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Balance impairment is a significant predictor of falls in the elderly.
The Mini-Balance Evaluation Systems Test (Mini-BESTest) are the potential fall predicting
tools but their abilities and accuracies in fall prediction have not been addressed. Therefore,
this study aims to determine whether or not the Mini-BESTest can be used to predict the
elderly subjects who are at risk of fall. Methods: Two hundreds healthy elderly with the
mean age of 70 years were classified into faller and non-faller groups based on the
12 month fall history. Balance abilities were assessed using the Mini-BESTest, Berg
balance scale (BBS) and Timed up and go (TUG). The analysis of receiver operating curve
was performed on the balance scores to calculate the area under the curve (AUC),
sensitivity, specificity, cutoff score, and posttest accuracy. Results: The Mini-BESTest
showed the highest AUC (0.84) compared to the BBS (0.69) and TUG (0.35), suggesting
that the Mini-BESTest had the highest accuracy in identifying the elderly fallers. At the
cutoff score of 16/28, the Mini-BESTest demonstrated 85% posttest accuracy with 85%
sensitivity and 75% specificity. In addition, the Mini-BESTest posttest accuracy was the
highest compared to the other tests; BBS (60%) and TUG (65%). Our results suggested
the “Stability in Gait" domain showed moderate ability to identify elderly fallers.
Conclusion: The Mini-BESTest is the most accurate scale in identifying risks of falls in the

elderly compared to the BBS and TUG.
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CHAPTER 1
INTRODUCTION

Background

Falls in the elderly occur more frequently than in the young (1). One third of
community-dwelling elderly persons fall each year (2). Thirty-three percents of older
persons aged 65 years and over reported experience one or more falls per year (3) and
first fall is often referred to as accident (4). Falls are one of the major health problems and
recognized as the fifth leading cause of injury and death in the elderly (5, 6). More than 90
percent of hip fractures occur as a result of falls, with most of these fractures found in
persons over 70 years of age (7-9). The fall related complication results in fear of fall, which

in turn, leads to an increased risk of fall and decrease in quality of life (9).

There are several factors that could lead to fall. Fall risk factors can be categorized
into 2 types; extrinsic and intrinsic factors (10). Most intrinsic factors are an age-related
degeneration of the multiple systems in elderly (11). Important change in the elderly
affecting the occurrence of falls is balance. Decline in balance in the elderly can be caused
by various deterioration of systems in the body such as sensory system, motor system,
sensori-motor integration and cognition (12). The most common extrinsic factors include
environmental hazards such as slippery floors and poor lighting (13). Risk of fall is usually a
combination of both intrinsic and extrinsic factors (10). Nevertheless, more than 50 percent
of falls in the elderly are from the slip or trip during walking (14). Older people with
problems in slipping or tripping usually showed lack of good balance or righting
mechanisms for preventing the fall (14, 15). Most slip and fall accidents are caused by

unexpected changes in the walking surface and lighting (16).

Since balance performance is the major risk factors for fall in the elderly,
assessment of balance and mobility in the clinical settings is necessary to identify the
balance problem in this population. Clinical balance scales are useful to assess balance
impairments of the elderly persons in the clinical settings. Some of those clinical balance
assessments, including 1) Berg Balance Scale, 2) Timed Up and Go test, 3) Trail Walking
Test, 4) Fullerton Advance Balance Test and 5) Performance Oriented Mobility

Assessment, can also be used as screening tools for identifying the elderly who have



higher fall risks in order to employ a suitable fall prevention strategy (17). Although these
scales may be able to identify the elderly fallers, those previous clinical balance scales may
not be sensitive enough to predict falls due to their limitations in clinical usage. For
example, the Berg Balance Scale showed ceiling effects in the elderly populations of
individuals who have experienced or high functioning (18). The Timed up and go test does
not assess the fall mechanism (19-21). The Trail Walking Test focused on walking with
cognitive processing only (22). The Fullerton Advance Balance Test not had been widely
used due to its low sensitivity (2). The Performance Oriented Mobility Assessment showed

significantly larger ceiling effects in elderly (23).

In addition, the previous clinical scales may not truly represent the fall risk factors
because those scales do not assess the balance ability during external perturbations or
sensory conflicts. A shorter version of the BESTest; the Mini-BESTest designed for specific
balance assessment is helpful in directing treatment and to ensure that a meaningful deficit
is not overlooked, especially dynamic balance problem (12, 24). The Mini-BESTest includes
only 14 dynamic balance of the original 36 BESTest items, belonging to four of the six
sections from the original. Four sections of the Mini-BESTest consist of section llI
Anticipatory Postural Adjustments (sit to stand, rise to toes, stand on one leg); section 1V
Postural Responses (stepping in four different directions); section V Sensory Orientation
(stance - eyes open; foam surface - eyes closed; incline - eyes closed), and section VI
Balance during Gait (gait during change speed, head turns, pivot turns, obstacles; timed
‘Get Up and Go' with dual task) (12). The psychometric properties of the Mini-BESTest in
Parkinson’s disease (PD) reported high test-retest reliability (ICC = .92) and inter-rater
reliability (ICC = .91). The Mini-BESTest's overall accuracy for identifying a PD faller was
comparable to the BESTest, with an area under the curve of 0.86 (95% CI: 0.76-0.95) for
the Mini-BESTest and 0.84 (95% Cl: 0.75-0.93) for the BESTest. The Mini-BESTest was
shown to be sensitive (88%) and specific (78%) in identifying PD patients with a history of
falls. The cut-off point for the Mini-BESTest for identifying PD patients who fall was a score
of 20 out of 32 (18). With the items to assess balance ability during external perturbation
and sensory integration, the Mini-BESTest may be able to accurately screen the elderly
people who have balance problems and predict the older people who are at high risk of fall.

However, the Mini-BESTest has not been validated in the elderly fallers and non-fallers.

Therefore, this study aims to determine whether or not the Mini-BESTest can be

used to predict the elderly subjects who are at risk of fall.



Research question

1. Was there any difference between the Mini-BESTest score of the elderly fallers
and non-fallers?

2. Can the Mini-BESTest predict the elderly subjects who are at risk of fall?

Objective

Objectives of this study were

1. to compare the Mini-BESTest score in the elderly fallers and non-fallers

2. to determine whether or not the Mini-BESTest can predict the elderly subjects who
are at risk of fall by examining sensitivity, specificity and percentage of accuracy in

determining fallers.

Hypotheses of the study

The Mini-BESTest was able to accurately predict the elderly subjects who are at

risk of fall and to differentiate score of the elderly fallers from the non-fallers.

Research Design

This was a retrospective cohort study in the elderly.

Advantages of the study

This study presented a potential clinical balance scale that can identify the balance
related impairment that could lead to fall in the elderly subjects. The proposed clinical
balance scale was covering a larger range of fall mechanism in the elderly subjects, as
compared to the currently used clinical balance measures. In addition, the proposed scale
predicted the elderly subjects with the high risk of fall. Early detection of fall risk led to the

fall prevention program that reduce the fall related injuries and complications.
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CHAPTER 2
LITERATURE REVIEWS

Fall in the elderly

Falls are major heal-th problems among the elderly in both developed and
developing countries (11). Falls is often defined as “unintentionally coming to rest on the
ground, floor or other lower level, excluding intentional change in position to rest in
furniture, wall or other objects with or without loss of consciousness” (12-13). Falls are
associated with increased morbidity, mortality, and nursing home placement (14).
Approximately 30 percent, or one-third of the elderly population aged 65 years are likely to
fall every year (5). The number of falls in the elderly increases to 50 percent at the age of
80 years and tends to increase further with increasing age (15). In Thailand, 35.6 percent
of elderly fell within 6 months and 18.7 percent of those elderly fell at least once (15). The
influence of gender on fall has been reported in the retrospective study such that women
(24.1%) fell more often than men (12.1%) (20). Previous studies have also shown that the
rate of fall increased to 50% in the elderly who lived in a nursing home due to their poorer

health status (22-23).

The impact of fall could lead to illness, physical disability, loss of ability to perform
daily living as well as the burden on caregivers and society as a whole (10, 17). Falls were
reported as the most common cause of injuries and hospital admissions for trauma (25).
More than 90 percent of hip fractures occur as a result of falls, with most of these fractures
found in persons over 70 years of age (1, 3-4). It was found that approximately 87 percent
of these falls lead to movement limitation as a result of psychological impairments such as
fear of falling, depression and loss of confidence in walking (4, 26). Some falls can result in
mortality in which its rate increases dramatically with age in both genders (1). The vast
impact of fall emphasizes the fact that fall is a serious threat to the health and quality of life

in the elderly.



Causes of fall

The majority of falls in the elderly occurs during common daily activities, such as
walking or changing position or from tripping, slipping or tangling of the feet (27). Falls are
rarely resulted from a single cause, and are often due to complex interactions between
sensory loss and other physiological changes with age, environmental factors, medication
side effects,' and underlying- iliness (28). Risk factors for falls can be broadly classified into
two categories: intrinsic factors and extrinsic factors (29). Fall is a multi factorial problem
due to both extrinsic and intrinsic risk factors but usually a combination of both factors is

responsible for fall (28).

