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The objective of this study is to investigate the effects of a group exercise program for
balance training on ankle proprioception, balance performance, and fear of falling in elderly with
diabetic peripheral neuropathy. Twenty-seven elderly women with diabetic peripheral
neuropathy volunteered for this study. They were randomly assigned in two groups: (1) a
balance training group, average age 68.38 * 3.99 years (n=13) and (2) a control group,
average age 69.35 + 3.97 years (n=14). The balance training group received a designed group
exercise program for balance training while the control group received an individual exercise
with resistance bands. The elderly enrolled in the exercise program of their assigned group for
four weeks (50 minutes/day, three days/week). Ankle proprioception measured by ankle
repositioning test, balance performances measured by Modified Clinical Test of Sensory
Interaction on Balance (mCTSIB), Berg Balance Scale (BBS), and Timed Up and Go test
(TUG), and fear of falling measured by Thai Geriatric Fear of Falling Questionnaire of the
elderly were performed before and after training during week 4. After four weeks of training, the
balance training group showed significant increases in the ankle proprioception, balance
performances, and reduce fear of falling as compared to pre-training. Compared with the
control group, it also demonstrated a significantly higher ankle proprioception, balance
performance, and reduced fear of falling. On the other hand, the control group showed no
statistically significant pre- and post- training difference in all parameters. It can thus be
concluded that the group exercise program for balance training developed for this study can
improve the ankle proprioception, balance performance, and reduce fear of falling of elderly
with diabetic peripheral neuropathy within four weeks of training. This balance training program
can therefore be further applied to promote health among elderly with diabetic peripheral
neuropathy in the Thai community in aspects of improving their ankle proprioception and

balance performance, and also reducing fear of falling.
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CHAPTER1

INTRODUCTION

Background

Diabetes mellitus (DM) or diabetes is a metabolic disease characterized by
hyperglycemia resulting from defects in insulin secretion, insulin action, or both (1). Number of
people with DM in the world is increasing, including in Thailand. Nowadays, type 2 DM has
been estimated to affect more than 100 million people worldwide and the prevalence is
predicted to increase to 300 million by 2025 (2). The increase in diabetes prevalence in
Thailand can be revealed by the 3rd National Health Examination Survey (NHES) in 2007 (3)
and the 4th NHES in 2009 which showed the prevalence in Thai adults rising from 6.7% to
7.5% of the population (4).

Individual persons who have got diabetic symptoms longer than ten years almost always
have associated peripheral neuropathy (5) which is the most common complication that affects
a large population with type 2 diabetes as well (6). Moreover, the survey study on DM
management and complication status in primary care setting in Thailand found that the
prevalence of late complication with peripheral neuropathy occurred mostly around 34% of
diabetes (7).

The cause of diabetic peripheral neuropathy is associated with microvascular damage.
The diabetic nerve and blood vessel changes are due to chronic hyperglycemic condition
associated with inflammatory/immune processes. The types of nerves that can be affected are
either large or small sensory fibers (8). The large fiber disease causes impaired proprioception,
pressure and light touch sensation, while the small fiber disease impairs pain and temperature
sensation. Both of the large and small fiber diseases are commonly presented as peripheral

neuropathic complications in most diabetic cases (9). As proprioception decreases, the ability to



coordinating basic protective reflexes and joint movement as well as complex balance and
postural control also decreases (10, 11). Therefore, postural instability in diabetic neuropathy
patient was often due to a lack of somatosensory feedback from, particularly, proprioception of
the lower limbs (12).

Patients with diabetic neuropathy showed a postural instability that confirmed by an
increases in area of center of pressure (CoP) sway, sway velocity of CoP, CoP trace length,
ankle rotation, root mean square values of the CoP—-CoM variable [the scalar distance at a
given time between CoP and center of motion (CoM)], and values of CoPnet, which is the
weighted sum of the time-varying position of the CoP from two force plates (13). According to
postural instability in diabetic neuropathy, it will affect balance performance, especially in the
elderly, which is an important cause of increasing falls risk and leading to decrease in quality of
life (14) and developing fear of falling (15).

Most of the previous studies examined the effects of exercise programs improving
glycemic control, insulin sensitivity, and other risk factors (16-18). However, there are very few
studies that conducted on improving balance and reducing fear of falling in patients with
diabetic peripheral neuropathy (19-21). Those studies found that individuals with diabetic
peripheral neuropathy improved in balance (19-21) and reduced fear of falling (20) after
training. However, most of those studies used equipments or devices for training which may be
not feasible for home-based or community-based exercise.

Other than physical factors, it was found that older adults with diminished physical and
functional abilities who also expressed a fear of falling were less likely to participating in social
activities (22). The fear of falling among older people can influence on socialization stage of
them (23). Falls history appears an important contributor to fear of falling. Moreover, the fear of
falling appears more impact on functional activities and social support. This indicates that both
physiological (strength and proprioception) and cognitive behavioral factors (fear of falls) should

be considered when treating the elderly with diabetic patients (24).



Previous study recommend that group exercise has good effects on elderly persons in
term of care prevention that can maintain function in daily life either physical or mental activities
(25). The study suggested that weight or balance training as a group exercise improved the
quality of an older adults’ life by helping them to lessen the fear of falling. After 8 weeks, most
of the participants indicated that they were very happy to meet and to do exercise or
socialization regularly and wanted the study to continue (26).

Hence, group exercise program to improve balance and stimulate proprioception is
important for elderly patients with diabetic peripheral neuropathy because it can also promote
social participation and cognitive-behavior. Furthermore, there are only a few studies about the
interaction of proprioception and balance in people with diabetes (21). In Thailand, there were
previous studies related to an exercise program for balance training to improve balance
performance in the elderly (27, 28). However, there is no study related to balance training
program in elderly with diabetic peripheral neuropathy in Thai community.

Therefore, this study is interested in developing a balance training program as a group
exercise for the elderly, who got diabetic peripheral neuropathy, in the community and
investigating the training effects of the program on balance performance, ankle proprioception
and fear of falling in the elderly with diabetic peripheral neuropathy. The hypothesis of this
study is that the developed program can improve ankle proprioception, balance performance
and reduce fear of falling in elderly with diabetic peripheral neuropathy who received the

training.

Research Question

Does the developed balance training program of this study improve ankle proprioception,
balance performance, and decrease fear of falling in elderly with diabetic peripheral

neuropathy?



Objectives
General Objective

To investigate effects of the developed balance training program on ankle proprioception,

balance performance and fear of falling in older individuals with diabetic neuropathy.

1. Specific Objectives

1. To compare balance performance, ability to recognize the ankle position and
expression to fear of falling between groups of older individuals with diabetic peripheral
neuropathy who receive and do not receive the balance training program before training and

the 4" week after training.

2. To compare balance performance, ability to recognize the ankle position and
expression to fear of falling between before training and the 4" week after training within each
groups of older individuals with diabetic peripheral neuropathy who receive and do not receive

the balance training program.

Hypothesis

1. The developed balance training program can increase balance performance and the
ability to recognize ankle position (proprioception) in older individuals with diabetic peripheral
neuropathy after training at the 4th week.

2. The developed balance training program can reduce fear of falling in older individuals

with diabetic peripheral neuropathy after training at the 4thweek.



Expected Benefits &Application

1. The program of balance training in this study can be applied as a recommendation for

improving ankle proprioception, balance performance and reducing fear of falling in elderly with

diabetic peripheral neuropathy.

2. This study can encourage healthcare provider and elderly people in community to

concern on an importance of training or exercise without requiring expensive equipment.

3. The results of this study can used as basic informations for other further studies related

to proprioceptive and balance training.

Definition of Terms

1. Diabetes mellitus is a metabolic disease characterized by hyperglycemia resulting from

defects in insulin secretion, insulin action, or both.

2. Peripheral neuropathy is a term for damage to nerves of the peripheral nervous

system.

3. Balance is an ability to maintain the center of gravity of a body within the base of

support with minimal postural sway.

4. Fear of falling is an anxiety symptom related to walking or a fear of falling in varying

degrees of extreme, and is typical in most humans and mammals.

5. Proprioception is the sense of the relative position of neighbouring parts of the body

and strength of effort being employed in movement.

6. Limits of stability are the areas over which an individual can move their center of

mass (CoM) and maintain equilibrium without changing the base of support.


http://en.wikipedia.org/wiki/Nerve
http://en.wikipedia.org/wiki/Peripheral_nervous_system
http://en.wikipedia.org/wiki/Peripheral_nervous_system
http://en.wikipedia.org/wiki/Center_of_gravity
http://en.wikipedia.org/wiki/Sense
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Diabetic peripheral neuropathy, Balance, Proprioception, Fear of falling, Elderly



Conceptual Framework
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CHAPTER 2

THE LITERATURES REVIEW

The review of literatures is divided into 21 parts as follows.

1. Pathophysiology of Diabetes Mellitus

2. Prevalence of Diabetes

3. Complications of Diabetes

4. Prevalence of Late Complication

5. Pathogenic Mechanisms for Microvascular Disease in Diabetes

6. Diabetic Peripheral Neuropathy

7. Peripheral Nerve Regeneration in Diabetes Mellitus

8. Drug Therapy for Glycemic Control in Older Patients with Diabetes
9. Aerobic Exercise

10. Exercise Training for Glycemic Control and Prevention of Complication in Patients with

Diabetes

11. Exercise Training on Cutaneous Blood Flow and Nerve Function in Diabetes with

Peripheral Neuropathy

12. Cause of Falling in Elderly Patient with Diabetes

13. Balance Impairment in Diabetes with Peripheral Neuropathy

14. Adaptation and Sensory Reintegration/ Compensatory Sensory Mechanisms
15. Postural Control

16. Exercise to Prevent Falls in Older Adults



17. Clinical Assessment of Diabetic Peripheral Neuropathy
18. Balance Assessment of Older Community Dwelling Adults
19. Proprioceptive Test

20. Fear of Falling Measurement Tools

21. Related Studies

1. Pathophysiology of Diabetes Mellitus

Diabetes mellitus, or Diabetes, is a group of chronic metabolic conditions characterized by
hyperglycemia resulting from a relative or absolute lack of insulin action, or from resistance to
insulin action, or both (1). The chronic hyperglycemia is usually associated with a long-term
damage of multiple organs such as the retina, renal glomerulus, and peripheral nerve (1). The
dysfunction and failure of these common affected structures result in long-term complications of
diabetes as retinopathy, nephropathy, peripheral neuropathy and autonomic neuropathy (1).

From American Diabetes Association in 2012, diabetes mellitus is classified in to four
clinical classes as follows:

1.1) Type 1 diabetes, previously called insulin dependent diabetes or juvenile-onset
diabetes, is resulted from beta-cell destruction in the pancreas, and is characterized by a
complete lack of insulin production. Type 1 diabetes accounts for 5% to 10% of all cases with
diabetes (1).

1.2) Type 2 diabetes, referred to as non-insulin dependent diabetes or adult-onset
diabetes, is resulted from an abnormal increase in resistance to the action of insulin and the
body cannot produce enough insulin to overcome the resistance (1). Type 2 diabetes accounts
for 90% to 95% of all diagnosed diabetes cases. The risk of developing of type 2 diabetes

associates with genetic and increases with age, obesity, and also lack of physical activity (1).
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1.3) Gestational diabetes is a condition of glucose intolerance that affects some women
during pregnancy (1).

