, pharmacy, cost of
transportation to health centers. The average health system cost per one fall injury
for elderly age 65 years old and above is significantly increase(11, 12).

Indirect cost such as lose of man-day working due to family caregiver take in
charge of take care elderly who fall. So they cannot go to work in this time period. A
previous study found average lost earnings USS 40,000 per year in the United
Kingdom (13).

Falls prevention is a challenge to ageing population.

These are two main reasons that fast growing of aging population and
physical changes due to age. Worldwide, the number of persons over 60 years is
growing faster than any other age group. It was estimated that elderly age over 60
years old will increase from 688 million in 2006, to be two billions in 2050. Moreover
the oldest group of population, 80 years old and above, is the fastest growing group.
And expected to be 20% of overall elderly population in 2050 (14, 15).

Physiological changes of persons over the age is prone to increase falls. Falls
exponentially increase with age-related biological change (15). The incident increase
double in elderly age over 75 years old (4).

Fall prevention intervention in Thailand

A systematic review of fall prevention intervention in Thailand found that fall
risk in elderly dwelling in community is gait and balance impairment similar to

another countries. The interventions should focuses on behavioral modification and



improve environmental safety. (16) Behavioral modification such as reduce alcohol
drinking, exercise, checking medicine. Environmental safety by assessment potential
risk of fall in environment, modified by removing potential hazards to improve
safety such as installation of grip bars, raised toilet seats, (17). Fall prevention
interventions conducted in communities in Thailand mostly focused on fall risk
education and exercise to increase balance.(18-20)

Robotic intervention

Worldwide robotic technology has been developed for medicine. Recently
Japan developed the human support robot (HSR) with compact size. It can pick up
objects off the floor, bring things down from shelves. Operated remotely by family
and friends. The nursing care robot take care elderly as to lifting a elderly from a bed
into a wheelchair, or assist elder to stand up (21).

In  Europe, robot is synced with smart home technology such as
environmental sensors which is installed in the house, feeding information about the
occupant’s movements, alerting off-site careers in the event of a fall and also has
physiological sensors to track health such as blood pressure (21). In Thailand, Dinsow
Mini robot is developed with eyes and thermal sensors with help to monitor elderly
and emergency call. Moreover the robot provides entertainment function and VDO
call (22). The robot is synchronized with mobile application. So the users can
operate the robot from their own smart phone such as updating information, songs,
photos, tracking health status, and VDO calling between smart phone and robot. The
special feature of the robot is thermal sensors and infrared camera to detect the
target individual. So that day and night does not matter because the robot detects
individual by heating from human body. The robot still can work even during

sleeping and turn off the light. When fall is suspected, the robot alert caregivers by



calling to the synchronized smart phone. So that the care givers can help individual
and bring to hospital. This early diagnosis can prevent further damaged or severity if
individual receive treatment in time.

Robotic fall prevention technologies mostly focus on fall detection such as
many types sensor or wearable device or special cane.(23) However, the robotic
technology which focuses on behavioral change intervention specifically for fall
prevention amongst elderly is rare. This study aimed at investigating the effectiveness
of Robotic fall prevention program on knowledge on fall prevention score, number
of exercises, balance score, and incident of fall among physically active elderly who

was at risk of fall and residing in senior housings, Bangkok Thailand.

1.2 Research questions

1. What was demographic, health and physical function, fall experienced, and
environmental hazards among physically active elderly who was at risk of fall
and residing in senior housings in Bangkok, Thailand?

2. Was there difference in knowledge on fall prevention mean core between
intervention and control group at baseline, 3 and 6" months after the
intervention?

3. Was there difference in knowledge on fall prevention mean score within
group at baseline, 39 and 6™ month after intervention?

4. Was there difference in number of exercises between intervention and
control group at 3 and 6™ months after the intervention?

5. Was there difference in number of exercises within group at 3 and 6"

months after the intervention?



Was there difference in balance mean score between intervention and

control group at baseline, 3 and 6" month after intervention?

Was there difference in balance mean score within group at 3 and 6"

month after the intervention?

Was there fall incident during study period 6 months?

1.3 Research objectives

To developed robotic fall prevention program

To investigated effectiveness of robotic the fall prevention program among

physically active elderly who was at risk of fall and residing in senior housings

in Bangkok, Thailand

Specific objectives

1)

To describe demographic, health and physical function, fall
experienced, and environmental hazards among physically active
elderly who was at risk of fall and residing in senior housings in
Bangkok, Thailand

To assess any difference of knowledge on fall prevention mean score
between intervention and control group at baseline, 39 and 6
month after the intervention

To assess knowledge on fall prevention mean score on fall prevention
at baseline, 3 and 6™ month after the intervention within group

To assess any difference in number of exercises between intervention
and control group at 3 and 6™ month after the intervention

To assess number in exercises at 3@ and 6" month after the

intervention within group



6) To assess any difference of balance mean score between intervention
and control group at 3" and 6™ month after the intervention

7) To assess balance mean score at baseline, 3, and 6" month after the
intervention within group

8) To access fall incident during study period 6 months

1.4 Research hypotheses

There was a difference in knowledge on fall prevention mean score between
intervention and control group after intervention.

There was difference in knowledge on fall prevention mean score after the
intervention within group.

There was difference in number of exercise between intervention and control
group after intervention.

There was difference in mean number of exercises after intervention within
group

There was difference in balance mean score between intervention and
control group after intervention.

There was difference in balance mean score after intervention group.

Fall incidents of the intervention group was lower than fall incidents of the

control group.



1.5 Conceptual framework

Construct of conceptual framework is developed according to medical

guidelines (9, 24) and social cognitive theory (25).

Independent

Personal factors

Demographic

Sex

Age

Marital status
Education

Living arrangement
Primary caregiver

Income

Health and Physical function

Visual problem
Comorbidity
Medication risk

Visual problem
Physical activity

Using walking
assistive devices

Fall experienced

Environmental hazards

Dependent
Proximal
outcome
Robotic fall
. - Knowledg
prevention
e on fall
program
. prevention
(observational >
, = Number of
learning from
exercise
VDO and
reinforcement
Distal
from
outcome
researcher
coaching) - Balance
- Fall
> Incident
Control




1.6 Operational definitions

No. Words Operational definitions
1. Sex Congenital gender; male and female
2. Age Age  counted by past birthday, checked by

national ID card

3. Marital status

Self-reported marital status; single, married,

divorce/ widow/ separate

q, Education

Self-reported educational level, classified by not
attend school, primary school, secondary school,

and college and higher.

Self-reported living with family (defined as spouse
and daughter), and others (defined as housing’s

staff and caregiver paid by elderly)

Self-reported according to perception of being
supported by a person who take a role as primary
caregiver, classified by none, daughter, son,
spouse, relatives, housing’s staff and caregiver

paid by elderly

5. Living
arrangement*

6. Primary caregiver

1. Income

Self-reported income, classified as adequate and
inadequate income,

- sources of income, classified as being supported
from family, pension, governmental allowance,

agriculture, business, employee, and others
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No.

Words

Operational definitions

8.

Visual problem

Sightseeing problem, assessed by self-reported or
caregiver, classified as shortsighted, longsighted
cataract and others, and using lens: eye glasses

or contact lens

9.

Comorbidity

Self-reported of any of the following diseases
suffered by the respondents; none, diabetes
mellitus, foot ulcer form diabetes mellitus,
hypertension, Dyslipidemia, postural hypotension,
syncope, heart disease, stroke, Parkinson,
osteoarthritis, pain, incontinence, and others,
and/or confirmed by nurse, or caregiver, staff at

the senior housings, or medical record

10.

Medication risk

Self-reported as currently using =4 medications,
anti-hypertensives, sleeping pill, alprazolam,
diazepam, amitriptyline, and anti-seizure,
confirmed by medical review by main research
investigator and/or interviews caregiver or staff at

the senior housing, or medical record

11.

Physical activity

Self-reported  physical  activity — performed
continuously more than 30 minutes, classified as
none, 1-2 times/week, 3-4 times/week, and every
day. And type of physical activity classified by

none, walking/jogging, cycling, aerobic dance,
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No. Words Operational definitions
swimming, Tai chi/ yoga, and others
12. Using walking Self - reported of using walking assistive devices,
assistive devices defied as no and yes, and type of assistive device
including none, cane, umbrella, walking frame,
wheelchair, and others
13.  Fall experienced Self-reported fall event(s) of elderly in the past 12

months prior to this study, defined as a sudden,
unintentional change in position causing an
individual to land at a lower level, on an object,
the floor, or the ground, and/or confirmed by
caregiver or staff at the senior housings.

- Number of fall experienced in past 12
months prior to this study, classified by no fall
experienced, one fall, two or more fall,

- Location of fall, classified by indoor/ inside the
room, outdoor of the senior housings, and
community;

- Time, classified by morning, afternoon, evening,
and night;

- Cause of fall/predisposing symptom, classified
by muscle weakness, loss of balance, Did not see
an object, vertigo, syncope, dizziness, sleepy form

medicine, alcohol, stumbling, slippery floor,
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No.

Words

Operational definitions

inappropriate  clothing,  inappropriate  shoe,
inadequate lighting, slope, uneven ground surface,
and wet floor;

- Activity during fall event, classified by walking
straight, turn around/ change position, running,
and others;

- Treatment after fall, classified by no
medication, popular sectors example self-care,
caregiver, folk sector example herb, massage, and
professional sectors example clinic, pharmacist,
hospital;

-Trauma, classified by no effect, sprain, wound,
bruised, painful, fracture, cannot walk/ walking
difficulty, and cannot work;

- Hospital admission, classified by no, and yes.

14.

Environmental

hazards

Environment which increased risk of fall including
—Floor: messy room/ disoreanized furniture;
uneven ground surface; slippery floor,

-Stair and step: having object on stair; broken
stair; Inadequate lighting over stairway; any torn
carpet on step,

-Kitchen: messy kitchen/ disorganized shelf,

-Restroom: Inadequate lighting in restroom;
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No.

Words

Operational definitions

Inadequate lighting on the path from bed to
restroom

Environmental hazards was observed by
researcher, using check-list [Appendix:
Questionnaire], and counted by number of
environmental hazards which found in the room

of respondents.

15.

Robotic fall
prevention

program

A 6-month robotic fall prevention program,
consisted of a small robot install fall prevention
software together with a fall prevention handbook
and personal coaching [see appendix: Robot user
manual, appendix: Fall prevention handbook for

respondent, and appendix: Coaching checklist]

16.

Control

Respondents received a fall prevention handbook
with exactly the same content as intervention

group, but not receive the robotic intervention

17.

Knowledge on fall

prevention

Knowledge on fall prevention, evaluated by face-
to-face interviewed, using a questionnaire as

presented in appendix: questionnaire

18.

Number of

exercise

Number of exercise is counted by completed
performing set of exercise following the videos
displayed on the robot and/or illustrations on the

fall  prevention handbook: 18 positions for
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No. Words Operational definitions

advanced level exercise and 16 positions for light
level exercise. The exercise in this study defined
as modified Otago exercise, assessed by self-
reported, using an exercise diary as presented in

appendix: Questionnaire.

19. Balance Ability to perform task-oriented balance tests
including Time Up and Go (TUG) test and Berg
Balance Scale (BBS) as presented in appendix:

questionnaire

20. Fall incident New fall event during study period 6 months of

the intervention

*According to a previous study using secondary data from Thailand National survey
in 2012 (6), living arrangement of elderly dwelling in community is classified as living
alone, with spouse, with children, and with others. Since this study conducted in
senior housings, no one living alone because there are staffs available in the two

housing.
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Chapter Il

Literature Review

2.1 Fall

2.1.1 Fall definition

According to World Health Organization, Falls are prominent among the
external causes of unintentional injury. They are coded as E880-E888 in International
Classification of Disease-9 (ICD-9), and as W00-W19 in ICD-10, which include a wide
range of falls including those on the same level, upper level, and other unspecified
falls. Falls are commonly defied as “inadvertently coming to rest on the ground, flor
or other lower level, excluding intentional change in position to rest in furniture, wall
or other objects”(15)

A fall is defined as a sudden, unintentional change in position causing an
individual to land at a lower level, on an object, the floor, or the ground, other than
as a consequence of sudden onset of paralysis, epileptic seizure, or overwhelming

external force.(26)

2.1.2 Magnitude of fall

Fall incidence

Fall is a big problem. A study reported that, one third of elderly aged over 65
years old experienced fall each year. fall once increase 2-3 times to fall again (3).

Fall incidence measured by experienced of fall occur in a certain time period.
It is very among setting, population, and time. A Previous study found that healthy
elderly age 65 years old and above in community has incident of fall 0.3 — 1.6 fall/

year/ person. (4)
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Prevalence

According to World Health Organization, elderly age 65 years old and above
have tendency to fall 28 — 35 percent/ year, and tendency to fall increase to be 32 -
42 percent/ year when age reach 70 years old. (1) According to previous study on
fall in one year period, healthy elderly age over 65 years old - dwelling in
communities fall 30 — 50%, nursing home residents fall 50 - 66%, hospitalized
inpatients fall 50%. (2)

In Thailand, a multistage national survey, 1998 (27) on 4,480 elderly aged 60
and over found that eight hundred and thirty-six elders (18.7%) had one or more
falls. Female elderly fall (21.5%) more often than male (14.4%). In year 2014, Thai
national statistical survey(5) was conducted a multi-stage random sampling on 20
provinces around Thailand on 8,640 elderly age over 60 years old. The study found
that fall prevalence in past 6 months prior to study was 16.9% (female 19.9%. male

13.9%).

2.1.3 Consequences of fall

Fall is a leading cause of fatal and nonfatal injuries in elderly age over 65
years old. Fall is a major threat to the health and independence in elderly.(3) Fall
may lead to severe injury such as hip fracture or cerebrovascular accident, which
need admission in hospital. The duration of stay depends on severity. And it may be
difficult to recovery or need to stay in nursing home or long - term care facility. Fall
effects to health, physical conditions, and emotion. Moreover it may affect burden of

caregiver as well.
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The rate of hospital admission due to fall in elderly age over 60 years old in
Australia, Canada and the United Kingdom of Great Britain and Northern Ireland (UK)
range from 1.6 to 3.0 per 10,000 population.

Fall injury rates in emergency department visits of elderly age over 60 years
old in Western Australia and in the United Kingdom are 5.5-8.9 per 10,000
population.(2)

Medical attention

Fall leads to 20-30% of mild to severe injuries. Fall is underlying cause of 10-
15% of all emergency department visits (28).

The duration of admission in hospital due to falls in Switzerland (29), Sweden
(30), USA (31), and Western Australia(11) are ranges from 4-15 days. In the case of hip
fractures, hospital stays extend up to 20 days (13). Moreover elderly are tendency to
remain physical independent after fall.

Fall mortality rates.

Fall is the leading cause of fatal injuries. The rate of fall related deaths
among elderly in the United States has been rising steadily over the past decade.(3)
Falls is accounting to 40% of all injury deaths. In the person age 65 years and above,
fall mortality rate in United States of America (USA) is 36.8 per 100,000 population
(46.2 for men and 31.1 for women), Canada mortality rate is 9.4 per 10,000
population.(2) Mortality rate for people age 50 and older in Finland is 55.4 for men
and 43.1 for women per 100,000 population (32).

Cost of fall

Expense of fall impact to family, community, and society. Healthcare impacts
and costs of falls in older age are significantly increasing all over the world. Fall-

incurred costs are classified into 2 categories; 1) direct cost of fall such as medication
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treatment, pharmacy, cost of transportation to health centers. 2) Indirect cost such
as lose of man-day working due to family caregiver take in charge of take care elderly
who fall. So they cannot go to work in this time period.

Direct costs: such as medication treatment, pharmacy, cost of transportation
to health centers. The average health system cost per one fall injury of elderly age
over 65 years old in Finland was USS$ 3611 and Australia was USS$ 1049 (11, 12).
Among all cost items, hospital admission services take the greatest part by
accounting about 50% of total fall related - cost (11, 31, 33). It is including
emergency and general ward cost. The average cost of hospitalization for fall related
injury for elderly age over 65 years old in Ireland is 6646 USS, USA is 17,483 USS (34,
35). It is expected that the cost of hospitalization for fall related injury increases to
USS 240 billion by year 2040 (36). Cost of emergency department visits varies
depends on each country, US$ 236 in the USA (based on data collected in 1998) (31)
to USS 2472 in Western Australia (based on data collected in 2001-2002) (11).

Indirect costs: such as a daughter needs to take day off to take care fallen
elderly at home, or hire caregiver. The average lost earnings could approximate US$

40,000 per year in the United Kingdom (13).

2.1.4 Fall risk factors

According to world health organization (WHO) (37), risk of fall is categorized as
these following; behavioral, biological, socioeconomic, and environmental factors.
(15)

Biological risk factors

Biological risk factors are pertaining to the human body such as age, gender

and race. As aging, the decline of physical, cognitive and affective capacities happen



19

due to age. And Female loss of bone density faster than male after menopause.
These are non-modifiable biological factors which increases the risk of fall.(37, 38)

Behavioral risk factors

Behavioral risk factors include emotions or health behavior such as the intake
of multiple medications, excess alcohol use, and inactivity.(37)

Environmental risk factors

Environmental factors interact with of individuals' physical conditions and the
surrounding environment. Environmental risk factors are precipitating cause of fall
such as home hazards and hazardous features in public environment. Example:
narrow steps, slippery surfaces of stairs, looser rugs and no lighting. Poor building
design, slippery flor, cracked or uneven sidewalks, and poor lightening in public
places are such hazards to injurious falls. These factors are not by themselves cause
of falls. But its interaction between other factors and their exposure to
environmental ones.(37)

Socioeconomic risk factors

Socioeconomic risk factors are related to influence social conditions and
economic status, and participation in community. example: low income, low
education, inadequate housing, lack of social interaction, limited access to health

and social care especially in remote areas, and lack of community resources.(37)



Intrinsic Risk Factors

Extrinsic Risk Factors

Gait & balance impairment
Peripheral neuropathy
Vestibular dysfunction
Muscle weakness
Vision impairment
Medical illness
Advanced age
Impaired ADL
Orthostasis
Dementia

Drugs

Environmental hazards
Poor footwear
Restraints

Precipitating Causes
® Trips & slips

® Drop attack

® Syncope
® Dizziness

Figure 1 Multifactorial and intervention causes of fall

[Source: Laurence Z. Rubenstein KRJ.2006]

20

Table 1 Risk factors of fall in community dwelling residents [Source: Leanne Currie.

2008 (9)]

Risk Factors Fall Risk Injuries Risk Mortality Risk
Intrinsic
Age Yes Yes Yes
Gender Female Female Male >

85 years

Race Caucasian Caucasian Caucasian
Cognitive function
Cognitive impairment Yes No data No data
Fallophoble (fear of Yes Yes No data

falling)
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Risk Factors Fall Risk Injuries Risk Mortality Risk
Instability to follow Yes No data No data
instruction
Instability to adapt to Yes No data No data
changing environment
Physical function
Gait problem Yes No data No data
Impair ability to perform Yes Yes No data
ADLs
Impair muscle strength Yes Yes No data
or range of motion
Poor/ fair self-report Yes Yes No data
health
Rosow — Breslau No data Yes No data
impairment
Visual problem Yes No data No data
Physical status
BMI less than 22.8 kg/m? No data Yes Yes
Frailly No data Yes Yes
Low body weight yes Yes No data
Comorbidities
Alzheimer disease yes No data No data
Anemia (including mild yes No data No data

anemia)
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Risk Factors Fall Risk Injuries Risk Mortality Risk
Diabetes yes No data No data
Diabetic foot ulcer yes No data No data
Fall in the past 12 yes yes No data
months
Parkinson disease yes No data No data
Postural hypotension yes No data No data
Previous fracture No data yes No data
Stroke yes yes No data
Subdural hematoma yes yes No data
Syncope yes No data No data
Vitamin D deficiency yes yes No data
Vitamin D deficient yes No data No data
w/low creatinine
clearance
Medications
Use of 4 or more yes No data No data
medications
Anti-epileptics No data yes No data
Antihypertensives yes No data No data
Antiplatelet therapy No data No data
Psychotropics yes No data No data
Sedatives and hypnotics yes No data No data
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Risk Factors Fall Risk Injuries Risk Mortality Risk

Extrinsic Risk Factors

Environmental hazards yes No data No data

Footwear, non- yes No data No data

supportive (e.g., slippers)

Hospitalization, recent yes No data No data

Wheelchair use, reckless yes No data No data

wheelchair use

Related risk factors of fall

1. Sex

Female had fall more often than male (2, 6) Figure 2 shows fatal falls by 5-
year age group and sex (2). Fatal falls rates increase exponentially with age for both
sexes. Highest fetal falls rate at the age of 85 years and over. Rates of fatal falls
among men higher than women in all age groups. The incidence of hip fracture is
greater in female but hip fracture mortality is higher among male (39).

This may interpret that male suffer from more co-morbid conditions than
female of the same age (7).A previous study found that men reported poorer health
and a greater number of underlying conditions than women, which substantially
increased the impact of hip fracture and consequently increased the risk of mortality

(40).
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Fatal falls rates

B Men
200 + 1 Women
153.2
1504
106.4
100+
50 ~ 41 4
16

5.4 10 6 95
0

65 69 70-74 75-79 80 84 5+ Age group

Figure 2 Fetal fall rate by age and gender group
[Source: World Health Organization (WHO). 2007]

Female has more hospitalizations than men 2 times and more emergency
department visit than male. But fetal fall rate in male more than female (2). Some
biological support this issue, as muscle mess of female declines faster than male
especially a few year after menopause. And health seeking behavior is difference in
both sex. Male has less seeking medical care and tendency to engage with risky
physical activity more than female (2).

2. Age

Falls are associated with age. The older age is, the more degenerative
changes present as declining of physical, cognitive and affective capacities (2, 6)
degenerative changes due to age make elderly become more kyphosis and center of
gravity is move more foreword, these increased postural sway when standing still,
compared to younger adults. The changes of postural sway decrease the sensitivity
of their postural control system.

Muscle also less strength Lower limb weakness is a significant fall risk factor.

The previous study found elderly with impair muscle strength has fall about 2 times
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higher than those who are not. And the risk of falling increase multiple times if leg
weakness is present. (8)

3. Education

Fall occurred in elderly who education less than secondary school (6)

4. Income

Many studies have shown that there is a relationship between socioeconomic
status and falls. Lower income is associated with increased risk of falling. fall
occurred in elderly who insufficient income (2, 6)

5. Cognitive function

Cognitive impairment was reported to be fall risk (9). And also being a strong
predictors variable for fall induced fractures (41) Cognitive impairment almost
doubles the risk for falling. Confusion and cognitive impairment may reflect an
underlying systemic or metabolic process. As Dementia elderly has found that
impairing judgment, visuospatial perception, and orientation ability. Falls also occur
when demented residents wander, attempt to get out of wheelchairs, or climb over
bed side rails. Cognitive impairment affects between 5% and 15% of persons who are
older than age 65, and the prevalence increases with age and among institutionalized
elderly. (17)

6. Fall experienced

Experience of fall is risk factor (9). And fall Experiencing more than one fall in
the follow up period is the strong independent predictors for fall induced fractures
(41). According to systematic review (42), the strongest associations with fall were
found for history of falls (OR = 2.8 for all fallers; OR = 3.5 for recurrent fallers).
Individuals who have fallen have a threefold increased risk of falling The recurrent

falls in elderly frequently are due to the same underlying cause ex. gait disorder,
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orthostatic hypotension), and may also indicate the disease progression such as
Parkinsonism, dementia. (17)

7. Gait and balance problem

Gait and balance impairments were a significant risk factor for falls (9, 10). A
systematic review (42), found elder with gait problems had fall risk 2 times greater
the one who has no gait and balance problem. (OR = 2.1; 2.2)

8. Visual problem

Fall occurred in elderly who has visual problem (6, 9, 10) Visual impairment
increases the risk for falling about 2.5 times. At least 18% of noninstitutionalized
persons who are 70 years and older have substantial visual impairment. The primary
causes include cataracts, glaucoma, and macular degeneration.(43)

9. Perform activity of daily living (9)

Functional impairment is indicated by the inability to perform basic activities
of daily living such as dressing, bathing, eating. The previous study found elderly who
have impairment in performing daily of activity living has doubles risk of falling. In the
community, ADL impairment affects 20% of persons who are older than age 70.(17)

10. Comorbidity

More comorbidity elderly has, more fall experienced (2, 6, 9). Comorbidities
which are fall risk related include: foot ulcer form diabetes mellitus, postural
hypotension, syncope, heart disease, stroke, and Parkinson(9). Severe pain and
diagnosis of at least one chronic disease were independently associated with falls.

(44)
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11. Medication

Number of medication used (10) and type of medication are related to fall.
Using > 4 medications, anti-hypertensives, sedatives and hypnotics are reported fall
risk (9).

12. Using walking assistive devices

Many studies found fall risk is related to using assistive devices (9, 10) The use
of an assistive device for ambulation was associated with increased risk for falling.