Intrinsic factors

Most intrinsic factors contributing to falls are an age-related degeneration of the
multi systems in elderly as well as other co-morbidity and other factors such as nutrition
(30). Gait and balance problems are a major cause of falls in the elderly. Persons with gait
and balance deficits will be three times more likely to fall than those without gait and
balance problems (16). Gait disturbances can be defined as the slower gait or abnormalities
of walking pattern or difficulties of gait initiation (31). Multiple factors contribute to gait and
balance problems in elderly. Several studies have demonstrated detrimental changes in
sensori-motor functions in adults over 65 years as the major cause of gait and balance
disturbances leading to fall. Decline in sensori-motor .functions leads to slow movement
velocity and slow reaction time (16, 32-33). In addition, sensations of older adults are
impaired so they may not be able to detect changes in environment (34-35). Sarcopenia,
the loss of muscle mass, can also lead to reduced muscle strength is commonly found in
the elderly (36-37). It has been reported that muscle weakness is highly correlated with
postural instability and falling (38, 16). Previous studies also demonstrated a 10 to 20
percent reduction in gait velocity and stride length in the elderly who had lower limb muscle
weaknesses (39-40). Petrella et al. (2005) reported that the age-related loss muscle
strength is principally determined by slow contraction velocity resulted from loss of type |l
muscle fibers (41). Weakness may be originated from decline in peripheral nervous system
or from the central nervous system disorders, such as increased muscle tone, ataxia,
weakness and abnormal motor programs (42). Reduced muscle power is reported to be

associated with mobility limitations and decline in functional performance (43-44).



The high incidence of fall-related injuries in elderly persons is due to a high
prevalence of clinical diseases such as osteoporosis (16). Osteoporosis is a condition
where bones become more porous and more prone to fractures, hormonal changes,
calcium and vitamin D deficiency, and decrease in physical activity (1). Lack of calcium and
vitamin D deficiency has also been found to be highly correlated to fall in the elderly (16).
Another issue that has caused the fall as foot problems such as bunions, ulcers, toe

deformities, and pain in walking increase balance difficulties and risk of falls (28, 45).

Visual impairments in elderly contribute to risk of falls (46-47). Age-related vision
diseases such as glaucoma, cataracts or macular degeneration can increase the risk of
falling. Multifocal glasses impair depth perception and edge-contrast sensitivity at critical
distances for detecting obstacles in the environment or negotiating stairs (48). These
limitations hinder their ability to navigate safely in their environment. Young people use
visual cues to perceive an imminent fall and take corrective action but older adults with

visual impairments would be too slow to detect and react to these threats of fall (1).

Community ambulation is a highly complex skill which requires the ability to adapt to
increased environmental complexity and perform multiple tasks simultaneously. This ability
has been associated with the cognitive processing and attention demand which have been
found to be crucial for controlling posture and balance (49). Problems with cognition and
attention will hinder the elderly subjects to perform both tasks simultaneously as well as to
learn new skills. Previous studies have reported strong association between the impaired
cognition and risk of fall (2, 19). Five or more errors on a short mental status questionnaire
(28), score <26 (50) or score <24 (51) on the Mini-Mental State Examination is associated
with increased risk of fall (52).

Congenital conditions such as heart disease, hypertension and hypotension also
appear to contribute to increased risk of falling in the elderly (9, 53). Elderly persons can
fall during changing position due to hypotension in person with low blood pressure. On the
other hand, high blood pressure can be the most important risk factors for the occurrence

of postural hypotension due to decreased baroreceptor sensitivity (54).

Other factors are nutrients which can lead to fall. Nutritional deficiencies in elderly
as indicated by low body mass index suggesting malnutrition and vitamin D deficiency is
particularly common in elderly and may lead to abnormal gait, muscle weakness, and

osteoporosis (50, 55-56).



Extrinsic factors

Extrinsic factors include medication effects and environment or home hazards.
Medications may contribute to gait and balance disorders for a variety of reasons, such as
causing dyspnea, imbalance, decline strength or fatigue, limited range of motion, poor
posture, decreased sensory perception and decreased awareness and ability to adapt to
hazardous surroundings (36). Use of four or more medications such as psychotropic
medications, cardiac drugs has been strongly associated with increased risk of falls (16, 57-
58). The previous study showed that elderly who received 3-4 types of medications are at
the higher risk of adverse drug affects as well as risk of fall (OR = 1.61 - 3.16) as

compared to those who did not receive many medications (57).

Environmental hazards are the leading cause of falls, accounting for about 25 to 45
percent in most studies. Most falls occur during the day and only 20% of falls occur at night
and the most common causes of falls include environmental hazards (16). Most slip and fall
accidents are caused by unexpected changes in the walking surface and lighting (59). At
least one-third of all falls in the elderly involve environmental hazards in or around the
home (28). Fifty-six percent of falls occur outside the house such as in the yard, on the
street, or in a public place. A fall that occurs inside the house happens most frequently in
the bedrooms, kitchens and dining rooms. Relatively few falls occur in the bathroom, on the
stairs, or from ladders and step stools (60). Other factors leading to fall include poor
lighting, loose rugs, lack of grab bars or poorly located/mounted grab bars, and unsteady
furniture (1, 34-35). Other factors such as footwear and clothing increase balance difficulties
and risk of falls (28, 45).

Previous research has found that the fall mechanism and injury severity were
related to the impact of falls. Older people often have problems during slipping or tripping
due to lacking good balance or righting mechanisms for preventing the fall (29). Falls
precipitated by slipping are the leading causes of injuries (61). In most cases, falls are
labeled as mechanical indicating that the person tripped, stumbled or slipped, and were
unable to correct their balance and keep upright on two feet (61). Iﬁ some cases, there is
an underlying problem which causes the person to lose control of their muscles, feel faint or
lose consciousness and so fall. Mechanical falls should not be considered to be
insignificant or just a simple accident which could happen to anyone. The biomechanical
analysis of such events is a necessary component of the slips or fall prevention research

(61).



In brief, approximately one half of falls in the elderly can be attributed to accidents
and extrinsic causes such as slippery floors, and the remainder are due to intrinsic causes
such as lower extremity weakness, gait disorders, effects of medications or acute illness

(25).

Balance assessment and fall prediction

Balance is the ability to maintain the center of body mass (CoM) in the base of
support together with the ability to maintain the body in normal alignment (30, 62-63).
These abilities depend on the individual motor and sensory systems as well as the
integration of sensori-motor functions (64). Balance is an important factor in stabilizing the
body position while performing the activities of everyday life (62). Loss of balance and
posture are the main reasons leading to the fall which is a major problem that causes the

serious physical and mental injuries in the elderly.

Assessment of balance and mobility in the clinical settings can help to determine
both intrinsic and extrinsic risks of falling (6, 15). Balance assessment focused on the fall
risk screening and physical performance could help to identify the people who have higher
fall risks in order to employ a suitable fall prevention strategy (5). The purposes of balance
assessment are to identify balance problem and determine cause of problem or help to
predict risk of fall. It has been suggested that the appropriate balance assessment tools
used in clinical setting should include measures that reflect the functional capabilities and
quality of postural strategies as well as those measures need to be sensitive, reliable, valid,

easy to use and inexpensive (65).

A vast number of functional balance assessments that can be used to identify the
people with high risk of fall are available but it is often difficult for therapists or researchers
to decide which one to use (27). Many different balance tests and measurements have
been developed and present to obtain appropriate information of balance capabilities during
standing. The selection of a suitable method generally depends on the goals, populations
and results (8). Moreover, only a few measure scales addressed the ability to maintain the
Center of Mass (CoM) during different body postures and under the influence of many
systems in the body. For example, many different balance tests have been developed to
obtain the information about balance capabilities during standing or during walking only

(66). Balance is a complex ability that involves the function of multi-systems in the body,
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therefore, the assessment of only one dimension of balance may not be sufficient to

accurately predict the people with high risk of fall.

The previous study defined a faller as a subject who fell at least once (7). A
recurrent falls was defined as a subject who fell at least twice and should be evaluated for
treatable causes (1). Even with a single fall, there was always a sign of a major problem
and an increased risk for subsequent falls. Therefore, a faller in this study was defined as
an individual with 1 or more falls in the prior 12 months and a non-faller was defined as a
person who never fall.

Assessment tools used in screening and diagnosis enable clinicians to diagnose
and predict a particular characteristic, symptom or disease. However, these tools have
limitations in their interpretation and application. The important characteristic of the
screening tool is the ability to accurately stratify individuals into different categories of
clinical importance (67). The ability of the tool to predict or screen depends on the
Receiver Operating Characteristic (ROC) curve, sensitivity, specificity, likelihood ratio and

cut off score.

Sensitivity

Sensitivity is the ability of the test to correctly identify affected individuals (disease
cases) (68). Sensitivity measures the proportion of actual positives which are correctly
identified and relates to the test's ability to identify positive results. If a test has high

sensitivity then a negative result would suggest the absence of disease (69).

Specificity

The specificity is the ability of the test to correctly identify non-affected individuals
(non-cases) (68). Spéciﬁcity measures the proportion of negatives which are correctly
identified and relates to the ability of the test to identify negative results. If a test has high
specificity, a positive result from the test means a high probability of the presence of

disease (69).
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Table 1 Sensitivity and specificity calculation (68)

Test Disease present Disease absent Total
Positive a c atc
Negative b d b+d
Total atb c+d at+b+ctd

Sensitivity : a / (a+b)
Specificity : d / (ctd)

Sensitivity and specificity are statistical measures of the performance of a binary
classification test, also known in statistics as classification function. These two measures
are closely related to the concepts of type | and type Il errors. A perfect predictor would be
described as 100% sensitivity that predict all people from the sick group as sick and 100%

specificity that not predict anyone from the healthy group as sick (70).