1.4) Other specific types of diabetes is a group of other types of diabetes caused by
specific genetic defects of beta-cell function or insulin action, diseases of the pancreas, or

drugs or chemicals (1).

2. Prevalence of Diabetes

Type 2 diabetes mellitus (Type 2 DM) has been estimated to affect more than 100 million
people worldwide and the prevalence is predicted to increase to 300 million by 2025 (2).
Including in Thailand, the number of patients with diabetes mellitus is also increasing. The
increase in diabetes prevalence in Thailand can be revealed by the 3rd National Health
Examination Survey (NHES) in 2007 (3) and the 4" NHES in 2009 which showed the DM
prevalence in Thai adult rising from 6.7% to 7.5% of the population (4). Therefore, the study
related to management and prevention of complications associated with diabetes is an

important topic that should be concerned.

3. Complications of Diabetes

Many different organ systems in the body can be affected by diabetes and can becomes
serious complications with advancing time of chronic hyperglycemia. Complications from
diabetes can be classified as microvascular and macrovascular complications which resulting in

organ and tissue damage (29).

Microvascular complications involve small vessels, while macrovascular complications
involve large vessels. Microvascular complications include nervous system damage
(neuropathy), renal system damage (nephropathy) and eye damage (retinopathy).
Macrovascular complications include cardiovascular disease, cerebrovascular disease and

peripheral vascular disease (29).
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3.1 Microvascular Complications of Diabetes

The following reviews are related to a common microvascular complications that usually

found associated with chronic diabetes.

3.1.1 Diabetic retinopathy

Diabetic retinopathy (DR) is a microvascular complication affecting the peripheral
retina, the macula, or both which causes of visual disability and blindness in people with
diabetes. A poor glycemic control appears to be the factor inducing development and
progression of DR in people with diabetes because hyperglycemic condition will cause of an
impairment of retinal blood flow, an increased inflammatory cell adhesion to retinal blood

vessels, and a capillary blockage that lead to hypoxia and damage of the retina (29).
3.1.2 Diabetic neuropathy

Diabetic peripheral neuropathy (DPN) is a common complication estimated to affect
50% of individuals with diabetes. The primary risk factor for DPN is a poor hyperglycemia,
while the other independent risk factors are age, duration of disease, cigarette smoking,
hypertension, dyslipidemia, and elevated triglycerides. The risk factors result in thickening of
basement membrane of blood vessel, pericyte loss, loss of microfilaments, and decreased
capillary blood flow to nerve fibers, which leading to decreased nerve perfusion and endoneural

hypoxia (29).
3.1.3 Diabetic nephropathy

Diabetic nephropathy is defined as persistent proteinuria in patients without urinary
tract infection or other diseases causing the proteinuria. The thickening of glomerular basement
membranes and glomerular hyperfiltration are the pathologic characteristics found in diabetic
nephropathy. These pathological changes lead to mesangial (central part of the renal

glomerulus) extracellular matrix expansion and further increases in urinary albumin excretion
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and progressing to glomerular and tubular sclerosis and renal failure which is a cause of end-

stage renal disease (29).
3.2 Macrovascular complications of diabetes

3.2.1 Cerebrovascular disease (CVD)

Hyperglycemic condition in diabetes is one of risk factors of stroke and people with
diabetes who having a stroke usually show more severe neurological deficits and disability.
Since diabetes affects the cerebrovascular circulation by increasing the risk of intracranial and
extracranial atherosclerosis which finally leading to the presence of CVD (29).

3.2.2 Peripheral artery disease

Peripheral artery disease (PAD) is characterized by the intermittent pain, ache, or
discomfort of lower extremity that may occur during exercise or walking but resolves with rest
that called intermittent claudication symptoms. For the severe PAD, the symptoms also show
even at rest. The pain at rest is caused by ischemia of the lower extremity, indicating
inadequate blood flow to the affected lower extremity. The ischemia of the lower extremity from

PAD is a major risk factor for lower-extremity amputation in patient with diabetes (29).

4. Prevalence of Late Complication
The survey study on diabetes management and complication status in primary care
setting in Thailand found that the prevalence of late complication with peripheral neuropathy

was quite high which occurred around 34% of diabetes (7) as shown in Table 1.
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Table 1 The prevalence of late complication in primary care setting in Thailand (7)

Complications Prevalence of late complications
Peripheral neuropathy 34.0%
Proteinuria 17.0%
Retinopathy 13.6%
Healed foot ulcer 6.9%
Stroke 1.9%
Acute foot ulcer/gangrene 1.2%
Myocardial infarction 0.7%
End stage renal failure 0.1%

5. Pathogenic Mechanisms for Microvascular Disease in Diabetes

The pathogenic mechanism of microvascular disease is a chemical reaction between by-
products of sugars and proteins which causes of irreversible cross-linked protein derivatives
called advanced glycosylated end products (AGEs) (29). These derivatives can effect on
surrounding tissues, including thickening of collagen and endothelium that lead to endothelial
cell dysfunction (29). While, the other mechanisms involved in microvascular disease are the
protein kinase C (PKC) pathway (a family of multifunctional enzymes involved in signal
transduction and gene expression of growth factors and inflammatory signals that may increase
vascular permeability) and the polyol pathway (the enzymes aldose reductase and sorbitol
dehydrogenase, which catalyze reactions that can lead to sorbitol accumulation-associated

osmotic and oxidative stress damage to the endothelium) (29).



14

6. Diabetic Peripheral Neuropathy

“Diabetic peripheral neuropathy (DPN) is defined as the presence of symptoms and/or
signs in the peripheral nerves, mostly affecting the lower extremities, resulting from diabetes
without other causes of neuropathy (30)". DPN is usually found in people with long-termed
diabetes in the prevalence around 50%.

The metabolic effects of chronic hyperglycemia and the consequences of ischemia on the
peripheral nerves lead to neuro-axonal dysfunction and damage (30). The pathophysiology of
DPN from hyperglycemic effects are including of an increase in oxidative stress yielding
advanced glycosylated end products (AGEs), a polyol accumulation causing impaired (Na+/
K+)-ATPase activity, homocysteinemia and decrease in nitric oxide leading to impaired
endothelial function (31). These effects result in nerve sodium accumulation, impaired axonal
transport and structural damage to the nerves (30).

DPN can be classified into 3 major groups by the nature of symptoms, clinical course and
pattern of neurological involvement as follows; 1) focal neuropathies, 2) generalized
symmetrical polyneuropathy , and 3) radiculo-plexus neuropathies (30).

6.1 Focal neuropathies can occur in early or later course of diabetes. It may involve
either cranial nerve (CN), commonly in CNIIl, CNIV, CNVI and CNVII, or peripheral nerves of
limbs. The mechanism of focal neuropathy in people with diabetes is evoked by repeated
microtrauma, ischemia, and inflammatory process (30).

6.2 Generalized symmetrical polyneuropathy can be subdivided into 3 forms; 1) chronic
sensorimotor polyneuropathy, which is the most common form of DPN that involves either small
nerve fibers, large nerve fibers or mixed, 2) acute sensory neuropathy which is a rarely form of
DPN that shows the acute severe pain associated with sudden weight loss, depression and
erectile dysfunction, and 3) peripheral autonomic neuropathy which involves a decrease in or
absence of sympathetic tone innervations of the peripheral vasculatures and/or sweat glands

(30).



15

6.3 Radiculo-plexus neuropathies are developed by the same mechanisms as focal
neuropathy and may also occur in early and later course of diabetes, but affect the roots of
nerve plexus such as lumbosacral plexus. Therefore, the neuropathic symptoms of multifocal
neuropathies are widespread or radiated along a group of peripheral nerves originated from the

involved nerve roots unlike specific focal neuropathy (30).

7. Peripheral Nerve Regeneration in Diabetes Mellitus

Diabetes mellitus is usually associated with both large and small vessel vascular changes
which caused impaired peripheral nerve regeneration and increased risk for diabetic
complications such as peripheral neuropathy, nephropathy and retinopathy (32).

Ebenezer and colleagues in 2011 examined blood vessel, Schwann cell and axonal
regeneration using validated axotomy models and compared patterns and the relationship of
regeneration among these different structures in diabetes mellitus with neuropathy. The
studied observed and quantified regenerative and collateral axonal sprouting rates, blood
vessel growth rate and Schwann cell density by using established stereology techniques. The
study found that rates of collateral (P=0.0001), dermal axonal regenerative sprouting (P=0.02),
Schwann cell migration (P<0.05) and blood vessel growth (P=0.002) were slower in diabetes
mellitus with neuropathy. The studied recommend that regenerative deficits are a common in
diabetes mellitus which may development of neuropathy, and suggested that enhancement of
blood vessel growth might facilitate axonal regeneration (32).

Bradley and colleagues in 1995 assessed myelinated nerve fiber regeneration in diabetic
sensory polyneuropathy in sural nerve biopsy specimens. The study found that regenerative
clusters initially developed within abnormally persistent Schwann cell basal laminal tubes which
reduce in total myelinated fiber density. The study recommended that reduction in the number
of regenerating fibers with declining total fiber density indicating that axonal regeneration failure

with advancing neuropathy related to a lack of nerve growth factor (NGF) receptor production
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by Schwann cells. The production of (NGF and NGF receptors by denervated Schwann cells is
important for axonal regeneration in diabetic sensory polyneuropathy (33).

Therefore, the studies confirmed that regenerative deficits are a common occurrence in
diabetes mellitus which may develop neuropathy. The studies recommended that production of
nerve growth factor (NGF) and NGF receptors by denervated Schwann cells might facilitate

axonal regeneration in diabetic sensory polyneuropathy.