13. Environmental hazard

Environmental hazard is reported to be one of fall risk. (9) Home hazards
include narrow steps, slippery surfaces of stairs, looser rugs and insufficient lighting.
Poor building design, slippery flor, cracked or uneven sidewalks, and poor lightening
in public places are such hazards to injurious falls (2). In Thailand, the factors
associated with a chance of falls were: a slippery flor in the first storey of the house,
a slippery flor in the bathroom or toilet and bathroom or toilet located outside the

house (6).

2.1.5 Fall risk assessment instrument for community dwellers (9)

1) Fall risk assessment index (POMA)

Tinetti (45) developed the tool based on these following factors: mobility,
morale, mental status, distance vision, hearing, postural blood pressure, back
examination, medications, and ability to perform ADLs. This instrument has been the
most widely used and tested, with a reported sensitivity of 80 percent and specificity

of 74 percent. (46)
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2) Berg Balance Test (47)
Berg Balance Test include 14 items. It was designed to assess static balance
and fall risk in adult populations. (47) (sensitivity = 77 percent; specificity = 86
percent)(46)
Description:
® Static and dynamic activities performed

® |tem-level scores range from 0-4, determined by ability to perform the
task

® Maximum score = 56

Time administered: 15 — 20 minutes

3) Elderly Fall Screening Test (sensitivity = 93 percent; specificity = 78
percent)(46)
4) Dynamic Gait Index (48)

Dynamic gait index is developed to accesses an individual’s ability to modify
balance while walking in the presence of external demands (48) (sensitivity = 85
percent; specificity = 38 percent)(46)

Description:

® Static and dynamic performed with a marked distance of 20 feet

® (Can be performed with or without walking assistive device

® Scores are based on a 4-point scale:
3 = No gait dysfunction
2 = Minimal impairment
1 = Moderate impairment

0 = Severe impairment
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® Maximum score is 24 points.

® Tasks include: Steady state walking, walking with changing speeds, walking
with head turns both horizontally and vertically, walking while stepping over and

around obstacles, pivoting while walking, stair climbing

® Time administered: less than 10 minutes

5) Timed Get Up and Go test

Timed get up and go test is a dual-task dynamic measure for identifying
individuals who are at risk for falls. (49) (sensitivity = 87 percent; specificity = 87
percent) (46)

Description:

® Verbal instructions “go” to stand up from a chair, walk 3 meters as
quickly and safely as possible, cross a line marked on the floor, turn around, walk
back, and sit down.

® |n the TUG (Cognitive), individuals were asked to complete the test while
counting backward by threes from a randomly selected number between 20 and
100.

® |n the TUG (Manual) it has been suggested that the client must walk
holding a cup filled with water

® Perform with/ or without walking assistive device, but without another
person assistance

® |ndividuals are able to follow simple instructions.

® Time administered: less than 5 minutes.



30

2.1.6 Fall prevention intervention

According to Cochran’s systematics review on intervention for prevention falls
in older people living in the community, 159 randomized controlled trials with
79,173 respondents were analyzed (50), effective fall prevention intervention were
presented as these following;

- Home based exercise, such as Tai Chai, usually containing some balance and
strength training exercises, effectively reduced falls.

- Home modification: improving home safety appear to be effective,
especially in people at higher risk of falling and when carried out by
occupational therapists.

- An anti-slip shoe device worn in icy conditions can also reduce falls.

- Reducing medications; withdrawal of a particular type of drug for improving
sleep, reducing anxiety, and treating depression (psychotropic medication) has
been shown to reduce falls.

- Intervention on visual solving problem; Cataract surgery reduces falls in
women having the operation on the first affected eye. Insertion of a
pacemaker can reduce falls in people with frequent falls associated with
carotid sinus hypersensitivity, a condition which causes sudden changes in
heart rate and blood pressure.

- Podiatry: In people with disabling foot pain, the addition of footwear
assessment, custom made insoles, and foot and ankle exercises to regular

podiatry reduced the number of falls but not the number of people falling.
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According to the same systematic review(50), there are also many
interventions which are not significantly reduce fall as these follow;

- Taking vitamin D supplements does not appear to reduce falls in most
community-dwelling older people, but may do so in those who have lower
vitamin D levels in the blood before treatment.

- Interventions to increase knowledge/educate about fall prevention alone

did not significantly reduce the rate of falls

Table 2 Recommendation of fall prevention interventions from evidence-based

practice and research implication [Source: Leanne Currie. 2008]

Community:

Screen all patients age > 65 years old.

For patients who screen positive, refer to fall-injury prevention clinic for

focused fall-injury risk assessment, if available.

- Use a standardized risk assessment tool, such as Tinetti’s 9-item screening
tool for (1) mobility, (2) morale, (3) mental status, (4) distance vision, (5)
hearing, (6) postural blood pressure, (7) back examination, (8) medications,
and (9) ability to perform activities of daily living (ADLSs).

- For patients > 65 years who present to the emergency department (ED)

with a fall, refer to primary care provider for focused fall-injury risk

assessment.

Home care and long-term care:

- Screen patients of all age

- Use a standardized assessment tool, such as Tinetti’s 9-item screening tool.
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- Reassess at regular intervals

Acute care setting

- Screen patients all ages.
- Use a standardized risk assessment instrument such as the Morse, Hendrich

I, or STRATIFY tools. (Note: These tools do not assess for injury risk.)

- Assess for injury risk for patients with injury risk factors as low BMI,
osteoporosis, vitamin D deficiency, antiplatelet therapy.

- Reassess patients at regular intervals.

2.1.7 Fall in Thailand

Benjawan S., el (2012) (6) conducted a study on living environment of falls
among the elderly in Thailand. The data were obtained from national survey about
fall and environment that conducted in 26,689 respondents, age > 60 years old. The
study found that 10.4 % experienced fall in the past 6 months prior to the interview.

Characteristic of people who fall is 45% had fall more than one time. And
places of fall are similar between outside the home (54.5%) and inside the home
(45.5%). Cause of fall is from slipped, 27.3% Medical care received after fall; 27.3%
no need medical care, 34.2 % self-care, 27% received medical care but not
hospitalization, and only 11.4% reported medicalized.

Female has experience of fall more than male. Fall occurs more often in
those perceiving poor health with chronic disease such as hypertension, heart
disease, diabetes mellitus, paralysis/ paresis, mobility problem, vision and hearing

problem.
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Fall occurred more in those who no regular exercise, no participate in social
activities, insufficient income, and education less than secondary school.

Environment which is predicted factors of fall are slippery first floor of house,
slippery at bathroom/ toilet room, bathroom is outside the house, and live alone

without spouse.(6)

Fall prevention intervention in Thailand

Policy maker:

The content of law which is related to fall prevention is environmental
friendly to elderly and person with disability. Architecture has been considered and
emphasized in designing building of hospital, health center, government office,
school, government museum, public transportation as airport, train station, port,
hotel and the place provide service for people over 2,000 m? have to provide slope,

elevator, bar, stair, parking area, size of restroom , wide of door, etc. (51)

Hospital setting:

Thailand has medical practice for fall prevention in admitted patient and
outpatient as standard care of hospital. The care include fall risk screening in
hospital, multifactorial risk assessment: Morse fall scale, fall risk assessment tool,
Berge Balance Scale, Hendrich Il fall risk model. exercise recommendation, medical

supervision, environmental and architecture of building, health education.(52)

Community setting:
Many studies have been conducted in community. Mostly is participatory

action research to raise up fall prevention awareness, education and exercise to
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enhance muscle strength. Village health volunteer take an important role in order to
catch people in community and easier for health professional staff to approach to
people in the community as we can see in many research that village health
volunteer take important task to screen and distribution of health knowledge in

community (18-20, 53)

2.2 Robot

Robotic industrial is growing worldwide. Japan association stated that total
value of robot is 66,400 million USD in 2025. And robot value will much more than
total value of worldwide automobile market. (54)

Socially Assistive Robot (SAR) is developed to perform physical tasks with the
addition of a social interface capable. SAR is classified into two operational groups; 1)
service robot, and 2) companion robot. Service robot is tasked with aiding activities of
daily living, while companion robot is more generally associated with improving the
psychological status and overall well-being of its users. According to previous
systematic review in 2017 (55), SAR usually play a role as 1) affective therapy, 2)
cognitive training, 3) social facilitator, 4) companionship and 5) physiological therapy.

SAR can improve the general mood and wellbeing of elderly participants, or
its ability to overcome episodes of mood disturbance.(55) For example Paro robot. It
is a robotic seal with five sensors; tactile, light, audition, temperature, and posture
sensors. So that the robot can perceive people and its environment. With the light
sensor, PARO can recognize light and dark. He feels being stroked and beaten by
tactile sensor, or being held by the posture sensor. PARO can also recognize the
direction of voice and words such as its name, greetings, and praise with its audio

sensor. Many studies(56, 57) indicated that PARO improve mood score during
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intervention, stimulates interaction between patients and caregivers, improves the
socialization of patients with each other and with caregivers and it is the World's
Most Therapeutic Robot certified by Guinness World Records. (58)

Another interesting pet-robot such as AIBO. It is a robotic dog form SONY,
Japan. Its first launched in 1999, and developed many versions. The hardware
includes a 64-bit RISC processor, 16 megabytes of RAM, sensors; touch, camera,
range-finder, microphone, acceleration, and angular velocity. All versions of AIBOs are
bundled with accessories including a charging station and pink ball toy. Late model
ERS7’s were bundled with a pink AlBone bone-shaped toy, playing cards and a
charging station with pole and marker mat for autonomous docking.(59) A previous
systematic review also indicates positive outcome of using this robot.(55)

Nowadays Thailand has only one company which make robot for commercial
and elderly care. CT Asia Robotics, Ltd. was founded in 2009. Originally is a software
company, then work together with robotic engineers who won from robot world
championship.

Originate the robot was registered trademark named “Dinsow”. It is big scale
robot and serve for commercial activities such as advertisement or entertainment.
Later the robot was develop new batch and registered as “Dinsow Mini” which is
smaller size and focuses on take care elderly. Dinsow mini has camera and many
types of sensor which can detect human from environment. The robot keeps
watching elderly especially for bed ridden one. In case, fall is suspected or the elders
wake up, or missing from camera longer than setting time, the robot will
automatically alert to smart phone of caregivers and hospital which is synced with
the robot. The caregiver can call back to the robot by VDO call. The robot will

automatically receiving the call. And caregivers can control camera of robot pass
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through smart phone. The robot has many more features such as pill reminder to
prevent elderly forgot to take medicine. The robot can synced with blood pressure
tool via Bluetooth. This feature make caregiver can tracking health of elderly via
smart phone. Moreover, the robot has entertainment feature such as photobook,
VDO, and sons.

Elderly robot market is correspondent with population pyramid that elderly is
increase but children population decrease. As the result, there is lacking of caregiver
for elderly as already happened in Japan. The elderly robot from Thailand is

exported to nursing home in many countries especially Japan and Europe.

2.3 Fall prevention technology

There are wide range of technology-based interventions for fall prevention
including diagnosing and treating fall risk, increasing adherence to interventions,
detecting falls and alerting clinician and caregiver.

A previous systematic review on 2016 (60) indicates that most of fall
prevention injury applications are static as collect data and alert when a fall
happened, while games are interactive applications. Games are typically played by
patients, aims at educating and increasing awareness of fall risks, or to engage the
user in exercise and physical activity which is designed to improve mobility and
hence reduce the risk of falling. Virtual reality (VR) applications present simulated 3D
interactive environments that allow the user to navigate through these environments
and receive feedback in real-time based on multimodal user input.

Platforms of falls prevention technology systems are variety. Game consoles
are self-contained platforms in which specific game applications. Desktop computer

is also common platform. Smart-phones is also interesting platform as it is advanced
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processing capability, integrated sensors and communication facilities that such
devices now host. A tablet is a mobile touchscreen platform, which includes inertia
measurement units, sensors (accelerometer, gyroscope, GPS), camera and
touchscreen display.

Information sources relate to the range of inputs that systems use to sense
the users and the living environments. Sensors are widely used either wearable type
or environment such as camera-based and floor sensors installed in the living
environment which feed information back to the system about the user’s
interactions with that environment.

A common interface type used in fall prevention systems is natural user
interfaces which gathered natural movement of user via wearable or environmental
sensors that are used to control fall prevention systems. Non-interactive interface is
an invisible interface, which relies on intermediary sensor devices to source data
from older users and to save that data to a centralized system, with no feedback
provided or interaction with the end-users. Touchscreen interface, which enables
users to interact with fall prevention systems deployed on smart-phones by
providing touch gestures to touch an object on the screen. This interface is an
evolution of the peripheral devices such as a keyboard and mouse that were used to
interact with objects on the screen. Although touchscreens are inherently used for
fall prevention systems as they are deployed on smart-phones, they are not part of
sourcing of physiological data from users.

Asynchronous collaboration relates to activities that are performed in real-
time, however, the response to these activities do not occur in the time in which
they occurred. For example, in case where an older adults’ movement data is

gathered through the use of fall injury prevention interventions and if a fall event is
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detected an alert is sent to health care clinicians informing them of a fall. In this
particular scenario, there is a time lag between the time of the fall event and the
health response to a fall. On the other hand, synchronous refers to when users’
movement data is gathered in real-time and the response of the movement data is
also given in real-time in the form of visual feedback or biofeedback depending on

the fall prevention systems that the patient is engaging with.

2.4 Housing in Thailand and trend of senior housing

According to National Statistical Office in 2014 (61), most of Thai elderly
(91.3%) do not stay alone, of which 23.0% stay together with spouse, daughter, son,
daughter-in-law or son-in-law, and grandchild, 20.6% living with spouse only, and
17.8% living with son, daughter, or relatives. However, trend of elderly who stay
alone is increasing from 3.6 in 1994 to be 8.7% in 2014. Most of elderly (82.2%) living
in their own house, and 9.8% living in house of son, daughter.

Housing of elderly should meet these standards(61); non-slippery floor, even
ground surface, not messy, and adequate lighting. Bedroom should be located on
the first floor, having holding bar in bed room, toilet, shower room, and staircase rail.
Toilet and shower room should located inside the house. It should be toilet bowl
instead of squat toilet to prevent knee pain in elderly.

According to the same survey (61), 38.7% of Thai elderly living in single story
house, apartment, condominium, 61.2% living in house with >2 floors of which 34.7%
of the elderly’s bedroom located on the first floor. Half the elderly (53.9%) using
squat toilet. Most of the toilet (79.2%) are located inside the house, and 91.7%

without holding bar.
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According to Thai social norm, elderly usually live with family members.
However, senior housings, and nursing homes in Thailand are increasing both private
and governmental sectors.

Banbangkhae is the first residential home in Thailand, established by
government since 1953. It is located in Bangkok. At first, it aims at taking care of
neglected or homeless elderly (62). Later on, there are 19 governmental residential
homes for neglected or poor elderly around country (63); 6 centers in central region
including Bangkok, 2 centers in the East, 3 centers in the North, 4 centers in North-
East, and 4 centers in the South. There are three types of services(62, 63); 1) free of
charge (all centers): elderly stay together in a big room, male and female stay in
separate building. 2) private room (centers in Bangkok), this type is popular in elderly
who middle-class economic income, there are 1,500 baht/month for one-bed room
type, and 2,000 bath/month for two-bed room type, and 3) bungalow residents
(centers in Bangkok, Chiang Mai, and Ayutthaya), this is leasehold for lifetime. There
are 300,000 baht payment for first entry and 1,500 baht/month for single elderly, and
2,000 baht/month for spouse or sibling (same sex) who stay together. The housings
provide food, housing, medical services, physiotherapy. The housing felicities are
designed for friendly to elderly such as slope for wheel chair, holding bar in shower
room, toilet, anti-slip floor, garden and yard.

Senior housings in Thailand is also developed to response the aging society.
Sawangkanivej is a model of senior housing in Thailand, established by Thai Red
Cross since 1996. This housing is suitable for physically active elderly who is in
middle-class economic income. It is a group of condominium, designed for friendly to
elderly as mentioned before. It is leasehold for lifetime, starting from 650,000 bath,

depends on room’s size, and additional service charge 2,500 baht/month (64).
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Recently years, Thai government launches senior complex projects in many
provinces. It is cooperation of many ministries and departments for middle and high
economic income group(65). Ministry of Public Health, Labour, Social Development
and Human Security work together about the standard and availability of geriatric
care in hospitals, training on geriatric care and schemes for allowing older people to
continue to work.(66)

The Treasury department, Ministry of Finance has 5 senior complex projects
in 5 provinces; Chonburi, Samut Prakan, Nakorn Nayok, Chiang Mai, and Prachuap
Khiri Khan.(67) For example, The Treasury department is working together with
Faculty of Medicine Ramathibidi hospital, Mahidol University to develop real estate
together with medical services in Samut Prakan. The master plan include 1) hospice
zone, 2) senior housing zone, and 3) nursing home zone. There are also working with
another hospitals for another area. (68)

There are rising senior housing projects by both government and private
developers across the country. While most of these projects are aimed at
accommodating Thai elderly, there are growing of many luxury senior housing
developments in the country's resort destinations to cater mainly foreigners and
affluent Thai as well. Luxury senior housing market in Thailand remains relatively
small but has a strong potential to grow as the good living environment, competitive

cost of living and affordable high quality nursing care. (69)

2.5 Education

2.5.1 Multiple intelligences theory

The theory of multiple intellicences was developed by Horward Gardner in

1983. Garner proposed that individual has eight intelligences as follows (70, 71)
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Linguistic intelligence: the capacity of using words effectively both oral and
writing. These allow individual to communicate and make sense of the word

through language such as poets, journalist, writer

Logical-mathematical intelligence: the capability of using numbers
effectively. These intelligence includes related abstraction such as sensitivity
to logical patterns and relationships, statement, and proposition. The skill
used in this intelligence include categorization, classification, inference,
generalization, calculation, calculation, and hypothesis testing. Example of

this intelligence such as scientist, and mathematicians

Musical intelligence: the capacity to enable individual to create, transform,
communicate and understand meaning made out of sound such as singer,
musician, and composer. The skill in this intelligence include sensitivity to
rhythm, melody, pitch, and tone color of music piece.

Spatial intelligence: enable individual to perceive visual and spatial
information, to transform information, and recreate visual image from
memory. This intelligence sensitives to color, line, shape, form, space, and
relationship exist between elements. The example of career in spatial

intelligence such as architect, engineer, and sculptor.

Bodily-kinesthetic intelligence: enable individual use all part of the body to
create product or solve problem such as actor, dancer, and athletes, and
facilitating using hand such as surgeon, sculptor, dentist. This skill used in this
intelligence include coordination, balance, strength, flexibility, and speed,

proprioceptive, tactile, and haptic capacities.
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® |nterpersonal intelligence: the ability to recognize and make distinction in
the moods, feeling, intention, motivation of other person (teacher,
psychologist). This intelligence sensitives to facial expression, voice and

gestures.

® |ntrapersonal intelligence: the ability that enable individual to understand
themselves, awareness of inner moods, intention, self-understanding, and

self-esteem.

® Naturalist intelligence: expertise of recognition, classification of species or

environment, natural phenomena such as farmer, gardener, florist, botanist,
geologist.

Each individual composes all eight intelligences. In order to accomplish one

task, the intelligences work together in a complex way. Someone expresses an

outstanding in some intelligence. However, most of people can develop competency

of each intelligence. (71)

2.5.2 Edutainment

Edutainment is a model of education that combine knowledge and
enjoyment together. Content of knowledge was modified to be livelier, or more
interesting pass through many kind of media such as movie, music, games. The
learner gain knowledge or content in a relaxing environment. (72)

A randomized controlled trial was conducted in hospital inpatient age over
60 years old to see the difference of self-perceived risk of falls, perception of falls
epidemiology, knowledge on prevention, and motivation and confidence to engage

in self-protection. Intervention group (n=100) received fall prevention DVD. Control
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group (n = 122) received a written workbook. The study found that the intervention
group has higher self-perceived risk of falling, higher levels of confidence and
motivation to engage in self-protective strategies than control group (73). This study
support that fall prevention DVD is successful in deliver fall prevention message.
Edutainment is applied in this study by VDO education pass through monitor
screen of the robot. And short message alert daily. Make elderly easy to remember
content of fall prevention. The media is important to play a role in promoting a
positive image of ageing and drawing awareness of fall prevention among them. The
media can help by widely disseminating realistic and positive images of active ageing
and sharing educational information on falls and falls prevention strategies. The
media can also help to confront negative stereotypes about growing old and help to

combat persistent ageism (2).

2.6 Exercise for fall prevention

Exercise intervention is significantly reduce risk of fall in many systematic
review and reported in fall guideline (1, 24, 74). Being active keeps elderly
independent and reduce burden of caregiver. Exercise is categorized into many type;
endurance, strength, balance, and flexibility(75).

Endurance or aerobic exercise that increase breathing and heart rate. This
exercise keeps fitness, healthy, improve blood circulation system and delay many
diseases. Example of endurance exercise such as dancing, joking, swimming, biking,
football, and tennis.

Strengthening exercise is an exercise that increase muscle power. This

exercise make individuals stay independent and carry out daily activities. Example of
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strengthening exercise such as lifting weight or using resistance band. This program
present strengthening exercise as teaching DIY sand beg using with exercise.

Balance help prevent fall. Example of balance exercise such as single leg
standing, heel —to- toe walking, Tai Chi. Balance exercise included in exercise package
of this program.

Flexibility exercise help more freedom of movement. The activity to increase
flexibility include yoga, calf stretch. This study also include flexibility into exercise

package of fall prevention exercise.

Otago exercise program

Otago exercise program (76) was developed by Otago medical school,
University of Otago, New Zealand, led by Professor John Campbell. It was developed
from many years research on risk factors of fall and found that strength, flexibility,
and balance are modifiable factors for falls. Otago exercise is a series of exercise that
focuses on balance and strengthening specifically to prevent fall. It can be used
standalone intervention or to be a part of multicomponent intervention to prevent
fall. And easy to implement, and affordable home-based exercise program.

The effectiveness of Otago exercise was tested in four randomized controlled
trials and one controlled multi-center trial, both in research and routine health care
services in 1016 respondent age 65- 97 years old dwelling in community. The result
found that the program can reduce 35% both number of fall and number of fall
injury. And effective equally in both male and female. In terms of the number of fall
injuries prevented, the program had the greatest effect in high-risk groups: those over

80 years of age and those with a previous fall.
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The program was designed specifically to prevent falls. A home-based,
individually tailored strength and balance retraining program

« The exercises are individually prescribed and increase in difficulty during a
series of five home visits by a trained instructor.

« Elderly who participated in the program receives a booklet with instructions
for each exercise prescribed and ankle cuff weights to provide resistance for the
strengthening exercises.

 The exercises duration is 30 minutes. Respondents are expected to exercise
three times a week and go for a walk at least twice a week.

« Respondents record the days they complete to stimulate adherence the
program and the instructor telephones them each month between home visits.
Follow-up home visits are recommended every six months.

Ministry of Public Health, Thailand developed a fall prevention guideline and

modified exercise from Otago program. (1, 24)

Technology and exercise adherence

The cameras and sensors have been developed for detecting human faces,
and hand. These technology can applied to monitoring exercise performance, or
rehabilitation exercise, and providing feedback.(77) There are variety approach of
motion tracking.

A recent study in 2016 (78) developed an automated interactive exercise
coaching system using the Microsoft Kinect in 6 independent elderly in laboratory.
The coaching system guides users through a series of video exercises, tracks and
measures their movements, provides real-time feedback, and records their

performance over time.
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The PrimeSense OpenNI Framework also used combines exercise adherence
monitoring(79) with an animated on-screen human-looking character to guide healthy
individuals through a personalized sequence of exercise movements, monitor their
progress, and provide feedback.

Body worn sensor and tablet or mobile application is also an approach of
motion detection. A recent study in 2017 (80) conducted a home-base exercise
program driven by tablet application. The result indicates the positive outcome on
exercise adherence of using these novel technology. However, these intervention
depend on internet connection.

2.7 Behavior change models

Many theories are used for behavioral change intervention and using in health
promotion. There many 3 levels of theory. (81)

1) Individual/ Intrapersonal Health Behavior Models/ Theories

2) Interpersonal Health Behavior Models/Theories

3) Community Level Models/ Theories

Many models/ theories are used in health promotion. Table 3 shows
frequency used models to describe the way people making decision among
individual and interpersonal level.

Table 3 Behavior Change Model [sources: Theories and Model Frequency

used in Health Promotion. 2002, and Physical Activity Evaluation Handbook. 2002.

(82, 83)]
Model/ theory Description Key concept
Health belief model | To make people Perceived susceptibility

interested and adopted Perceived severity
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Model/ theory

Description

Key concept

intervention program for
example; breast cancer

screening, vaccination

Perceived benefits of action
Perceived barriers to action
Cues to action

Self- efficacy

Stages of change

(Transtheoretical

To adopt healthy behavior

for example exercise,

Pre- contemplation

Contemplation

model) quite smoking Preparation

Action

Maintenance
Information This theory can be benefit | Exposure; Attention
processing to persuasive campaign Liking/interest;

like social marketing. Make
people interest and
remember the key word

of the communication

Comprehension; Skill
acquisition; Yielding
Memory storage
Information search and
Retrieval; Decision;
Behavior; Reinforcement;
Post-behavior

Consolidation

Social learning/
social cognitive

theory

This model explain the
relationship of behavior
and environment.