Likelihood ratio (LR)

Likelihood ratios are (LRs) a ratio of the probability that a test result is correct to the
probability that the test result is incorrect (71). LRs are used to assess the potential utility of
a particular diagnostic test, and how likely it is that a patient has a disease or condition.
LRs are the likelihood that a certain outcome will occur given a particular performance on a
screening measure. LRs in conjunct with specificity and sensitivity data, allow useful
guidance to researchers who need to decide whether full evaluation is warranted given a
particular screening outcome. As with sensitivity and specificity, LRs change depending on

the screening cut score selected (72).

A positive LR (LR+) is the probability of a positive outcome given a positive
screening (i.e., performance on the screener at or above the cut score). The formula for
calculating the positive likelihood ratio is: LR+ = sensitivity / 1- specificity (72). A negative
LR (LR-) is the probability of a negative outcome given a negative screening. The formula

for calculating the negative likelihood ratio is: LR- = 1- sensitivity / specificity (72).
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Receiver Operating Characteristic (ROC) curve

True Posilive rate (Sensiivity)

0 20 40 60 80 100
False Positive rate (100-Specificity)

Figure 1 Receiver Operating Characteristic (ROC) curve (69)

Receiver Operating Characteristic (ROC) curve is an effective method for evaluating
the quality or performance of diagnostic tests. It shows the tradeoff between sensitivity and
specificity (73). ROC curve is used to determine a cutoff value for a clinical assessment.
Using a gold standard technique, one group is known to be normal without disease
(negative), and the other is known to have disease (positive). The ROC curve is a graph of
sensitivity in y-axis versus 1-specificity in x-axis that offers a summary of sensitivity and
specificity across a range of cut points for a continuous predictor (74). A good first choice
for a test cutoff value is that value which corresponds to a point on the ROC curve nearest
to the upper left corner of the ROC graph (75). A rough guide for classifying the accuracy
of a diagnostic test is the traditional academic point system: 0.90-1 = excellent; 0.80-0.90 =

good; 0.70-0.80 = fair; 0.60-0.70 = poor; 0.50-0.60 = fail (73).

Cutoff score

The goal of an ROC curve analysis is to determine the cutoff value. Cutoff values
are created between each test data value in the data set. If there are a large number of

data points and several tests then there will be a large number of cutoff values (75).
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Balance assessments

The clinical scales that are currently used to screen the elderly fallers and predict
the high risks of fall in the elderly are the Berg Balance Scale (BBS), the Timed Up and Go
test (TUG), Trail Walking Test (TWT), Fullerton Advance Balance Test (FAB) and
Performance Oriented Mobility Assessment (POMA).

Berg Balance Scale (BBS)

The Berg Balance Scale (BBS) provides a quantitative assessment of balance in
older adults in clinical practice and research (7, 66). BBS measures a number of different
aspects of balance, both static and dynamic (76-78). This scale was intended for using to
monitor clinical status of patients or to .determine the effectiveness of treatment
interventions over time (79). BBS was originally designed to use in the frail elderly and is
developed to measure balance among older people with impairment in balance function by
assessing the performance of functional tasks. It is a valid instrument used for evaluating
the effectiveness of interventions. BBS is considered as a reference standard for assessing
balance, as it is one of the most commonly used balance assessments in the clinic and in

research (7).

The BBS consists of 14 items that focus on a variety of self-initiated task-related
functions and requires the subjects to maintain positions or complete movement tasks of
varying levels of difficulty. However, most of the items assess balance ability during
standing with little concern in the balance during gait. Administration of the BBS requires
simple equipments such as a ruler, a stopwatch, chair, step or stool, sufficient space to turn
360°. It requires 10 — 15 minutes to complete the tasks and the scores are given through
direct observation of task completion (79-80). Items receive a score of 0-4 based on the
ability to meet the specific time and distance requirements of the test. A score of zero
represents inability to complete the item and a score of 4 represents the ability to complete
the task independently. A total score of the BBS is 56 points. It is generally accepted that
scores of less than 45 are an indicator of balance impairment (78, 81). The advantages of
The BBS are that it measures a number of different aspects of balance, both static and
dynamic with relatively little equipment or space required (76-78). In addition, no specialized

training is required to be able to administer the BBS (77).
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Berg and colleagues (1989) reported internal consistency of 0.96 when testing in
the elderly with item to total correlation ranged from 0.38-0.64 (66). Good to excellent inter-
rater reliability was also reported for the BBS in the elderly (ICC = 0.88-0.98) (66, 79, 82).
The results are similar for intra-rater reliability (ICC = 0.99) (66) and test-retest reliability
(ICC's = 0.88-0.98) when administering in general elderly (15, 79, 83). Moderate to high
levels of construct validity have been reported with several clinical tests such as Barthel

Index (BI) scores (r=0.80), Fugl-Meyer scale scores (0.62 — 0.94) in the elderly (81). BBS

reported moderate correlation with the TUG (0.53) in a community-dwelling elderly resident
population (84).

For fall prediction in the elderly, previous studies showed the result of sensitivity
91% in positive prediction of falls, specificity 82-96% for predicting non-fallers and prediction
rate of 91% (15, 64). However, the BBS has limitation such that it shows a ceiling effect in
elderly individuals who have experienced or high functioning level (7). A recent Rasch
analysis of the Berg Balance Scale revealed that some item ratings such as tandem stance
was not used at all or were underutilized, and others such as alternating foot, standing on
one leg and look behind were unable to distinguish between individuals with different levels

of ability (85).

Timed up and go test (TUG)

The Timed Up and Go Test (TUG) is a general physical performance test used to
assess mobility, balance and locomotors performance in the elderly with balance
disturbances (86). More specifically, it assesses the ability to perform sequential motor
tasks relative to walking and turning. However, TUG does not include the test items that
evaluate impairments in the multiple sensory systems that contribute to balance and high
fall risk among independently function elderly (86-87). The TUG is easy to use for
assessing a population of frail elderly patients or can be used with the community dwelling
persons. This scale is quick and easy to perform without special equipment, just the stop

watch is required, or training (88).

The TUG measures in seconds, the time a person takes to stand up from a
standard armchair, walk 3 meters (about 10 feet), turn, walk back to the chair, and sit down

again. The test is performed by the person who wears regular footwear, uses customary

assistive devices, if any, and walks at a comfortable and safe pace. A practice trial is given,
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followed by 2 timed trials. The results of the timed trials are averaged. The time is then
compared to normative values for age, gender, and research-based guidelines that
measure risk of falls and functional decline. Observations of the transition phases (rising
from the chair, initiating walking, turning, and sitting in the chair) are also documented (89).
Older adults who take longer than 14 seconds to complete the TUG have a high risk for

falls with an overall correct prediction rate of 90% (7, 87, 90).

Previous studies have shown excellent inter-rater reliability (ICC = .98-.99) (82, 86, 88, 91)
and intra-rater reliability of the TUG (ICC = .97-.99). (82, 88-89, 91-92) For fall prediction,
Shumway-Cook et al., (2000) (86) showed sensitivity of 86-87%, specificity of 86-87% and
fall prediction rate of 87% in the elderly fallers. Currently, the Timed Up and Go Test was
popular due to the ease and flexibility in the assessment. Moreover, it does not suffer from
the ceiling effect (86, 88, 93). Therefore, the TUG may be more appropriate than the BBS to
identify fallers who have high functional level without reaching the ceiling effect. However,
since the test assess only balance during changing from sitting to standing; walking and
turning, its focus does not cover the balance activities related to the risk of fall in the elderly

such as slip recovery, limited visual information and gait with shift in attention.

Trail Walking Test (TWT)

The trail-walking test (TWT) was designed as an improved version of the
ambulatory version of the Trail Marking Test (TMT), as the TMT has a low level of difficulty
for community-dwelling older adults (94). TWT is a measurement that is related to dynamic
balancing ability and attention. It consists of walking from numbered flags in the ascending
or descending order. When performing these walking tasks, the person needs to distribute
the attention to a number stimulus. Therefore, the cognitive (visual search function, short-
term memory) and motor functions (locomotion and turning) are simultaneously required to

successfully execute the TWT (27).

The test-retest reliability of TWT was high (ICC = 0.95-0.99) (27). The TWT
showed sensitivity of 66%, specificity of 84% and prediction rate of 71% for detecting
elderly fallers (27). Since the TWT requires the integration of cognitive, sensory and motor
functions, inability to perform the TWT do not simply reflect the balance impairment. For

example, a person may not be able to complete the task due to impaired cognitive function,
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or poor visual or hearing functions. As a result, the analysis of the result from the TWT is
not simple as it could represent the function of individual system as well as the integration

of multiple systems.