8. Drug Therapy for Glycemic Control in Older Patients with Diabetes
8.1 Alpha-Glucosidase Inhibitors
Alpha-glucosidase inhibitors delay glucose absorption in small intestine by blocking the
enzyme alpha-glucosidase in the brush border of the small intestine. Thus it can reduce the
meal-related blood glucose increases (34). The available commercial alpha-glucosidase
inhibitors drugs include of Acarbose, Voglibose and Miglitol (35). Acarbose should be taken
before carbohydrate containing meals and should not be used when meals are missed. It does
not cause weight gain or hypoglycaemia. Acarbose is contraindicated in patients with hepatic or
renal impairment, inflammatory bowel disease, or a history of bowel obstruction. While, its side-
effects include of bloating, flatulence, abdominal cramps, and diarrhea, which limits their clinical
use (34). Voglibose is the newest of the alpha-glucosidase inhibitors drugs that has been
shown significantly improving glucose tolerance, in terms of delayed disease progression and
the high number of patients who achieved normoglycemia (35).
8.2 Sulfonylureas
Sulphonylureas actions are mainly by stimulating insulin release from the beta-cells of a
pancreas and also decreasing insulin resistance in peripheral target tissues such as muscle
and fat (34). Although, these actions are normally well tolerated because they stimulate
endogenous insulin secretion (35), hypoglycemia is still the most common side effect found

(34). Glyburide and Glipizide are trade name of sulphonylureas drugs. The Glyburide is
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associated with higher rates of hypoglycemia compared to Glipizide. There are many risk
factors for hypoglycemia when using sulphonylueas including of age-related impaired renal
function, simultaneous use of insulin or insulin sensitizers, age greater than 60 years, current
hospital discharge, alcohol abuse, caloric restriction, multiple medications or medications that
potentiate sulfonylurea actions (35).
8.3 Meglitinides
The glinides, repaglinide, and nateglinide, are commercial meglitinides. Meglitinides
functions as secretagogues that stimulate the release of insulin from the beta-cells by the
pancreas (34). Meglitinides shows a rapid onset and a short duration of action (4-6 hrs). Thus it
causes lower risk of hypoglycemia. Meglitinides are given before meals for postprandial blood
glucose control (35). The glinides has a faster onset and shorter duration of action than the
sulphonylureas and thus it associated with a reduced risk of hypoglycaemia. Therefore,
meglitinides can be used in patients with impaired renal function, lessen weight gain, and are
metabolized and excreted by the liver (34).
8.4 Biguanides
An example of biguanides is metformin. The metformin is the most commonly used in
overweight DM patients. It suppresses hepatic glucose production, increases insulin sensitivity,
and decreases the absorption of glucose from the gastrointestinal tract (35). Therefore, a
potential concern with metformin is lactic acidosis which should be used with caution in elderly
diabetic individuals with renal impairment (34). The metformin have a low incidence of
hypoglycemia compared to sulfonylureas (35) when used as monotherapy. Since, it does not
affect insulin secretion. However, It can be associated with hypoglycaemia when used in
combination with sulphonylureas or insulin (34).
8.5 Dipeptidyl-Peptidase IV Inhibitors
Dipeptidyl-peptidase IV inhibitors (DPP-4 inhibitors) can increase active levels of
hormones improving islet function and glycemic control in type 2 DM. DPP-4 inhibitors are a

new class of anti-diabetogenic drugs (35). It is effective in controlling hyperglycaemia, reducing
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glycosylated haemoglobin (HbA1c), improving pancreatic beta-cell function. DPP-4 inhibitors
can be used as monotherapy or in combination with other agents (34). The DPP-4 inhibitors
have low risk of producing hypoglycemia and weight gain (35). Whereas, an inhibition of DPP-4
activity by the DPP-4 inhibitors may cause several adverse effects such as increased blood
pressure, neurogenic inflammation, and immunological reactions (34).
8.6 Incretins/GLP-1 mimetics
Incretins/GLP-1 mimetics actions by stimulating insulin production from pancreatic beta-
cells and also decreasing glucagon secretion resulted from slowing gastric emptying, and
suppressing appetite. Incretins/GLP-1 mimetics infusion will increase insulin release and reduce
fasting blood glucose concentrations in patients with longstanding type 2 DM. The side-effects
of incretins/GLP-1 mimetics is including of nausea and less commonly vomiting or diarrhea,
particularly when starting therapy. While, using a sustained release formulation of
Incretins/GLP-1 mimetics can improve glycaemic control and reduce in body weight, without
increase in risk of hypoglycaemia (34).
8.7 Thiazolidinediones
Thiazolidinediones (TZDs) can improve insulin sensitivity by increasing the efficiency of
glucose transporters. Therefore, TZDs can reduce both fasting and postprandial glucose
concentrations leading to lowering HbA1C by 1-2%. TZDs do not cause hypoglycaemia when
used as a single agent but can do so when used in combination with other agents. TZDs have
also been associated with an increase in myocardial infarction (MI) incidence and thus
worsening of heart failure (34).
8.8 Insulin
Individuals with type 2 DM and progressive beta-cell failure may need insulin therapy as
the disease progresses (34). Insulin can be used alone or combined with oral hypoglycemic
agents (35). The long acting forms of insulin are less likely to cause hypoglycemia when
compared to the short acting forms (35). Furthermore, insulin use can improve insulin

resistance and may have cardiovascular benefits (34).
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8.9 Insulin analogues
Insulin analogue therapy is limited in its ability to mimic normal physiological insulin
secretion. Traditional intermediate and long acting insulins (NPH insulin or neutral protamine
Hagedorn, lente insulin, and ultralente insulin) are limited by inconsistent absorption (35)
Therefore, the information related to drugs treatment for glycemic control in individual
patients with diabetes should be known as a basic data for giving an advice to the patients and
keeping awareness of complications/side effects from the drug use such as hypoglycemia that

may occur during the patients enroll the exercise programs.

9. Aerobic Exercise

Aerobic exercise aims principally to improve cardiorespiratory function (36). The features
of an aerobic exercise include of the mode, duration, intensity and frequency (37). The modes
of aerobic exercise may be a high or a low impact exercises. Some sport activities present
aerobic training if continuous movement are involved (36). The best duration of an aerobic
exercise session is the continuous range of 30 to 60 minutes. Intensity of aerobic exercise
should be at least 50% of an individual’'s maximal oxygen uptake (50% of VOy,max) (37). The
frequency of an aerobic exercise has been approved in at least three sessions a week (37).

Maximal oxygen uptake (VOynay) iSs dependent upon many factors, including natural
physical endowment, activity status, age, and gender, but it is the best index of exercise
capacity and maximal cardiovascular function (37). Aerobic training can increase maximal
oxygen uptake by up to 25%. The degree of increase depends upon the initial level of fithess
and age as well as the intensity, frequency, and duration of training (37). The percentage of
maximal oxygen uptake, which requires laboratory measurements, can be practically
approximated by heart rate or by level of perceived exertion during exercise (37) because there
is a well-established relationship between percentage maximal oxygen uptake (VO,,s) and

percentage maximum heart rate (HR,,x) and also level of perceived exertion (38).
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The aerobic exercise can be performed as being short-term ( 5-10 minute), light (30-49%
of VOymax) to moderate (50-74% of VO,,.x) submaximal exercise and long- term (longer than
30 minute), moderate to heavy submaximal (60-85% of VO,max) exercise (39). The
comfortable and effective exercise intensity is suggested at 70% of HR ., as the threshold for
aerobic improvement (38). However, the exercise at a lower intensity of 60% to 65% HR ., for
45 minutes also proves as aerobic benefits (38).

In addition to oxygen uptake and heart rate indicators of exercise intensity, the rating of
perceived exertion (RPE) (Appendix G) also can be used as an indicator. RPE is a
psychophysiologic approach, the perceived feelings relative to exertion level during exercise
are rated on a numerical scale called the Borg scale (38). The adjusting RPE during exercise is
an effective way to recommend exercise on the basis of an individual’s perception (38). For
example, an RPE of 13 or 14 (exercise that feels “somewhat hard”; coincides with about 70%

HRax during cycle ergometer and treadmill exercise) (38).

10. Exercise Training for Glycemic Control and Prevention of Complication in

Patients with Diabetes

Colberg and colleagues in 2010 suggested that the exercise plays a major role in the
prevention of insulin resistance and complication in type 2 diabetes. Both aerobic training and
resistance training improve insulin action and can assist with management of blood glucose
levels, lipids, blood pressure, cardiovascular risk, mortality, and quality of life (40).

The systematic review by Umpierre and colleagues in 2011 recommended that aerobic,
resistance, and combined training are associated with hemoglobin A1c (HbA1c) decreases. The
study demonstrated that an exercise of more than 150 minutes per week is associated with
greater declines in HbA1c than that of 150 minutes or less per week in patients with type 2
diabetes (16). A combination of aerobic and resistance exercise training may be more effective
in improving blood glucose control than either alone (40). The effects of a single bout of

aerobic exercise on insulin action vary with duration, intensity, and subsequent diet (41).
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Bacchi and colleagues in 2012 evaluated the effects on blood glucose of a single bout of
aerobic exercise or resistance exercise in a group of type 2 diabetic patients enrolled in a
regular training program. Glucose concentrations were measured by continuous glucose
monitoring system for 48 hours, comprising a day with an exercise session and the following
non-exercise day. The study found that aerobic and the resistance training induced similar
long-term improvements in HbA1c levels, there were different behaviors between the groups in
blood glucose readings during and for several hours after a single exercise session. Moreover,
the study found the significant reduction in glucose concentrations during the aerobic exercise
but not during the resistance exercise. This study suggested that aerobic exercise and
resistance exercise training have similar long-term metabolic effects in diabetic subjects.
However, the acute effects of single bouts of these exercise types be different, with a possible
increase in late onset hypoglycemia risk after aerobic exercise (42).

Aerobic exercise should be performed at least three times per week with no more than
two consecutive days between bouts of activity because of the transient nature of exercise-
induced improvements in insulin action which may risk to hypoglycemia (41). Aerobic exercise
should be at least at moderate intensity, approximately 40%—-60% of VO,,. and additional
benefits may be gained from vigorous exercise (> 60% of VO,,a¢). For most people with type 2
DM, brisk walking is a moderate-intensity exercise (41).

Resistance exercise should be undertaken at least twice weekly on nonconsecutive days
but more ideally three times a week as part of a physical activity program for individuals with
type 2 DM, along with regular aerobic activities (41). Training should be moderate (50% of 1-
repetition maximum, or 1-RM) or vigorous (75%—80% of 1-RM) for optimal gains in strength
and insulin action. Each training session should minimally include 5-10 exercises involving the
major muscle groups (in the upper body, lower body, and core). The exercise for each major
muscle groups should be done with the resistance that causing only closed to fatigue
symptoms by completed 10-15 repetitions at the beginning and then progress by gradually

increase the weight or resistance that can be lifted completely in 8-10 repetitions. Resistance
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machines and free weights (e.g., dumbbells and barbells) can result in fairly equivalent gains in
strength and mass of targeted muscles (41).

Although moderate aerobic exercise improves blood glucose and insulin action acutely,
the risk of exercise-induced hypoglycemia is minimal without use of exogenous insulin or
insulin secretagogues (40). Glucose monitoring can be performed before and after physical
activity to assess its unique effect. The American Diabetes Association recommends that
carbohydrate must be ingested before any physical activity if the pre-exercise blood glucose
level of patients is less than 100 mgIdL_1 (5.5 mmoIIL_1). Insulin users should likely consume up
to 15 g of carbohydrate before exercise for an initial blood glucose level of 100 mgIdL'1 or lower
(41). While, persons with type 2 diabetes who do not using insulin or insulin secretagogues are
unlikely to experience hypoglycemia related to physical activity. Users of insulin and insulin
secretagogues are advised to supplement with carbohydrate as needed to prevent
hypoglycemia during and after exercise with type 2 diabetes.

Before undertaking exercise more intense than brisk walking, sedentary persons with type
2 diabetes will likely benefit from an evaluation by a physician (40). The goal is to more
effectively target individuals at higher risk for underlying cardiovascular disease (CVD). In
general, electrocardiography (ECG) stress testing may be indicated for individuals matching
one or more of these criteria (e.g., Age > 40 years, with or without CVD risk factors other than
diabetes; Age > 30 years and Type 1 or 2 diabetes of > 10 years in duration, hypertension,
cigarette smoking, dyslipidemia, proliferative or preproliferative retinopathy, nephropathy
including microalbuminuria). While, any of the following, regardless of age, such as a known or
suspected coronary artery disease, cerebrovascular disease, and/or peripheral artery disease;
autonomic neuropathy; advanced nephropathy with renal failure, should be recommended for
ECG stress test as well before undertaking exercise more intense than brisk walking (41).
Moreover, individuals with angina classified as moderate or high risk should likely begin

exercise in a supervised cardiac rehabilitation program (40).
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Physical activity is advised for anyone with peripheral artery disease (40). Mild to
moderate exercise may help prevent the onset of peripheral neuropathy (41). Individuals with
peripheral neuropathy and without acute ulceration can participate in moderate weight-bearing
exercise, for example, a moderate walking likely does not increase risk of foot ulcers or re-
ulceration with peripheral neuropathy (40). In contrast, anyone with a foot injury or open sore or
ulcer should be restricted to only a non-weight bearing physical activity (41). Additionally, an
education for a comprehensive foot care including daily inspection of feet and use of proper
footwear is suggested for prevention and early detection of sores or ulcers in diabetes (40).