Changing behavior is

Self-efficacy
Reciprocal determinism
Behavioral capability

Outcome expectations
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Model/ theory Description Key concept

associated with another Observational learning
factors like environment,
personal factors, and

attribute of behavior itself

2.7.1 Health Belief Model (HBM)

Health Belief model is the commonly used in health promotion and health
education. It was developed in 1950s by social psychologists Hochbaum, Rosenstock
and Kegels working in the U.S. Public Health Services (84, 85).

This model is originally to explain why tuberculosis screening program was
not very successful by U.S. Public Health Service. The principle of this theory is when
people perceived risk, or threat, they will do follow recommendation, deal with the
problems and think of benefit that they will gain. HBM has 4 components;

1) Perceived susceptibility

Personal risk or susceptibility is one of the more powerful perceptions in
prompting people to adopt healthier behaviors. The greater perceived risk, the
greater likelihood of engaging in behaviors to reduce the risk.

2) Perceived severity

The perception of seriousness based on medical knowledge. Thus health

education is necessary to people.
3) Perceived the benefits

The perceived benefits is an opinion of people to weight the value or
usefulness of a new behaviors. People tend to adopt healthier behaviors when they
believe the new behaviors will decrease the chance of developing the disease such

as having vegetable because it is full of vitamin and good for digestion, or stop
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smoking to prevent bed effect to lung. Perceived benefits play an important role in
the adoption of secondary prevention behaviors, such as screening for cervical
cancer and HPV vaccination.
4) Perceived barriers

Perceived barriers is what person evaluate the obstacles to adopting a new
behavior for example budget, difficult, time limitation. Of all the constructs,
perceived barriers are the most significant in determining behavior change of
individual.

Cues to action

This is internal or external factors that influence person to start the new
behavior such as recommendation or consultation from medical personal.

Self-efficiency

In 1988, self-efficacy was added to the original four beliefs of the HBM. Self-
efficacy is the belief in one’s own ability to do something. People generally do the

new thing if they think they can do it.

HBM was developed to explain behavior that related to health and how to
change these behavior as presented in Table 4.

Table 4 Health Belief Model

Health Belief Model (85)

Perceived susceptibility | An individual’s assessment of his or her chances of

getting the disease

Perceived seriousness | An individual’s judgment as to the severity of the disease

Perceived benefits An individual’s opinion as to what will stop him or her




50

Health Belief Model (85)

from adopting the new behavior.

Perceived barriers An individual’s opinion as to what will stop him or her

from adopting the new behavior

Cues to action Those factors that will start a person on the way to

changing behavior

Self- efficacy Person’s belief own ability to do something

2.7.2 Stage of Change Model or Trans theoretical Model: TTM

TTM was developed by Prochaska and DiClemente in 1970s. It was originally
focused on smoking people. The model explain why people quit smoking. They quit
only when they have intention to do it. TTM focuses on the decision-making of

people and intentional to change their behavior. (86)

Precontemplation or ignorance

In this stage, an individual does not perceived that he has a problem ex.
smoking-man doesn’t think that he is smoking-addicted. So he does not think to
change smoking behavior.

Contemplation or learning

An individual start to think if he keeps doing same behavior, he will increase
chance of getting a lung disease. Then he start to weight value of changing behavior,
pro and cons of quit smoking.

Preparation or planning

An individual start to change health behavior by plaining; action - oriented

program, such as meet the doctor, reading the book
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Action or doing

An individual takes action such as reduce amount of cigarate

Maintenance or habit

Keep doing new behavior continuously as a habit

Many models/ theories are used in health promotion. Here is concluded

frequency models to describe the way people making decision and interpersonal

interaction. Personal belief influence health behavior. (82)

Enter —,/,Precontemplation

Maintenance

Contemplation
The Stages of

Change Model
Relapse

Determination

Adon,___~
T

Exit & re-enter at any stage

Figure 3 Stage of Change Model

[Source: Wayne W. LaMorte. 2016 (86)]

2.7.3 Consumer Information Processing Model: CIP

CIP was developed by Bettman in 1971 (87). The concept is that people

cannot understand, or receive whole message due to the difference of information
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processing capacity in terms of quantity and memory capacity in each individual. CIP

can applied to health education as developing text to communication.

1) The information is easy to understand.
2) Benefits
3) Interesting, not threatening.

In order to developing text, it is needed to choose the most highlighted
concept and the most benefit in the first or the last part of message to promote
people remembering. The way of presenting text is attractive such as infographic, or
group of words which is easy to remember.

CIP has 2 principles;

1) People has limited information processing capacity.
2) Strategy to increase capacity is necessary such as chunk, make a group

of information, easy to remember, attractive,

2.7.4 Cognitive learning theory

Cognitive learning theory (CLT) explain mental process of learning that
influenced external and internal factors which eventually lead to learning in an
individual. This theory can be divided into two specific theories: the Social Cognitive
Theory (SCT), and the Cognitive Behavioral Theory (CBT). (88)

Social Cognitive Theory (SCT) (25)

Social Cognitive Theory (SCT) started as the Social Learning Theory (SLT) by
Albert Bandura in 1960s. It developed into the SCT in 1986 and posits that learning
occurs in a social context with a dynamic and reciprocal interaction of the person,

environment, and behavior.
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Behavior

A

Personal factors »  Environmental factors

Figure 4 Social Cognitive Theory

The unique feature of SCT is the emphasis on social influence and its
emphasis on external and internal social reinforcement. SCT considers the unique
way in which individuals acquire and maintain behavior, while also considering the
social environment in which individuals perform the behavior. The theory takes into
account a person's past experiences, which factor into whether behavioral action will
occur. These past experiences influences reinforcements, expectations, and
expectancies, all of which shape whether a person will engage in a specific behavior
and the reasons why a person engages in that behavior.

The goal of SCT is to explain how people regulate their behavior through
control and reinforcement to achieve goal-directed behavior that can be maintained
over time.

Reciprocal Determinism - This is the central concept of SCT. This refers to
the dynamic and reciprocal interaction of person (individual with a set of learned
experiences), environment (external social context), and behavior (responses to
stimuli to achieve goals).

Behavioral Capability - This refers to a person's actual ability to perform a
behavior through essential knowledge and skills. In order to successfully perform a

behavior, a person must know what to do and how to do it. People learn from the
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consequences of their behavior, which also affects the environment in which they
live.

Observational Learning - This asserts that people can witness and observe a
behavior conducted by others, and then reproduce those actions. This is often
exhibited through "modeling" of behaviors. If individuals see successful
demonstration of a behavior, they can also complete the behavior successfully.

Reinforcements - This refers to the internal or external responses to a
person's behavior that affect the likelihood of continuing or discontinuing the
behavior. Reinforcements can be self-initiated or in the environment, and
reinforcements can be positive or negative. This is the construct of SCT that most
closely ties to the reciprocal relationship between behavior and environment.

Expectations - This refers to the anticipated consequences of a person's
behavior. Outcome expectations can be health-related or not health-related. People
expect the consequences of their actions before engaging in the behavior, and these
anticipated consequences can influence successful completion of the behavior.
Expectations derive largely from previous experience.  While expectancies also
derive from previous experience, expectancies focus on the value that is placed on
the outcome and are subjective to the individual.

Self-efficacy - This refers to the level of confidence that person think he or
she has ability to perform a behavior successfully. Self-efficacy is influenced by a
person's capabilities and other factors such environmental factors (barriers and
facilitators) (25). These are the way to develop self - efficacy in classroom. (89)

Provide clear deadlines and expectations for work. When learner have a
clear conception of what is being asked of them, they are more likely to construct

appropriate, thoughtful goals. This way leads to consistent establishment and
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achievement of goals. Therefore instruction to take the time to answer questions and
provide thorough guidelines at the outset of a lesson/assignment.

Model appropriate behavior for learner. Bandura promotes scaffolding; this
is essentially a temporary platform where instructors gradually “back off” and shift
responsibility on to the student. Students feel better equipped and more prepared
to attempt a task when they have seen it properly executed before. Furthermore, it
is important to act as ‘coping model’; that is, openly admitting to errors and working
with students to find a solution.

Provide honest, explicit feedback. Being open and honest with learner
founds their belief in ability in truth. This feedback should be contextualized with
positive and encouraging statements.

Construct goals that are challenging and proximal. This is the way to
motivate the learner to strive higher and improve. As they’ve learned, success
breeds success. Taking care to supplement with feedback.

Three C’s: Collaborate, Create, and Choose. Time and again, research has
shown that instructional design facilitating collaborative (group) learming and infused
with creative elements and choice increases students’ beliefs in their abilities by

encouraging a sense of agency and ownership over the learning process

2.8 Related literatures
2.8.1 Literature on fall and related factors

Gale and team (44) (2016), A study to assess the prevalence and risk factors
for falls in older men and women in 4,301 British elderly age over 60 years old.

Sociodemographic, lifestyle, behavioral, medical factors, physical and cognitive
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function, and fall experience in past 2 years were assessed. Multivariable logistic
regression models was used to analyze data.

The result found that the related factors with fall in both male and female
includes; severe pain and diagnosis of at least one chronic disease. Female — specific
risk factors include incontinence (odds ratio (OR), 1.48; 95% Cl, 1.19, 1.85), frailty (OR
1.69, 95% ClI 1.06, 2.69) and older age (OR 1.02, 95% Cl 1.04, 1.07). Male - specific risk
factors include high level of depression (OR 1.33, 95% Cl 1.05, 1.68), and being
unable to perform standing test (OR 3.32, 95% Cl 2.09, 5.29).

The study concluded that that gender should be taken into account in

designing fall-prevention strategies.

Jitapunkul S. and team (27) (1998), A study to access fall and associated
factors in Thailand. A multistage random sampling national survey was conducted in
4,480 Thai elders aged 60 and over. The respondents were interviewed fall rate,
characteristics and the associated factors in the last six months.

The study found eight hundred and thirty-six elders (18.7%) had fall. Female
elders (21.5%) fell more often than their male counterparts (14.4%). There was no
association between age and falls among Thai elder population. Most of the falls
occurred outside (65%) and during the day time (85%). Multiple regression found that
factors associated with falls among male elder include; poor health, hypertension,
problems walking difficulty, problems with crouching and a lack of electricity. Fall
related risk factors in female elders include; poor health, joint problems,
comorbidity, poor performance in conducting daily of activities living, problems with
crouching, going to buy food every day, very lonely feeling, having less than 3 meals

a day, a lack of electricity, and living in a Thai style house or hut.
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The study conclude that environmental and intrinsic health factors which

affected balance and gait were the important risk factors of falls in Thai elderly.

Benjawan and team (6) (2012), A study conducted on household
environment influences the health of the elderly. This study use data from a
national survey in Thai elderly over 26,689 subjects aged > 60 years by the National
Statistical Office in 2007 The study focused on fall history, the household
environment and possible risk factors for falls.

The risk factors of fall include: a slippery flor in the first storey of the house
(OR 1.39; 95% Cl 1.21-1.59, p =0.000), a slippery flor in the bathroom or toilet (OR
1.32; 95%Cl 1.16-1.49, p=0.000) and bathroom or toilet located outside the house
(OR 1.23; 95%Cl 1.12-1.35, p=0.000). The study found that living with spouse had 32%

lower chance of fall then elderly who live alone (OR 0.68; 95%Cl 0.59-0.78, p=0.000).

Naiyana Piphatvanitcha and team (16) (2007), A study aims to describe
prevalence of fall in elderly, risk factors, and the effects of falls, and fall prevention
programs in Thailand compare to another countries.

The search method based on electronic search engines include; CINHAL (OVID
ONLINE), the Cochrane Library, handsearch of selected journals, and snowballing
from reference lists of selected publications from January 2000 until December 2005.
Key words in searching were accidental falls, risks of falls, falls prevention program,
community-dwelling elders, and fall-related injury.

The result indicated that gait and balance is the important risk factors in
elderly dwelling in community both in Thailand and other countries. A fall

prevention program for the community-dwelling elders should combine strategies
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including fall prevention education sessions and Tai Chi exercise sessions. These
interventions would include physical modification, behavioral modification, and

improved environmental safety.

2.8.2 Literature on accuracy of measuring tool

Daniel Schoene and team (90) (2013), A systematic literature review and
meta-analysis to investigate the discriminative ability and diagnostic accuracy of the
Timed Up and Go Test (TUG) as a clinical screening instrument for identifying
older people at risk of falling.

Subjects were elderly age over 60 year old, living independently or in
institutional settings. Search engines include; PubMed, EMBASE, CINAHL, and
Cochrane CENTRAL data bases. Retrospective and prospective cohort studies
comparing times to complete any version of the TUG of fallers and non-fallers.

Fifty-three studies with 12,832 respondents passed the inclusion criteria. The
findings summary that the TUG is not useful for discriminating fallers from non-fallers
in healthy, high-functioning older people but it is effective to discriminate faller in
elderly who less-healthy, lower-functioning. Overall, the predictive ability and
diagnostic accuracy of the TUG are at best mode rate. No cut-point can be

recommmended.

2.8.3 Literature on fall prevention intervention

A. Intervention on perception, awareness, and attitude
Wilalan and team (18) (2013), A quasi-experimental study aims to examine
effects of a fall prevention program for Thai elderly by applying Orem’s Self-care

Deficit Theory. Subjects were 70 elderly in Langsuan District, Chumphon Province,
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aged 65-79 years, with a risk of falling. Thirty- five respondents in intervention group
and another 35 respondents in control group. Intervention was 8-week fall
prevention program consisted of enhancing awareness, giving support, enhancing self-
care capability, and creating environmental modification. The control group received
conventional care as part of the routine work of the Sub-district Health Promotion
Hospital in their community. The outcome was self-care capability on fall prevention.
Result found that the intervention group had significantly higher self-care
capability effect on fall prevention scores than the pre-test scores (p-value < 0.001).
In conclusion, the fall prevention program for Thai elderly could be added to

enhance the effect of self-care capability on fall prevention for elderly.

Nisarat and team (19) (2015), An action research developed the
Multifactorial, Age-friendly Fall Prevention Program in collaboration with community
respondents in Thailand. Eighty respondents were recruited in this study; 50 elderly,
20 family members, six public health nurses, a community leader, and three public
health volunteers. The intervention based on community need. Lewin’s concept of
rational social management was applied in this study. The tool was Thai Fall Risk
Assessment Test in planning step. And focus group discussion and in-depth interview;
analyzed by content analysis.

Findings found that the fall in community was reduce. Arising were improved

communication about falls, mutual learning, and motivation through reminder calls.

Chitima Boongird and team (20) (2015), An embedded mixed methods
study aims to raising communities’ positive attitude and awareness toward fall

prevention on elderly dwelling in community (n = 144) and their family (n = 100) in
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Thailand. The intervention was education on fall prevention by using audiovisual
media involved with community volunteers. And focus groups interview three
groups. The outcome was attitude and awareness score, measured by questionnaire,
pre and post intervention, and no comparison group.

The results found that the attitudes and awareness scores were statistically
higher after the intervention. It can conclude that audiovisual media and involving
community volunteers is one of the important steps toward educating fall

prevention to Thai’s community.

B. Intervention on exercise

Barnett A. and team (91) (2003), A randomized controlled trial study aims
to improve balance and reduces falls in 163 elderly, age over 65 years old, identified
as at risk of falling using a standardized assessment screen by their general
practitioner or hospital-based physiotherapist, residing in South Western Sydney,
Australia. Subjects were randomized assigned into the community - based group
exercise and control group.

Twenty-three exercise section (a weekly group exercise) over the year, and
most undertook the home exercise sessions at least weekly. The outcome measures
were balance, muscle strength, reaction time, physical functioning, and health status
and prevents falls. Outcome measured at 6-months, and 12-month follow-up period
using monthly postal surveys.

At post intervention, the exercise group is significantly better physical
condition than the controls in three of six balance measures; postural sway on the

floor with eyes open and eyes closed and coordinated stability.
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The parameter which is not difference in intervention group and control
group are muscle strength, reaction time and walking speed. (Short-Form 36, Physical
Activity Scale for the Elderly or fear of falling scales)

During the study 12-month period, rate of falls in the intervention group was
40% lower than that of the control group (IRR=0.60, 95% Cl 0.36-0.99).

The findings indicated that participation in a weekly group exercise program
with ancillary home exercises can improve balance and reduce the rate of falling in

at-risk community dwelling older people.

Naiyana Piphatvanicha (53) (2006), A study aims to examine the effect of a
fall prevention program on gait and balance in 46 community — dwelling elderly who
has fall experienced in past 12 months prior to this study in Chonburi province,
Thailand. (23 respondents in each intervention and control group)

Health belief was apply in the program. Four sections of fall prevention
education, 8 sections of health belief Tai Chi exercise sessions. Tai Chi group exercise
3 day/week throughout 8 week. Respondents were match paired; age, gender, and
number of fall. Berge balance scale and time up and go was used to assess before
and after intervention.

The result found that the intervention group has significantly higher mean
score of berg balance scale than control group (p < 0.05), and significantly lower time
consumption in time up and go test (p < 0.05). The program concluded that the fall
prevention program can be effective in promotion gait and balance for prevention

fall in elderly especially the elderly who high risk of fall.



62

Eduardo Lusa Cadore and team (92) (2013), A systematic review aim to
recommend training strategies that improve the functional capacity in physically frail
older adults. Search engines were Scielo, Science Citation Index, MEDLINE, Scopus,
Sport Discus, and ScienceDirect databases from 1990 to 2012.

A multi-component exercise intervention program that consists of strength,
endurance, and balance training appears to be the best strategy for improving gait,
balance, and strength, as well as reducing the rate of falls in elderly individuals and
consequently maintaining their functional capacity during agins.

The study found that most of the studies demonstrating improvements in
gait, balance, and fall risk have used multi-component exercise training as
intervention in their subjects.

« Resistance-training programs should be performed two to three times
per week, with three sets of 8-12 repetitions at an intensity that starts at 20%-30%
and progresses to 80% of 1RM.

« To optimize the functional capacity of individuals, resistance training
programs should include exercises in which daily activities are simulated, such as the
sit-to-stand exercise.

» Endurance training should include walking with changes in pace and
direction, treadmill walking, step-ups, stair climbing, and stationary cycling. Endurance
exercise may start at 5-10 min during the first weeks of training and progress to 15-
30 min for the remainder of the program. The Rate of Perceived Exertion scale is an
alternative method for prescribing the exercise intensity, and an intensity of 12-14 on

the Borg scale56 appears to be well tolerated.
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« Balance training should include several exercise in package, such as
tandem foot standing, multi-directional weight lifts, heel-toe walking, line walking,
stepping practice, standing on one leg, weight transfers (from one leg to the other),
and modified Tai Chi exercises.

+ Multi-component training programs should gradually increases in the
volume, intensity, and complexity of the exercises, along with the simultaneous

performance of resistance, endurance, and balance exercises.
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Chapter llI

Methodology

3.1 Study design

It was a quasi-experimental study. The intervention group was received
robotic fall prevention program. The control group was received a fall prevention
handbook with exactly the same content as presented in the robotic intervention,
and engaged in their daily routine activities such as walking, and doing housework.
Knowledge on fall prevention, number of exercises, and balance score were assessed
in 3 and 6™ month after intervention. Fall incident during a 6-month study period

was assessed.

3.2 Study population
Target population: elderly living in senior housings

Sample population: elderly dwelling in Sawangkanivej and Banbangkhae

Inclusion criteria

1. Elderly age > 60 years old

2. Either fall experienced in past 12 months or difficult walking, measured by
“Time Up and Go”, more than 20 seconds (24).

3. Can read and write Thai language

4. Barthel index score was 12 or above

5. Full time residents in Sawangkanivej or Banbangkhae
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Exclusion criteria
1. Person with health problem that cannot participate in this study
2. Person with blind or visual impairment which cannot corrected by eyeglasses
3. Person with hearing impairment or need hearing aid equipment
4. Person with cognitive impairment ex. dementia, Alzheimer, psychoses
5. Unwilling to join the program
Setting
To ensure the similarity of living environment of respondents between
intervention and control group, the two senior housings were purposively sampling
from governmental body; Sawangkanivej and Ban Bang Kae. The two senior housings
were designed friendly for elderly such as wide door for wheel chair, slope with
handle, and stairs with handle, and elevators. The bathroom with anti-slip floor. The
facilities provided yard and garden. Nurses and physiotherapists were at the station in
regular specific times. Pets were not allowed in both senior housings. It was 43.8
kilometers distance between the two senior housings. This study selected 2 senior
housings to avoid contamination between intervention and control group.
Location: nearby city area
Medical attention: medical professionol such as physician, nurse, and
physiotherapist provided at health center
Facility: aging friendly, garden, playground
1. Elderly living in Sawangkanivaj (intervention group)
This village was a condominium project of The Thai Red Cross that aimed at
set up community of elderly. The architecture of the building and facilities was
designed for elderly friendly including swimming pool, garden, and medical facility.

The elderly in the village was 55 years old and above.
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2. Elderly living in Ban Bangkae village (control group)
Bangkae was a village founded by Department of Older Persons, Ministry of
Social Development and Human Security of Thailand. The housing provided housing,
food, and medical support as needed; Physician visit every week, nurse station

available daily, physical therapy and occupational therapy, and play ground.

3.3 Sample size calculation

Sample size to test mean difference between balance score (TUG).
Independent T — Test is used to evaluate mean difference of balance score between
two independent groups. Effect size of intervention refers to previous study that
conducted on fall prevention program in elderly dwelling in community using Time
up and Go test (TUG). (93)

TUG score at base line = 16.04

TUG score posttest =11.35

Standard deviation at baseline = 6.13

Effect size = (ul-p2)/SD

= (16.04 - 11.35) / 6.13
=0.76

G*Power statistical Analysis program version 3.1.9.2 is used to calculate
sample size in this study.

Statistical hypothesis is set at 2 tailed.

Effected size =0.76

QL error of probability = 0.05

Power (1-B error prob) = 0.80
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Allocation ratio N2/N1 = 1 when N2 is control group and N1 is

intervention group
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Figure 5 Sample Size Calculation

Outcome: twenty-nine in each group. Thus the total was 58 respondents.
And 10% of respondents were added to anticipate the dropout during intervention.

So the number of subjects were 32 respondents in each group (N=64)
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3.4 Respondent recruitment

We made permission letters from Chulalongkorn University to the two senior
housings. Then, invitation posters were pinned at the central board at club house
and office of the two senior housings, and staffs announced our project to their
residents. Any residents who interested in fall risk screening could join fall risk
screening activities including short interviewed and TUG test, approximately 5 min for
each person.

Fall risk screening was conducted using Algorithm for Fall Risk Screening,
Assessment, and Intervention risk of falling from Centers for Disease Control and
Prevention (CDC) (94). The screening questions including: 1) Fall experienced in the
past 12 months, 2) feel unsteady when standing or walking, and 3) Worries about
falling

If elderly said ‘yes’ to any question, TUG test was conducted to evaluate gait,
strength and balance. In this study, an elderly who takes longer than 20 seconds to
complete the task was considered at risk for falls (24). Residents who meet inclusion

criteria were invited to participate in this study.

3.5 Sampling technique

Two senior housings were purposive sampling from governmental body in
Bangkok. Respondents residing in Sawangkanivej were purposively assigned to
intervention group and respondents residing in Ban Bangkae were purposively
assigned to control group. Due to limitation number of elderly who passed eligibility
criteria, all respondents were enrolled in this study until reach 32 respondents in

each group.
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At baseline: Allocated to robetic fall prevention program
(n=32). Baseline sociodemegraphics, knowledee on fall

prevention, balance score (TUG and BBS) were

At baseline: Allocated to control (n=32).
Baseline sociodemegraphics, knowledze on fall

prevention, balance score (TUG and BBS) were

collected. collected.
At month 3: At month 3

Loss of follow up (n =0k Discontinued (n=0)
Knowledge on fall prevention, balance score (TUG and
BBS) were collected,

Loss of follow up (n =0, Discontinued (n=0)
Knowledse on fall prevention, balance score (TUG and

BBS) were collected

l

l

At month 6:
Loss of follow up (n =0); Discontinued (n=0)
Knowledge on fall prevention, balance score (TUG and
BBS) were collected.

At month &:
Loss of follow up (n =0}; Discontinued (n=0}
Knowledge on fall prevention, balance scare (TUG and

BBS) were collected.
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r

Analyzed (n=32)
Excluded (n=0)

Analyzed (n=32)
Excluded (n=0)

Figure 6 Consort diagram
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3.6 Robotic fall prevention program

Robotic fall prevention program was composed of a small robot installed fall
prevention software together with personal coaching and a fall prevention handbook.