Fullerton Advance Balance Test (FAB)

The FAB Scale is a relatively new multi-item balance-assessment test designed
specifically to measure balance in higher-functioning active older adults. FAB includes items
intended to better identify older adults who may experience increased fall risk as a result of
sensory system impairments (5). The FAB is a newly developed functional balance test
which has a shorter administration time than the BBS and includes more challenging tasks
that assess dynamic balance and challenge sensory components (5). The test is
composed of 10 items and its content validity is based on theoretical analysis of
components of static balance and dynamic balance control, sensory reception and
integration, and anticipatory and reactive postural control (95). A four point ordinal scale is

used to score for each task and requires less time than BBS to administer (96).

High test-retest reliability (0.96) as well as excellent intra-reliability (0.92-1.00) and
inter-reliability (0.91-0.95) of the FAB have been reported. Concurrent validity of the FAB
was good correlation with BBS (0.75) (96). In predicting fall, the FAB scale reported the
sensitivity of 74.6% and specificity of 52.6% in predicting faller status determined by
retrospective survey with a cut-off score 25 of 40. From the sensitivity and specificity, the

FAB showed relatively less sensitive in predicting elderly fallers, as compared to the BBS
and TUG (5).

Performance Oriented Mobility Assessment (POMA)

The Performance Oriented Mobility Assessment (POMA) developed by Tinetti is
widely used instrument that assess balance and gait in the elderly. It is easily applied in
clinical settings but requires special training (97). The POMA assessment can be completed
in less than 15 minutes (98). The POMA is scored on a three point ordinal scale which
ranges from 0 to 2. The two part scale includes a total balance score of 16 and total gait

score of 12, for a total possible score of 28. Scores of 25-28 indicate low fall risk, 19-24
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medium fall risk, and < 19 high fall risk (97). A previous study reported concurrent validity of
0.64 - 0.70, sensitivity 61.5% and specificity 69.5% that tested in a group of 60 community
dwelling older persons (97). The usefulness of the POMA scales for predicting falls is
limited. Moderate to high interrater reliability (0.75 to 0.90) and high test-retest reliability
(0.88-0.97) were reported for different populations studied (99-100). For using with the
elderly, the POMA has not yet been established as a reliable test or validated for using

against a gold standard functional balance measure such as the BBS (101).

New Clinical Balance Scales

Balance Evaluation Systems Test (BESTest) and Mini-Balance Evaluation

Systems Test (Mini-BESTest)

The previously mentioned clinical balance assessments can be used to evaluate
balance performance and also are possible to predict the risk of fall in the elderly. However,
those balance scales focus on the examination of balance performance during daily
activities that are not directly related to the fall exposure or risks of fall such as slipping,
obstacles or decreased visual inputs. Recently, a new balance assessment called the
Balance Evaluation Systems Test (BESTest) is developed to identify the underlying postural

control systems that may be responsible for poor functional balance. (8)

A theoretical construct of the BESTest is based on Bernstein's concept that postural
control results from a set of interacting system (102-104). (Figure 1) The BESTest is
uniquely designed as a comprehensive clinical tool for evaluating six different balance
control systems: biomechanical, stability limits/verticality, anticipatory, reactive, sensory
orientation, and stability in gait. (Figure 2) Such system-specific assessment is helpful in
directing treatment and to ensure that a meaningful deficit is not ignored. The BESTest
consists of 27 items but some of them are subdivided into 2-4 sub-items (e.g. for right and
left sides) for a total of 36 tasks. Each item of the BESTest is scored on a 4 category
ordinal scale from worst performance (0) to best performance (3) (9). The tasks of the
BESTest have been borrowed from the following previously validated balance assessment
such as BBS, TUG, Dynamic Gait Index (DGI), single limb stand test, Functional Reach
Test (FRT) and modified Clinical Test of Sensory Integration and Balance test (mCTSIB)

9).
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The BESTest has been validated in person with PD and fibromyalgia who have
balance deficits (106). This scale showed good inter-rater reliability (ICC=.91) and moderate
validity with individual’s self perceived balance (r=.636) in normal subject and neurological
patient (8). In Parkinson's disease, the BESTest reported excellent test-retest reliability (ICC
= .88) and inter-rater reliability (ICC = .96). The BESTest showed excellent convergent
validity with BBS (r=.87). Cutoff scores to identify fall in Parkinson's were 69% (106).
Recent studies demonstrated that the BESTest can differentiate patients with PD who fell
from those who did not fall (7). The only drawback of the BESTest is that it requires 35

minutes to complete the balance evaluation which is longer than other balance scales (7).
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Figure 2 theoretical construct of BESTest based on conceptual model of postural control (8)
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Figure 3 Six performance domains of the BESTest (8)

A shorter version of the BESTest, the Mini-BESTest, is developed using the
psychometric techniques to reduce item redundancy and simplify scoring. This tool is
uniquely designed as a comprehensive clinical tool for evaluating dynamic balance (9).
Franchignoni and colleagues (2010) examined performance of the BESTest in adult patients
with diverse neurological diagnoses and disease severities, referred to rehabilitation for
balance disorders (9). Factor (both explorative and confirmatory) and Rasch analysis were
used to process the data in order to produce a new, reduced and coherent balance
measurement tool (9). Assessment extracted 24 out of the 36 original BESTest items
assumed to define “dynamic balance”. As a result, the Mini-BESTest test reduces the
number of tasks in the BESTest down to 14 tasks and reduced rating categories from 0-3
level to 0-2 level of rating categories. Therefore, the Mini-BESTest consists of 14 tasks that
focus on dynamic balance with the assessment time less than the original BESTest. It
contains items belonging to 4 of the 6 sections from the original BESTest (Table 1). This
process excludes section of Biomechanical Constraints and Stability Limits/Verticality. The
final version of the Mini-BESTest consists of Transitions anticipatory postural adjustment,

Reactive postural response, Sensory orientation and Stability on gait. This shorter version

has excellent interrater (ICC = 0.91), and test-retest (ICC = 0.88) reliability and similar in



20

length to the BBS (105). This shorter version of the BESTest takes 10-15 minutes to

conduct, so it is more possible to use in a busy clinical settings than the BESTest.

Table 2 Summary of the Mini-BESTest items (9)

lll. Transitions-anticipatory IV. Reactive postural V. Sensory orientation VI. Stability on gait

postural adjustment response

Sitting to standing Compensatory stepping Eyes open, Firm surface Change gait speed
correction - Forward (feet together)

Rise to toes Compensatory stepping Eyes close, Foam surface Walk with head turns-
correction - Backward (feet together) Horizontal

Standing on one leg Compensatory stepping Incline — eyes close Walk with pivot turn

correction - Lateral

Strep over obstacles

Timed up and go with dual

task

The Mini-BESTest is highly correlated with the BBS (r = 0.79) in Parkinson’'s
disease (PD) populations (106). King and colleagues (2012) suggested that the Mini-
BESTest did not have the ceiling effect like the BBS. In addition, the Mini-BESTest test had
better sensitivity and specificity than the BBS to identify people with PD who fell. The
previous studied in individual with PD showed sensitivity 62-89% and specificity 74-81%
(105-106, 118). A cut-off point for the Mini-BESTest for identifying patients with PD who fell

was a score of 20 out of 32 (assessment performance of both the right and left side for
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additional 2 items). Tsang and colleagues (2013) showed a cut off 17.5 out of 28, sensitivity
64% and specificity 64.2% for individual with stroke (115).

With the assessment of external perturbation and sensory integration, the Mini-
BESTest may be able to accurately screen the elderly people who have balance problems
and predict the people who are at high risk of fall (7). However, the Mini-BESTest has not
been validated in the elderly fallers and non-fallers. Therefore, this study aims to determine
whether or not the Mini-BESTest can be used to predict the elderly subjects who are at risk
of fall.

A 429¥3%



CHAPTER 3
METHODOLOGY

Participants

Both healthy male and female elderly subjects were recruited from the suburban
communities in Thailand. Detailed characteristics of participants were included in Appendix

J and K. Participants were included in the study if they met the following criteria:

(1) age 60 years or more;

(2) can walk without using walking aids;

(3) independence and autonomy to carry out basic daily activities;

(4) no history of neurological diseases such as Parkinson's disease, stroke;

(5) no severe knee pain that perturb walking in the day of assessment;

(6) no severe musculoskeletal problems such as scoliosis, kyphosis or problems

that impact on daily activities or independent walking;

Participants meeting these criteria were excluded if they were

(1) on medications that affect balance (see appendix B);

(2) having disorders signs or symptoms of vestibular disorders such as vertigo,
nystagmus in the day of assessment;

(3) having blindness or severely impaired sight that impacts on the ability to walk
independently;

(4) unable to follow instructions;

(5) having cognitive impairments determined by the score of Mini-Mental State
Examination Thai version 2002 (MMSE-Thai) lower than 24/30 (107-109);

(6) having cardiovascular diseases such as heart disease, hypertension or
congenital diseases such as diabetes mellitus, unless be maintained and controlled by

doctors.
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Sample size

Sample size was calculated from the sensitivity (P,) to detect fall (53 percent), the
- specificity (P,) to detect non fall from the Berg Balance Scale and the prevalence rate of fall

(30 percent) (prevalence rate) from Thorbahn; et al. (15).

Sample size for this study was calculated by following equation;

2
_ Zy_a/22P(1-P)-Zp\/P,(1-P,)+P,(1-P,)

n
0 (P2—P;)?

ny X 100
n=
prevalence rate

From the calculation, the sample size for this study was 80 people per
group. To compensate for the drop-out, additional 20 participants were added to
each group, resulting in 100 each in faller and non-faller groups. The sample size

for this study was the total of 200 participants.