Furthermore, a moderate-intensity aerobic training can improve autonomic function in
individuals with and without cardiovascular autonomic neuropathy (41). Individuals with cardiac
autonomic neuropathy should be screened and received physician approval and possibly
exercise stress test prior to exercise initiation. Exercise intensity is best prescribed using the
heart rate reserve method with direct measurement of maximal heart rate (40).

Cautiously, the careful screening and physician approval are suggested in diabetic
individuals with proliferative or preproliferative retinopathy or macular degeneration, before
initiating an exercise program (41). The exercise for individuals with uncontrolled proliferative
retinopathy should avoid activities that greatly increase intraocular pressure and hemorrhage
risk (40).

Diabetic nephropathy is a major risk factor for death in those with diabetes and it
approximately develops in 30% of individuals with diabetes. Before begin a physical activity in
individuals with diabetic nephropathy, it should be carefully screened, had physician approval,
and possibly undergone stress testing to detect coronary artery disease and abnormal heart
rate and blood pressure responses. However, both aerobic and resistance training can improve
physical function and quality of life in individuals with kidney disease. Especially, the resistance
exercise training is effective in improving muscle function and activities of daily living, which are

normally severely affected by later-stage kidney disease (41).
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The previous studies revealed that either aerobic or resistance training can improve
insulin action and blood glucose control. Therefore, those trainings can be able to prevent
complications from hyperglycemic condition in diabetes and leading to a better quality of life in

patients with diabetes.

11. Exercise Training on Cutaneous Blood Flow and Nerve Function in Diabetes

with Peripheral Neuropathy

Diabetes is correlated with both microvascular and macrovascular diseases affecting
several organs. While, diabetic microvascular diseases involving small vessels, such as
capillaries. Especially, characteristic of peripheral neuropathy include axonal thickening with
progression to axonal loss, basement membrane thickening, loss of microfilaments in pericyte
(ie, cytoskeletal filaments comprising actin and myosin), and decreased capillary blood flow to
C fibers, leading to decreased nerve perfusion and endoneurial hypoxia (29).

Heidarianpour and colleagues in 2007 evaluated the effects of exercise training on
endothelial dysfunction and insulin signaling of cutaneous microvascular in streptozotocin-
induced diabetic rats. The study found the significant increases cutaneous blood flow in
diabetic groups. This study suggested that chronic exercise improved endothelium-dependent
dilatation in diabetic rats (43).

Heidarianpour in 2010 evaluated the effects of exercise training on characterize
cutaneous microvascular responses by Laser Doppler flowmetry in streptozotocin-induced
diabetic rats. The study found the significant increases acetylcholine (Ach) induced cutaneous
perfusion. This study suggested that beneficial effect of regular exercise on cutaneous
microvascular endothelium-dependent dilatation in diabetic rats after training (44).

Kluding and colleagues in 2012 evaluated the effects of the exercise on nerve function in
people with diabetic peripheral neuropathy (DPN). The study found the significant reductions in
pain, neuropathic symptoms and increased intraepidermal nerve fiber branching from a

proximal skin biopsy in people with diabetic peripheral neuropathy after training (45).
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From the previous studies, exercise training should increase cutaneous blood flow and
nerve function in diabetic peripheral neuropathy after training by cutaneous microvascular

endothelium-dependent dilatation and intraepidermal nerve fiber branching.

12. Cause of Falling in Elderly Patient with Diabetes

Older adults with type 2 diabetes have an increased risk of falls. The risk factors for falls
in diabetes-related complications are such as peripheral neuropathy, reduced vision, renal
dysfunction, impaired balance, strength and gait. Additionally, DM with insulin therapy
demonstrated an association with increase in falls due to more severe of disease and
hypoglycemic episodes (46).

Schwartz and colleagues in 2002 studied the risk factors of falling in older women with
diabetes. The study found that falls risk factors tended to be the most common among
individuals using insulin. Side-effects of insulin treatment, such as episodes of dizziness or
fainting, may lead to an increased risk of falls. Effect of poor static and dynamic balance is a
factor in the causal pathway between diabetes and increased risk of falling which postural
instability was only increased in individuals with diabetes who also had peripheral neuropathy.
Other factors that association between falls risk were history of coronary heart disease,
arthritis, depression, poor vision, and use of medications for sleeplessness or anxiety (47).

Volpato and colleagues in 2005 studied the risk factors for falling in older women with
diabetes. The study found that risk factors for falls included of cardiovascular conditions,
peripheral nerve dysfunction, visual impairment, elevated body mass index (BMI), lower Mini-
Mental State Examination (MMSE) score, and more depressive symptoms. Moreover, the
diabetes women having poorer lower-extremity function and activities of daily living (ADL)
disability and using insulin therapy also showed the highest risk of falling (48).

Quandt and colleagues in 2006 studied the risk factors of falls among the older with
diabetes. The study found that falling in diabetic elderly usually related to the presence of

health characteristics, including slow foot healing, tingling and numbness in the feet, arthritis,
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eye problems, and stroke. Moreover, falling was also associated with a greater number of
chronic conditions, long duration of diabetes, poorer physical functioning, limited lower limb
mobility, lower mental and physical scores and more prescription medications (49).

Schwartz and colleagues in 2008 studied the risk factors for falling among the older
women with diabetes. There are a lot of factors were found to be associated with falls. Those
factors were loss of light touch discrimination, low peroneal nerve response amplitude at the
popliteal fossa, loss peripheral nerve function, visual acuity, decreasing glomerular filtration rate
(GFR < 60 mL/min/1.73 m2), change diastolic blood pressure (DBP), grip strength, knee
extensor strength, and standing balance (46).

Therefore, the previous studies related to falls risk in older women with diabetic
demonstrated that management of older women with diabetes, beside the medication
treatment, should also be considered in fall prevention. Thus, developing an effective program
for improving balance and somatic sensation, especially proprioception of ankles, in elderly

women with diabetic peripheral neuropathy is the focus of this research.

13. Balance Impairment in Diabetes with Peripheral Neuropathy

There are many studies presented an impaired postural stability founded in diabetes with
peripheral neuropathy. For example, the study using a posturography to detect postural sway in
diabetic patients showed that type 2 diabetic patients with neuropathy had a larger area of
postural sway and a higher speed of postural sway per second than patients without
neuropathy (50).

Another study using the Interactive Balance System (Tetrax, Ramat Gan, Israel) assess
an interaction of vertical pressure fluctuations on four independent platforms found that, in a
position with closed eyes, diabetic patients with severe and moderate neuropathy were
significantly less stable than normal subjects and diabetic patient without neuropathy (51).

Emam and colleagues in 2009 used a computerized dynamic posturography in type 2

diabetic patients with neuropathy to examine postural equilibrium. The study found that the
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composite equilibrium score, sensory organisation test 1, 2 and 3 conditions were significantly
lowered in neuropathic when compared to non-neuropathic patients, and no significant
difference could be found between the two groups in dynamic conditions. This study reflects
that the impairment of postural stability in type 2 diabetes patients with peripheral neuropathy
due to an impairment of the somatosensory system (10).

Turcot and colleagues in 2009 used an accelerometric-based method to measure
accelerations at lumbar and ankle levels in diabetic patients and compared with control
subjects. The study found that diabetic patients with peripheral neuropathy showed a higher-
range and root mean squared acceleration values compared with diabetic patients without
peripheral neuropathy. Significant differences between groups were detected for anterior
posterior range of lumbar acceleration, which was significantly higher for diabetic patients with
peripheral neuropathy compared with those of other groups. Significant higher values for
diabetic patients with peripheral neuropathy were also detected for anterior posterior range and
root mean square of ankle accelerations when compared with control subjects (52).

All the studies that mentioned above confirm that diabetic patients with peripheral
neuropathy have impaired static and dynamic balances and the balance impairment is related
with the underlying impaired somatosensory of the lower leg (10). Moreover, previouse study
found that the body sway in patients with diabetic peripheral neuropathy was associated with
somatosensory deficits in position, vibration, and tactile sensation (13).

The tactile system is associated with sensations of touch and pressure and vibration
which the involved receptors are Merkel’'s cells, Pacinian corpuscles, Meissner's corpuscles,
and Ruffini endings. The proprioceptive system is associated to joint position sense, and joint
motion sense (kinesthesia). The receptors providing the central nervous system with
proprioceptive information are muscle spindles, joint afferents, and Golgi tendon organs (53).

The lower leg proprioceptive feedback is a critical component for human automatic
balance correcting responses. When both tactile and proprioceptive information are not

conducted to the central nervous system in patient with diabetic neuropathy, impairment in
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control of static and dynamic balance may occur and may lead to an increased risk of falling

(53).

14. Adaptation and Sensory Reintegration/ Compensatory Sensory Mechanisms

Control of upright standing relies on the integration of sensory inputs from vestibular,
visual, and proprioception. To maintain postural stability in human, the information from several
sensory channels will be compromised by reweighting them, for instance, in older that lose
vestibular, visual, or proprioceptive function will reweight or compensate by using the
information from the remaining inputs. In daily living, the ability to quickly reweight sensory
information in response to sudden changes in the environment is also frequently challenged.
For example, when a bus is stopping or when moving from a bright to a dark environment (54).

The normal postural control to maintain orientation and stability in various tasks and
environmental changes needs sensorimotor adaptation that means the modifications of how we
sense and move. Many previous study have emphasized an importance of adaptation between
sensory and movement strategy, for example: execution of the ankle strategy adapting for
maintain stability depends on somatosensory inputs that reporting body’s position related to
surface of support, whereas hip strategy execution relies on sensation from vestibular inputs
(55).

The adaptation is an essential aspect of normal postural control due to the experience
and learning of individuals. The learning process can facilitate an increase in synaptic activity of
neuron in the brain which called plasticity. The plasticity can result in either short term
functional change or long term, structural change, and then if there is a long-term structural
change, this will become a behavioral skill (55).

Therefore, adaptation is an important aspect of normal postural control and is significantly
dependent on experience and learning that can be resulted from training effects. Thus, the

balance training in older people should facilitate sensorimotor adaptation by using the sensory-
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reintegration and movement strategy to induce plasticity of the brain which leading to

improvement of postural control skill.

15. Postural Control

Postural control systems contain a complex organization that controls the orientation and
the equilibrium of the body during upright stance position (56). Postural orientation involves the
active control of body alignment and tone with respect to gravity, support surface, visual
environment and internal references (57). Postural equilibrium involves the coordination of
sensorimotor strategies to stabilize the body’s centre of mass (CoM) during both self-initiated
and externally triggered disturbances in postural stability (57).

Understanding and properly performing stability and balance training in patients need
absolute knowledge of the sources of patients’ postural problems (56). A summary of six
important resources for postural control is biomechanical constraints, movement strategies,
sensory strategies, orientation in space, control of dynamics, and cognitive processing (57).