The robot namely Dinsow Mini® version M2070 was used in this study with 35
cm. in high, 24 cm in length, 18 cm. in width, and weighted 3.13 kg. Moreover, the
robot had 8 inches touch screen with embed stereo speaker and microphone. The
robot could connect to internet Wi-Fi, Bluetooth, and USB. Same as another electric
appliances, the robot was needed to plug in. There was not stand alone robot. It was
used under supervision of researcher througshout study period 6 months. [More

detail of robot in appendix N: Robot user manual]
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ﬁ Microphone
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Touchscreen Monitor
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Speaker
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Call Service asad Ja/1da

il ONJ/OFF Switch

Figure 7 Dinsow Mini Robot®

[Source: CT Asia Robotics, Ltd. 2016 (22)]
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Table 5 Basic Information of Dinsow Mini Robot

Processer/memory Intel Dual-Core
Memory 4 GB

Storage SSD 120 GB

Connectivity Wi-Fi 802.11 AC

Bluetooth 4.0

USB 2.0
Application Dinsow Mini
Display 8” HD touchscreen
Multimedia HD camera

Storage speaker/ microphone

Communication Video call/ voice call

Dimension Length 240 mm. Width 170 mm.

High 350 mm. Weight 3.125 kg.

Fall prevention software was developed from guidelines and literature
reviews. (1, 24, 50, 95) Many meetings were conducted by main research investigator,
one physiotherapist, 3 elderly caregivers and 2 software engineers to understand the
need of user and the feasibility in software designed. Preliminary survey was
conducted in 64 elderly residing in two senior housings in Bangkok, Thailand to
understand fall situations and perceptions of toward fall.

Consumer Information Processing model and Social Cognitive Theory were
used to develop the software. The details of implementation the theories to

intervention as presented in table 6 and table 7.



Table 6 Implementation of Consumer Information Processing Model
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Theory elements

Implementation

People has limited information

processing capacity.

Chunks of education including videos and daily

voice messages were developed.

Strategy to increase learning

capacity

Make informative education media interesting,

easy to understand.

Repeating sequence of voice message

Table 7 Implementation of Social Cognitive Theory

Theory elements

Implementation

SCT was an interaction of the
person, environment, and

behavior.

Conceptual  framework  was  developed

according to SCT; Fall also happened due to

interaction of person, environment, and

behavior.

Behavioral Capability

In order to prevent fall, respondents needed to
know what to do and how to do it. It was
important to provide fall prevention education

and exercise for respondents.

Observational Learning

Videos demonstration exercise, and making
weight were embedded in the robotic fall
prevention software and handbooks with
illustration exercise were provided to all

respondents.
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Theory elements

Implementation

Reinforcements

This study, the researcher provided personal
coaching and gave positive reinforcement and

correcting feedback to respondents.

Self-efficacy

This study contained light and advanced level
of exercise. Each respondents were evaluated
balance by main research investigator and then
were assigned to light or advanced exercise
according to physical condition. So the
respondents confidence that he or she has
ability to perform exercise successfully. By this
classification, not only promoted self-efficacy,
but safety of respondents during performing

exercise were also considered.

Functions of the fall prevention software

The fall prevention software was embedded with 6 videos on fall prevention,

2 videos on exercises, 28 daily voice messages on fall prevention, and daily exercise

reminder. According to preliminary survey, internet is not available in the two

housings. Thus, all functions of fall prevention software could be operated

independently without internet connectivity. [See more detail in appendix O: Fall

prevention software].
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Components of the intervention
1) Fall prevention education

Fall Education videos were embedded in the software. Four videos on fall
prevention education and choosing appropriate walking assistive devices were
chosen from educational institutions (96-99). Two videos on demonstration how to
make sand bag for exercise, and choosing appropriate shoe were filming by
paramedic researcher. (100, 101)

Daily voice massage, alarm at 8.00 PM., purposed for fall prevention
education. Daily voice messages included 28 short messages recorded in the robot.
The sequencing for education started from 1°' message (day 1) to completed 28"
message (day 28). After completed 28" message, it repeated again, started from 1°

message. [More detail in appendix O: Fall prevention software]

2) Exercise program

Exercise was effective intervention to improve balance and reduce risk of fall.
Exercise was recommended in many fall prevention guideline books (1, 24, 50).

Each respondents were evaluated physical condition by these following
questions(1); Can you conduct Activity Daily Living (ADLs) independently?, Do you live
without fear of falling?, Can you sit to stand independently?, Can you do heel to toe
standing?

Elderly who said “no” to any question were assigned to light level exercise.
While, elderly who said “yes” to all questions were assigned to advanced level
exercise. [More detail of exercise in appendix P: Fall prevention handbook for

respondent]
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Participatory-planned intervention was included by interview elderly about
the preferable time to start exercise. Thus, the exercise reminder was set at 8.00 a.m.
according to the interview in preliminary survey, elderly wake up about 6.00 a.m. and
doing their routine. Thus 8.00 a.m. is appropriate time for doing exercise.

3) Personal Coaching

Since Thai elderly who born before 1957 (B.E. 2500) might not familiar with
using robotic technology, thus personal coaching was needed. The purposes of
personal coaching were to trained and assisted elderly using robot, and discussed fall
prevention videos displayed on the robot.

At screening, the eligibility elderly were invited to participate in this study.
Researcher introduced and gave information of the program. The personal coaching
was conducted to 1) To establish relationship of between elderly and researcher,
and 2) To schedule date and time of setting robot in the room of respondents.

At baseline, researcher assessed knowledge on fall prevention, number of
exercise, TUG, and BBS of respondents and ¢ive feedback. Researcher gave fall
prevention handbook to elderly. Researcher recommended appropriate exercise to
each respondents depend on physical performance (see detail of choosing exercise
in appendix P: Fall prevention handbook for elderly). Researcher also recommend
appropriate walking assistive device to each elderly depend on balance performance
(see detail of balance evaluation and walking assistive devices in appendix P: Fall
prevention handbook for respondents]. Robot was set in the room of respondent.
Researcher taught how to use robot to make sure respondents can use robot
unsupervised.

At month 2, the coaching was conducted to discuss videos given in the robot.
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At month 3 and 6, researcher assessed knowledge on fall prevention, number
of exercise, TUG, and BBS of respondents and give feedback.

Researcher follow up elderly through a 6-month study period. If problem
regarding using robot, research repeated teaching and demonstrating until
respondents can use robot independently. If problem regarding the robot is broken
or malfunction, the researcher have to replace with new robot [More detail of

coaching in appendix Q: coaching checklist].

3.7 Implementation of the intervention

Intervention group

The respondents in the intervention group were scheduled date and time for
setting the robot in their room. The researcher set a robot in the room of each
respondent by placing robot on the shelf. Figure 8 illustration how to set up robot. 1)
The appropriate high of placing robot is 75 cm. 2) The robot should always plugged-

in, and 3) turn on the robot by press switch on the bottom for 3-5 seconds.

[pu—

Figure 8 Set up robot in the room of respondent
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Researcher demonstrated how to use the robot approximately 40-60 minutes.
[Detail of using robot in appendix N: Robot user manual] Researcher evaluated
respondent can use the robot by themselves by asked the respondent to
demonstrate and gave feedback, however researcher had assisted the respondents
who required some helps anytime during study period 6 months. Each respondents
received a robot installed fall prevention software together with a fall prevention
handbook and coaching personally to follow up if any technical problem regrading

using robot or any negative feedback.

Control group
Respondents in control group received a fall prevention handbook with
exactly the same content as intervention group, and engaged in their daily routine

activities such as walking, and doing housework.

3.8 Data collection

Baseline data on sociodemographic, comorbidities, fall experienced, and
knowledge on fall prevention were collected through face-to-face interview using
questionnaires. Balance score were evaluated by asking respondents to perform task-
oriented balance test including TUG and Berg Balance Scale (BBS) test. After
completed balance testing, each respondent was recommended to an appropriated
exercise according to his/her physical condition. All respondents were taught how to
self-record their exercise on a given exercise diary.

Knowledge on fall prevention and balance score were repeated assessed at
39 and 6™ month after intervention. Number of exercises were assessed at 3" and

6" month by using self-recorded in an exercise diary. All respondents were free to
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contact main research investigator any time throughout a 6-month study period. All
balance testing were conducted under supervision of main research investigator to
ensured safety of the respondents.

All respondents were face-to-face interviewed the new fall event during study
period at 3 and 6" month after intervention. The researcher rechecked incident of
fall by interviewed in-house nurse or caregiver or staff of the two senior housings.

Table 8 Data Collection

Timeline Data collection Research instruments

Pre-study Screening and recruitment Screening form

eligibility respondents

Baseline data Sociodemographic and Sociodemographic

collection

comorbidities

questionnaire

Fall experienced

Fall record form

Knowledge on fall

Knowledge on fall

prevention prevention questionnaire
TUG Time Up and Go test
BBS Berg Balance Scale

3 and 6™ month

after the intervention

Knowledge on fall

Knowledge on fall

prevention prevention questionnaire
TUG Time Up and Go test
BBS Berg Balance Scale

Fall incident

Fall record form




79

3.9 Research instruments
1. Sociodemographic questionnaire

Sociodemographic  questionnaire consisted of three components: 1)
Demographic variables including sex, age, marital status, education, living
arrangement, primary caregiver, income, and source of income,(9) 2) Health variables
including visual problem, comorbidity, medication risk, and physical activities.(1, 9,
24), 3) Environment variables including walking assistive devices, and environmental
hazards. (1, 9, 24, 102) A 10 to 15 min to complete the questionnaire in each

respondent.

2. Fall record form
Fall history is used to interview elderly about fall in past 12 months prior to
the study. This form is developed by researcher from literature review (103). The
variables include; number of fall experienced in past 12 months prior to this study,
location of fall, time, cause of fall/predisposing symptom, action during fall event,

treatment after fall, trauma, and hospital admission.

3. Barthel Index (BI) Scale of Activities Daily living Thai version
Bl of Activities of Daily Living Thai version was used to measure physical
activities.(104) It is composed of 10 domains including feeding, grooming, transfer,
toilet use, mobility, dressing, stairs, bathing, bowels, and bladder. The correlation
with Dynamic Gait Index was excellent with r=0.67 among elderly population (105).
The Bl of Activities of Daily Living was translated into Thai version and has been
widely used by Ministry of Public Health of Thailand with a high inter-rater reliability

between therapists (106) and the Inter Class Correlation (ICC) was 0.87 (107). The
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total of Bl score was 20, and classified into three groups: 1) dependent or bed ridden
(score of 0 to 4), 2) partial dependent (score of 5 to 11), and 3) independent or

active elderly (score was >12).(107)

4. Knowledge on fall prevention questionnaire
Thirty-one items questionnaire was used to assess knowledge on fall
prevention. Data on intrinsic and extrinsic risk factors of fall were gathered by
interviews. Item-level ranged from 0 to 1. The total score was ranged from 0 to 31.
The knowledge level was classified into two categories based on mean score:
>mean, and <mean. Content validity was derived from literature review (24) and

three experts in Rehabilitation Medicine with Cronbach's Alpha coefficient was 0.77.

5. Time up and Go (TUG)

TUG is a task-oriented test. Start with elderly sit on a straight-backed chair.
When the instructor said “Go” the elderly rise from the chair and walk three meters
turn around and come back to the chair and sit down. The TUG has a good validity
(108), reliable, and easy-to-administer. It is a clinical tool for assessing balance (109).
TUG was proved to be an accurate measure for screening the risk of falls among
elderly with sensitivity was 73.7% and specificity was 65.8% (110). The TUG is also a
recommended tool for fall risk screening by Ministry of Public Health of Thailand.

(111) A cut-off of point was >20 seconds for fall risk (24).

6. Berg Balance Scale (BBS)
The BBS Thai version comprised of 14-items designed to assess balance in

various type of patients such as patients with neuromuscular diseases and lower-



81

limb amputations (112) with fall risk predictive validity of sensitivity was 0.72,
specificity was 0.73, and accuracy was 0.84 (113) The BBS is also one of
recommended tools for balance and fall risk assessment by Ministry of Public Health
of Thailand (52). Item-level score ranged from 0 to 4, determined by ability to
perform the assessed activity. The total score was ranged from 0 to 56 (114). The
elderly were evaluated by performing static and dynamic activities including sitting to
standing, standing unsupported, sitting with back unsupported but feel supported on
floor or on stool, standing to sitting, transfers, standing unsupported with eye closed,
standing unsupported with feet together, reaching forward with outstretched arm
while standing, pick up object from the floor from a standing position, turning to look
behind over lift & right shoulder while standing, turn 360 degrees, placing alternate
foot on step or stool while standing unsupported, standing unsupported one foot in
front, and standing on one leg.
7. Exercise diary

All respondents were given a blank calendar template and considered as an
exercise diary which can be ticked on the day that they do exercise based on the
given video and/or illustration on the fall prevention handbook for respondent. The
exercise diary was assessed by self-reported and be collected at 3™ and 6™ month

after intervention.
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Table 9 Reliability and validity of research instruments
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Tool Validity Reliability

Conceptual framework  Construct validity by many -
fall  prevention guideline

(9, 24)

Part:1 Demographic Content validity form -

data literature review (9)

Part 2: Health Content validity form -
literature review from fall
prevention guidelines (1, 9,

24)

Part 3: Environment Content validity form -
literature review from fall
prevention guidelines (1, 9,
24). Construct validity from
CDC: A home fall
prevention checklist for

older adults (102)

Fall record form Content validity from Reliability was tested in
literature review SPALATT  pilot group with
(103) Cronbach’s alpha
coefficient among active

fall risk elderly was 0.779.
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Tool

Validity

Reliability

The Barthel Index of
activities of daily living

Thai version

The correlation with
Dynamic Gait Index was
excellent with r=0.67
among elderly population
(105). The BI of Activities
of Daily Living was
translated into Thai
version and has been
widely used by Ministry of
Public Health of Thailand
with a high inter-rater
reliability between
therapists (106) and the
Inter Class Correlation

(ICC) was 0.87 (107).

Knowledge on fall
prevention

questionnaire

These tool was developed
from literature review.
Content validity from
literature review and
evaluated by three
Rehabilitation physicians,
Faculty of Medicine,

Chulalongkorn University.

Reliability was tested in

pilot group with
Cronbach’s  Alpha was
0.773
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Tool

Validity

Reliability

Time Up and Go (TUG)

The TUG has a good
validity (108), reliable,
valid, and easy-to-
administer clinical tool for
assessing balance (109).
TUG was proved to be an
accurate measure for
screening the risk of falls
among elderly with

sensitivity was 73.7% and

specificity was 65.8% (110).

TUG was reliable for
assessing balance (109)
and was recommended
by Ministry of Public

Health of Thailand. (91)

Berg Balance Scale

sensitivity was 0.72,
specificity was 0.73, and

accuracy was 0.84 (113)

The BBS was a
recommended tools for
balance and fall risk
assessment by Ministry of
Public Health of Thailand

(52)

3.11 Statistical analysis

The data was analyzed by using Statistical Package for Social Sciences (SPSS

for Windows) version 20. Descriptive statistics were used to describe socio-

demographics of respondents. Categorical data such as sex, age, marital status, living

arrangement, primary caregiver, education, income, comorbidity, medication risk,
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visual problem, physical activity, fall experienced, using walking assistive device, and
environmental hazards were presented in frequency and percentage. Numerical data
including knowledge on fall prevention score, TUG, and BBS were presented in
frequency, percentage, mean, and standard deviation. (Table 10 Descriptive statistic)

Inferential statistics were used to test effectiveness of robotic intervention.
Chi-square test was used for baseline comparison between intervention and control
group. The variables were grouped as these following: sex, female vs male; age, 276
vs 60-75 years (4, 115); marital status, married vs single separate divorce window ;
living arrangement, family vs others; primary caregiver, family vs not family;
education, secondary school, college and higher vs not attend school and primary
school(6); income, inadequate vs adequate(6); comorbidities, >3 vs <3 (classified by
mean); medication risk, yes vs no(1); visual problem, yes vs no(1); physical activity
more than 30 min, >3 times/week vs <3 times/week(116); fall experienced, yes vs
no(1); using walking assistive devices, yes vs no; environmental hazards, >2 vs <2
(classified by mean); knowledge on fall prevention score, >mean vs <mean; TUG,
>mean vs <mean; and BBS, >mean vs <mean.

Independent t-test was used to determine statistically significant different of
knowledge on fall prevention score, number of exercises, TUG, and BBS between
intervention and control group at baseline, 3 and 6™ month after the intervention.

Repeated Measures ANOVA was used to determine any statistically significant
different of knowledge on fall prevention score, TUG, and BBS overtime within group.
Bonferroni post-hoc analysis was performed for pairwise comparisons between
baseline vs month 3, baseline vs month 6, and month 3 vs month 6.

There was no Otago exercise or modified Otago exercise presented in

baseline physical activity of respondents. Thus, paired t-test was used to determine
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statistically difference of number of exercise at 3rd month compare to 6 months
within group. A p-value of less than 0.05 was considered as statistically significant in
this study. (Table 11 Inferential statistic)

Table 10 Descriptive statistic

Variable Measurement | Statistical analysis

scale

sex, age, marital status, living arrangement, | Nominal and | Descriptive statistic:
primary caregiver, education, income, ordinal frequency and
comorbidity, medication risk, visual percentage
problem, physical activity, fall experienced,
using walking assistive device, and

environmental hazards

Number of comorbidity, number of Interval Descriptive statistic
environmental hazards, knowledge on fall Frequency,
prevention score, TUG, and BBS percentage, mean

and standard

deviation
Table 11 Inferential statistic
Variable Measurement | Statistical Objective
scale analysis

sex, age, marital status, Nominal and | Chi-square To compare
education, living arrangement, ordinal baseline

characteristic
primary caregiver, income,

between
comorbidity, medication risk, intervention and
visual problem, physical control group
activity, fall experienced, using
walking assistive device, and
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Variable Measurement | Statistical Objective
scale analysis

environmental hazards,

knowledge on fall prevention

score, TUG, and BBS

Knowledge on fall prevention | Interval Independent | To determine any

score, number of exercises, t-test statistically

TUG, BBS significant
difference of mean
score between
intervention and
control group at
baseline, 3rd and
6th month

Knowledge on fall prevention | Interval Repeated To determine any

score, TUG, BBS Measures statistically

ANOVA significant different

of mean score in
repeated measure
within group at
baseline, 3 and
6" month

Knowledge on fall prevention | Interval Bonferroni pairwise

score, TUG, BBS post-hoc comparisons

analysis

between baseline
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Variable

Measurement

scale

Statistical

analysis

Objective

vs month 3,

baseline vs month

6, and month 3 vs

month 6 within

group

number of exercises

Interval

Pair t-test

To determine
statistically

significant

difference of mean

number of

exercise at 3rd
month VS to 6
months within

group.

3.12 Ethical consideration

Ethical clearance of this study was approved by The Ethics Review Committee

for Research Involving Human

Research  Subjects,

Health Sciences

Group,

Chulalongkorn University (COA No.201/2560). [Appendix A: Ethical clearance] All

respondents were informed objectives of this study. Both informed verbally and

written consent was obtained from all respondents. The finding from this study was

presented as overall outcome, mot specific individual. All respondents could leave

this study with no effect in utilization services and facilities in the two housings.
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Chapter IV

Result

The result of this study is presented in 2 part; 1) Characteristics of
respondents in the two housings, and 2) A quasi-experimental study.

4.1 Characteristics of respondents in the two senior housing

4.1.1 Socio-demographic of respondents

Overall data on socio-demographics and health characteristics of respondents
were presented in Table 12. Majority of respondents (79.7%) were female. Half of
respondents (54.7%) were age 60 -75 years old (mean + SD = 74.4+9.3), 50.0%
married, 54.7% had secondary and university education background.

For the living arrangement in Sawangchanivej, many elderly living with spouse
in the same room. Some family stay together in the housing, but difference room
such as father and mother stay together in one room, and daughter in another room,
or big sister in one room and small sister in another room. Respondents in Ban
Bangkae can stay together with spouse in bungalow. In this study, none of elderly
stay alone because there were staff available in the two housings. The elderly also
visit home sometimes, or relatives and friends also visit the elderly in the two
housing sometimes.

Half of elderly (51.6%) did not stay with family. Elderly (29.7%) perceived the
staffs were primary caregiver, 21.9% perceived that they did not have anyone to be

primary caregiver, and 18.8% perceived that daughter was primary caregiver.
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Most of elderly (85.9%) reported adequate income. Sources of income were
being supported from family (43.5%), donation (29.7%), and pension (28.1%). (Table
12)

Table 12 Sociodemographic characteristics of respondents (n=64)

Variable Intervention | Control Total

n=32(%) n=32(%) | n=64(%)

Age

Female 24(75.0) 27(84.4) 51(79.7)

Male 8(25.0) 5(15.6) 13(20.3)

Age (years)

60-75 19(59.4) 16(50.0) 35(54.7)
>76 13(40.6) 16(50.0) 29(45.3)
Mean+SD 73.2+9.4 75.9+7.2 74.4+9.3
Min — max 67-97 60-96 60-97

Marital status

Married 16(50.0) 16(50.0) 32(50.0)

Single 8(25.0) 12(37.5) 20(31.3)

divorce/ widow/ separate 8(25.0) 4(12.5) 12(18.8)
Education

College and higher 15(46.9) 7(21.9) 22(34.4)

Primary school 11(34.4) 11(34.4) 22(34.4)

Secondary school 5(15.6) 8(25.0) 13(20.3)

Not attend school 1(3.1) 6(18.8) 7(10.9)
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Variable Intervention | Control Total
n=32(%) n=32(%) | n=64(%)
Living arrangement
Not family: friends, staffs (There are 15(46.9) 18(56.2) 33(51.6)
staffs available in the two housings)
Family 17(53.1) 14(43.8) 31(48.4)
Primary caregiver (perception)
Staff/employed caregiver 6(18.8) 13(40.6) 19(29.7)
None 10(31.3) 4(12.5) 14(21.9)
Daughter 8(25.0) 4(12.5) 12(18.8)
Spouse 5(15.6) 4(12.5) 9(14.1)
son 3(9.4) 3(9.4) 6(9.4)
relatives 0(0.0) 4(12.5) 4(6.3)
Income
adequate 30(93.8) 25(78.1) 55(85.9)
Inadequate 2(6.3) 7(21.9) 9(14.1)
Source of income (multiple answer is allowed)
Family 16(50.0) 12(37.5) 28(43.5)
Others: properties (intervention), being 7(21.9) 12 (37.5) 19(29.7)
donated (control)
Pension 11(34.4) 7(21.9) 18(28.1)
Pension elderly allowance 8(25.0) 5(15.6) 13(20.3)
Agriculture 10(31.3) 3(9.4) 13(20.3)
Business 2(6.3) 0(0.0) 2(3.1)
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Variable Intervention | Control Total

n=32(%) n=32(%) n=64(%)

Employee 0(0.0) 0(0.0) 0(0.0)

4.1.2 Health status and physical function of respondents

Most of respondents (84.4%) reported visual problem, but only half of
respondents (54.7%) reported using lens (eye glasses or contact lens). The common
eye problem that found among respondents were longsighted (54.7%), and cataract
(50.0%).

Comorbidities  which frequency found amongst respondents were
hypertension (65.5%), osteoarthritis (29.7%), and pain (26.6%). Most of respondents
(79.7%) had medication risk; using =4 medications, antihypertension medicine,
sleeping pill, alprazolam, diazepam, amitriptyline, and anti-seizure.