Equipments

Equipments in this study composed of an approximately 60 cm x 60 cm (2 X 2 ft)
block of 4-inch, medium-density, Tempur® foam, 10 degree incline ramp (at least 2 x 2 ft),
2 stacked shoe boxes for obstacle, standard chair with arms, a tape measure, the height

and weight measurement tools and a stopwatch.

Reliability

Intra-rater reliability was determined by both raters. Prior to the study, both raters
participaied into training workshops for using the scales. Rater no.1 received training for
using TUG and rater no.2 received the training on administration of the Mini-BESTest and
BBS until their scorings were accurate. After the training, intra-rater reliability of rater no. 1
for scoring on the TUG and rater no. 2 for scoring on the Mini-BESTest and BBS were
calculated in 12 elderly subjects by using an interclass correlation coefficient (ICC). ICC

value of 0.80 and above indicates excellent correlation (good reliability), 0.80 to 0.60
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indicates adequate correlation (moderate reliability) and 0.60 to 0.40 indicates poor

correlation (weak reliability) (109).

Results of the reliability test demonstrated excellent intra-rater reliability in using the
TUG (ICC=0.92), the BBS (ICC=0.92) and the Mini-BESTest (ICC=0.90).

Procedures

The elderly in this study, 200 participants from the sample size calculation were
recruited based on the inclusion and exclusion criteria. Subject characteristics and other
related information were gathered using the questionnaire (appendix A) by rater no.1. The
elderly participants were categorized at entry into two groups based on their fall history
within the last 12 months from the District Health Station database by rater no.1. Those
who had 1 fall or more were classified as faller and those who never fall were identified as
a non-faller. If the elderly participants ever fall before 12 months were identified as a non-

faller.

The light touch, pinprick and proprioception were assessed at both ankles using the
Nottingham sensory testing. Vestibular disorder was using the Dix-Hallpike test. The lower
extremities were using the manual muscle testing. Elderly subjects were asked to rate their
confidence that they were lose their balance or become unsteady in the course of daily
activities by using The Activities-specific Balance Confidence (ABC) Scale (appendix D) by
rater no.1. Since the ABC scale was written in English, the researcher was read each item
in Thai using the same translation to all participants. The cognitive function and
comprehension were assessed by using the Mini-Mental State Examination Thai version
2002 (MMSE-Thai) (appendix C) by rater no.l. MMSE assesses 5 components;
orientation, memory, language, calculation and attention. A person with the MMSE score
below 24 (out of 30) which is the indicator of cognitive impairment was excluded from the

study.

Rater no. 2 evaluated balance abilities using the Mini-BESTest and BBS tha!
commanded each item in Thai using the same translation to all participants, whereas ratei
no.1 administered the TUG. Each rater carried out the evaluation in a separate room anc
rater no. 2 was also blinded to the subject characteristics and grouping. Wher

administering the tests, the sequence of the balance tests (i.e., Mini-BESTest and BBS'
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was randomly selected for each participant such that at the end of the study there was
equal number of participants who started first with one of the three tests. (see appendix |
for sequence of Randomization) The BBS and the Mini-BEST were scored once with the
exception of the TUG that was carried out 3 times at comfortable pace and the average of
the three trials was recorded. The evaluation was performed in the same laboratory setting
and all participants received the same verbal instruction. Vital sign and blood pressure were
measured prior to and after the testing. During testing, participants were allowed to rest as
long as they needed if they were too tired to perform the next task. The total duration of

testing was approximately 35 minutes for each participant.
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Statistical Analysis

Statistical analysis was performed using the SPSS version 11.5. Descriptive
statistical analysis of demographic and baseline clinical characteristics of participants were
conducted. Mann Whitney U test was used to compare the balance scores between fallers

and non-fallers and a p value of less than 0.05 was considered as significantly different.

The receiver operating characteristic (ROC) curves were used to determine the
relative performance of the Mini-BESTest score, the BBS score and the TUG score for
classifying participants into fallers and non fallers. The accuracy of each balance test tc
discriminate fallers and non-fallers was assessed using the area under the curve (AUC).
AUC value of 0.9 and above indicates high accuracy, 0.7 to 0.9 indicates moderate
accuracy, 0.5 to 0.7 indicates low accuracy and 0.5 and below indicates test due to chance
(110). The cutoff score was chosen by selecting the score that provided the best balance

between high sensitivity and high specificity (111).

A positive likelihood ratio (LR+) and a negative likelihood ratio (LR-) were also
calculated. A LR+ over 5 and a LR- less than 0.2 indicate that the test is useful due to its
high probability to correctly identify fallers and non-fallers, but the LR values that close to
1.0 indicates that the test is useless as the probability to correctly and incorrectly identify
fallers is the same (111). To determine whether the selected cutoff score could correctly

identify the elderly fallers, the percentage accuracy of the elderly who actually fell was

calculated using the cutoff score.

The floor and ceiling effects were calculated as the percentage of sample scoring
the minimum or maximum possible scores, respectively. Ceiling and floor effects of 20% or
greater are considered significant (112). In this study, we also presented the “Responsive
ceiling effect” that was determined by using the score within the top 10% which allows a

sufficient amount of scores to measure change over time (7).

Posttest accuracy was calculated whether the selected cutoff score could correctly
identify the elderly fallers, the percentage accuracy of the elderly who actually fell was
calculated using the cutoff score (119).
person with fall history

person with fall history and received score
less than cutof f point

Posttest accuracy = X 100
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Ethical Considerations

This research protocol was approved by the research and ethical committee of the
Faculty of Health Science, Srinakharinwirot University's Ethic Committee and the

participants signed the inform consent before participating in the study. (HS2013-011)



CHAPTER 4
FINDINGS

Two hundred elderly, 100 in each faller and non-faller group, participated in the
study (Table 3). Ninety five percent of the elderly in the faller group had single fall in the
past 12 months. Of note, most falls occurred outdoor as a result of trip, slip and postural
transition such as sit on a chair and sit to stand/stand to sit. Fallers and non-fallers did not
differ in age, BMI, lower limb muscle strength and MMSE score. However, fallers
demonstrated significantly lower ABC score than the non-fallers (p<0.05), indicating less

balance confidence in performing daily activities in the non-faller group.



Table 3 Subject characteristics
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Characteristics

Non-fallers(n=100)

Fallers(n=100)

Age: (years) 70.22 (6.76) 70.30 (7.26)
Gender (%) Female 57% 69%
Male 43% 31%
Fall history within 12 0 100 0
months
1 0 95
More than 1 0 5
Fall locations: Indoor F - o 38
Outdoor - 67
Types of fall: Slip - 49
Trip - 33
Postural - 23
transition
LE Muscle strength 4.00 4.00
(/5):
BMI: 21.89 (4.54) 22.85 (4.68)
MMSE Score (/30): o ) 24_89_(-1_21-) ......... 24._69 (1.06)

ABC Score (/100):

75.12 (20.04)*

Values are shown in mean+SD, except the LE muscle strength is presented as median.

BMI = Body mass index; MMSE = The Mini Mental State Examination;

ABC = The Activities-specific Balance Confidence (ABC) Scale.

*Significant difference between fallers and non-fallers at p <0.05.
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Results of balance evaluation using the BBS, Mini-BESTest and TUG compared
between fallers and non-fallers are presented in Table 4. Fallers and non-fallers exhibited
significantly different scores in all balance scales. Scores from the BBS (p<0.05), and Mini-
BESTest (p<0.05) were significantly lower in the fallers than in the non-fallers, suggesting
that the fallers had lower balance ability than the non-fallers. Similar results were seen in
the TUG scores where the fallers spent longer time than the non-fallers (p<0.05) to
complete the test. The calculation of ceiling and floor effects revealed that none of the test
scales, except the BBS, had ceiling and floor effects. Thus, the BBS demonstrated a trend
of ceiling effect as seven participants (5 non-fallers and 2 fallers) showed maximum score
(56 points). However, when the Responsive ceiling effect was considered, there were 142
participants (82 non-fallers and 60 fallers) or 71% of participants, who had BBS scores
within 10% maximum score, whereas none of the Mini-BESTest and TUG demonstrated

Responsive ceiling effect (data not shown).

Table 4 Balance Scores between faller and non-faller groups

Assessment scale Fallers (n=100)

Non-fallers (n=100)

BBS Score (/56) 52.28 (2.07) 50.76 (2.27)*
Mini-BESTest /28) 17.68 (2.19) 14.10 (3.01)*
TUG (s) 7.73 (2.69) 9.67 (2.75)"

All values are shown as mean+SD. BBS = Berg balance scale;
Mini-BESTest = Mini- balance evaluation systems test; TUG Timed up and go test.

*Significant difference between fallers and non-fallers at p <0.05.

Results from the ROC analysis are shown in Figure 5 and Table 5. As seen in
Table 5, the Mini-BESTest had moderate accuracy to classify fallers and non-fallers (AUC

between 0.7-0.9), whereas the accuracy of the BBS and TUG was low (AUC<0.7) and very

low (AUC<0.5), respectively. The cutoff scores for each scale and their sensitivity and
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specificity are also presented in Table 5. The Mini-BESTest showed the highest sensitivity
(0.85) and specificity (0.75) compared to the other scales as well as the highest percentage
of posttest accuracy (85%) using the selected cutoff score (16/28).