Biomechanical constraints are important factors that affect balance. They are related to
the size and quality of the base of support, that are the feet. Therefore, the quality of the base
of support which affecting balance of individual person includes of size, strength, range of
motion, pain or control of their feet (57).

Movement strategies are ankle strategy, hip strategy, and stepping strategy. These
strategies can be used to return the body to equilibrium in a stance position which two
strategies (ankle and hip strategies) keep the feet in place and the other strategy (stepping
strategy) changes the base of support through the individual stepping or reaching. The ankle
strategy is the body moves at the ankle as a flexible inverted pendulum to maintain balance for
small amounts of sway when standing on a firm surface. The hip strategy is the body exerts
torque at the hips to quickly move the body CoM, is used when persons stand on a narrow or

a compliant surface (57).
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Sensory strategies are an integration of sensory information from somatosensory, visual
and vestibular to interpret complex sensory environments. While subjects change the sensory
environment, they need to re-weight their relative dependence on each of the senses. During
standing on a firm base of support, healthy persons rely on integrated information from
somatosensory (70%), vision (10%) and vestibular (20%). While standing on an unstable
surface, they increase sensory weighting to vestibular and visual information as decreasing
their dependence on surface somatosensory inputs for postural orientation. So, the ability to re-
weight sensory information with respect to the sensory context for maintaining stability is very
important when an individual moves from one sensory context to another. Therefore, persons
with somatosensory loss from neuropathy will be limited in their ability to re-weight postural
sensory dependence which will impair their postural control responses and risk to fall in
particular sensory contexts (57).

Orientation in space is the ability to orient the body parts with respect to gravity, support
surface, visual surround and internal references. Therefore, the environmental context, task and
a health nervous system are critical components affecting the control of body orientation or
postural adjustment (57).

Control of dynamics is the control of balance during gait and while changing from one
posture to another that requires complex control of a moving body CoM (57).

Cognitive processing: Postural control also needs cognitive function of the brain. The
control of posture at the same time with another cognitive processing will, thus, share available
cognitive resources in the brain. So, the postural control performance will be disturbed by a
secondary cognitive task. Accordingly, individuals who have limited cognitive processing
resources due to neurological impairments may risk to fall or show a longer reaction time if
he/she do a difficult complex tasks or dual task because of insufficiency of cognitive processing
for control posture while splitting some cognitive processing resource to a secondary cognitive

task (57).
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Therefore, the exercise program to improve balance performance for persons with diabetic
peripheral neuropathy who have balance impairments should rely on principal of the six

important resources for postural control.

16. Exercise to Prevent Falls in Older Adults

From the systematic review by Sherrington and colleagues in 2011 recommended that
prevention of falls and mobility-related disability among older people can be prevented with
appropriately designed intervention programs. Both home-based and group-based programs
can prevent falls. Furthermore, the designed group-based interventions can also prevent falls
and promote psychosocial in elderly, while home-based programs is also important if older
people are reluctant to or unable to attend group exercise classes (58).

Additionally, this systematic review suggested that exercises should aim to challenge
balance in three ways as follows;

1. Reducing the base of support (e.g. standing with both legs close together, standing
with one foot directly in front of the other, i.e. a tandem stance position and, if possible,
standing on one leg) (58).

2. Movement of the centre of gravity-control of the body’s position while standing
(e.g. reaching safely, transferring the body weight from one leg to the other, stepping up onto a
block) (58).

3. Reducing the need for upper limb support when exercises in standing. If this is not
possible the aim should be to decrease reliance on the arms (e.g. hold onto a bar with one
hand instead of both hands, rest one finger on a table rather than the whole hand) (58).

Therefore, exercise for balance training should target both the general elderly in
community and those at high risk for falls. The balance training exercise can be introduced as
a group or home-based setting. Also, strength and a walking training may be included in
balance training program but for the high risk individuals should not be prescribed a rapid

walking in the program.
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17. Clinical Assessment of Diabetic Peripheral Neuropathy

Diabetic sensorimotor polyneuropathy (DSPN) is the most common form of chronic
complication associated with diabetes mellitus. The diagnosis of diabetic peripheral neuropathy
is an assessment on neurological signs and symptoms of both feet. The Michigan Neuropathy
Screening Instrument questionnaire (MNSIq) and Physical Assessment is a screening
instrument with numerous composite scores which most frequently used to evaluate neuropathy
(59). The Michigan Neuropathy Screening Instrument is a simple tool to assess symptoms in
diabetic peripheral neuropathy. The questionnaire composes of 15 questions related to a
history of neuropathic signs and symptoms of the patients with diabetes (Table 2). A positive
response on 4 or more questions correlates with the presence of peripheral neuropathy (60).

The physical assessment in the Michigan Neuropathy Screening Instrument consists of
foot inspection, vibration sensation test, muscle stretch reflexes and monofilament testing. The
foot inspection is an observational assessment of both feet to identify of dry skin, callous
formation, fissures, frank ulceration and deformities. The deformity feet include flat feet,
hammer toes, overlapping toes, halux valgus, joint subluxation, prominent metatarsal heads,
medial convexity (Charcot foot) and amputation. The vibration sensation is tested bilaterally
using a 128 Hz tuning fork placed over the dorsum of the great toe on the bony prominence of
the DIP joint. The ankle reflexes are examined by using an appropriate reflex hammer. The
monofilament testing is evaluated by using a 10 grams monofilament pressing on the dorsum
of the great toe midway between the nail fold and the DIP joint until the filament is slightly
bended (60).

In addition, the clinical measurement of glycosylated hemoglobin (HbA1c) levels and the
duration of diabetes correlated with diabetes complications risks of peripheral neuropathy are

also recorded (59).
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Table 2 The questions in Michigan Neuropathy Screenings Instrument Questionnaire (60)

Michigan Neuropathy Screening Instrument questionnaire

10.
11.
12.
13.
14.

15.

Are you legs and/or feet numb?

Do you ever have any burning pain in your legs and/or feet?

Are your feet too sensitive to touch?

Do you get muscle cramps in your legs and/or feet?

Do you ever have any prickling feelings in your legs or feet?
Does it hurt when the bed covers touch your skin?

When you get into the tub or shower, are you able to tell the hot water from the
cold water?

Have you ever had an open sore on your foot?

Has your doctor ever told you that you have diabetic neuropathy?
Do you feel weak all over most of the time?

Are your symptoms worse at night?

Do your legs hurt when you walk?

Are you able to sense your feet when you walk?

Is the skin on your feet so dry that it cracks open?

Have you ever had an amputation?
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18. Balance Assessment of Older Community Dwelling Adults

Various approaches to measure balance have been developed including questionnaires,
laboratory measures and functional balance test. Questionnaires, such as the Rivermead
Mobility Index and the Activities Specific Balance Scale, provide only self-report information
regarding functional status. Laboratory measures, such as computerized force platforms,
provide the most accurate data of postural sway. Anyway, the laboratory measures are

complex equipment and high cost (61).

For functional balance tests, there are many functional balance tools such as Berg
Balance Scale (BBS), Timed Up and Go Test (TUG), Functional Reach Test (FRT), Tinetti
Performance Orientated Mobility Assessment (POMA), balance subscale, Balance Screening
Tool (BST), Multi-Directional Reach Test (MDRT), Lateral Reach Test (LRT), Step Tests,
Fullerton Advanced Balance Scale (FAB), Sensory Orientated Mobility Assessment Instrument
(SOMA) and Clinical Test of Sensory Interaction and Balance (CTSIB). These functional
balance tools are practical assessments that can be used in a variety of settings because of

their low cost, less complex equipment and time efficiency (61).

The Berg Balance Scale and the Timed Up and Go Test have been confirmed a high
intrarater and interrater reliability in older community dwelling adults (61). And also, the Clinical
Test of Sensory Interaction and Balance (CTSIB) have been confirmed a good test-retest
reliability in older community dwelling adults (61). Moreover, BBS is easy to administer and
does not require special equipment (62), and the TUG Test is a test that can be done quickly,
low cost and easy to estimate the effect of balance training program to prevent fall (61). While,
the CTSIB can evaluate the reliance on the different sensory systems in maintaining balance
(61). Therefore, this study will use BBS, TUG and CTSIB as the tools for measuring balance

performance in the elderly with diabetic peripheral neuropathy.
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18.1 Berg Balance Scale

The Berg Balance Scale (BBS) was developed as a performance-oriented measure of
balance for people with balance impairment by assessing the performance of functional tasks.
The BBS consists of 14 functional items that are scored on a scale of 0 to 4 (as shown in
Appendix B). A score of 0 is unable to do the task and a score of 4 is able to complete the
task on the criterion that has been assigned. The items include of mobility tasks (e.g., transfers,
standing unsupported, sit-to-stand) and difficult tasks (e.g., tandem standing, turning 360°,
single-leg stance) (63). It takes approximately 15 minutes to complete an assessment of BBS
and requires a step, two chairs, a stopwatch, a 40 cm ruler and minimal space (64). The
maximum total score for assessment is 56. A score below 45 indicate impairment, with an
increased fall risk. Reliability and validity of the BBS were assessed in community dwelling
older adults (62, 65). It was found that inter-rater reliability of BBS was good to excellent
(1CC=0.88-0.98). While, Intra-rater reliability demonstrated greater variability (ICC=0.68-0.99)
(62).

18.2 Timed Up and Go Test

The Timed Up and Go (TUG) test is a test of balance that is commonly used to
examine functional mobility in community-dwelling in older adults (66). This test measures the
time taken by an individual to stand up from a standard armchair (approximate seat height of
46 cm), walk a distance of 3 m, turn, walk back to the chair, and sit down. The subject wears
his or her regular footwear and uses his or her customary walking aid (cane, walker, etc.) but
no physical assistance is given. Time taken to complete the test is strongly correlated to level
of functional mobility (67). The TUG takes approximately 1-2 minutes to complete and requires
only a chair and stopwatch (64). The TUG scores as shown in table 3. The TUG showed an
excellent inter-rater reliability (ICC=0.98-0.99) (66, 67) and also excellent intra-rater reliability
(1CC=0.97-0.98) (63, 67).
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Table 3 Timed Up & Go Test Scores (63)

Age (y) Gender Mean (seconds) Normal Range (seconds)
60-69 Male 8 7-8
60-69 Female 8 7-9
70-79 Male 9 7-11
70-79 Female 9 8-10
80-89 Male 10 9-11
80-89 Female 11 9-12

18.3 Clinical Test of Sensory Interaction and Balance
Shumway-Cook and Horak in 1986 designed the clinical assessment of the influence of
sensory interaction on standing postural stability in the patient with neurologic problems (e.g.,
peripheral neuropathy, vestibular disorders, and stroke) (68). The Clinical Test of Sensory
Interaction and Balance is a timed test that was developed for testing the influence of
systematically sensory inputs, as visual, vestibular and somatosensory, on standing balance
(69). The patient have to maintain standing balance under six different intersensory conditions
that either eliminate input or produce inaccurate visual and surface orientation inputs (68). The
test uses combinations of three visual and two support-surface conditions (68).This test is
easily to address, inexpensive and requires minimal equipment (69).
The surface conditions consist of flat surface and a firm surface (40.64 x 40.64 x 7.62 cm
piece of medium-density Sunmate foam) (69) to confirm an accurate orientation information

from the somatosensory system. During stance on a foam surface, the foam surface will reduce
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the accuracy of the orientation information from ankles (68), then changes in ankle position
may no longer correlate with movement of the center of gravity. Therefore, patients may rely on
information from ankle proprioceptors less than the information from sensory receptors in the
head and neck to control body sway (70).