More than half of respondents had physical activity =30 minutes every day
(62.5%). The popular activity among elderly were walking/ jogging (57.8%)

There was only 29.7% of respondents reported using walking assistive
devices, of which 21.9% were cane, 10.9% were umbrella, and 4.7% were
wheelchair. (Table 13)

Table 13 Health status and physical function of respondents (n=64)

Variable Intervention | Control Total

n=32(%) n=32(%) | n=64(%)

Visual problem (multiple answer is 27 (84.4) 27(84.4) 54(84.4)

allowed)

Longsighted 17(53.1) 18(56.3) 35(54.7)
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Variable Intervention | Control Total
n=32(%) n=32(%) | n=64(%)
Cataract 12(37.5) 20(62.5) 32(50.0)
Shortsighted 12(37.5) 8(75.0) 20(31.3)
Others 6(18.8) 7(21.9) 13(20.3)
Using lens: eye glasses or contact lens 22(68.8) 13(40.6) 35(54.7)
Comorbidity (multiple answer is
allowed)
Hypertension 23(71.9) 19(59.4) 42(65.5)
Others such as kidney disease, gout, 12(37.5) 16(50.0) 28(43.8)
asthma, etc.
Osteoarthritis 6(18.8) 13(40.6) 19(29.7)
Pain 8(25.0) 9(28.1) 17(26.6)
Diabetes mellitus 7(21.9) 9(28.1) 16(25.0)
Dyslipidemia, hyperlipidemia 10(31.3) 4(12.5) 14(21.9)
Heart disease 4(12.5) 5(15.6) 9(14.1)
Incontinence 5(15.6) 4(12.5) 9(14.1)
Postural hypotension 1(3.1) 4(12.5) 5(7.8)
Stroke 4(12.5) 0(0.0) 4(6.3)
Syncope 1(3.1) 2(6.3) 3(4.7)
Parkinson 0(0.0) 1(3.1) 1(1.6)
Diabetes foot ulcer 0(0.0) 0(0.0) 0(0.0)
Number of comorbidity, Mean+SD 25+1.7(0-5) | 2.7+1.6 2.6+1.6
Min — max 0-5 0-7 0-7
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Variable Intervention | Control Total
n=32(%) n=32(%) | n=64(%)
Medication risk (multiple answer is 23(71.9) 28(87.5) 51(79.7)
allowed)
Using >4 medications 12(37.5) 16(50.0) 28(43.8)
Antihypertension medicine 22(68.8) 18(56.3) 40(62.5)
Sleeping pill, alprazolam, diazepam, 2(6.3) 2(6.3) 4(6.3)
amitriptyline
Anti-seizure 0(0.0) 1(3.1) 1(1.6)
Physical activity >30 minutes
Everyday 24(75.0) 16(50.0) 40(62.5)
No 3(9.4) 11(34.4) 14(21.9)
3-4 times/ week 2(6.3) 3(9.4) 5(7.8)
1-2 times/ week 3(9.4) 2(6.3) 5(7.8)
Type of physical activity (multiple answer is allowed)
Walking/jogging 20(62.5) 17(53.1) 37(57.8)
Others: gardening, arm swing, 7(21.9) 5(15.6) 12(18.8)
housework
Swimming 2(6.3) 1(3.1) 3(4.7)
Tichi/yoga 0(0.0) 1(3.1) 1(1.6)
Using walking assistive devices
No 24(75.0) 21(65.6) 45(70.3)
Yes 8(25.0) 11(34.4) 19(29.7)

Type of walking assistive devices
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Variable Intervention | Control Total
n=32(%) n=32(%) | n=64(%)
(multiple answer is allowed)
Cane 6(18.8) 8(25.0) 14 (21.9)
Umbrella 3(3.1) 6(18.8) 7(10.9)
Wheelchair 1(3.1) 2(6.3) 3(4.7)
Walking frame 0(0.0) 0(0.0) 0(0.0)

4.1.3 Fall situation

Prevalence of fall among elderly in this study was 70.3%, of which 46.9%

experienced one fall, and 23.45% were recurrence fall. (Table 14)

Table 14 Number of fall experienced amongst respondents in the two senior housing

(n=64)
Variable Intervention | Control Total
n=32(%) n=32(%) | n=64(%)
Number of fall in past 12 months prior
to this study
Non-fallers 9(28.1) 10(31.3) 19(29.7)
1 time 19(59.4) 11(34.4) 30(46.9)
> 2 times 4(12.5) 11(34.4) 15(23.4)
Mean+SD 0.8+0.6 1.0+£0.8 0.9+0.7
Min — max 0-2 0-2 0-2
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Elderly reported fall outdoor of the senior housing (53.3%), in the morning
time (40.0%). Major causes of falls were stumbling (46.7%) and loss of balance
(35.6%). Action while falling were walking straight (73.3%). Major effect of fall were
painful (35.6%). However, no medication needed (46.7%). Few elderly reported
hospital admission (6.7%). (Table 15)

Table 15 Characteristics of fall amongst respondents in the two senior housing

(n=45)

Variable Intervention | Control Total

n=23(%) n=22(%) | n=45(%)

Location of fall

Outdoor of the senior housings 11(47.8) 13(59.1) 24(53.3)
Indoor/ inside the room 10(43.5) 6(27.3) 16(35.6)
Community 2(8.7) 3(13.6) 5(11.1)
Time
Morning 9(39.1) 9(40.9) 18(40.0)
Afternoon 7(30.4) 5(22.7) 12(26.7)
Fvening 6(26.1) 4(18.2) 10(22.2)
Night 1(4.3) 4(18.2) 5(11.1)

Cause of fall/ predisposing symptom

(multiple answer is allowed)

Stumbling 11(47.8) 10(45.5) 21(46.7)
Loss of balance 8(34.8) 8(36.4) 16(35.6)
Do not see an object 6(26.1) 4(18.2) 10(22.2)

Slippery floor 4(17.4) 5(22.7) 9(20.0)
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Variable Intervention | Control Total
n=23(%) n=22(%) | n=45(%)
Muscle weakness 2(8.7) 6(27.3) 8(17.8)
Uneven ground surface 2(8.7) 3(13.6) 5(11.1)
Inadequate lighting 1(4.3) 2(9.1) 3(6.7)
Vertigo 1(4.3) 1(4.5) 2(4.4)
Wet floor 0(0.0) 2(9.1) 2(4.4)
Inappropriate clothing 0(0.0) 1(4.5) 1(2.2)
Syncope, dizziness / sleepy from 0(0.0) 0(0.0) 0(0.0)
medicine / alcohol / inappropriate
shoe/ slope/ sleepy from medicine
Action during fall
Walking straight 15(65.2) 18(81.8) 33(73.3)
Turning / change position 3(13.0) 3(13.6) 6(13.3)
Others: Housework, gardening 4(17.4) 1(4.5) 5(11.1)
Running 1(4.3) 0(0.0) 1(2.2)
Trauma (multiple answer is allowed)
Painful 10(43.5) 6(27.3) 16(35.6)
Bruise 6(26.1) 6(27.3) 12(26.7)
No effect 6(26.1) 6(27.3) 12(26.7)
Can’t walk 1(4.3) 5(22.7) 6(13.3)
Wound or scratch 4(17.4) 1(4.5) 5(11.1)
Sprain 1(4.3) 2(9.1) 3(6.7)
Fracture 0(0.0) 2(9.1) 2(2.2)
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Variable Intervention | Control Total
n=23(%) n=22(%) | n=45(%)
Cannot work 0(0.0) 2(9.1) 2(4.4)
Treatment after fall
No medication 7(30.4) 14(63.6) 21(46.7)
Professional sectors example clinic, 7(30.4) 4(18.8) 11(24.5)
pharmacist, hospital
Popular sectors example self-care, 7(30.4) 4(18.8) 11(24.5)
caregiver
Folk sector example herb, massage 2(8.7) 0(0.0) 2(2.2)
Hospital admission 0(0.0) 3(13.6) 3(6.7)

4.1.3 Environmental hazards

Based on observations, eleven elderly lived in single rooms, 13 elderly lived
in shared rooms, eight elderly lived in bungalows, and 32 elderly lived in
condominiums. The housings were designed for aging friendly; wide door for wheel
chair, slope with handle, and stairs with handle, and elevators. The restroom with
anti-slip floor. The facilities provided yard and garden. Nurses and physical therapists
are at the station in regular specific times. Pets were not allowed in both housings.
There were some differences in service details; three meals a day and laundry
services were free only for residents in single rooms, shared rooms, and bungalows.

Environmental hazards in the room/building of respondents were observed
by researcher, wusing check-list, modified from CDC guideline [appendix:
Questionnaire], and counted by number of environmental hazards which found in

the room of respondents. Some environmental hazards were presented as these
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follow; uneven ground floor (35.9%), messy room/ disorganized furniture (21.9%), and

slippery floor (17.2%). (Table 16)

Table 16 Environmental hazard of respondents (n=64)

Environmental hazards in room/ building of | Intervention | Control Total
residents (n) n=32(%) | n=32(%) | n=64(%)
Uneven ground surface 10(31.3) 13(40.6) | 23(35.9)
Messy room/ disorganized furniture 9(28.1) 5(15.6) 14(21.9)
Slippery floor 5(15.6) 6(18.8) 11(17.2)
Messy kitchen/ disorganized shelf 4(12.5) 0(0.0) 4(6.3)
Inadequate lighting on the path from bed to 4(12.5) 0(0.0) 4(6.3)
restroom

Inadequate lighting in restroom 3(9.4) 0(0.0) 3(4.7)
Inadequate lighting over stairway. 2(6.3) 1(3.1) 3(4.7)
Stair: having object on stair/ any torn carpet 0(0.0) 0(0.0) 0(0.0)
on step/ broken stair

Number of environmental hazards, Mean+=SD 1.9+1.6 1.6x1.0 1.7+1.3
Min — max 0-6 0-4 0-6

Abbreviations: SD, standard deviation; min, minimum; max, maximum.

4.1.4 Knowledge on fall prevention

Baseline knowledge on fall prevention score of respondents were presented

in Table 17. Respondents had basis knowledge on fall prevention. Mean score and

standard deviation (SD) of the knowledge was 25.8 + 4.5 scores.
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Table 17 Baseline knowledge on fall prevention score of respondents (n=64)

Knowledge score Intervention | Control Total
n=32(%) | n=32(%) | n=64(%)
>mean 15(46.9) 21(65.6) | 38(59.4)
<mean 17(53.1) 11(34.4) 26(40.6)
mean+SD 25.3+4.2 26.4+4.8 | 25.8+4.5

Every respondents (100.0%) know that utilization of walking assistive devices

is good for enchanting stable. However, half of respondents (50.0%) did not know

how to choose appropriate length of cane. Moreover the respondents lack did not

know what to do if they fall. (Table 18)

Table 18 Baseline Knowledge on fall prevention by question items (n=64)

ltems Questions Respondents answered correctly
question Intervention | Control Total
n=32(%) | n=32(%) | n=64(%)
21 What is benefit of using 32(100.0) | 32(100.0) | 64(100.0)
walking assistive device?
18 Does the outsole without | 32(100.0) 32(100.0) | 64(100.0)
tread of shoe cause fall or
not?
17 Does wet floor cause fall? 32(100.0) | 32(100.0) | 64(100.0)
28 Does inadequate lighting 31(96.9) 32(100.0) | 63(98.4)
cause fall?
20 Does inappropriate dress 32(100.0) 31(96.9) 63(98.4)
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ltems Questions Respondents answered correctly
question Intervention | Control Total
n=32(%) | n=32(%) | n=64(%)

cause fall?

19 Should you wear flat shoe or 31(96.9) 32(100.0) | 63(98.4)
high heel shoe?

27 Does inadequate lighting 31(96.9) 26(81.3) 61(95.3)
increase risk of fall?

26 Does well-organized room 30(93.8) 31(96.9) 61(95.3)
prevent the fall?

2 Is Fall cause of hospital 31(96.9) 29(90.6) 60(95.3)
admission?

8 What would you do if you 31(96.9) 28(87.5) | 59(92.2)
stand up and faint?
(hypotension)

23 Where can you plate the feet 28(87.5) 29(90.6) 57(89.1)
when using wheelchair?

11 Is eye sight cause of fall? 28(87.5) 29(90.6) 57(89.1)

3 Can fall be prevented? 28(87.5) 29(90.6) | 57(89.1)

7 What would you do if you 29(90.6) 27(84.4) | 56(87.5)
faint during exercise?

a4 Can exercise prevent fall? 27(84.4) 27(84.4) 54(84.4)

9 Does pain increase risk of 25(78.1) 28(87.5) 53(82.8)

fall?
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ltems Questions Respondents answered correctly
question Intervention | Control Total
n=32(%) | n=32(%) | n=64(%)

10 Does spasm or muscle 27(84.4) 26(81.3) 53(82.8)
contraction increase risk of
fall?

24 How to used walker? 26(81.3) 27(84.4) 53(82.8)

30 What would you do if you 27(84.4) 26(81.3) 53(82.8)
fall and could not raise up
by yourself?

12 What would you do if you 27(84.4) 26(81.3) | 53(82.8)
have eyesight problem?

16 How do you do if you want 25(78.1) 27(84.4) 52(81.3)
to change medications?

31 If you fall, what would you 24(75.0) 26(81.3) | 50(78.1)
do to raise up safety?

1 Does fall increase by age? 23(71.9) 27(84.4) 50(78.1)

14 What would you do If you 22(68.8) 26(81.3) | 48(75.0)
have incontinent problem?

22 When you should lock the 24(75.0) 24(75.0) | 48(75.0)
wheelchair?

6 What would you do to 24(75.0) 23(71.9) 47(73.4)
strengthen leg muscle?

5 How exercise prevent fall? 20(62.5) 24(75.0) 44(68.8)
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ltems Questions Respondents answered correctly
question Intervention | Control Total
n=32(%) n=32(%) | n=64(%)
15 Does using many medications 18(56.3) 25(78.1) 43(67.2)
increase risk of fall?
13 Does incontinent increase risk 16(50.0) 24(75.0) 40(62.5)
of fall?
25 What is the appropriate 17(53.1) 15(46.9) 32(50.0)
length of cane?
29 What is the first thing you 10(31.3) 21(65.5) | 31(48.4)

have to do you if you fall?

Table 19 presents knowledge on fall prevention at baseline, 3" and 6™

month after intervention. Trend of knowledge score increased both intervention and

control group.

Table 19 Descriptive statistics on fall prevention

Variable Intervention Control Total
measures | Mean+SD | Min-max |Mean+SD | Min-max | Mean+SD Min-max
Baseline 25.3+2.4 13-30 | 26.4+4.8 15-31 25.8+4.5 13-31
Month 3 26.9+4.2 14-31 26.4+4.2 17-31 26.7+4.2 14-31
Month 6 27.8+3.6 18-31 27.5+4.4 | 17-31 27.6+4.0 17-31

Abbreviation: SD, Standard deviation; Min, minimum; max, maximum.
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4.1.5 Number of exercises

Exercises were assigned to the respondents according to his/ her physical
condition. The respondents were instructed to tick or mark on the exercise diary on
the day that they conducted the exercise. For example the respondents performed
exercise 5 days in one month, thus number of exercise in that month = 5. This study,
we collected number of performing exercise every three months. The number of
exercise in each month were sum up and analyzed.

Table 20 presents number of exercise of respondents at baseline, 3 and 6™
month after intervention. There are no modified Otago exercise program found
amongst respondents both intervention and control group at baseline. After
intervention was implemented, both intervention and control group increased
number of exercise, but intervention presents higher number of exercise at month 1-
3 and 4-6.

Table 20 Number of exercises of respondents at baseline, 3rd and 6 month after

intervention

Variable Intervention Control Total
measures | MeanzSD | Min-max |[Mean+SD | Min-max | Mean+SD Min-max
Baseline - 0 - 0 - 0
Month 0-3 | 10.3£17.0 0-65 1.7£7.0 0-36 6.0+13.6 0-65
Month 4-6 | 18.4+24.0 0-90 6.5+15.2 0-45 12.5+20.8 0-90

Abbreviation: SD, Standard deviation; Min, minimum; max, maximum.
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4.1.6 Balance scores

Time Up and Go (TUG)

Time spent during performing TUG test was recorded in seconds as presented
in table 21. In total 64 respondents, mean score and standard deviation (SD) of TUG
was 20.71+7.7 seconds. All respondents were considered at risk of fall.

Table 21 Baseline data on TUG (seconds) of respondents

Balance variable Intervention | Control Total
n=32(%) | n=32(%) | n=64(%)
TUG (seconds)
>mean 13(40.6) 12(37.5) | 25(39.1)
<mean 19(59.4) 20(62.5) | 39(60.9)
Mean+SD 20.9+7.6 20.5+7.8 | 20.71+7.7

Abbreviation: TUG, Time Up and Go test; SD, Standard deviation; Min, minimum;

max, maximum.

The result of TUG test at baseline, 3", and 6™ month after intervention is

presented in table 22.

Table 22 TUG (seconds) of respondents at baseline, 3rd and 6th month after

intervention

Variable Intervention Control Total (n=64)

measures | MeantSD | Min-max |Mean+SD | Min-max | Mean£SD | Min-max
Baseline 20.9+7.6 | 10.0-45.0 | 20.5+7.8 | 12.2-45.6 | 20.7+7.6 | 10.0-45.6
Month 3 20.4+6.9 | 11.6-40.0 | 20.4+7.8 | 12.2-45.6 | 20.4+7.3 | 11.7-45.6
Month 6 19.5£7.7 | 10.0-42.3 | 20.9+8.1 | 11.3-45.6 | 20.2+7.9 | 10.0-45.6
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Abbreviation: TUG, Time Up and Go test; SD, Standard deviation; Min, minimum;

max, maximum.

Berg Balance Scale (BBS)
Baseline BBS is presented in table 23. In total 64 respondents, mean and
standard deviation of BBS of 45.3+10.6 scores.

Table 23 Baseline BBS of respondents

Variable measures Intervention | Control Total
n=32(%) | n=32(%) | n=64(%)
BBS (scores)
>mean 18(56.3) 17(53.1) | 35(54.7)
<mean 14(43.8) 15(46.9) | 29(45.3)
Mean+SD 44.8+10.7 | 45.7+10.6 | 45.3+10.6

Abbreviation: SD, Standard deviation.
The result of BBS at baseline, 3 and 6™ month is presented in table 24.

Table 24 Descriptive statistics of BBS of respondents at baseline, 3rd, and 6th month

after intervention

Variable Intervention Control Total
measures Mean+SD | Min-max | Mean£SD | Min-max | Mean+SD | Min-max
Baseline 44.8+10.7 14-56 | 45.7+£10.6 8-56 45.3+10.6 8-56
Month 3 45.5+10.3 14-56 | 45.9+10.6 8-56 45.7+£10.4 8-56
Month 6 47.0+10.6 14-56 | 44.2+11.6 8-56 45.6+11.1 8-56

Abbreviation: BBS, Berg Balance Scale; SD, Standard deviation; Min, minimum; max,

maximum.
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4. 2 A quasi-experimental study

4.2.1 Baseline comparisons on socio-demographics, and health
characteristics between intervention and control group

There were no statistically significant difference in baseline characteristics
among intervention and control group as presented in table 25.

Table 25 Baseline comparison on socio-demographic characteristics of respondents

(n=64)

Variables Intervention Control XZ p-value*
(N=32) (N=32) (value)
N % N %
Sex
Female 24 37.5 27 42.2 0.869 0.351
Male 8 12.5 5 7.8

Age (years), Mean+SD=74.4+9.3, min-max = 60-97
> 76 years 13 20.3 16 25.0 0.567 0.451
60 — 75 years 19 29.7 16 25.0

Marital status
Married 16 25.0 16 25.0 0.000 1.000
Single, window, 16 25.0 16 25.0
divorce, separate

Education
secondary 20 31.3 15 234 1.576 0.209
school, college
and higher

Not attend 12 18.8 17 26.6
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Variables Intervention Control XZ p-value*
(N=32) (N=32) (value)
N % N %
school and
primary school
Living arrangement
Family 17 26.6 14 219 0.563 0.453
Not family 15 23.4 18 28.1
Primary caregiver (perception)
Family 16 25.0 17 26.6 0.063 0.802
Not family 16 25.0 15 234
Income
Inadequate 2 3.4 7 10.9 3.232 0.072
Adequate 30 46.9 25 39.1
Visual problem
Yes 27 42.2 27 42.2 0.000 1.000
No 5 7.8 5 7.8
Comorbidities, Mean+SD=2.6+1.6, min-max=0-7
>3 17 26.6 16 25.0 0.063 0.802
<3 15 23.4 16 25.0
Medication risk
Yes 23 359 28 43.8 2413 0.120
No 9 14.1 al 6.3

Physical activities, continuously = 30 minutes
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Variables Intervention Control XZ p-value*
(N=32) (N=32) (value)
N % N %
>3 times/week 26 40.6 19 29.7 3.668 0.055
<3 times/week 6 9.4 13 20.3
Using walking assistive devices
Yes 8 12.5 11 17.2 0.674 0.412
No 24 37.5 21 32.8
Fall experienced
Yes 23 35.9 22 34.4 0.075 0.784
No 2 14.1 10 15.6
Environmental hazards (number), Mean+SD=1.7+1.3, min-max=0-6
>2 12 18.8 14 21.9 0.259 0.611
<2 20 31.3 18 28.1

Knowledge on fall prevention (scores), Mean+SD=25.8 + 4.5, min-max=25.8+4.5

>Mean 17 26.6 21 32.8 1.036

<Mean 15 234 11 17.2
TUG**(seconds), Mean+SD=20.7+7.7, min-max=20.71+7.7

>Mean 13 20.3 12 18.8 0.066

<Mean 19 29.7 20 31.3
BBS***(scores), Mean+SD=45.3+10.6, min-max=45.3+10.6

>Mean 18 28.1 17 26.6 0.063

<Mean 14 219 15 234

0.309

0.798

0.802

Note: *Significant at P<0.05, **Time Up and Go, ***Berg Balance Scale.
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4.2.2 Multiple comparisons on Knowledge on fall pr evention within and
between groups at baseline, 3 and 6 month after intervention

Table 26 presents multiple comparisons on knowledge within and between
groups. Both intervention and control group showed a statistically significant
improvement in knowledge mean score at 6 month after intervention was performed
(p<0.001 and p=0.029 relatively). However, there was no significantly difference
between intervention and control group at baseline, 3 and 6" month after
intervention. Bonferroni post-hoc analysis shows that the intervention group showed
a faster statistically significant improvement in knowledge mean score than those in
the control group at 3 month (p=0.026).
Table 26 Multiple comparisons on knowledge on fall prevention within and between

groups (n=64)

Variable measures Intervention Control group  p-value
group (N=32) (N=32)
Mean SD Mean SD
Baseline 25.25 a.24 26.41 a.79 0.310°
Month 3 26.94 4.20 26.47 4.19 0.657°
Month 6 27.78 3.57 27.50 a.37 0.779°
P-value <0.001° 0.029°
Bonferroni post-hoc analysis® A (P=0.026) A (P=1.000)
B (P<0.001) B (P=0.550)

C (P=0.076) C (P=0.025)
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Notes: Independent t-test; "Repeated measure ANOVA; “Significant at P<0.05;
A=Baseline VS month 3; B=Baseline VS month 6; C=moth 3 VS month 6;

Abbreviation: SD, standard deviation; ANOVA, analysis of variance.

4.2.3 Multiple comparison on number of exercises within and between
group at 3 and 6 month after intervention

Table 27 presents comparisons on number of exercises within and between
groups. The intervention group showed statistically significant higher number of
exercises than control group at 3rd and 6th month (p=0.011 and p=0.21 relatively).
Moreover, the intervention group showed a statistically significant increment number
of exercises over time (p=0.041).

Table 27 Multiple comparisons on number of exercises within and between group

(n=64)

Variable measures Intervention Control group  p-value

group (N=32) (N=32)

Mean SD Mean SD

Numbers of exercises (number of performing exercise)

Baseline 0 - 0 - -
Month 0-3 10.28 17.01 1.75 7.02 0.011°
Month 4-6 18.41 24.00 6.50 15.22 0.021°
P-value® 0.041° 0.080°

Notes: °Independent t-test; “Pair t-test; Significant at P<0.05.

Abbreviation: SD, standard deviation.
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4.2.4 Multiple comparison on balance between intervention and control
group at baseline, 3 and 6 month after intervention

Table 28 presents multiple comparisons on TUG within and between groups.
There were no statistically significant difference in TUG mean score between the two
groups at baseline, 3rd, and 6th month. However, repeated measure ANOVA showed
statistically significant improvement of TUG amongst intervention group (p=0.005).
Bonferroni post-hoc analysis showed statistically significant improvement at 6th
month after the intervention (p=0.004).

Table 28 Multiple comparisons on Time Up and Go (TUG) test within and between
groups (n=64)

Variable measures Intervention Control group  p-value

group (N=32) (N=32)

Mean SD Mean SD

TUG (seconds)

Baseline 20.95 7.62 20.47 7.78 0.806°
Month 3 20.37 6.88 20.38 7.81 0.995°
Month 6 19.54 7.68 20.87 8.12 0.504°
P-value 0.005" 0.247°
Bonferroni post-hoc analysis© A (P=0.287) A (P=0.372)

B (P=0.004) B (P=1.000)

C (P=0.032) C (P=1.000)

Notes: °Independent t-test; bRepeated measure ANOVA; CSigniﬂcant at P<0.05;
A=Baseline VS month 3; B=Baseline VS month 6; C=moth 3 VS month 6.

Abbreviation: TUG, Time Up and Go; ANOVA, analysis of variance.
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Table 29 presents multiple comparisons on BBS within and between groups.
There were no statistically significant difference in BBS mean score between the two
groups at baseline, 3rd, and 6th month. However, repeated measure ANOVA showed
statistically significant improvement of BBS revealed in the intervention group
(p=0.005). Bonferroni post-hoc analysis showed statistically significant improvement
at 6th month after the intervention (p=0.005).

Table 29 Multiple comparisons on Berg Balance Scale (BBS) within and between

groups (n=64)

Variable measures Intervention Control group  p-value

group (N=32) (N=32)

Mean SD Mean SD

BBS (scores)

Baseline 44.84 10.67 45.66 10.64 0.761°
Month 3 a5.47 10.29 45.94 10.64 0.858°
Month 6 46.97 10.56 44.19 11.57 0.319°
P-value 0.005° 0.222°
Bonferroni post-hoc analysis® A (P=0.408) A (P=1.000)

B (P=0.005) B (P=0.746)

C (P=0.007) C (P=0.416)

Notes: °Independent t-test; bRepeated measure ANOVA,; CSigniﬂcant at P<0.05;
A=Baseline VS month 3; B=Baseline VS month 6; C=moth 3 VS month 6.

Abbreviation: BBS, Berg Balance Scale; ANOVA, analysis of variance.
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4.2.5 Incident of fall

During the 6-month study period, there was one fall incident in the control
group, whereas no fall incident in the intervention group. The fall incidence rate of
respondents in control group was 0.06 person-year or 62.49 per 1000 person-year.
The elderly reported fall happened during walking and knee collapsed, but it was
not much effected. There were no falls or injuries associated with performing the

exercise fall prevention program.