Also, the LR+ and LR- analyses indicated that the Mini-BESTest was the mosi
appropriate scale to classify fallers and non-fallers compared to the other tests. It should
also be noted that the cutoff score of the BBS was closed to the maximum score (51 out of
56).

ROC Curves
> —e—BBS
=
g —o— MINIBEST
o
--+-TUG

0 0.2 0.4 0.6 0.8 1

(1 - Specificity)

Figure 5 Receiver Operating Curve (ROC Curve) to identify the fallers using the scores
from the Berg Balance Scale (BBS), the Mini- Balance Evaluation System Test

(Mini-BESTest) and the Timed Up and Go Test (TUG).



Table 5 AUC, Cut off score, sensitivity, specificity and percentage of posttest accuracy at

the selected cutoff score
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Mini-BESTest (/28) BBS (/56) TUG
AUC 0.84 0.69 0.32
Cutoff score 16 51 8
Sensitivity 0.85 0.77 0.40
(95%Cl) (0.77-0.90) (0.57-0.85) (0.31-0.49)
Specificity 0.75 0.42 0.34
(95%Cl) (0.66-0.83) (0.38-0.57) (0.26-0.44)
Positive likelihood ratio 340 1.76 0.61
Negative likelihood

0.20 0.53 1.77

ratio
Posttest Accuracy (%)’ 85 60 65

AUC = Area Under the Curve’ BBS = Berg balance scale’ Mini-BESTest = Mini- Balance

Evaluation Systems test BESTest = Balance Evaluation Systems test TUG = Timed

up and go test;

® Posttest accuracy was calculated using the selected cutoff score
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Results from the ROC analysis each sections of the Mini-BESTest are shown in
Figure 6 and the AUC of the section score is shown in Table 6. Two sections of the Mini-
BESTest (Section 6: Stability in Gait and Section 5: Sensory Orientation) produced larger
AUC (>0.7) than the other sections, suggesting that Stability in Gait and Sensory orientation

sections had higher accuracy to classify fallers and non-fallers than the rest of the sections.

ROC Curves of the Mini-BESTest

—&— Section 3
--4-- Section 4

—0O0— Section 5

Sensitivity

--®-- Section 6

Figure 6 Receiver Operating Curve (ROC Curve) of each section of the Mini- Balance
Evaluation System Test (Mini-BESTest); Section 3 = Anticipatory postural adjustments,
Section 4 = Postural responses, Section 5 = Sensory orientation and

Section 6 = Stability in gait.
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Table 6 The area under the curve (AUC) of each section of the Mini- Balance Evaluation

Systems test (Mini-BESTest)

Section Mini-BESTest
1 Anticipatory Postural adjustments 0.63
V. Postural Responses 0.62
Vv Sensory Orientation 0.74

VI Stability in gait 0.81




CHAPTER 5
DISCUSSION AND CONCLUSION

Discussion

This study is the first to explore the accuracy of the Mini-BESTest in identifying the
elderly subjects who had fell compared to the previous balance scales, the BBS and TUG.
Our results demonstrated that the Mini-BESTest was the most accurate scale to identify the
elderly fallers, based on the highest AUC (0.84), sensitivity (0.85), specificity (0.75) and
posttest accuracy (85%). These findings were in line with previous studies that compared
the Mini-BESTest with other clinical scales such as BBS, Five-Time-Sit-to-Stand Test, and
Unified Parkinson's disease Rating Scale (105, 113-114). For example, the prospective and
retrospective studies in people with PD reported higher sensitivity and specificity of the
Mini-BESTest than the BBS in fall prediction (105, 113). It was also evident that the Mini-
BESTest had less floor and ceiling effects than the BBS (106).

In our study, we introduced the Responsive ceiling effect, referred to the range of
the score within 10% of maximum score that indicated the capability of the scale to detect
change over time. The Responsive ceiling effect was 71% for the BBS, suggesting the
limited ability of the BBS to detect changes of balance ability over time. In contrast, we did
not find the ceiling effect and the Responsive ceiling effect of the Mini-BESTest. In addition,
this study suggested the score of 16 (out of 28) as the cutoff score for the Mini-BESTest to
predict elderly fallers. This cutoff score is in the same range as the prospective study,
which reported the cutoff score of the Mini-BESTest at 17.5 in predicting fallers with stroke
(64% sensitivity and 64.2% specificity) (115). In the present study, we demonstrated that
the TUG was the least accurate scale in identifying elderly fallers. This finding was in
accordance with the meta-analysis of TUG that reported moderate prediction ability and
poor diagnosis accuracy in discriminating healthy elderly fallers (116).

The reason that the Mini-BESTest is more accurate than the BBS and TUG to
identify elderly fallers may be because the Mini-BESTest assessed balance ability that is
related to the nature of falls in the elderly. Our results showed that most falls in the elderly
occurred during walking as a result of trip and slip (Table 3). It has been shown that falls
during slip or trip were caused by lack of automatic postural responses, impaired postural

control during dual tasks and impaired cutaneous sensation and vestibular functions (116-
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117). The Mini-BESTest could capture these abilities as the test contains the items that
assess automatic postural responses and postural control during dual tasks (9).

Supported by the ROC analysis of the Mini-BESTest domain, the “Stability in Gait”
and “Sensory orientation” sections could be correctly identifying fallers better than other
sections. In contrast, the BBS is developed to be used in frail elderly, thus, it assesses
general balance ability without posing any challenge to individuals (66).

The Mini-BESTest, on the other hand, had been found to account for both dynamic
balance control and stability during complex gait activities that were challenged by changing
in gait speed and with a secondary cognitive task (9). Higher AUC in the “Sensory
orientation” corresponded to the fact that sensation of older adults was impaired so they
may not be able to detect changes in environment (34-35). When blindfolded, the elderly
had difficulty using proprioceptive sensation to maintain their balance while standing on
compliant and inclined surfaces, and would be predisposed to falls (46-48).

Our findings, however, do not agree with those of the previous studies which
demonstrated similar ability of the Mini-BESTest in identifying persons with PD who fall
(118). Thus, the reported scores of the Mini-BESTest based on the 6-month retrospective
fall data were, respectively, AUC (0.86), sensitivity (0.88) and the specificity (0.78). The
disparity of the findings could possibly be due to the differences in population group such
that the impairments underlying falls may be different.

In this study, the sensitivity, specificity and the accuracy of the BBS in identifying
the elderly fallers were lower than those of the previous studies. The discrepancy of the
findings could arise from the differences in age that the previous studies recruited older
participants (mean age of 79 years or older) than this study (mean age of 70 years),
difference method of classifying fallers (non fall / who had 1 or more vs. non fall / who had
1-2 fall, 3-4 fall and 4 or more) and whether it is retrospective (this study) or prospective
(previous study) (15, 64). Differences in the age of subjects suggest that the Mini-BESTest
is more suitable to be used in the younger elderly, as it is more accurate than the BBS in
this age group. Although the classification of fallers whether those who had one or more
falls or those who had two or more falls, could contribute to the inconsistent findings. The
result of previous studies did not show significant differences in the sensitivity or specificity
with either fall classification (105-106,113-115,119).

The retrospective and prospective methods of gathering the fall data are also

another major concern. The prospective studies in older adults reported a range of
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sensitivity between 25% to 69% and specificity between 92% and 96% (15, 119). In
contrast, the retrospective studies demonstrated a range of higher sensitivity (88% - 95%),
and lower specificity (76% - 95%) (64, 120). It has been documented that the retrospective
study may be susceptible to recalled bias.

However, a recent study in fall prediction demonstrated that the 6-month
retrospective fall data gathered from persons with PD (H &Y stage 2-3) led to similar fall

predicted values as the 6-month prospective fall data (118).

Limitation

This study suggested the Mini-BESTest could be used to correctly identify young
elderly who have high risks of falls based on their functional balance. Other fall risk factors
such as psychological aspects, medications and co-morbidity were not covered in this
study. With regard to the age of participants, the results should be carefully interpreted in
light of the healthy and young elderly. In addition, the majority of fallers in this study had
only single fall, thus another group of elderly subjects with the history of several falls should

be examined in the future study.