The visual conditions include of a blindfold and a visual-conflict dome. The blindfold is for
eliminating visual input and a visual-conflict dome is for producing inaccurate visual input. The
dome was constructed from a paper lantern and a dental headband (Figure 1) by Shumway-
Cook and Horak (68). When wearing the visual-conflict dome, the subjects will be instructed to
keep their eyes open and looking forward. The dome will be moved in synchrony with head
movement and therefore "neutralized vision (or reduced the sense of vision as a reference for
body sway. The effect of the dome on visual inputs has been referred to as "visual
stabilization," because the visual field moves in proportion to body sway (70).

The Clinical Test of Sensory Interaction and Balance includes of six test conditions
(Figure 2). The first three conditions require the patient to quiet standing on the floor with
looking straight ahead (condition 1), to quiet standing on the floor with eyes closed (condition
2), and to quiet standing on the floor wearing the conflict dome (condition 3). The second three
conditions are managed by instructing the patient to quiet standing on the foam with eyes open
(condition 4), with eyes closed (condition 5) and with wearing the conflict dome (condition 6)
(69). The CTSIB demonstrated a good test-retest reliability (r=0.75) in older community dwelling

adults (70).
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Figure 1 Visual-conflict dome to produce inaccurate visual orientation inputs during balance

testing (68)
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Figure 2 Sequence of six conditions for testing the influence of sensory interaction on balance

(68)
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19. Proprioceptive Test
19.1 Qualitative testing of proprioception

19.1.1 Contra-lateral limb matching test In this test, the subject is shown the
directions into which his or her limb is going to be moved. Then the subject is asked to
memorize the directions of movement of the moving limb thereafter do the same movement on
his opposite side on contra-lateral limb within 5 seconds (71).

19.1.2 Distal joint positional sense test The subject is asked to identify the position of
the finger or toe (whether up, middle, or down) with closed eyes. Then, he or she is asked to
tell the right answer within 5 seconds. This test is done for all MCP and MTP joints (71).

19.1.3 Perceived Synergy Sense Test Perceived Synergy Sense Test is meant to
determine the position of upper limb and lower limb (one extremity at a time) in the form of any
synergy pattern. The subject was asked to assume the position, just demonstrated to him and
asked him to do the position on the both sides and both limbs. If the subject was unable to
duplicate the test position, the experimenter passively placed the subject's extremity into the
test position and asked the subject to maintain this position. If the subject was able to assume
the test position, the experimenter then asked him to hold the shoulder/hip component of the
position for 5 seconds while attempting to reciprocate the most distal component of that
position (71).

19.2 Quantitative testing of proprioception

19.2.1 Foot Placement Sense Test The subject is instructed to walk on 12 feet long
paper with comfortable foot step. He is told to memorize the placing of his each foot step. Then
with eyes fixed to a point in front or not looking down, he is told to walk on the same paper roll
as before for once. Then the error is recorded by comparing between the taken target footprint
and subject original foot placement with visual fixation after walking. The average of the error is
taken and grading is done as according to the performance of the test (71).

19.2.2 Objective Positional Sense Test The subject is asked to move his testing limb

to the predetermined target angle/position and let him feel that angle/position for 5 sec. Then
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the limb is taken to the starting position passively, the subject is then asked to move the limb to
that target position actively from the starting position. The angular difference between the target
angle and patient’s perceived angle is measured. The angular error in each plane of a joint is
recorded and taken as the actual angular error in one particular plane of a joint (71).

19.2.3 Motion tracking sense test This is an instrument designed to quantitatively
measure the proprioceptive error in an individual. This instrument is made up of wood and has
a slider to point out the reading on the scale and protractor fixed on the instrument. The
subject is seated in front of a table on which the instrument is kept. The Subject is asked to
slide the pointer in the instrument to a predetermined number on the scale over the instrument
with opened eyes and maintain for 5 seconds there, so that the subject could memorize the
position. Then with vision block the subject is asked to reposition in the target position. The
distance and angular error between the target angle/distance and subject’'s perceived
angle/distance respectively is recorded (71).

19.2.4 Modified Romberg test In this test the subject is asked to close his eyes and
stand on one leg for one minute and the number of times the subject lost balance in one
minute is recorded (71).

19.2.5 Timed Unilateral Stance Performance test Subject is asked to stand
comfortably and fix his eyes further to a point. Thereafter the subject is asked to stand on the
right and left foot separately as long as possible without losing balance or fall. The time

duration he could stand without losing balance is recorded (71).
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20. Fear of Falling Measurement Tools

Fear of falling in the elderly occurs in 12% to 65% of who live independently in the
community and do not have a history of falling. The fear of falling of the elderly is a condition of
worry about falling that ultimately limits the performance of daily activities and loss of
confidence in his or her balance abilities which caused by change in physical, psychological,
and functional (72). The tools that measure fear of falling are such as, Thai Geriatric Fear of
Falling Questionnaire, Falls Efficacy Scale (FES) and Activities-Specific Balance Confidence

Scale (ABC)

20.1 Thai Geriatric Fear of Falling Questionnaire

The Thai Geriatric Fear of Falling Questionnaire is an instrument developed to assess
the fear of falling in Thai community dwelling elders. The Thai Geriatric Fear of Falling
Questionnaire (Appendix C) consists of 34 items with a 6 point Likert scale. These 34 items are
grouped into 3 major domains as the physical and functioning domain (15 items), the
environmental domain (8 items), and the psychosocial domain (11 items). The questionnaire
shows a high internal consistency (r = 0.965) and test-retest reliability (r = 0.874). The
convergent validity tested with Modified Thai Fall Efficacy Scale (MTFES) is high (r = -0.910).
The cut-off score is 66 (73).

20.2 Falls Efficacy Scale

The Falls Efficacy Scale (FES) is a tool for assessment fear of falling that contributing
to functional decline in older adults. The scale measures fear of falling by looking at fall-related
self-efficacy or a person’s self-confidence in his or her ability to avoid falling during performing
everyday activities (e.g., cleaning house, getting dressed, and simple shopping). The FES
consists of 10 questions each question is rated on a scale of 1 to 10. Therefore, the summation
of total scores from 10 questions is between 0 and 100. The FES shows good test-retest

reliability (Pearson's correlation 0.71) (74).
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20.3 Activities-Specific Balance Confidence Scale

The Activities-Specific Balance Confidence Scale (ABC) uses the same idea of fall
related self-efficacy as the FES but it is proper for older adults with higher functioning. The
ABC scale composes of 16-item questionnaire that asks the subject to rate his or her balance
confidence on a visual analog scale (0—100) while zero represents no confidence and 100

indicates complete confidence in performing the activity (75).

21. Related Studies

The literature-reviews found significantly impairment of balance in diabetes with peripheral
neuropathy which may lead to an increase in risk of fall. There are very few studies that have
been conducted on improving balance in patients with diabetic peripheral neuropathy.

Richardson et al in 2001 studied the effect of a specific exercise regimen on clinical
measures of postural stability and confidence in a population with peripheral neuropathy (PN).
The exercise intervention aimed to increase rapidly available distal strength and balance. The
exercise interventions performed daily on a firm surface for 3 weeks included bipedal toe raises
and heel raises, bipedal inversion and eversion, unipedal toe raises and heel raises, unipedal
inversion and eversion, wall slides and unipedal balance for time. The study found that an
exercise improved balance performance in older persons with mild to moderate PN (19).

Song et al in 2011 studied the effects of an exercise program on balance in older adults
with diabetic neuropathy. The exercise was conducted twice a week for 8 weeks. Balance
exercises consisted of three parts. The first and second part consisted of eyes opened and
eyes closed, such as heel and toe raises, one-leg stance for each limb respectively. The
second part subjects were paired for their safety and they performed it in turns. The third part
included three activities to challenge and increase their balance. In the first activity, the
subjects stood in a circle on foam and passed doughnuts from themselves to the next subject

in the circle. The second activity was performed in pairs comprised of catching and throwing a
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ball while standing on the foam. The third activity was performed in a similar way but on a
trampoline instead of on foam to challenge balance strategies. The size of the ball, the number
of repetitions, and the distance between subjects were increased progressively as the patients’
balance responses improved. The studied found that postural sway significantly decreased
(P<0.05), the one-leg stance test significantly increased (P<0.05), and dynamic balance from
the Berg Balance Scale, Functional Reach Test, Timed Up and Go test, and 10-m walking time
improved significantly after balance exercise (P<0.05) (21).

Allet et al in 2010 studied the effect of a specific training program on gait and balance of
diabetic patients. The intervention consisted of physiotherapeutic group training including gait
and balance exercises with function orientated strengthening (twice weekly over 12 weeks).
Balance and walking tasks included of stance on heel/toes, tandem stance, one leg stance,
different kinds of walking alternated with functional strength and endurance exercises and
progressively increased, e.g. changing from stable to unstable surfaces (wobble board),
increasing step height. Sessions were completed with interactive games (e.g. badminton,
obstacle race in teams) and a short feedback session with suggestions for individual home
exercises. The study found that the training program increased habitual walking speed by 0.149
m/s (0.54 km/h; p<0.001) compared with the control group. The dynamic balance test (time to
walk over a beam), the performance-oriented mobility assessment test (total score and sub-
scores), the Biodex sway index recorded at level 6, the Falls Efficacy Scale International (FES-
I) score, the hip and ankle plantar flexor strength, and hip flexions mobility. After 6 months, the
differences in all these variables remained significant (p<0.0026) except for the Biodex sway
index (p=0.005) and ankle plantar flexor strength (p=0.217). A specific gait and balance training
program based on a circuit approach including gait and balance exercises combined with
function-orientated strengthening can improve gait speed and balance, and increase both
muscle strength and joint mobility of diabetic patients with a vibration perception threshold < 4

(20).
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Salsabili et al in 2011 studied the balance training in diabetes with peripheral neuropathy.
The task trainings conducted standing balance trainings by using the Biodex stability system
(BSS) for 10 sessions in 3 weeks, every session lasting 30 minutes with a 1-day interval and
the same standing method and feet placement of the familiarization trial. Trainings consisted of
two limits of stability, three weights shifting with visual-external biofeedback practices, and one
standing practice with covered biofeedback. All trainings progressed from easy to difficult, with
the stability level decreasing through sessions. The study found that diabetes with peripheral
neuropathy improved their BSS assessment scores and force platform evaluations with open
eyes in the mediolateral sway direction (56).

Anyway, most of those studies used equipments or devices for training which may be not
feasible for home-based or community-based exercise. Moreover, in Thailand there were only
previous studies related to an exercise program for balance training to improve balance
performance in healthy elderly (27, 28), but there were no studies related to effects of balance
training program in elderly diabetic with peripheral neuropathy in Thai community.

Kuptniratsaikul and colleagues in 2011 studied the effectiveness of simply-performed
balancing exercises in elderly patients with history of frequent falls. Simple balancing exercise
was performed at home every day and was recorded in the booklet. The study found that
performing simply-designed balancing exercises, at least 3 days per week can increase
balancing abilities, and decrease fall rates in the elderly with a history of previous falls (27) .