4.2.6 Result from coaching

All respondents were scheduled coaching by the same research investigator
throughout study period to developed trust. At first two months, the elderly rarely
use the robot because they forgot how to used it, thus repeated teaching was
conducted many times to ensure elderly can used the robot independently.
Moreover, the elderly switched off and unplugged the robot when they do not used
it. Thus, the alarm features including daily voice messages and exercise reminder did

not practically work among the elderly.



115

Chapter V

Discussion

5.1 Discussion

In this study provides preliminary evidence that the robotic fall prevention
program which composed of a small robot installed fall prevention software together
with personal coaching and fall prevention handbook can improve knowledge on fall
prevention, promote exercises, and balance amongst elderly.

The discussion is consisted of 2 parts: 1) fall situation of respondents in the

two senior housings; 2) quasi-experimental study.

5.1.1 Fall situation of respondents

According to senior housing survey, the prevalence of fall was found to be
70.3% among the respondents in our study. This result found a higher prevalence of
fall when comparing to the elderly both in the community dwelling in Thailand, 2014
(16.7%)(5), and higher than prevalence of fall in community care clients in Australia,
2018 (47.7%)(117). These higher prevalence might be due to different characteristics
of respondents in our study compared to others. Noticeably, the respondents in our
study had higher risk of fall because they had a history of fall and/or walking
difficulty by inclusion criteria.

The higher prevalence of fall in this study than others cannot be explained
by medical services. The two senior housings in this study already provide extra care
as in-house nurse and physical therapist at station in regular specific times. This
medical care services in the two housings are correspond to luxury senior housings of

private developers in Thailand.(69, 118) Moreover, the housings in this study provide
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lower price of medical services than private developers in the same medical
standard because the two housings belongs to governmental body.(62, 64, 118) The
overall administration management and rotation of medical staffs of two housings in
this study always inspected for quality assurance by The Thai Red Cross Society(64)
and Department of Older Persons, Ministry of Social Development and Human
Security of Thailand.(62) Moreover, both of these senior housings are learning and
training center for elderly care.(62, 64)

Based on researchers’ observation, the two senior housings in this study were
designed user-friendly to elderly, for instance wide door for wheel chair, slope and
stairs with handle, and elevators. The bathroom had anti-slip floor. This is
correspondent with another independent living in USA in 2018. (119) However, some
environmental hazards were observed in the senior housings in this study such as
uneven ground floor and untidy (messy) room of respondents. In fact, half of
respondents in this study (53.3%) reported to have fallen outdoor in the residential
area for example walkway, garden, and yard. Contrary to this finding, in other recent
study among senior housing residents in USA,(120) have shown that bathroom was
the most common place for fall environmental hazards. Similarly in elderly dwelling
in community in China, 55.5%(121) and Australia, 49.0%(117) — 55.4%(122) had fallen
indoor at home. The findings reported in the literature showed that environmental
hazard varied among setting. Thus, environmental assessment and modifications are
required to reduce fall risk.(50, 102, 123).

In our finding, we found that 73.3% of respondents experienced fall when
they were walking with the major causes of fall were stumbling (46.7%) and loss of
balance (35.6%). This finding is in line with a previous study from Turkey, 2017 which

found that stumbling were the main mechanism of fall among geriatric patients who
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were admitted to the emergency department.(124) Furthermore, a study on fall
among Thai elderly dwelling in community, 2015 revealed that two-thirds of fall
incidents were usually occurred outdoor of their houses, especially while they were
walking.(125) While in a study in Australia, 2018 revealed that falling while walking
was considered as a hidden contributor to pedestrian injury.(126) Although walking is
a preferred activity among elderly,(127) walking with safety aspect should be
considered.(126)

According to face-to-face interviewed using questionnaire, elderly know the
benefit of using walking assistive devices but did not how to choose appropriate
length of can. Regarding external factors of fall, most of elderly know fall risk
influenced by environment such as outsold without tread of shoe, wet floor,
inadequate lighting. Regarding internal risk factors of fall, elderly know that eyesight
problem, spasm or muscle contraction, and pain increased risk of fall. However,
some factors needed to be educated such as exercise can prevent fall, medication

risk, choosing appropriate length of cane, and fall management.

5.1.2 A quasi —experimental study

Knowledge on fall prevention

At 6 month-post intervention, both intervention and control group show
statistically significant improvements on knowledge mean score. The result from our
study indicates that both handbook and robotic program have successfully improved
knowledge on fall prevention score among respondents. However, the intervention
group reveals a faster increment on knowledge mean score than the control group at

39 month after intervention.
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The fall prevention education in this study is correspondent with a systematic
review on technologies on fall prevention in 2016 (60) which indicated that
education intervention is usually be a part of multifactorial fall prevention program.
Education intervention typically take from factsheet, and fall prevention check-list. In
this study, we not only provide booklet, but we also develop fall prevention
education by using video material and daily voice messages.

According to the preliminary survey, elderly unusually stay in their room after
7.00 p.m. Elderly involved in planning alarming time of the voice message at 8.00
p.m. A previous systematic review on the effectiveness and meaningfulness of the
patient-practitioner encounter in 2009(128) supports the important of enabling
patient participation. However, the daily voice message feature is not practical used if
elderly do not turn on robot at that time.

Respondents get benefit from video education that is provided in the
software. The intervention shows faster increment of knowledge mean score than
control group. These maybe due to the interest of the elderly towards the robotic
intervention. According to researcher’s observation, elderly in the intervention group
wanted use the robots since the beginning of setting robots in their room, whereas
elderly in the control group did not express excitement when received the
handbook.

The attraction of the intervention affects respondents’ motivation to being
engaged to the program. This notion is supported by a previous literature in USA,
2009 (129) stated that videos are potential in grab learner’s attention. Moreover, a
previous study(73) conducted on fall prevention education amongst inpatients in
Australia, 2009 found that delivery video disc (DVD) compared to a written workbook

is more likely to achieve self-perceived risk of falling and higher levels of confidence
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and motivation to engage in self-protective strategies than respondents who
received the written workbook.

According to multiple intelligences theory, videos can engage verbal/linguistic,
visual/spatial, and musical/rhythmic intelligences. Moreover, videos also engage both
hemispheres of the brain, the left logical (analytical) and the right
(nonverbal/creative) through dialogue, plot, visual images, sound and relationships.
Videos effectively stimulate the whole brain. (130)

The increment of knowledge mean score is also in the line with a systematic
review in 2013(131) which suggested that an intensive face-to-face falls education
program with multimedia materials should be considered for educating elderly
patients during and after hospitalization.

Another interesting point of video or multimedia teaching is that the media
can eliminate problem due to illiteracy or poor reading skill of elderly. Moreover, the
video education with sound or voice message can fil the gap of poor eyesight in
elderly. Noticeably, the respondents in this study can read and write Thai language
because they were recruited since beginning. And the elderly who have eyesight
problem which cannot corrected by eyeglasses were excluded. Thus, respondents in
this study both intervention and control group can read the fall prevention
handbook. However, if we try experiment in another population. The subjects might
not gain benefit from reading the handbook. This study provides alternative

educating method for elderly by using multimedia through robot intervention.

Number of exercises
The intervention group shows higher number of exercises than the control

group both 3 and 6" month.
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As this is a home-based exercise intervention, the appropriate exercise were
choose to promote respondents’ safety during performing exercise unsupervised.

Self-efficacy was promoted by assigned elderly to ligsht or advance exercise
level according to their ability to performing activity daily living, fear of falling, and
balance. Thus, the respondents gain self-efficacy that he or she has ability to perform
exercise successfully. This is in the line with a systematic review on physical active
intervention among older adult in 2013(132) which suggests that behavioral strategies
such as goal setting and self-monitoring and cognitive strategies such as motivational
interview and self-efficacy enhancement should be considered for implementing
intervention among elderly.

The exercise program in this study include two exercise videos and daily
exercise reminder alarms at 8.00 a.m. However, many elderly do not turn on robot
everyday as we expected. So this feature could not be alarmed in the set time. Even
though the elderly did not gain benefit from daily exercise reminder, the elderly still
get benefit from exercise videos and coaching.

A previous qualitative study(133) in 2016 indicates that adherence to exercise
could be enhanced by increasing the attractiveness of exercise programs, providing a
model or feedback, and the feeling of being supported by care providers. Elderly
patients prefer the possibility of being guided or supervised when doing exercise, and
regular checked and discussed by care providers.

In this study, elderly coaching was conducted many time to ensure elderly
understand the exercise program and can perform exercise safely follow the video
demonstration on the screen of the robot. According to personal coaching, elderly
was not familiar with using the robot at the first few months. After many repeated

training and coaching, the elderly could turn on and operate robot by themselves.
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Thus, the trend of exercise is increasing at 6" month compared to 3" month. As a
result, the intervention group shows a statistically significant improvement in the
number of exercises after 6-month post intervention. This is in the line with previous
studies that support the important of coaching influence adherence to exercise. (80,
134, 135)

A recent study in 2017 (80) conducted a home-based exercise program using
tablet application together with wearing sensor found that a home-based exercise
program with novel technology could be feasible if stable internet connection
available.

Even though many technologies have been developed for increase exercise
adherence for home user, those technology may not practical for all situation. In our
study, internet connection does not availability in our setting.

Body-worn sensor is also not feasible for Thai elderly according to interview,
elderly do not prefer sophisticated one.

Thus, we developed daily exercise reminder at 8.00 a.m. However, we also
faced another challenge due to using behavior of elderly. As the elderly did not turn
on the robot all the time. So daily exercise reminder could not be alerted as we

expected.

Balance

There was no statistically significant difference in balance score between
intervention and control group at baseline, 3 and 6™ month after the intervention,
but the intervention reveal statistically significant improvement both TUG and BBS at

6th month after the intervention.
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The possible reason why the respondents in our control group could
maintain their balance might be they were engaged in another exercise activities
such as walking, jogging, and arm swing. Moreover, the housing also provided dancing
class on Sunday during the time we conducted this study. Elderly who interested can
join the program freely. So the balance score between intervention and control
group were not different. Moreover, the intervention group takes about 2 months to
get use to the robot and can operate the robot independently. As the result, the
balance score at 3™ month did not statistically significantly difference compare to
baseline, but significantly improvement at 6" month both TUG and BBS. Since this
study is a quasi-experimental study, selection bias and co-intervention cannot
eliminated.

The improvement on TUG and BBS mean score in the intervention group is
correspondent with number of exercises. The intervention group performed more
exercises than control group, and eventually increase balance score. Previous study
in 2010 also support the relation of exercise adherence and health outcome. (136)

In this study, we chose exercise videos which were modified from Otago
exercise program,(137, 138). And we innovate robotic program together with coaching
and handbook. The improvements of balance in this study is correspondent with
previous studies on original Otago exercise program conducted in New Zealand
(2003)(76), Iran (2016),(139) and a systematic review (2010). (140)

Moreover, when we compare our study to another modified Otago exercise
program, we found that the increment of balance in this study is also correspondent
with recent studies in USA (141, 142) that delivered Otago exercise by non-physical

therapist. And the improvement of balance score in this study is also in the line with
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a recent study conducted on a video-supported group-based Otago exercise program
(143).

A recent systematic review (144) suggests that various type of modified Otago
exercise program such as group classes with physiotherapist, peer-led, supplemented
with multisensory exercise at home, delivered in DVD format in community center,
and individual used at home are effective in improving balance of respondents.

From our result and literature reviews, the effective of Otago exercise does
not depend on form of delivery models. Promoting adherence to exercise is
considering point in developing the program.

Time period is also effect the balance performance of respondents. From
previous studies, time period of exercise was conducted between 2-6 months (144).
A previous study on Otago exercise program in Thailand(145), conducted by
physiotherapist with 4-month study period found that it was no statistically significant
difference between intervention and control group at 4" month after interventions.
In our study, as we consider the balance score at 3™ month, there is no statistically
significant difference between baseline and 3 month. We found statistically
significant increment of balance score at 6 month after intervention. Thus, timing is

one of the important considered point of doing intervention.

Incident of fall

One incident of fall happened in the control group during a 6-month study
period. The fall incidence rate of respondents in control group was 0.06 person-year
or 62.49 per 1000 person-year. In this study, fall incident among elderly in control
group is lower than incidence of fall-related injury (91.72 per 1000 person-time)

among old people in mainland China in 2015 (146). These may due to characteristic
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of respondents in community and in senior housing. However, the fall incident in this
study in the same line with previous study in 2006 that found incidence was 0.3 -
1.6 fall/ year/ person (4).

There were no falls or injuries associated with performing the exercise
program in both groups. The robotic program was implemented safety among

respondents.

Coaching

In our study, coaching was planned 1 coaching/month for first three month.
However, many elderly foreot how to use robot, thus repeated coaching is needed.
Researcher always available to supported elderly who required help throughout 6-
month study period. Moreover, many elderly required some help from friend, or
caregiver turn on robot and their can exercise follow the video given in the program.

And many elderly exercise together as a group.

The unique characteristics of robot

The uniqueness of the robot is that the screensaver of robot is smiling face
and blinking eye [fisure 9] which make the robot looks adorable and lively. The
screensaver is also set up according to time setting (minutes). The robot provides 3
languages: Thai, English, and Japanese. Thus, Thai elderly and caregiver can use the
robot in Thai version.

Dinsow Mini robot provides many basic functions as these follow: video call
from the robot to phone and automatically pick up the call, bottom for call
caregiver, send notification to caregiver when elderly disappear in the room, photo,

pill reminder, brain game, and send notification when elderly wake up from bed.
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When consider robots worldwide, there are many socially assistive robots
(SARs) available nowadays such as pet robots, humanoid, and socially interactive
types of robot. According to a systematic review on the use of socially assistive robot
in elderly (55), the robots are used for many purposes; 1) affective therapy, for
example; P 2) cognitive training, 3) social facilitator, 4) companionship, and 5)
physiological therapy. Thus, Dinsow Mini is categorized as a companion robot.
However, there are no study on loneness reduction, medical adherence, and quality

of life among Dinsow Mini’s user.

Figure 9 Dinsow Mini’s smiling face

Cost-benefit

This study was conducted among the elderly who were at risk of falls in
government senior housings. We found most of fall among elderly happened
outdoor of the senior housings. The findings from this study are beneficial for
architecture and for developing fall prevention interventions as services package for

elderly residents in the future.
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This study provides alternative model of fall prevention intervention by using
robot. This study using modified Otago exercise program which giving positive
outcome in the line with another modified Otago exercise and original Otago
exercise. According to a cost-benefit analysis of fall prevention interventions for
elderly in 2015(147), the Otago Exercise Program delivered to elderly aged >65 years,
the net benefit was $121.85 per respondent and the return of investment (ROI) was
36% for each dollar invested. For Otago delivered to elderly aged >80 years, the net
benefit was $429.18 and the ROl was 127%. Thus, investment on Otago exercise
should be considered.

As we known, this is the first study which develop a new delivery model of
Modified Otago exercise program in Thailand. This provide the opportunity to study
cost-effective of this intervention. The original Otago Exercise Program (OEP) require a
much frequency visit and longer duration than a typical physical therapy episode of
care. Thus, documentation and billing practices have posed substantial barriers to
the implementation of the OEP by physiotherapist (142). This innovated robotic
program may help minimized cost of transportation of physiotherapist. Cost of the
robot may expensive at the beginning, however cost of the robot has tendency to
reduce in the future.

This innovation is correspondence with future trend that shrinkage of child
population and increasing of elderly globally. Innovation-assisted elderly is more

important in the future.
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5.2 Conclusion

There are many points can be concluded as these following:

521

522

Sociodemographic and health characteristics of respondent in this
study were majority (79.7%) of respondents were female, 54.7% were
age 60 -75 years old, 54.7% had secondary and university education
background, and 85.9% had enough income. More than half of the
respondents (51.6%) had > 3 comorbidities. Most of respondents
(79.7%) had medication risk; using > 4 medications, seizer, anti-
hypertensives, seductive and hypnotics. Moreover, 84.4% of
respondents had eyesight problem. Mean score and standard
deviation (SD) of TUG was 20.7+7.7; BBS score was 453 + 10.6;
Knowledge score was 25.8 + 4.5. Most of the respondents (70.3%) had
physical activities more than 30 minutes, > 3 times/week and 70.3%
had at least 1 fall experience in past 12 month prior to this study.
There were no statistically significant difference in baseline

characteristics among intervention and control group.

Prevalence of fall among elderly in this study was 70.3%, of which
46.9% experienced one fall, and 23.45% were recurrence fall. Elderly
reported fall outdoor of the senior housing (53.3%), in the morning
time (40.0%). Major causes of falls were stumbling (46.7%) and loss of
balance (35.6%). Action while falling were walking straight (73.3%).
Major effect of fall were painful (35.6%). However, no medication

needed (46.7%). Few elderly reported hospital admission (6.7%).
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5.2.6
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Both intervention and control group showed a statistically significant
improvement in knowledge mean score at 6 month after intervention
(p<0.001 and p=0.029 relatively). However, there was no significantly
difference between intervention and control group at baseline, 3rd,
and 6th month after intervention. However, the intervention group
showed a faster statistically significant improvement in knowledge

mean score than those in the control group at 3rd month (p=0.026).

The intervention group showed statistically significant higher number
of exercises than control group at 3rd and 6th month (p=0.011 and
p=0.21 relatively). Moreover, the intervention group showed a
statistically significant increment number of exercises over time

(p=0.041).

There were no statistically significant difference in TUG and BBS mean
score between the two groups at baseline, 3rd, and 6th month.
However, the intervention group showed statistically significant
improvement in both TUG and BBS at 6th month after the

intervention (p=0.004 and p=0.005 relatively).

During the 6-month study period, there was one fall incident in the

control group, whereas no fall incident in the intervention group.

Elderly do not familiar with using robot or electronic alliance, and

often forgot how to use. Hence, repeated coaching was needed to
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ensure elderly can used the robot independently. Moreover, the
elderly switched off and unplugged the robot when they do not used
it. Thus, the alarm features including daily voice messages and
exercise reminder did not practically work among the elderly. Any
equipment relied on internet connection does not practical among

elderly because they do not know how to connect to the internet.

5.3 Strengths, limitations, and practical recommendations

5.3.1. Strength and limitation

As we know, this is the first robotic-based intervention on Modified Otago
Exercise in Thailand. This study provides preliminary evident of using robotic
intervention in elderly and beneficial for further software development. The second
strength of this study is that a quasi-experimental study was used to investigate
effectiveness of robotic fall prevention program in the real living environment. The
third strength is that 100% follow-up rate of all respondents both intervention and
control group. Thus, we can ensure the power of statistics at 0.80. And the fourth,
validated and reliable measurement tools were used in this study. (47, 108, 109,
113), the education videos were chosen from trustable sources; exercise videos(137,
138) from Ministry of Public Health; and fall prevention videos from educational
institutions (96-99). The last strength is that participatory-planed intervention was
used. The exercise reminder was set up at 8.00 a.m. according to preferable of
elderly.

However, some limitations existed in this study. First is time limitation. As fall
incidence was found only 0.3 — 1.6 fall/ year/ person, (4) thus we cannot assess the

effective of intervention on reducing incidents of fall. Second, the quasi-experimental
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study cannot avoid selection bias, and co-intervention. Third, hardware components
such as small screen or low volume speaker were considered as limitation. Forth, it
was not clear instruction of recording exercise diary. Many elderly recorded the
exercise only if they completed set of exercise, whereas many elderly did half set of
exercise. Fifth, the recording number of exercises may have recall bias or socially
desirable answer. Sixth, this intervention cannot measure quality of exercise. And the
last limitation is that the exercise reminder is fixed 8.00 a.m. from robotic company

which cannot customized later.

5.3.2 Recommendations

Program recommendations

® The program should provide clear instruction of recording exercise diary.
Completed set of exercise or partially conducted should precisely recording.

The researcher may develop more box on exercise calendar for take note.

® Since elderly take time to be familiar with robot technology, coaching session
is very important especially at beginning of the program. The coacher should
provide clearly demonstration how to use robot. Further study can add up

booster teaching, telephone follow up or increase home visit.

® Thai elderly do not familiar with using robotic technology. Thus, adopting of
this program should come together with three components; robot installed
fall prevention program, fall prevention handbook, and coaching session from

trained staff or caregiver.
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Recommendations for further software development

User behavior: The elderly switch off and unplugged the robot when they do
not used. Thus, chargeable robot or embedded battery should be considered

for all-time working.

Physical function of elderly: Most of elderly having visual and hearing
problem. The intervention designed for elderly should consider a bigger
display screen or connection port to television screen. Earing is also a
considering point. The technology for elderly should provide volume

adjustable or connect to speaker.

Infrastructure: Infrastructure of housing environment is also needed to be
considered. For example electric supply, and internet connectivity. Not every

elderly access to internet. Air card may be benefit if not Wi-Fi available.

The robotic intervention should develop exercise monitoring program which
real-time counting number of exercise and tracking change in number of
exercise in the memory card or storage. It will be benefit for measure quality
of exercise, prevent recall bias of recording and socially desirable answer of

respondents.

Exercise reminder feature should be customized time setting for home-user.

Research recoommendations
Further study should take longer study period to assess fall incidents
between intervention and control group, and to assess respondent’

adherence to exercise, and balance score of respondents after intervention.
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Cost-effectiveness, and cost-benefit analysis on using robot among Thai

population should be conducted.
Further study should conducted in community setting.

A qualitative study is also recommended to assess satisfaction of elderly

towards robotic intervention.
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Appendix B: Information sheet for intervention group (Thai version)
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Appendix C: Information sheet for intervention group (English version)

Research Title: Robotic health monitoring program for fall prevention in elderly: A
quasi-experimental study

Researcher: Ms. Nattawadee Maneeprom

Status: Ph.D. Student at College of Public Health Sciences Chulalongkorn University
Contact Officer (Office): College of Public Health, Institute Building 2, Soi
Chulalongkorn 62, Phayathai Road, Pathumwan, Bangkok 10330

Phone (work): 02-2188183 Home phone: -

Mobile: 099-3636494 E-mail: smoothycherry@gmail.com

1. You all are kindly invited to participate in the study. Before you decide to
participate, it is necessary for you to understand the objective of this research and
what it is related to. Please take enough time to carefully read the following details
and you are free to ask any further questions or need any clarifications.

2. The research is about testing the effectiveness of robotics fall prevention
program compare to using a handbook

3. Details of the population or participants involved in the research
Characteristics of the population or the participants involved in the research.

Inclusion Criteria are as follows:

- Age between 60-70 years old
- Has a history of a fall within the past 12 months or has difficulties balancing.
From testing balancing take about 20 minutes and above.

- Can read and write in Thai
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- Has a score of 12 marks and above for ability to perform daily activities
- Fall time residents in Sawangkanivej
Exclusion criteria
- Person with health problem that cannot participate in the research
- Person with blind or visual eyesight impairment that cannot be corrected by
wearing glasses.

- Person with hearing impairment or need hearing aid equipment
- Person with cognitive impairment
- Unwilling to join the program

The sample size is 64 participants

Steps in selecting the population or participants in the research.

The researcher prepared a letter ask for permission at Sawangkhanivet and
posted a notification on the PR board. The participants were then selected by the
researcher by selecting elderly people that met the criteria. The participants are
separated into 2 groups 1) 32 participants in the experimental group, 2) 32 in the
control group

4. The research process

® The elderly participated in the screening process which consisted of 9
questions. As well as evaluating the participants, balancing by assessing sitting,

standing and walking (Time up and ¢o), for a duration of 5 minutes.

L] The elderly who meet inclusion criteria will be invited to participate in

this study.
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° The respondents will be interview personal information, health
information, history of falls, 9 assessments, 10 daily activities, and 31 fall protection
knowledge, the total duration of approximately 15 minutes.

® The respondents will be evaluated on their physical fitness, balance
by standing on one leg, testing their stretch, testing sitting, standing, walking and Berg

Balance Scale within a 15-minute duration.

® Total interview time and physical fitness assessment is approximately
30 minutes.

L] Environmental hazards are observed.

® The respondents will be asked to try the Dinsor mini robot that is

used to remind to exercise, remind to have medicine, and a VDO explaining the
safety measures of falling. Exercise VDO’s and also can make VDO calls that can
contact the researcher.

® The robot has a height of 30 meters weighs 3 kilos, and is portable;
the plug must be on while in use. The researcher went on installing the robot in the
selected research participant’s room at Sawangkhanivet according to the allowed

date and time and individually teaching them the use of this robotics.

® The respondents will receive a manual on how to operate the robot

and fall prevention handbook.

® The researcher will guide the proper way of using the walking

assistance from the results of the physical assessments.

L] The researcher selects the exercises for each from the physical

assessments.

® The researcher teaches the exercises
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L] The researcher teaches knowledge of falling preventions.

® The respondents are asked to conduct daily exercises follow the

exercise video given in the robot.