Conclusion

The Mini-BESTest was the most accurate scale in identifying risk of falls in the

active young elderly compared to the BBS and TUG.
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1. Sensory test (Ankle)
Light touch
Pinprick
Proprioception

2. Vestibular disorders

Vertigo

Nystagmus
3. Muscle power (Lower extremity)
Hip flexion/extension

Hip abduction/adduction
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Right side

....................... Knee flextion/extension

Left side

....................... Ankle dorsiflexion/plantarflexion

54



APPENDIX B



List of medications affect to balance

® Antidepressant
O Sedative
O  Amitriptyline
O Benzodiazepines
O Barbiturates
O Alcohoi derivative
® Antianxiety
O Valium
O Ativan
® Mood stabilize

O Carbamazepine
® Antipsychotic drug

O Chlorpromazine

O Hadol

O Phonothiazine

®  Antihypertension
O Digoxin
O Diuretic
® Cardiovascular drugs
O Antihypertensives
O Nitrates
O Anti-arrhythmics
O Nicotinic acid
O adrenoceptor blocker eye drops

® Other drugs

O Analgesics

O Antivertigo preparations
O Hypoglycaemics
©)

Urinary antispasmodics

van der Velde N, Stricker BHC, Pols HAP, van der Cammen TJM. Risk of falls after withdrawal of fall-risk-increasing drugs:a prospective
cohort study. Br J Clin Pharmacol2006.63(2):232-7.
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MMSE - Thai 2002 Mini — Mental State Examination:
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The Activities-specific Balance Confidence (ABC) Scale

For each of the following activities, please indicate your level of self-confidence by choosing a corresponding

number from the following rating scale:

0% 10 20 30 40 50 60 70 80 90 100%
no confidence completely confident
< ar 4
How confident are you that you will not lose your balance or become % swauanutulaly
unsteady when you...
mIthfanTsy
1 | walk around the house? WWusauiu
: P ¢ -
2 | walk up or down stairs? Wuiuuazasiula
: : - o ¥y v
3 | bend over and pick up a slipper from the front of a closet floor NUUTBIMUAZIINAUATUNUT
T o e v o
4 | reach for a small can off a shelf at eye level? LD AUADNHLYBINIIT AU
. - ; 4 ¥ =
5 | stand on your tiptoes and reach for something above your head? wonlmpiweaaniianduwes
wipfswe
] = P =
6 | stand on a chair and reach for something? DULUNBULRSVNEUTBY
7 | sweep the floor? nnatiu
v : < a o - f
8 | walk outside the house to a car parked in the driveway? mu'LlJmmﬂ%aﬂag
P P 4
9 | getinto or out of a car? YULRZAITN
10 | walk across a parking lot to the mall? WutnuauIBRIINIIN Y
P 4 <
11 | walk up or down a ramp? LAUTULRERIN WA TU
- v d "
12 | walk in a crowded mall where people rapidly walk past you? mv.lummﬂqunwmu
- <l '
13 | are bumped into by people as you walk through the mall? Lﬂuluﬂﬂuwgnwmmm:gn
nizuyIn
. - - P Y d o o
14 | step onto or off an escalator while you are holding onto a railing? auiulaRauuuuiunii
i 3 X o a ‘e ar
15 | step onto or off an escalator while holding onto parcels Futiuladouuuuliduiiu
such that you cannot hold onto the railing?
. S = F
16 | walk outside on icy sidewalks? LAULUNURY
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Mini-BESTest

Item Score

Scoring criteria

lll. Transitions-anticipatory postural adjustment

1. Sit to stand

(2) Normal: Comes to stand without use of hands and
stabilizes independently.

(1) Moderate: Comes to stand WITH use of hands on first
attempt.

(0) Severe: Impossible to stand up from chair without

assistance —OR- several attempts with use of hands.

2. Rise to toes

(2) Normal: Stable for 3 sec with maximum height
(1) Moderate: Heels up, but not full range (smaller than
when holding hands)-OR-noticeable instability for 3 s

(0) Severe: < 3 sec

3. Stand on one leg

Left Time in sec Trial 1: Trial 2:
(2) Normal: 20 s
(1) Moderate: < 20 sec

(0) Severe: Unable

Right Time in sec Trial 1: Trial 2:
(2) Normal: 20 s
(1) Moderate: < 20 sec

(0) Severe: Unable

IV. Reactive postural response

4. Compensatory stepping correction -

Forward

(2) Normal: Recovers independently a single, large step
(second realignment step is allowed)

(1) Moderate: More than one step used to recover
equilibrium

(0) Severe: No step, OR would fall if not caught, OR falls

spontaneously

5. Compensatory stepping correction -
Backward

(2) Normal: Recovers independently a single, large step
(1) Moderate: More than one step used to recover
equilibrium

(0) Severe: No step, OR would fall if not caught, OR falls

spontaneously

6. Compensatory stepping correction -

Lateral

Left

(2) Normal: Recovers independently with 1 step
(crossover or lateral OK)

(1) Moderate: Several steps to recovers equilibrium
(0) Severe: Falls, or cannot step

Right

(2) Normal: Recovers independently with 1 step
(crossover or lateral OK)

(1) Moderate: Several steps to recovers equilibrium

(0) Severe: Falls, or cannot step
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V. Sensory orientation

7. Eyes open, Firm surface (feet

together)

Time in sec:

(2) Normal: 30s

(1) Moderate: < 30s
(0) Severs: Unable

8. Eyes close, Foam surface (feet

together)

Time in sec:

(2) Normal: 30s

(1) Moderate: < 30s
(0) Severe: Unable

9. Incline — eyes close

Time in sec:

(2) Normal: Stands independently 30 sec and aligns with
gravity

(1) Moderate: Stands independently <30 SEC -OR- aligns
with surface

(0) Severe: Unable to stand >10 sec -OR- will not attempt

independent stance

VL. Stability on gait

10. Change gait speed

(2) Normal: Significantly changes walking speed without
imbalance

(1) Moderate: Unable to change walking speed or
imbalance

(0) Severe: Unable to achieve significant change in speed

AND signs of imbalance

11.Walk with head turns- Horizontal

(2) Normal: performs head turns with no change in gait
speed and good balance

(1) Moderate: performs head turns with reduction in gait
speed

(0) Severe: performs head turns with imbalance

12 Walk with pivot turn

(2) Normal: Turns with feet close, FAST (< 3 steps) with
good balance

(1) Moderate: Turns with feet close SLOW (>4 steps) with
good balance

(0) Severe: Cannot turn with feet close at any speed

without imbalance

13.Strep over obstacles

(2) Normal: able to step over box with minimal change of
speed and with good balance

(1) Moderate: steps over shoe boxes but touches box OR
display cautious behavior by slowing gait.

(0) Severe: cannot step over shoe boxes OR hesitates OR

steps around box

14.Timed up and go with dual task
TUG: Sec;
Dual Task TUG: sec

(2) Normal: No noticeable change between sitting &
standing in backward counting & no change in gait speed
for TUG.

(1) Moderate: Dual task affects either counting OR
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walking.

while counting.

(0) Severe: Stops counting while walking OR stops walking

Manual instruction

Item

Instruction

Command in Thai

language

lll. Transitions-anticipatory postural adjustment

1. Sit to stand

Note the initiation of the movement, and
the use of hands on the arms of the chair

or their thighs or thrusts arms forward.

- v -
fanaaamanly  wenenan
. va o d P g
whildlietudunogniu
tu thandwasdaaldiiatqe
o v P4
dumananlgld njunanau

tu

2. Rise to toes

Allow the patient to try it twice. Record the
best score. ( If you suspect that subject is
using less than their full height, ask them
to rise up while holding the examiners’
hands.) Make sure subjects look at a

nonmoving target 4-12 feet away.

MITNRLANENTITY
s deduaclnn Miads
ﬂmmﬁwlﬁgomwﬁmmm
yinle wiussasell

v L L3 v wn -l
9y el 3 Jun

3. Stand on one leg

Allow the patient two attempts and record
the best. Record the no. of seconds they
can hold posture up to a maximum of

30sec. Stop timing when subject moves

PR | o
fadunzzlnn  whuseas
Wburwaoalaswaanly

TranasuazliguRanudn

their hand off hips or puts a foot down. | 9y fulduuinfvinle
Make sure subjects look at a non-moving (LU?IUWI‘J”I 3)
target 4-12 feet ahead.

IV. Reactive postural response

4. Compensatory stepping correction - Stand in front to the side of patient with funhavinamalng  WF

Forward

one hand on each shoulder and ask them
to push forward. (Make sure there is room
for them to step forward). Require them to
lean until their shoulders and hips are in
front of their toes. Suddenly release your
push when the subject is in place and
providing constant pressure to a level just
before the heels lift off. The test must elicit

a step.

Y

wislagasanlufiams
TN uauﬁaﬁmn
Usaoiia vndsledle seim
Al vnluldaiasduas

5. Compensatory stepping correction -
Backward

Stand in back to the side of the patient
with one hand on each scapula and ask
them to push backward. (Make sure there
is room for them to step backward.)
Require them to lean until their shoulders
and hips are in back of their heels.

Release your push when the subject is in

funtavimwnalne WWE
wnadlagfaravlufianadng

o d o o -

WAy wanlladamnldaniio
ol asmmidld M
Luldaiesduas
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place, and providing constant pressure to a
level just before the heels lift off. Test must

elicit a step.

6. Compensatory stepping correction -

Lateral

Stand behind the patient, place one hand
on either the right (or left) side of the
pelvis, and get them to lean their whole
body into your hand. Require them to lean
until the midline of pelvis is over the right
(or left) foot and then suddenly release

your hold.

Funiiadaaalufiams
[ [ v a
dudne (Femn) wandle
daraldosiie  axffild
v v ° ‘ was L
maains Mlilvdaesdy
a v od
84 (AT238nT9NMAR)

V. Sensory orientation

7. Eyes open, Firm surface (feet

Record the time the patient was able to

P a v a
foufsclnn  Buwhia

together) stand to @ maximum of 30 seconds. uasaisldhamin Buduen
Suliiuasauninazuanin
V\f.lqﬂ

8. Eyes close, Foam surface (feet Use medium density Temper® foam, 4 A .. . o

together) inches thick. Assist subject in stepping fpiufiaztun HnSa
spsanlUthamih waue

onto foam. Tell patient to “Close Eyes”
Record the time the patient was able to
stand in each condition to a maximum of
30 seconds. Have the subject step off the
foam between trials. Include leaning or hip

strategy during a trial as “instability.”