Lapanantasin et al in 2010 studied the effectiveness of a developed group exercise
program for feasible community-use on balance performances of elderly women. The study
found that group exercise enrolled in a 4 week-training program at 3 days per week can
improve balance performances in elderly (28).

Falls history appears an important contributor to fear of falling, whereas the impact of this
fear on activities appears more on a function of social support. The fear of falling among older

people can be an adverse effects on the socialization stage (23). A group exercise showed a
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good benefit on elderly persons in term of care prevention that can maintain function in daily
life either physical or mental activities (25).

Previous study suggested that balance training group improved the quality of an older
adult’s life by helping them to reduce the fear of falling. After 8 weeks, participants were very
happy to be involved in the study although they were not certain about what training would
have done for them. Most of the participants indicated that they were happy to meet and to do
exercise or socialisation regularly and wanted the study to be continued (26)

From the previous study, it was found that patients with diabetic neuropathy who
demonstrated a reduction of somatosensation were also showed significantly increased passive
joint motion perception threshold when compared to the healthy subjects (11). As
proprioception decreases, the ability to coordinating basic protective reflexes and joint
movement as well as complex balance and postural control also decreases (10, 11).

Another, study by Westlak et al in 2007 about the effects of balance exercises on ankle
proprioception in older adults found that the balance exercise group showed post intervention
improvements in velocity discrimination sense in ankle movement, but not improved in joint
position sense (JPS), that measured by passive joint position reproduction (76).

Furthermore, there are only a few studies about the interaction of proprioception and
balance in people with diabetes (21). Therefore, this study is interested in assessing the effects
of a group exercise program for balance training on balance performance, ankle proprioception

and fear of falling in the elderly with diabetic peripheral neuropathy.



CHAPTER 3

METHODOLOGY

1. Research design

This study is a randomized controlled trial with two arms (a balance training group and
a control group). It was conducted at the Thasala Hospital in Nakhon Sri Thammarat, Thailand.

Data were collected from February 2013 to May 2013.

2. Subjects

The inclusion criteria of subjects were as follows:

1. Be an older woman 60 to 79 years of age with type 2 diabetes mellitus

2. Having score of the Michigan Neuropathy Screening Instrument higher than 3 out of 13
in the questionnaire section, and also higher than 2 out of 10 for physical assessment
section (60, 77)

3. Having score between 46 to 52 (out of a total of 56 points) on the BBS (78-80)

4. Be able to walk 10 metres without assistive devices or the assistance

5. If there was any plantar ulceration, it should be healed for at least six months (41)

6. No partial or total foot amputation

7. Never receiving or receiving a balance training less than 2 hours a week for a 6-months

period prior attending this study (58)
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The exclusion criteria of subject were the persons who having the history or clinical

evidence on physical examination of the following:

1.

Significant central nervous system dysfunction (such as hemiparesis, parkinson’s
disease, and cerebellar ataxia)

Vestibular dysfunction

Lower extremity arthritis or pain that limited exercise (such as severe osteoarthritis,
fracture or malformation of lower extremity)

Severe cardiovascular diseases that limited or contradicted the exercise (such as
myocardial infarction or heart failure)

Angina or angina-equivalent symptoms (such as nausea, diaphoresis, and shortness of
breath with exercise)

An uncontrolled proliferative retinopathy (such as neovascularization and accompanying

hemorrhages) (81)

An end-stage renal disease (GFR < 15 mL/min/1.73 m2) (82)

3. Sample size calculation

The sample size of this study was calculated based on the 2 x 2 repeated measures

ANOVA design with an expected statistical power of 0.80 (alpha error probability of 0.05) and

effect size of 0.3 by using G* Power program 3.1.5 as shown in Figure 3. The determined

sample size for this study from calculation is needed totally 18 subjects. Anyway, a 50% drop-

out rate should be concerned. Therefore this study aims to recruit 28 patients in total (14

patients/ group).
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Figure 3 The sample size from calculation by using G* power program 3.1.5.

4. Outcome measures

This study investigated the effects of balance training in patients with diabetic peripheral
neuropathy on their balance performances, ankle proprioception and fear of falling. The
assessments (physical measurements or questionnaire data) were performed by a physical
therapist whom was blinded to a group allocation (intervention vs. control) of the patients.

The outcomes measured of this study included balance performances, ankle
proprioception and fear of falling that were collected at the baseline and then after 4 weeks of
participation. Balance performances were evaluated either static, dynamic or functional mobility
balances that represented by a modified clinical test of sensory interaction and balance
(mCTISB), Berg balance scale (BBS), and timed up and go test (TUG). The ankle
proprioception was evaluated by measurement of an absolute angular error of joint reposition
with the electrogoniometer (Biometrics SG 110®). For an outcome of the fear of falling,
subject’s worry of falling when thinking of performing different activities, was assessed with

Thai Geriatric Fear of Falling Questionnaire (Appendix C).
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Modified Clinical Test of Sensory Interaction on Balance

Static balance of the participants in this study was evaluated by the Modified Clinical Test
of Sensory interaction on balance (mCTSIB) (Appendix F). The mCTSIB protocol consists of
four separate conditions, of increasing difficulty, performed with the subject in a quiet upright
stance. The four sensory conditions were 1) firm surface with eyes open, 2) firm surface with
eyes closed, 3) foam surface with eyes open and 4) foam surface with eyes closed as shown
in Figure 4. This test is designed to assess how well an older adult is using sensory inputs
when one or more sensory systems are compromised. In condition one, all sensory systems
(i.e., vision, somatosensory, and vestibular) are available for maintaining balance. In condition
two, vision has been removed and the older adult must rely on the somatosensory and
vestibular systems to balance. In condition three, the somatosensory system has been
compromised and the older adults must use vision and the vestibular system to balance. In
condition four, vision has been removed and the somatosensory system has been
compromised. The older adults must not rely primarily on the vestibular inputs to balance.
Begin timing each trial using a stopwatch, with a ten-second rest between each trial. Each
condition is last 30 seconds and be repeated 3 times. The ftrial is overed when the participant
1) opens eyes in eyes closed condition, 2) raises arm from the side of the body or (3) loses
balance and requires manual assistance to prevent a fall. Then, a represent outcome of each
condition was the average value of the 3 repetitions. The combination of these sub-test
conditions can infer to the presence of sensory dysfunction that affecting postural control ability

of the participants (68, 83).
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Modified Clinical Test of Sensory Interaction on Balance

Condition One: Firm Surface withEyes Open Condition Two: FirmSurface withEyez Clozed

Condition Thras: FoamSurfaca withEyacOpan | Condition Four: Foam Surfacs with Eyes Closad

Figure 4 The four sensory conditions of modified clinical test of sensory interaction on balance
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Berg Balance Scale

Dynamic and static balances in functional mobility of the participants in this study were
assessed by Berg Balance Scale (BBS). Since, the BBS was developed to measure balance
among older people with balance impairment by assessing the performance of functional tasks.
The BBS consists of 14 task-assessments (Appendix B). Each task was scored on a 5-point
scale (0—4) ranking according to the quality of the performance or the time taken to complete
the task. The maximum total score for this assessment was 56. A score below 45 indicates
balance impairment with an increased risk of falls (84). The tests showed high intra-rater
reliability (ICC = 0.99) and inter-rater reliability (ICC = 0.98), (P<.001). Therefore, for assessing
balance, this test had the high reliability and internal validity (62, 84). Consequently, it was a
valid instrument used for evaluation of the effectiveness of interventions and for quantitative

descriptions of functional balance in clinical practice and research.
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Timed Up and Go test

The Timed Up and Go test (TUG) was an evaluation of functional mobility balance that is
commonly used to examining the functional mobility balance in community-dwelling frail older
adults. This test demonstrated good intra-rater and inter-rater reliability (r=0.99 and 0.98,
respectively). So, this study used TUG to test a functional mobility balance of the participants.
This test was measured, in seconds, the time taken by an individual to stand up from a
standard armchair (approximate seat height of 46 cm), walk a distance of 3 meters, turn, walk
back to the chair, and sit down as shown in Figure 5. Three trials was performed and the
average to be a representative value for each participants. The participants were allowed to
wear individual regular footwear during testing. The previous study showed that time taken to

complete the test was strongly correlated to level of functional mobility (67).

Chair |_|ne

3 metres

slips-online.co.uk

Figure 5 The time up and go test
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Ankle Repositioning Errors

Ankle repositioning errors was one of the most common tests to assess ankle
proprioception. The ankle proprioception was represented as an ability to recognize the position
of the ankle by measuring the degree of angular deviation of the return to its original assessed

position with the electrogoniometer (85).

This study assessed ankle proprioception by active repositioning of the ankle movement
under a non-weight-bearing condition with using an electrogoniometer (Biometrics SG 110®) to
measure (Figure 6). The ankle repositioning error outcome of this study was an absolute value
of the angular difference between the randomized target position and the patient's reproduced

position, ignoring the direction of the error.

Biometric DataLink

SENSOR: SG110

Figure 6 Electrogoniometer (SG 110, Biometrics) Gwent, NP11 7HZ, UK

Electrogoniometers were used to measure lower extremity angular displacements in gait
(running, cutting, stairs, etc) in healthy subjects and subjects with various lower extremity
changes (anterior cruciate ligament deficiency and reconstruction, spasticity, joint replacement,
etc) while performing mid-range sagittal plane movements (86). In addition, an
electrogoniometer has a good promise in reliability and validity in the measurement of dance
movements, when compared to 3D motion analysis. The test found that it had a high intra-rater
reliability (r=0.98), criterion and concurrent validity (r=0.95 and 0.94, respectively) (86).

Therefore, this study was used electrogoniometer, Biometrics SG 110®, to assess ankle
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proprioception of the participants by measuring an absolute angular error of ankle repositioning

test.

Electrogoniometer consisted of two potentiometers or strain gauge sensors placed
between two plastic end-blocks. The customary biaxial electrogoniometer sensor for the ankle
was attaching of the distal end-block of the SG110 (SG110, Biometrics, Gwent, UK) to the back

of the heel and the proximal end-block to the posterior of the leg (85, 86) as shown in Figure 7.

Figure 7 Placement of electrogoniometer for measuring ankle proprioception (85)

Biaxial electrogoniometer was used for recording doriflexion/plantarflexion angle in the
sagittal plane and inversion/eversion angle in the frontal plane of the right ankle in a sitting
position (85). The participant was asked to actively move his testing ankle to the predetermined
target angle/position and let her feel that angle for 5 sec. Then the ankle was taken to the
starting position. After that, the participant was asked to move her ankle to that target position
again actively from the starting position. Ankle joint position was measured by
electrogoniometer in degrees, with the resolution of 10'2. The ankle repositioning error of this
study was calculated as the absolute difference between the target and perceived angles,
ignoring the direction of the error (71). Each plane of an ankle motion (doriflexion/plantarflexion
and inversion/eversion) was tested 3 times and then the representative outcome in one

particular plane of an ankle joint was an average absolute angular error of the 3 repetitions.
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Thai Geriatric Fear of Falling Questionnaire

The “Thai Geriatric Fear of Falling Questionnaire” (Appendix C) composed of thirty-four
questions related to the feeling of fear or worry during performing physical function, and also in
the environmental and psychosocial situations that are risky to fall. Thai Geriatric Fear of
Falling Questionnaire showed good promise in reliability and validity in the measurement with
Thai elderly over sixty years old, when compared to Thai Falls Efficacy Scale and Thai
Geriatric Depression Scale (TGDS). The test demonstrates a high intra-rater reliability
(r=0.891), and good convergent validity (r = -0.91). Therefore, this study used this questionnaire

for measuring the fear of falling in DPN subjects as a quantitative outcome (73).