° Researchers will give homework to see VDO (available in robots).
- Preventions of falling
- making sandbag as weights for exercising
- Selecting shoes to buy
- Using a wheelchairs
- Using a cane

- using a walker

® The researcher will follow up with the respondents every month, by
recording the exercising score, the results are documented and a reward is

redeemed. Also, doing questions and answers from the video.

® The respondents will be assessed for physical fitness which is
assessed for balance for 20 minutes on the baseline, 3 and 6™ month respectively.

The assessment is done by a physical therapist or trained staff.

® The respondents will be test the knowledge on fall prevention at

baseline, 3 and 6™ month.

® The duration of this research is 6 months.
5. The process in providing information to the respondents:
The invitation posters were pinned at the central board at club house and
office of the senior housing, and staffs announced our project to their residents. The
screening procedure will be conducted. Elderly who meet the inclusion criteria will

be invited to join the program.
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A researcher will explain the objective of the study to the respondents in an
activity-based and assessment way. Both informed verbally and written consent was
obtained from all respondents. The respondents can withdraw from the study at any
time. Any inquiries or questions the researcher can be reached directly.

6. While screening for the participant in the research if a respondent does not
fit the criteria but is a condition that requires help/guidance. The researcher will
coordinate with the staff at the center so that they are assisted by a doctor.

7. Using of medical record- the researcher uses the medical data record to
learn about the congenital disease the history of drug intake. There are no activities
related to treatment. It must be approved by someone with authority or the Director
for the hospital.

8. The risks that can occur during the research are exercising without any
assistance, precautions must be taken to avoid sliding and falling which could be
risky. To prevent risky situations that could occur, the researcher chooses the level of
exercises according to the individual’s condition. Exercises must stop if any of the
following symptoms are noticed such as dizziness, chest pain, breathing difficulty,
pain in the neck area or if a fall occurs and can be concluded that it happened due
to the exercise program.

9. You can get help from first aid in the nursing room in Sawangkanivej. If it’s
severe then it will be looked at by the medical personnel.

10. The benefit of this research: the direct benefits to the participant is that
the elderly get a chance to evaluate their health, assessing the risk of falling,
exercising to increase muscle strength and balance training. Moreover, gaining

knowledge of the falling prevention, and learning the proper use of walking aids.
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The result of the research will influence the future falling prevention program
if the robot works well. Robots could be used to care for the elderly and help with
more consistent exercises.

11. The respondents are no need to be responsible if the robot is not
functioning or if it’s lost. In case the robot stops working the researcher will repair
and provide a new one to replace.

12. The respondents are fully willing to be involved and can reject to be
involved or to withdraw from the research at anytime without giving any reason and
without losing any benefits such as medical benefits that is provided for all.

13. If you require any further information or doubts about the research, the
researcher can be contacted at any time. If the researcher has any information that
could be beneficial or not beneficial they will inform you right away so the
participants can decide if they will continue or withdraw from the research.

14. ALl your information will be kept confidential the results will be used as
an overview. Any information that can be identified as you will not appear in the
research.

15. You will receive soya milk and inhalers as souvenirs for participating in this
research

16. If you are no treated as stated then you can file a complaint at

Research Ethics Committee in Person Group 1, Chulalongkorn University

254 Chamchuri 1 Building, 2" Floor, Phayathai Road, Pathumwan, Bangkok
10330

Phone / Fax 0-2218-3202 E-mail: eccu@chula.ac.th
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Appendix D: Information sheet for control group (Thai version)
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Appendix E: Information sheet for control group (English version)

Research Title: Robotic health monitoring program for fall prevention in elderly: A
quasi-experimental study

Researcher: Ms. Nattawadee Maneeprom

Status: Ph.D. Student at College of Public Health Sciences Chulalongkorn University
Contact Officer (Office): College of Public Health, Institute Building 2, Soi
Chulalongkorn 62, Phayathai Road, Pathumwan, Bangkok 10330

Phone (work): 02-2188183 Home phone: -

Mobile: 099-3636494 E-mail: smoothycherry@gmail.com

1. You all are kindly invited to participate in the study. Before you decide to
participate, it is necessary for you to understand the objective of this research and
what it is related to. Please take enough time to carefully read the following details
and you are free to ask any further questions or need any clarifications.

2. The research is about testing the effectiveness of robotics fall prevention
program compare to using a handbook

3. Details of the population or participants involved in the research
Characteristics of the population or the participants involved in the research.

Inclusion Criteria are as follows:

- Age between 60-70 years old
- Has a history of a fall within the past 12 months or has difficulties balancing.
From testing balancing take about 20 minutes and above.

- Can read and write in Thai
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- Has a score of 12 marks and above for ability to perform daily activities
- Full time residents in Banbangkhae
Exclusion criteria
- Person with health problem that cannot participate in the research
- Person with blind or visual eyesight impairment that cannot be corrected by
wearing glasses.

- Person with hearing impairment or need hearing aid equipment
- Person with cognitive impairment
- Unwilling to join the program

The sample size is 64 participants

Steps in selecting the population or participants in the research.

The researcher prepared a letter ask for permission at Banbangkhae and
posted a notification on the PR board. The participants were then selected by the
researcher by selecting elderly people that met the criteria. The participants are
separated into 2 groups 1) 32 participants in the experimental group, 2) 32 in the
control group.

4. The research process

® The elderly participated in the screening process which consisted of 9
questions. As well as evaluating the participants, balancing by assessing sitting,

standing and walking (Time up and ¢o), for a duration of 5 minutes.

L] The elderly who meet inclusion criteria will be invited to participate in

this study.
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o The respondents will be interview personal information, health
information, history of falls, 9 assessments, 10 daily activities, and 31 fall protection
knowledge, the total duration of approximately 15 minutes.

® The respondents will be evaluated on their physical fitness, balance
by standing on one leg, testing their stretch, testing sitting, standing, walking and Berg

Balance Scale within a 15-minute duration.

® Total interview time and physical fitness assessment is approximately
30 minutes.

L] Environmental hazards are observed.

L] The respondents will receive a fall prevention handbook.

® The researcher will guide the proper way of using the walking

assistance from the results of the physical assessments.

L] The researcher selects the exercises for each from the physical
assessments.

® The researcher teaches the exercises

® The researcher teaches knowledge of falling preventions.

® The researcher will follow up with the respondents every month, by

recording the exercising score, the results are documented and a reward is
redeemed.

® The respondents will be assessed for physical fitness which is
assessed for balance for 20 minutes on the baseline, 3 and 6™ month respectively.
The assessment is done by a physical therapist or trained staff.

° The respondents will be test the knowledge on fall prevention at

baseline, 3 and 6" month.
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L] The duration of this research is 6 months.

5. The process in providing information to the respondents:

The invitation posters were pinned at the central board at club house and
office of the senior housing, and staffs announced our project to their residents. The
screening procedure will be conducted. Elderly who meet the inclusion criteria will
be invited to join the program.

A researcher will explain the objective of the study to the respondents in an
activity-based and assessment way. Both informed verbally and written consent was
obtained from all respondents. The respondents can withdraw from the study at any
time. Any inquiries or questions the researcher can be reached directly.

6. While screening for the participant in the research if a respondent does not
fit the criteria but is a condition that requires help/guidance. The researcher will
coordinate with the staff at the center so that they are assisted by a doctor.

7. Using of medical record- the researcher uses the medical data record to
learn about the congenital disease the history of drug intake. There are no activities
related to treatment. It must be approved by someone with authority or the Director
for the hospital.

8. The risks that can occur during the research are exercising without any
assistance, precautions must be taken to avoid sliding and falling which could be
risky. To prevent risky situations that could occur, the researcher chooses the level of
exercises according to the individual’s condition. Exercises must stop if any of the
following symptoms are noticed such as dizziness, chest pain, breathing difficulty,
pain in the neck area or if a fall occurs and can be concluded that it happened due

to the exercise program.
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9. You can get help from first aid in the nursing room in Banbanhkhae. If it’s
severe then it will be looked at by the medical personnel.

10. The benefit of this research: the direct benefits to the participant is that
the elderly get a chance to evaluate their health, assessing the risk of falling,
exercising to increase muscle strength and balance training. Moreover, gaining
knowledge of the falling prevention, and learning the proper use of walking aids.

The result of the research will influence the future falling prevention program
if the robot works well. Robots could be used to care for the elderly and help with
more consistent exercises.

11. The respondents are no need to be responsible if the robot is not
functioning or if it’s lost. In case the robot stops working the researcher will repair
and provide a new one to replace.

12. The respondents are fully willing to be involved and can reject to be
involved or to withdraw from the research at anytime without giving any reason and
without losing any benefits such as medical benefits that is provided for all.

13. If you require any further information or doubts about the research, the
researcher can be contacted at any time. If the researcher has any information that
could be beneficial or not beneficial they will inform you right away so the
participants can decide if they will continue or withdraw from the research.

14. All your information will be kept confidential the results will be used as
an overview. Any information that can be identified as you will not appear in the
research.

15. You will receive soya milk and inhalers as souvenirs for participating in this
research

16. If you are no treated as stated then you can file a complaint at
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Research Ethics Committee in Person Group 1, Chulalongkorn University
254 Chamchuri 1 Building, 2" Floor, Phayathai Road, Pathumwan, Bangkok
10330

Phone / Fax 0-2218-3202 E-mail: eccu@chula.ac.th
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Appendix F: Consent form for intervention group (Thai version)
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Appendix G: Consent form for intervention group (English Version)

DONE AL e

l, who have signed this letter to submit my consent to participate in the
research project.

Research Title: Robotic health monitoring program to prevent falling in the
elderly: quasi-experimental research

Researcher: Nuttawadee Maneeprom

Address: College of Health Sciences Building 2-3, Soi Chulalongkorn 62,
Phayathai Rd., Pathumwan, Bangkok 10140 Tel. 099 3636 494

| got to learn about the details of the team and purpose of this research, the
details of the procedures that is treated or to be treated, the risk/danger, the
benefits which will arise from this research. Read the details in the research papers
and the participants in the research have been notified and have been explained by
the researcher until they have got a clear understanding.

Therefore, | have registered to be a part of this research as stated in the
research participants' documentation. | give my consent to interview health
information and disclose medical records. | attended the study for 6 months in which
the staff trained the exercises, knowledge on ways to prevent falling, assisted walking
aid and giving personal advice in conjunction with the use of "Dinsor mini" robot to
monitor health status. | will receive a book about the knowledge of preventing fall,

assess for balancing during the beginning of the research and then reassess during 3
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and 6 months. The information from the research will be presented as a whole and
as an individual.

| can withdraw myself from the research at any point in time as per wish,
without any given reason. To withdraw from the research, the research will not be
affected in any way for me | can still use the overall facilities, for housing and
medical care.

The researcher will treat me according to the information provided in the
research consent paper and any information related to me. Researchers will be
kept confidential. The research will be presented as an overview. There will be no
information in the report that will lead to my identification.

If 1 am not treated as stated in the participant's statement, | can file a
complaint to the Research Ethics Committee. Group 1, Chulalongkorn University 254
Chamchuri 1 Building, 2nd Floor, Phayathai Road, Pathumwan, Bangkok 10330 Tel: 0-
2218-3202 E-mail: eccu@chula.ac.th

I’'ve signed it in the presence of a witness. | have received a copy of the

participant's document and a copy of the letter of consent.

SIGN.tttitteeeee e SIGN.iiieeee e

(Ms. Nattawadee Maneeprom) (et )
Principal investigator Respondents

SIGN.iee e

(et )

Witness
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Appendix H: Consent form for control group (Thai version)
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Appendix I: Consent form for control group (English Version)

DONE AL e

l, who have signed this letter to submit my consent to participate in the
research project.

Research Title: Robotic health monitoring program to prevent falling in the
elderly: quasi-experimental research

Researcher: Nuttawadee Maneeprom

Address: College of Health Sciences Building 2-3, Soi Chulalongkorn 62,
Phayathai Rd., Pathumwan, Bangkok 10140 Tel. 099 3636 494

| got to learn about the details of the team and purpose of this research, the
details of the procedures that is treated or to be treated, the risk/danger, the
benefits which will arise from this research. Read the details in the research papers
and the participants in the research have been notified and have been explained by
the researcher until they have got a clear understanding.

Therefore, | have registered to be a part of this research as stated in the
research participants' documentation. | give my consent to interview health
information and disclose medical records. | attended the study for 6 months in which
the staff trained the exercises, knowledge on ways to prevent falling, assisted walking
aid. I will receive a book about the knowledge of preventing fall, assess for balancing
during the beginning of the research and then reassess during 3 and 6 months. The

information from the research will be presented as a whole and as an individual.
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| can withdraw myself from the research at any point in time as per wish,
without any given reason. To withdraw from the research, the research will not be
affected in any way for me | can still use the overall facilities, for housing and
medical care.

The researcher will treat me according to the information provided in the
research consent paper and any information related to me. Researchers will be
kept confidential. The research will be presented as an overview. There will be no
information in the report that will lead to my identification.

If 1 am not treated as stated in the participant's statement, | can file a
complaint to the Research Ethics Committee. Group 1, Chulalongkorn University 254
Chamchuri 1 Building, 2nd Floor, Phayathai Road, Pathumwan, Bangkok 10330 Tel: 0-
2218-3202 E-mail: eccu@chula.ac.th

I’'ve signed it in the presence of a witness. | have received a copy of the

participant's document and a copy of the letter of consent.

1371~ IO - K. ' 4o ¥~ I T'a SIGN.iieeeee e,

(Ms. Nattawadee Maneeprom) (BOLLY.....o )
Principal investigator Respondents

SIGN et

(et )

Witness



Appendix J: Screening sheet (Thai version)
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Appendix K: Screening sheet (English version)
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Inclusion criteria

Yes

No

1. Elderly age =60 years old

2. Either fall experienced in past 12 month prior to this

study and/or TUG 220 seconds

3. Can read and write Thai langue

4. Barthel index score =12 scores

5. Full time residents in Sawangkanivej or Banbangkhae

Exclusion criteria

Yes

No

1. Health problem which cannot participate in this study

2. Person with visual impairment which cannot

corrected by eyeglasses

3. Person with hearing impairment or need hearing

equipment

4. person with cognitive impairment ex. dementia,
Alzheimer, psychoses, obsessive-compulsive disorders,

bipolar, schizophrenia, mental retardation

5. Unwilling to join the program




Appendix L: Questionnaires (Thai version)
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Time Up and Go test (TUG)
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Figure 10 Time Up and Go test
[Source: Areerat S. 2016 (24)]
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autusisataftaa (Barthel index scale)
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Berg Balance Scale

1. Sitting to standing
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2. Standing unsupported
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3. Sitting with back unsupported but feet supported on floor or on a stool
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6. Standing unsupported with eye closed
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7. Standing unsupported with feet together
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8. Reaching forward with outstretched arm while standing
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9. Pick up object from the floor from a standing position
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10. Turning to look behind over left & right shoulders while standing
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11. Turn 360 degrees
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12. Placing alternative foot on step or stool while standing unsupported
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13. Standing unsupported one foot in front
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14. Standing on one leg
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Appendix M: Questionnaires (English version)
Respondent No.........ccceueuee.
Part 1: Demographic data

Instruction: This is interview form for elderly. Please fill the box according to the

fact.
1. | Sex Male (1)
Female (2)
2 AGEeeereeeeereeteaesee e sessesssssnesneenes
3. Marital status Single (1)
Married (2)

divorce/ widow/ separate (3)

4. Education Not attend school (1)

Primary school (2)

Secondary school (3)

College and higher(4)

5. Living arrangement Family (1)

Others (2.,

6. Primary caregiver (perception) None (1)

Daughter (2)

Son (3)

Spouse (4)

Relatives (5)

Staff/ Employed caregiver (6)

7. Income Inadequate (1)

Adequate (2)

8. Source of income (multiple Family (1)

answer is allowed) Pension (2)

Governmental allowance (3)

Agriculture (4)

UuUddoooooooouodooooon) oo

Employee (6)
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]

Others (7)

Part 2: Health

fact.

Respondent No

.......

...............

Instruction: This is interview form for elderly. Please fill the box according to the

variables

Interview Medical record
Yes | No | Yes | No No
data

Visual problem (multiple answer is allow)

Shortsighted

Longsighted

Cataract

Others

Using lens: eye glasses or contact lens

Comorbidity

None

Diabetes Mellitus

Foot ulcer form Diabetes Mellitus

Hypertension

Dyslipidemia

Postural hypotension

Syncope

Heart disease

Stroke

Parkinson

Osteoarthritis

Incontinence

Others

Medication risk (multiple answer is allowed)

Currently using > 4 medications
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variables

Interview Medical record
Yes | No | Yes | No No
data

Anti-hypertensives

Sleeping pill, alprazolam, diazepam,

amitriptyline

anti-seizure

Physical activity, continuously = 30 minutes

None (1)

1-2 times /week (2)

3-4 times/ week (3)

Every day (4)

Type of physical activity (multiple answer is

allowed)

None (1)

Walking/ joking (2)

Cycling (4)

Aerobic dance (5)

Swimming (6)

Tai chi/ yoga (7)

U000 0| 0|0 O O O] O

Other (8)..cvveeeeann.
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Respondent No.........ccceueuee.
Part 3: Environment

Instruction: This is interview form for elderly. Please fill the box according to the

fact.
Using walking assistive devices; |:I No (0) I:I yes (1)
cane, crutch, walking frame, etc.
Type of assistive device None (0)
Cane (1)

Umbrella (2)

Walking frame (3)

Wheel chair (4)

mjjEyEiEyey.

Others (5) oo,

Environmental hazard from observation

Floor
Messy room/ disorganized furniture |:I No (0) |:I Yes (1)
Uneven ground surface |:I No (0) |:I Yes (1)
Slippery floor ] No (0) | [_] Yes (1)
Stair and steps
Having stair ] No (0) | [] Yes (1)
Having objects on stair |:I No (0) I:I Yes (1)
Broken stair |:I No (0) |:I Yes (1)
Inadequate lighting over stairway |:I No (0) |:I Yes (1)
Any torn carpet on step |:I No (0) |:I Yes (1)
Kitchen
Messy kitchen/ disorganized shelf ] No (0) | [] Yes (1)
Restroom
Inadequate lighting in restroom? ] No (0) | [] Yes (1)
Inadequate lighting on the path | [_] No (0) | ] Yes (1)
from bed to restroom
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Respondent No.........ccceueuee.

Fall record sheet

Instruction: This is interview form for elderly. Please fill the box according to the

past fall experience.

Elderly who do not have fall experience, please skip this questionnaire.

Interview |:I Elderly

|:I Caregiver |:I Medical record

Number of fall experienced in
past 12 months prior to this
study

L]

No fall experienced (0) (skip to further

guestionnaire)

one fall (1)

two or more fall (2)

Location of fall

Indoor/ inside the room (1)

Outdoor of the senior housings (2)

Community (3)

Time

Morning (1)

Afternoon (2)

Evening (3)

Night (4)

Cause of fall/ predisposing
symptom

(multiple answer is allowed)

Muscle weakness

Loss of balance

Did not see an object

Vertigo

Syncope, dizziness

sleepy from medicine

Alcohol

Stumbling

Slippery floor

inappropriate clothing

0000000 OO 000 20 O 0O

inappropriate shoe
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inadequate lighting

Slope

Uneven ground surface

Wet floor

Action during fall event

Walking straight (1)

Turn around/ change position (2)

Running (3)

Others (A)...ooeeeeeeeeeeeen,

Treatment after fall

No medication (1)

Popular sectors example self-care,

caregiver (2)

Folk sector example herb, massage (3)

Professional sectors example clinic,

pharmacist, hospital (4)

Trauma (multiple answer is

allowed)

No effect

Sprain

Wound

Bruised

Painful

Fracture

Cannot walk/ walking difficulty

cannot work

Hospital admission

No (0)

Uooooodoud OO 0000000000
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Respondent No......c.ccceueunee.

Knowledge on fall prevention

Instruction: This is interview form for elderly. Please answer these questions. The
answer which correspondent with the given key answers will get 1 score, if not
correct will not get score.

Recommendation: After interview, the research should give the correct answer to

respondent. So that the elderly will learn to prevention fall by discussion.

Date.....ccovv
INterviEWeT......ociriiircircnciiicncciiincanen
Question Key answer Score
Correct | Wrong
(1) (0)
1. Does fall increase by age? Increase
2. 1s Fall cause of hospital Yes
admission?
3. Can fall be prevented? Yes
4. Can exercise prevent fall? Yes

5. How exercise prevent fall?

Enchance muscle

strength, and balance

6. Which exercise or position to

strengthen cuff muscle?

Flex and extend the
knee, weight bearing

exercise (option)

7. What would you do if you faint

during exercise?

Stop exercise, hold on

stable objects, sit down

8. What would you do if you stand
up and faint? (hypotension)

Hold on stable objects

9. Does pain increase risk of fall? Yes
10. Does spasm increase risk of fall? | Yes
11. Is eye sight cause of fall? Yes

12. What would you do if you have

Meet doctor
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Question

Key answer

Score

Correct

(1

Wrong
(0)

eyesight problem?

13. Does incontinent increase risk of

fall?

Yes, because hurry to

go to reestroom

14. What would you do If you have

incontinent problem?

Bed near the restroom,

wearing adult diapers

15. Do multiple medications used

increase risk of fall?

Yes

16. How do you do if you want to

change medications?

Meet doctor

17. Does wet floor cause fall?

Yes

18. Does the outsole without tread

of shoe cause fall or not?

Yes, tread of sole
increase friction
between feet and

floor. It prevents

slippery.

19. Should you wear flat shoe or

high heel shoe?

Flat shoe, because this
is more stable than
high heel and prevent

metatarsalgia.

20. Does inappropriate dress cause

fall?

Yes

21. What is benefit of using walking

assistive device?

It increase stability in
walking for person with

difficulty walking.

22. When you should lock the

wheelchair?

When parking

23. Where can you plate the feet

Footrest




193

Question

Key answer

Score

Correct | Wrong

(1

(0)

when using wheelchair?

24. How to used walker? DO you
have to lift up and place or

dragging?

Lift up and place

25. What is the appropriate length

of cane?

Hip

26. Does well-organized room

prevent the fall?

Yes, to prevent

stumble and fall

27. Does inadequate lighting

increase risk of fall?

Increase, because you

may hit with an object

28. Does turn on the light decrease

risk of fall?

Yes

29. What is the first thing you have

to do you if you fall?

You should assess if
any broken bone ot

wound.

30. What would you do if you fall

and could not raise up by yourself?

Call someone to help

31. If you fall, what would you do

to raise up safety?

Try to sit and hold an
stable object before try

to standing

Sum scores (Maxminum =31)
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Time Up and Go test (TUG) Interpretation
Date ..ottt TUG =20 scores is considered
Examiner: as at risk of fall.
[ Researcher/ research assistance U Risk
a Physiotherapist U Not risk
O Nurse Any walking assistive
EVICES. ..ot

Equipments

1) Stable arm-chair with straight-
backed that is not too soft. The
appropriate high is that the
respondents can place feet on the
floor when sitting

2) Stable, clear floor at least 3

meters.

3) Step watch
Figure 11 Time Up and Go test
[Source: Areerat S. 2016 (24)]

Instruction: Begin by having the elderly sit comfortably in a straight-backed chair,
hips all the way back. Identify a line on the floor 3 meters (10 feet) away. Then
instruct the elderly to move through the following steps; rise from the chair, stand
still momentarily, walk to the line at a normal pace, turn around., Walk back to the

chair, and sit down in the chair. The elderly should walk as fast as they can.

The examiner start step watch since ask elderly to rise up until the elderly walk back
and sit down. The examiner should walk follow the elderly, without interrupt the

elderly walking, to ensure safety of the elderly.



Respondent No

Barthel index scale

Instruction: Please fill the box according to the fact.

1. Feeding

Uo.

Unable

L1, Need help cutting, spreading butter, etc.

Q2.
2. Grooming
)
iy
3. Transfer
Uo.
Hiy
Lo
Qs
4. Toilet use
Qo.
iy
Q2.
5. Mobility
Qo.
iy
Lo
Qs
6. Dressing
Uo.
iy
Q2.

Independent (food previded within search)

Need help with personal care

Independent face/hair/ teeth/ shaving limplements provided)

Unable —no sitting balance
Major help (one or two people, physical), can sit
Minor help (verbal or physical)

Independent

Dependent
Needs some help, but can do something alone

Independent (on and off, dressing, wiping)

Immobile
Wheelchair independent, including corners, etc.
walks with help of one person (verbal or physical)

Independent (but may use any aid, e.g., stick)

Dependent
Needs help, but can do about half unaided

Independent (including buttons, zips, laces, etc.)