- vd . 1}
uu'lmuumwn'na:u anan

nua
]

9. Incline - eyes close

Aid the patient onto the ramp. Once the
patient closes their eyes, begin timing and
record and average both times. Note if
sway is greater than when standing on
firm, level, surface with eyes closed or if
there is poor alignment to vertical. Assist
includes a cane or light touch any time

during the trial.

fUNTHAILUNIAe Bu

[ i . - e od

nharawelnd dadun
- a a

selnn wasasFudunaiie

HUNALA

VI. Stability on gait

10. Change gait speed

Allow the patient to take 3-5 steps at their
normal speed, and then say “fast’, after 3-
5 fast steps once say “slow”. Allow 3-5

slow steps before they stop walking.

BUNAUGILA NS
- P T
mun@vasnm Wavani
a o v a = 4
Wi linauduiinga
P P A v
weziliauaninauih biqu

- v
L@UTININ

11. Walk with head turns- Horizontal

Allow the patient to reach their normal
speed, and give the commands “right, left’
every 3-5 steps. Score if you see a
problem in either direction. If patient has

severe cervical restrictions allow combined

- a v < -
Guannidudsanusng
Py .
wosgm Wavanin W

amiuATanussTy

- '
9T uasllavaninge
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head and trunk movements (enbloc).
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12. Walk with pivot turn

Demonstrate a pivot turn. Once the patient
is walking at normal speed, say “turn and
stop.” Count the steps from turn” until the
subject is stable. Instability may be
indicated by wide stance width, extra

stepping or trunk motion.
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13. Step over obstacles

Place the box (9" or 22.9 cm height) 10 ft.
away from where the patient will begin
walking. Use a stopwatch to time gait
duration to calculate average velocity by
dividing the number of seconds into 20

feet.
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14. Timed up and go with dual task
TUG: sec;

Dual Task TUG: sec

Have the patient sit with their back against
the chair. Time the patient from the time
you say “Go" until they return to sitting in
chair. Stop timing when the patient's
buttocks hit the chair bottom. The chair
should be firm with arms to push from if

necessary.

While sitting, determine how fast and
accurately the patient can count backwards
by 3's from a number between 90-100.
Then, ask them to count from a different
number and after a few numbers say “go”.
Time the patient from the time you say

“go” until they return to the sitting position.
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The Berg Balance Scale

Item Instructions

Score

Scoring criteria

1. Sitting to standing Please stand up. Try not to use
your hand for support.

qn%uﬁu Taowenuiaslildfie
el

(4) able to stand without using hands and
stabilize independently

(3) able to stand independently using
hands

(2) able to stand using hands after several
tries

(1) needs minimal aid to stand or stabilize
(0) needs moderate or maximal assist to

stand

2. Standing Please stand for two minutes
unsupported without holding on.

fuaTInIInIie 2 un

(4) able to stand safely for 2 minutes

(3) able to stand 2 minutes with
supervision

(2) able to stand 30 seconds unsupported
(1) needs several tries to stand 30
seconds unsupported

(0) unable to stand 30 seconds

unsupported

3. Sitting unsupported | Please sit with arms folded for 2
minutes.

& -
UINBAAN 2 N

(4) able to sit safely and securely for 2
minutes

(3) able to sit 2 minutes under supervision
(2) able to able to sit 30 seconds

(1) able to sit 10 seconds

(0) unable to sit without support 10

seconds

4. Standing to sitting Please sit down. (4) sits safely with minimal use of hands

Wing (3) controls descent by using hands

( 2) uses back of legs against chair to
control descent
(1) sits independently but has uncontrolled
descent
(0) needs assist to sit

5. Transfers You may use two chairs (one with (4 ) able to transfer safely with minor use

and one without armrests) or a
bed and a chair.

- [ a v dd . o
maaumumﬁnmmanmag‘lﬂm

- v v e dd oy Lo a
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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 with eyes | Please close your eyes and stand

closed still for 10 seconds.

(4) able to stand 10 seconds safely
(3) able to stand 10 seconds with
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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 with feet
together

Place your feet together and stand
without holding on.

furdanulasluidinnsivy

(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

(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

Lift arm to 90 degrees. Stretch out
your fingers and reach forward as
far as you can.

Buvhidenu  onuruasanmion
frd‘lﬂﬁ'\mﬁﬂ““lé’mnﬁqﬂ Tag'li

L.
DBUUM

(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. Retrieving object

from floor

Pick up the shoe/slipper, which is
place in front of your feet.

v o= A . v v
nutnNuZaIMasgnuItm

(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

10. Turning to look
behind

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.
wuliussthanasiumalnadhe
iindm  vuldussihendaiou
malwsan

(4) 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. Turning 360
degrees

Turn completely around in a full

circle. Pause. Then turn a full

(4) able to turn 360 degrees safely in 4

seconds or less
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circle in the other direction.
WYUTALAEY 1 IDLURSWYUR
naudnNMY

(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 alternate

foot on stool

Place each foot alternately on the
step/stool. Continue until each foot
has touched the step/stool four
times.
HNPUASFRULUNE DIRALTIRETNY

g v Xz L
Taovnauuaziuni 4 asms 2
119

(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

13. Standing with one

foot in front

An examiner demonstrates to a
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.

fiudan 30 3uh

(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

Stand on one leg as long as you

(4) able to lift leg independently and hold >

foot can without holding on. 10 seconds
furndoalaslifinniu (3) able to lift leg independently and hold

5-10 seconds
(2) able to lift leg independently and hold L
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

Total score Maximum 56 points
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Timed Up and Go Testing

Name:

Assistive Device and/or Bracing Used:

Instructions (derived from Podsiadlo and Richardson, 1991):

(P

Date:

Instruct the patient to sit on the chair and place his/her back against the chair and

rest his/her arms chair's arms.

The upper extremities should not be on the assistive device (if used for walking),

but it should be nearby.
Demonstrate the test to the patient.
When the patient is ready, say “Go”

The stopwatch should start when you say go, and should be stopped with the

patient’s buttocks touch the seat.

TUG Time:

TUG Time:

TUG Time:

Average:

Reference:
Podsiadlo, D. and Richardson, S. (1991). "The timed "Up & Go": a test of basic functional
mobility for frail elderly persons.”" J Am Geriatr Soc 39(2): 142-148.
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Random Sequence

A BBS 1-7 , BBS 8-14, Mini-BESTEst 1-7, Mini-BESTEst 8-14
B BBS 8-14, BBS 1-7, Mini-BESTEst 8- 14, Mini-BESTEst 1-7
C Mini-BESTEst 1-7, Mini-BESTEst 8-14, BBS 1-7 , BBS 8-14
D Mini-BESTEst 8- 14, Mini-BESTEst 1-7, BBS 8-14, BBS 1-7

Random Sequence

Random

Sequence

Subject
1 3 6 9 2 10 |14 | 21 4 " 15 |18 |5 7 8 13

Number
12 (17 |19 |25 (22 (23 (26 |31 [27 [28 |30 |32 [16 |20 |24 | 29
33 |35 |38 |4 |37 |40 |44 |47 |39 |43 |45 |46 | 48 |34 |36 | a1
49 |52 |54 |58 |50 |55 |57 [e0o [53 |56 |62 |66 |51 |59 |64 |65
61 70 |72 |75 |63 [e7r |7 76 |69 |73 |80 (82 |68 |74 |78 | 81
77 |83 |8 |92 |79 |8 |9 |93 |84 |87 |91 |94 [85 |8 |95 | 9
100 [ 105 | 108 | 112 | 99 [ 101 | 104 | 107 | 97 | 98 [ 103 | 109 | 102 [ 106 | 110 | 111
116 | 119 | 125 | 128 | 113 | 117 | 120 | 126 | 114 | 122 | 123 | 124 | 115 | 118 | 121 | 127
130 | 133 | 134 | 138 | 131 | 137 [ 140 | 143 | 129 | 136 [ 139 | 141 | 132 | 135 | 142 | 144
145 | 150 | 152 | 156 | 147 | 151 | 155 | 157 | 146 | 148 | 153 | 158 | 149 | 154 | 159 | 160
163 | 165 | 169 | 171 | 161 | 164 | 168 | 170 | 162 | 167 | 173 | 176 | 166 | 172 | 174 | 175
179 | 183 | 184 | 187 | 177 | 180 | 188 | 190 | 181 | 185 | 189 | 192 | 178 | 182 | 186 | 191
193 | 195 196 | 200 198 | 199 194 | 197
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VITAE

Name: Miss Anyamanee Yingyongyudha

Date of Birth: August 29, 1986

Place of Birth: ~ Surin

Address: 1141/5 city room Suthisarnwinitchai Road.
Din daeng, Din daeng, Bangkok 10400.

Educational Background:

2005 Secondary Certificate
Sirindhorn School

2009 Bachelor of Science Program (Physical Therapy)
Srinakharinwirot University

2014 Master of Science Program (Physical Therapy)

Srinakharinwirot University
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