195
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7. Stairs
Uo. Unable
L1 Needs help (verbal, physical, carrying aid)
o Independent up and down

8. Bathing
Uo. Dependent
O Independent (or in shower)

9. Bowels (in this previous week)
Lo, Incontinent (or needs to be given enemata)
L1, Occasional accident (once/week)
L2, Continent

10. Bladder (nMsnaudldanazluszey 1 dUavifinaua)
Lo, Incontinent, or catheterized and unable to manage
Q1. Occasional accident (max. once per 24 hours)
2. Continent (for over 7 days)

Full scores = 20

L>12 scores Independent elderly

L5-11 scores Partially dependent

(o-4 scores Dependent (bed ridden)
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Berg Balance Scale
1. Sitting to standing

Instruction: Please stand up. Try not to use your hand for support

4 able to stand without using hands and stabilized

independently

3 able to stand independently using hands

2 able to stand using hands after several tries

1 need minimal aid to stand or stabilize

0 need moderate or maximal assist to stand

2. Standing unsupported

Instruction: Please stand foe two minutes without holding on

able to stand safely for 2 minutes

able to stand 2 minutes with supervision

N | W P~

able to stand 30 seconds unsupported

1 needs several tries to stand 30 seconds unsupported

0 unable to stand 30 seconds unsupported

3. Sitting with back unsupported but feet supported on floor or on a stool

Instruction: Please sit with arms folded for 2 minutes

able to sit safety and securely for 2 minutes

able to sit 2 minutes undervision

N | W P&

able to sit 30 seconds

1 able to sit 10 seconds

0 unable to sit without support 10 seconds

4. Standing to sitting

Instruction: Please sit down

4 sit safety with minimal use of hands

3 control descent by using hands
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2 use back of leg against to control descent
1 sit independently but uncontrolled descent
0 need assist to sit

5. Transfers

Instruction: Arrange chair(s) for pivot transfer. Ask subject to transfer one way

toward a seat with armrests and one way toward a seat without armrests. You

may use two chairs (one with and one without armrests) or a bed and a chair.

4 able to transfer safely with minor use of hands

3 able to transfer safely definite need of hands

2 able to transfer with verbal cuing and/or supervision
1 needs one person to assist

0 needs two people to assist or supervise to be safe

6. Standing unsupported with eye closed

Instruction: Please close your eyes and stand still for 10 seconds.

4 able to stand 10 seconds safely

3 able to stand 10 seconds with supervision

2 able to stand 3 seconds

1 unable to keep eyes closed 3 seconds but stays safely
0 needs help to keep from falling

7. Standing unsupported with feet together

Instruction: Place your feet together and stand without holding on.

4 able to place feet together independently and stand 1
minute safely

3 able to place feet together independently and stand 1
minute with supervision

2 able to place feet together independently but unable to
hold for 30 seconds
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1 needs help to attain position but able to stand 15 seconds
feet together
0 needs help to attain position and unable to hold for 15

seconds

8. Reaching forward with outstretched arm while standing

Instruction: Lift arm to 90 degrees. Stretch out your fingers and reach forward

as far as you can. (Examiner places a ruler at the end of fingertips when arm

is at 90 degrees. Fingers should not touch the ruler while reaching forward.

The recorded measure is the distance forward that the fingers reach while the

subject is in the most forward lean position. When possible, ask subject to

use both arms when reaching to avoid rotation of the trunk.)

4 | can reach forward confidently 25 cm (10 inches)

3 | can reach forward 12 cm (5 inches)

2 | can reach forward 5 cm (2 inches)

1 reaches forward but needs supervision

0 loses balance while trying/requires external support

9. Pick up object from the floor from a standing position

Instruction: Pick up the shoe/slipper, which is in front of your feet

4 | able to pick up slipper safely and easily

3 | able to pick up slipper but needs supervision

2 | unable to pick up but reaches 2-5 cm(1-2 inches) from slipper
and keeps balance independently

1 unable to pick up and needs supervision while trying

0 unable to try/needs assist to keep from losing balance or
falling
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10. Turning to look behind over left & right shoulders while standing

Instruction: Turn to look directly behind you over toward the left shoulder.

Repeat to the right. (Examiner may pick an object to look at directly behind

the subject to encourage a better twist turn.)

a4 looks behind from both sides and weight shifts well

3 looks behind one side only other side shows less weight shift
2 turns sideways only but maintains balance

1 needs supervision when turning

0 needs assist to keep from losing balance or falling

11. Turn 360 degrees

Instructions: Turn completely around in a full circle. Pause. Then turn a full

circle in the other direction.

a able to turn 360 degrees safely in 4 seconds or less

3 able to turn 360 degrees safely one side only 4 seconds or
less

2 able to turn 360 degrees safely but slowly

1 needs close supervision or verbal cuing

0 needs assistance while turning

12. Placing alternative foot on step or stool while standing unsupported

Instructions: Place each foot alternately on the step/stool. Continue until

each foot has touched the step/stool four times.

4 able to stand independently and safely and complete 8 steps
in 20 seconds

3 | able to stand independently and complete 8 steps in > 20
seconds

2 | able to complete 4 steps without aid with supervision

1 able to complete > 2 steps needs minimal assist

0 needs assistance to keep from falling/unable to try
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13. Standing unsupported one foot in front

Instructions: (demonstrate to subject) Place one foot directly in front of the

other. If you feel that you cannot place your foot directly in front, try to step

far enough ahead that the heel of your forward foot is ahead of the toes of

the other foot. (To score 3 points, the length of the step should exceed the

length of the other foot and the width of the stance should approximate the

subject’s normal stride width.)

4 able to place foot tandem independently and hold 30
seconds

3 able to place foot ahead independently and hold 30 seconds

2 able to take small step independently and hold 30 seconds

1 needs help to step but can hold 15 seconds

0 loses balance while stepping or standing

14. Standing on one leg

Instructions: Stand on one leg as long as you can without holding on.

4 able to lift leg independently and hold > 10 seconds

3 able to lift leg independently and hold 5-10 seconds

2 able to lift leg independently and hold > 3 seconds

1 tries to lift leg unable to hold 3 seconds but remains standing
independently.

0 unable to try of needs assist to prevent fall

Sum scores (Maxminum =56)
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Exercise canlender
Instructions: This given calendar is used for record exercise. Please mark v on
the blank in the date you conduct the exercises follow illustrations on fall

prevention handbook and videos exercises given in the robot.

Juval September

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY
28 29 30 31 01 02 03

04 05 06 07 08 09 10
11 12 13 14 15 16 17
18 19 20 21 22 23 24
25 26 27 28 29 30 01

02 03 Notes:



Appendix N: Robot user manual

T4 Y-

DiNnsSow mini

Elderly Companion

AjoN1sigvu
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Basic Information

JoyaliuguzovHUYUAQUAD DU

PROCESSER/ Intel Dual-Core
MEMORY Memory: 4 GB

Storge: 55D 120 GB
CONNECTIVITY Wi-Fi 80211 AC

Bluetooth £.0

USB 2.0
APPLICATION Dinsow mini
DISPLAY 8" HD Touchscreen
MULTIMEDIA HD Camera

Stereo Speaker / Microphone
COMMUNICATION Video Call / Voice Call
ADAPTOR input: 100 - 240V ~ 1.5 A 50-60Hz

output: 19V 22 3.43A B5W

ELECTRICAL RATING

19V === 343A GaW

DIMENSION

Length: 240 mm. Width: 170 mm.
High: 350 mm. Woeight: 3.125 kg

AvNuIWSaUNURUYUAAUAD UL (Equipment)

1. usudauan il

2 pzumthmad

3. yAuURIDEUALIAD TUULATY

4. gilon sl
5. wadn1in 3G

6. lusutlzudufi
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Cautions

JOAISNSIU

usudiuae 7 Falaud sulenlusasdida

¥ v w - -
Memb uagliarsegluiseiiiarudu uaziary
Fougy

»20°Cy < 35°C P ra P v da -
HIHUTHUBUARLED HU Iﬂuﬁaﬂmqmﬂgu

#N1 20°C wasTmiv 35°C

w [ [T - [T aw
mu'lm"mrmEﬂa‘tmmn‘s:quﬂﬂwmﬂiﬂﬂﬁ
(Pacemaker Implantation)

minwuilgilumaldensineg wiu jusudiinemw
Tiund Tivihmslaaind uazaseapuanm
issdiuvaaiusui

w -. [T oo -
sinuilalFeulndusuuiidama.
WinuFnuauIHuHwaAn

Wi lugpeinsoaiusud




ADAPTOR
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Wuunziuduesjusudauas i Taq odu
'n';m"iﬂﬁﬂulﬂm‘z*‘fuﬂ‘z:ﬁ’mﬁmﬁu

wihee wazdwddnesfusudfuse 44
ﬁmﬁuﬁ'ﬂr‘fvi’mqﬂﬁmmu WsEIsY LinAu
ieveld

Fiaaionna Internet Wi-Fi wipiSndunnsl#au
wazynaTei i

Tdunvjusudi wszaailiiianudome
Thsuiiguliiuaiowinnisndoudiy

f oy
ThirTageasudesasiian nizunn nazia fidas
5 - i ' -
Hurmaia1g ﬂﬂﬂ?ﬂuﬂuﬁm‘ﬂ:ﬂ'ﬁlﬂﬂﬁmﬂ
AUV

WubudRuas i Faaldorusuazumiwe in
granaionliviniy areresounssualaily
winligmsaldnulfoihalanadis

input: 100 - 240 ¥ = 1.5 A 50-60Hz

ADAPTOR
Lutpul: 18V T=2 343A BAEW

Tavausevinmswauwinan fmansauiv
Yanfiazldeu

3



207

nasiFouconudunisalllolnsoon

vupudduas fi sxiluadniinunsnnlilundes Wial#lundlnssen
Tavdnmiadldasdasdavies ombunuuiintuy vio wusodeu

Fupaunisleieu  (Instructions)

1. @adhuainia Tddunmiannioall

2. Wpuuainiia i usdsosajusud Tudes USB gealails deinalw
uaASENUEAFuEN1R uassanusARINIENEY AentsRumdu
Tnadwi @adunifadumndnnldui aouzzealvsadudides

3. wadaufwminsasn landsnwyniins (yaraifioinds wih 29)

Funiim
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IUQI‘iUUUd (How to turn on robot)

1. Unjusudauas i douulfcluseeui
yunApvIsvusuAduan Af szupaiiu
viavias Tanlsifidarian1ng uarliilanage
ﬁmm:ﬂmﬁmﬁﬂwmf]gaa’lq Wiz
Taiviumidinriume

9 2. isuivdaniviiulinasanan waz
gnsndansaiu UPS raudaiy
: : ' Tpiiulé

3 nml]ulﬁmﬁﬁ'lumﬁﬂ'namiuuum'ﬁuﬂa i}
Tasnsneding 3-5 Fuil iy
mTa

nmnrsrusudAuaslusedvigndes

nis@vAijaidariuoudnsalsn  (Setting)

IFouce Wi-Fi (Wi-Fi connection)

2

1. minvjusudauas 3 Solaldvinmsdex
faffu Mobile User laquiafuiirnas
(Owner) AudavyNITuERIWINGD
T ool

2. vimsdiaudalanls Username (E-mail)
fldvinsaiasEuwaLwawTY Dinsow mini
wasHudunMIALAITN 1 E-mail Souinsua
@ Dinsow

(guinlurdianslFauuamirdu Dinsow mini)

* supudasdoadondedumefilaiou Tauntina

o o a T o - i -
nqumwmaﬂﬂwu'l “Aad” wazidan “n1idauss
? W5l Password was nevdiausa

_
. 0000 J

b Google play Apple Store
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3. dlpimInadanseanyusud uas
"‘T,fff&,"" S IR "‘f’:"’e Tulnusueunwdiadu Dinsow mini 1
e P luiltu + uasyiimaiden Serial No.
sasusuddafldimadudiuies
mnxfuﬁwminﬁuﬁagamaoggomq

yiamanaufindieEaldem

4. sxUsmingwimniusudduas 31
winalda

5, tﬁaé’uﬁaﬁwﬁwmzwwﬁwmg




KHUN99QUAD UU  (Touch screen)

vususauas il Usznaulusae 2 Tnaade

o & au &
ATRIHA NG AU

Tmmmynﬁv 1
| & Tnsévm :

ﬂ Wowiae :
Wopg9u :

() oontdanw :

»~
Insauiyni 2
& driu:

/:'« 3unmua"h:

2 alaing

Tnnauiymia 3

(O} ‘Eognis
G AN

Tnunaususure  (Standby mode)
o suifluntiwjusudduas i
uaziInIRuNDIR TRl
Tmmwy (Manu)
d_ e o & W ' ca aa
o Wpinsdudavinevusudduan il
suidhglvaanny uarsaiudss laouy

(Manu: page 1)

Tnseanfiefinsie
-

Wawaunumay

gidlesyTny

gidlasanidsniy

(Manu: page 2)
Jaletiu
fIUtiaTauAT)
Falaarslaing

inalpsnue

(Manu: page 3)

gradnilyl
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niineonisdvAn (Touch screen setting)

WA 1 (Setting 1)

BN TIRIAT Tredfinssadndnag

R (Setting internet connection)

. 4
AMNTITDHAD

133 2(1

A daNne Wi-Fi e miuidioune
Wunudifuas i

q)
e (Sound)
AoFANNAITRYEBYUBUAGUAD i

™ luﬁ
e @l

0 (Input elderly information)
fayadaiay

Sayamluvasggeny laud

B0 umana wasoy




waviuin  (Date / time)

o - "
AIATHUEURRTHLIAN Time Zone

wiea  (Sreen saver)
LATEIWIUNTRNKN
[WvubuAuae il

wiiwern 2 (Setting 2)

L l Boa
BHUNTIAIAT T.ﬁEINI"I'Ii?NPWﬁ"I\I'T

o
B EIEET) ( Update svstem)

- v a
dasnam s inamaniiag

212
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Appendix O: Fall prevention software
Fall prevention software is developed from Social Cognitive Theory (SCT)(25),
Consumer Information Processing model (CIP)(87) and literature reviews (1, 24, 50,
95). Many meetings were conducted by main research investigator, one
physiotherapist, 3 elderly caregivers and 2 software engineers to understand the
need of user and feasibility in software designed.
A preliminary survey was conducted in the two housings. Since, Thai elderly
(born before 1957) do not familiar with using new technologies, personal coaching is
added up in this program. Moreover, any equipment relied on internet connectivity is
not practically used among Thai elderly. Thus, any educational materials is
embedded in the software without internet required.
Finally, the fall prevention software provides
- Four videos on fall prevention and choosing appropriate walking assistive
devices,
- Four videos on demonstration of how to make sand bag, and choosing an
appropriate shoe,
- Twenty-eight daily voice messages on fall prevention
- Two videos on exercises,

- Daily exercise reminders.
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1. Fall prevention education
1.1. Video education

According to SCT, a person is able to perform a behavior through essential
knowledge and skill. Thus, fall education is needed to implement in this study.

In order to increase learning capacity, video education is adopted because of
its interesting and easy to understand(129, 130). This is observational learning fall
prevention and exercise from videos display on screen of the robot. The user
interface is 8 inches touch screen on the head part of the robot.

Four videos on fall prevention education and choosing appropriate walking
assistive devices is chosen from educational institutions (96-99). Two videos on
demonstrating how to make sand bag for exercise, and choosing appropriate shoe is

filmed by paramedic researcher (100, 101).

Figure 12 Fall prevention software installed in Dinsow Mini Robot®
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Figure 13 Fall prevention software includes videos on fall prevention, walking

assistive devices, light level exercise and advance level exercise

Figure 14 Knowledge on fall prevention, by Department of Rehabilitation Medicine
Siriraj Hospital, Mahidol University (“flesiuauluggers” lngsienIsnuvsedssy

Inensae sany. 3la audlAAENA)
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Figure 15 Cane, by physician, Faculty of Medicine, Chiang Mai University (3ng105 Ao

KA. YN, 53UTRE G55

Figure 16 Walking frame, by registered nurse (718n15Weu7alnala)
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Figure 17 Wheel chair, by physiotherapist, Department of Rehabilitation Medicine,
Faculty of Medicine, Chiang Mai University

Figure 18 Demonstrating how to make Sandbag for exercise, by Miss Natthawadee

Maneeprom, Certified Prosthetist and Orthotist
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Figure 19 Choosing appropriate shoe, by Miss Natthawadee Maneeprom, Certified
Prosthetist and Orthotist

1.2. Daily voice message

According to CIP, people have limited information processing capacity. Thus,
daily voice message is developed. It is 28 messages, automatically alert at 8.00 p.m.
daily, 1 day-1 message. It starts from 1° message (day 1) until 28" message (day 28).
After completed 28 messages, it repeats the lope again by starting from 1°' message
to increase learning capacity of respondents.

The voice messages are presented as these following:

1. The risk of falling gets more severe with aging especially those with
muscle weakness or illnesses such as paralysis or people with balancing issues.

2. Falling is much more risky for older people than younger especially those
with osteoporosis, falling can cause hip fractures. If a person’s head is injured it could

lead to bleeding in the brain.
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3. Have you ever fallen or been injured before due to falling? People who
have fallen usually will fall again. Precautions that can be taken are finding the
reason for the fall and find ways to reduce or remove the risk of reoccurrence.

4. Do you feel your arms and legs have no strength? Due to less strength, it
makes it difficult to walk in hard surfaces. But the good news is doing regular
exercise’s the muscles can get stronger. There is scientific proof that exercising is a
way to reduce the risk of falling that can be practiced by oneself. Reducing
treatment costs and gaining the best returns. There is a video to training in my gadget
lets open it and start exercising.

5. Afraid to do any daily activities or afraid to do exercise because there is a
fear to fall? The benefit of fearing to fall is that they will be more careful but on the
other hand, it might make them fear exercising or to do certain daily activities

6. Problems with controlling urine? Cannot control urine so must run to the
toilet which becomes a risk of falling. This problem can be solved by consulting the
doctor or wearing an adult diaper and if at night there is a need to visit the toilet
then is advisable to have a cot beside the bed. The toilet must be well organized
and the path should be spacious and moreover, there must be enough lights.

7. Do you have eyesight issue? Eyesight problems make it difficult to see any
obstruction, which could cause a fall.

8. For those that have eye problem a reflective adhesive tape or paint
reflective color on the side of the stairs so it is easy to notice while walking up and
down.

9. Have you ever lost your hearing? The hearing is related to balancing. It is
suggested that you get a hearing checkup by a public health officer or a by eyes, ear,

nose specialist to check if there is any hearing issue or if you require hearing aids.
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10. The use of some drugs such as sleeping pills that has a psychoactive
effect or anti-depressant can cause drowsiness during the day or have an effect on a
person’s balance. Therefore, the medication must be taken very carefully according
to the doctor’s diagnosis. If the drug is making you too drowsy it is suggested that
you consult the doctor to reduce or adjust the dosage.

11. Having too many medications can also cause dizziness, therefore, consult
the doctor or the pharmacist first.

12. Dizziness is caused by many reasons. If you suddenly stand up and feel
dizzy then you must find something to hold on to or stay calm for a moment..

13. Do you have problem balancing? Try to look at the cane or the walking
frame to boost confidence while walking.

14. If you have diabetes or swollen foot, numb feet or feet disorder must
take extra care of the feet, taking take of hysgiene. Must check the feet daily and walk
carefully. Must wear shoes and sock at all times.

15. Proper shoes can prevent the feet. The elderly should wear shoes that
are comfortable while walking, the heel not too high and shoe hygiene must also be
kept. In my phone, | have a video to help select the most appropriate shoes. Don’t
forget to watch it.

16. Ready to buy a floor rubber mat, however, if the mat is not firm on the
floor then it can cause a stumble or fall. It is advised to remove the carpet, rubber
mat to be removed or use the two-sided tape to stick the rubber mat to avoid
moving.

17. There are wires on the walkway, if the telephone wires are causing mess
then it must be installed on the wall to avoid falling and stumbling. If possible call

the electrician to help sort the wires.
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18. Don’t keep anything on the staircase, try to notice the rails and if it’s not
working please call for maintenance. Lights on the stairs is very important if it's not
enough asking your mechanic to install more or manage the light switch from
downstairs and upstairs.

19. Things that are used regularly should be moved to the shelf that is easiest
to reach around the position of the waistline.

20. Is the bathroom floor wet? Wet floors can also be hazardous. Therefore
wiping the floors regularly or getting a non-slip bath mat for the bathroom floor is
advised.

21. Do you require assistance in the toilet? A railing can be installed in the
bath and the toilet.

22. Arranging the room neatly can also reduce the risk or stumbling and
falling or knocking down.

23. Don’t forget to keep a mobile phone with you in case of a fall or require
any help you can call for one.

24. Is the house messy? Please keep in place because too much stuff can
cause stumbling or falling.

25. Must be cautious before exercising if you have any health conditions such
as ischemic heart disease, paralysis, stroke, osteoarthritis etc especially in the neck
and back, must consult a doctor before exercising.

26. If you have started exercise’s and notice these symptoms you must
consult doctor dizziness, light headed and

27. For muscle, strengthening can be attained by exercising and using sand

weigh bags for resistance.
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28. If a fall occurs to try and stay calm try to assess the level of pain caused
by the fall if the injury is severe such as a broken bone, try to not stand unassisted,
ask for help. If the injury is not so severe and thinks that you can stand up without
help try and find a railing or a strong support to push yourself up.

atun g
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2. Exercise
2.1. Exercise videos

Two exercise videos including light and advanced level are installed in the
software. Both of them are chosen from Ministry of Public Health of Thailand (137,
138). The contents of exercise in the two videos is modified from Otago exercise
program which is already proved effective in reducing number of fall and number of
injuries resulting from fall (76, 140).

Light exercise level (137) is required some equipment for holding support
such as bar or stable table. While, advanced exercise level (138) performs activities
such as walking and turning around without support. [See more detail of exercise in

appendix P: Fall prevention handbook for respondents]

Figure 20 Light level exercise, by Ministry of Public Health of Thailand
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Figure 21 Advance exercise level, by Ministry of Public health of Thailand

2.2. Choosing appropriate exercise

Each respondents is evaluated balance by these following questions(1);

1) Can you perform Activity Daily Living (ADL) independently?

2) Can you sit to stand independently?

3) Can you perform heel to toe standing?

Elderly who say “no” to any question is assigned to light level exercise.
While, elderly who said “yes” to all questions is assigned to advanced level exercise.
Not only safety during exercise is considered, but self-efficacy is also promoted. The

elderly have confidence to perform exercises successfully.

2.3. Exercise reminder
Exercise reminder is developed to motivate exercise adherence of

respondents. It is automatically alarm at 8.00 a.m. daily.



Appendix P: Fall prevention handbook for respondent
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Appendix Q: Coaching check list

Respondent NoO.........ccccooviiiennes
Instruction: All respondents were scheduled coaching, approximately one hour, at
baseline, 2" and 3% and 6" month after intervention. The researcher need to
provide at least 4 coaching.

The coaching is not limited frequency. It depends on requirement of the
respondents for example problem regarding using robot. The coaching is performed
until reached the objectives.

Table 30 Coaching check-list

Time Objective Activity Achievement
period
Screening 1) To establish Eligibility elderly are invited to
relationship of participate in this study.
between elderly and Researcher introduce and give
researcher information of the program.
screening 2) To schedule date Ask available date and time to
and time of setting setting robot in the room of

robot in the room of respondent

respondents

Baseline 1) To assess baseline Assess and give feedback
knowledge on fall -knowledge on fall prevention
prevention and -number of exercise (Modified

balance performance | Otago Exercise)

of the respondents -TUG
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Time Objective Activity Achievement
period
2) To provide feedback | -BBS
to elderly, so they
know how at-risk they
are.
Baseline 3) To give fall Give fall prevention handbook
prevention handbook | to elderly
to elderly
Baseline 4) To promote safety recommend appropriate
during exercise exercise to respondents
independently depend on physical
unsupervised and performance (see detail of
promote self-efficacy | choosing exercise in appendix
P: Fall prevention handbook
for elderly)
Baseline 5) To recommend Recommend appropriate

appropriate walking

assistive devices

walking assistive device to each
elderly depend on balance
performance (see detail of
balance evaluation and walking
assistive devices in appendix P:
Fall prevention handbook for

respondents]
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Time Objective Activity Achievement
period
Baseline 6) To set robot in the | Setting robot and teach
room of respondents respondents how to use robot
7) To make sure Let respondents use robot and
elderly can used robot | give correcting feed back
independently
unsupervised
Month 2 To discuss videos given | Discuss videos given in the
in the robot robot
Month 3 1) To assess Assess and sive feedback

knowledge on fall
prevention and
balance performance
at 3 month,

2) To provide feedback
to elderly, so they
know how at-risk they
are, and how score is
change compare to
baseline,

3) To access fall event
during intervention

period

-knowledge on fall prevention

-number of exercise (Modified

Otago Exercise)
-TUG
-BBS

-incidents of fall
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Time Objective Activity Achievement
period
Month 6 1) To assess Assess and give feedback
knowledge on fall -knowledge on fall prevention
prevention and -number of exercise (Modified
balance performance | Otago Exercise)
at 6" month after -TUG
intervention, -BBS
2) To provide feedback | -incidents of fall
to elderly, so they
know how at-risk they
are, and how score is
change compare to
baseline, and 3™
month.
3) To access fall event
during intervention
period
Throughout | To assess problem Follow up elderly,
6-monht regarding using robot If problem regarding using
study robot, research need to teach
period and demonstrate using robot

again until respondents can

use robot independently
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Time

period

Objective

Activity

Achievement

If problem regarding the robot
is broken or malfunction, the
researcher have to replace with

new robot
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