5. Materials and research tools

The materials used in this study included of the followings.

1. Electrogoniometer (SG 110, Biometrics) Gwent, NP11 7HZ, UK
2. Semmes-Weinstein monofilament size 10 grams (Humeric Monofilament)
3. Tuning fork 128 Hz

4. Jerk hammer
5. Stopwatch (ALBA Stopwatch)

6. Measuring tape

7. Two Standard Chairs (one with arm rests, one without)
8. Step

9. Foam Pad

10. Derma Temp Infrared Skin Thermometer (EXERGEN, USA)



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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Accu-Chek Diabetic Monitor System (ACCU-CHEK Performa)

Polar RS800CX Heart Rate Monitor Watch (POLAR)

Balls

Resistance Bands

Pillows

BORG Rate of Perceived Exertion Scale (87)

Global Physical Activity Questionnaire (88, 89)

Thai Geriatric Fear of Falling Questionnaire (73)

Michigan Neuropathy Screening Instrument (60)

Berg Balance Scale (62)
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6. Intervention

Exercise intensity

The intensity of group exercise program for balance training in this study was mild to
moderate intensity corresponding approximately to 40%—70% of maximum heart rate (41). The
heart rate of the participant was monitored using a Polar heart rate monitor (Figure 8) set to
record heart rate every 10 minutes throughout the exercise and two minutes post-exercise. The
average of all exercise heart rates obtained during the exercise program was calculated to
estimate the average exercise intensity for each participant. Additionally, the exhaustion of
participant during exercise was detected by the rating of perceived exertion, the Borg scale
(87). The rating of perceived exertion (Appendix G) was noticed approximately every 10
minutes throughout the exercise session (at the same instance as heart rate) and averaged for

each participant.

Figure 8 Polar RS800CX Heart Rate Monitor Watch (Polar Standard Set)
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The group exercise program for balance training

The group exercise program for balance training in this study was designed based on
exercise interventions of previous studies that were shown to improve balance (21, 28). The
exercise program for balance training of this study was conducted for 50 minutes/day, three
days a week, for 4 weeks. The training program was accompanied in group (five to eight
participants) in order to promote long-term participation (90). The training program was directed

by a physical therapist and one trained assistance for safety reasons.

The designed group exercise program comprised of 3 sessions as following; 1) 10
minutes for warm-up, 2) 30 minutes for balance training, and 3) 10 minutes for cool-down. A
warm-up was first performed to increase flexibility of trunk and lower limb muscles by stretching
as shown in Figure 9. Then balance training which including of passing ball to each other in
various directions by hands and foot, and alternated tip-toe and heel standing was performed
as shown in Figure 10-15. After the balance training, cool down was performed by stretching

same as warm-up activities as shown in Figure 9.

The balance training session consisted of three parts. The first part was reducing the
base of support included standing on heels and toes, tandem standing and standing on one
leg. The second part was initiation of weight shift by anterior-posterior and left-right ball passing
(facilitated reaching and weight shift). The third part was ball games multiple tasks. The weight
and size of the ball, the number of repetitions, the distance for ball passing between subjects,
the change in a surface of the base of support by standing on pillow, the decrease in visual
cue by eye closed, and the cognitive dual task (80) while throwing and catching the ball were
added progressively each week. The details of variety tasks in the program are shown in the

following table 4-6.
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Table 4 Exercise program for balance training in summary

Sessions in the

program

Included tasks

Warm up (10 min)

Stretching of trunk and lower limb muscles

Balance training

(30 min)

1. Standing exercise on stable surface
- Alternated heel and toe rises
- One-leg stance for each limb
- Tandem stance
- Passing ball to each other by hand and foot to facilitate weight shift

and reaching in a stability limit (anterior-posterior and left-right ball passing)

2. Standing exercise on a pillow
- Alternated heel and toe rises
- One-leg stance for each limb
- Tandem stance
- Passing ball to each other by hand and foot to facilitate weight shift

and reaching in a stability limit (anterior-posterior and left-right ball passing)

3. Ball games multiple tasks

Cool-down (10 min)

Stretching of trunk and lower limb muscles same as the warm up session
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Table 5 Tasks in balance training session of the program

Balance training tasks

Progressing the challenge

Resources for postural control

1. Alternated heel and

toe rises in standing

- Decrease visual cue
(eye closed)
- Number of repetitions

- Standing on pillow

- Biomechanical constraints: Lower limb
strengthening
- Movement strategies: Ankle strategy training

- Sensory strategies: Somatosensory stimulation

2. Standing on one leg

- Decrease visual cue
(eye closed)

- Standing on pillow

- Biomechanical constraints: Lower limb
strengthening

- Orientation in space: Anticipatory postural
adjustment

- Sensory strategies: Somatosensory stimulation

3. Tandem standing

- Standing on pillow

- Orientation in space: Anticipatory postural
adjustment

- Sensory strategies: Somatosensory stimulation

4. Ball passing
(facilitated reaching

and weight shift)

- Increasing the weight
and size of objects

- Increasing the distance
between subjects

- Standing on pillow

- Control of dynamics: Challenging limits of
stability

- Sensory strategies:

Somatosensory and Vestibular stimulation

- Biomechanical constraints: Lower limb
strengthening

- Orientation in space: Anticipatory postural
adjustment

- Movement strategies: Ankle strategy and Hip

strategy training

5. Ball games
(throwing and catching

ball)

- Progress to a smaller or
a heavier balls or 2 or 3
balls at once

- Add a cognitive dual
task while throwing and

catching the ball

- Orientation in space: Anticipatory postural
adjustment

- Movement strategies: Ankle strategy training,
Hip strategy and Stepping strategy

- Cognitive processing




Table 6 Group exercise program for balance training in 4 weeks
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Week 1

Week 2

Week 3

Week 4

1. Alternated heel and
toe rises in standing
(two sets of 10
repetitions,), with hand

support, if necessary

- Same as week 1, but
progressing the
challenge by eye closed
for one set, and by
stance on pillow for the

other set

- Same as week 2, but
progressing the
challenge by increased
repetitions of heel and
toe rises (two sets of 15

repetitions)

- Same as week 3, but
progressing the
challenge by increased
repetitions of heel and
toe rises (two sets of 20

repetitions)

2. Standing and passing
ball forward to each

other by hand

- Same as week 1, but
progressing the
challenge by increasing
the distance between

subjects for reaching

- Same as week 2, but
progressing the
challenge by standing on

pillow

- Same as week 3, but
Progressing the
challenge by increasing
the weight and size of a

ball

3. Standing and passing
ball sideway (left and
right) to each other by

hands

- Same as week 1, but
progressing the
challenge by increasing
the distance between

subjects

- Same as week 2, but
progressing the
challenge by standing on

pillow

- Same as week 3, but
progressing the
challenge by increasing
the weight and size of a

ball

4. Tandem standing and
passing ball overhead
(forward and backward)

to each other by hands

- Same as week 1, but
progressing the
challenge by increasing
the distance between

subjects

- Same as week 2, but
progressing the
challenge by standing on

pillow

- Same as week 3, but
progressing the
challenge by increasing
the weight and size of

ball

5. Standing on one leg
on stable surface (with
hand support, if

necessary)

- Same as week 1, but
Progressing the

challenge by eye closed

- Same as week 1, but
Progressing the
challenge by passing ball
sideway (left and right)

to each other by foot,

- Same as week 3, but
progressing the
challenge by standing on

pillow

6. Ball games (throwing

and catching ball)

- Same as week 1, but
progressing the
challenge by add a
cognitive dual task while
throwing and catching

the ball

- Same as week 2, but
progress to improve a
precision or an
anticipatory postural
adjustment by using a

smaller or a heavier ball

- Same as week 3, but
progress to increase in a
frequency of throwing
and catching ball by
using 2 or 3 balls at

once




Figure 9 Stretching of trunk and lower limb muscles in balance training group
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Figure 10 Alternated heel and toe

rises in standing on a floor and on a pillow
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Figure 11 Standing and passing ball forward to each other by hand
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Figure 12 Standing and passing ball sideway (left and right) to each other by hands
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Figure 13 Tandem standing

by hands

and passing ball overhead (forward and backward) to each other
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Figure 14 Standing on one leg (by using one foot to rolling or passing a ball)
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Figure 15 Ball games (throwing and catching ball)
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Control group

The control group did not receive any balance exercise, but received upper limb exercise
of 150 minutes per week for glycemic control in patients with diabetes (16). The training was
conducted for 50 minutes/day, three days a week for 4 week. The subjects were instructed to
start with a 10 minute warm-up, and then 30 minutes of exercise, and ended with cool-down for
10 minutes.

Warm-up was firstly performed to increase flexibility of upper limb muscles by stretching in
sitting position (Figure 17). Resistance bands (Figure 16) was used for the training (91). The
upper limb exercise was a workout of upper body and extremities, in sitting position (Figure
18). The intensity of exercise was mild to moderate (40% to 70% of maximum heart rate) for
optimal gains in insulin action and glycemic control (41). After the exercise, cool down was

performed by stretching same as warm-up activities.

Fiqure 16 Resistance Bands
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Figure 17 Stretching of upper limb muscles in control group
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Figure 18 Exercise program for control group (upper limb exercise)
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Health education for diabetes

Both groups were received a routine instruction about how to prevent complications in
patients with diabetic neuropathy which approved by institutional ethics committee. Health
educational session was given to the participants once a week for 4 week with each session
lasting 30 minutes. Health education for diabetes was conducted by a professional health nurse
and another individual specialized health profession (physical therapist, nutritionist and
pharmacist). The goals of this comprehensive and systematically given diabetes education
were to create awareness among the older individuals with diabetes how to manage the
disease and to find the ways to prevent its complication. The content of this education
consisted of 4 parts. The first part focused on definition, disease process and complication of
diabetes. The second part was to suggest diet plan. The third part educated about the
importance of exercise therapy in management for diabetes. The fourth part was to educate

participants about foot care on complication of diabetes.

7. Data collection

Subjects with type 2 diabetes diagnosed by physicians from diabetes clinic at Thasala
Hospital in Nakhon Sri Thammarat were recruited to the study. Peripheral neuropathy was
evaluated and screened with the criteria of Michigan Neuropathy Screening Instrument (MNSI)
by a physical therapist. Subjects who volunteer were interviewed for inclusion and exclusion
criteria and sign an inform consent. Then, subjects were randomly divided into two groups as a
balance training group and a control group.

Before enroll the program, demographics, balance performance, ankle proprioception
and fear of falling were assessed by physical therapist. All participants were collected the
baseline information related to health characteristics, including age, body height, body weight,
HbA1c within three month prior enrollment to this study, prescribed medications, marital status,

education, ethnicity, duration of diabetes mellitus and comorbid illnesses. Body mass index was
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measured as weight in kilograms per a squared height in meters. Moreover, the participants
were asked about history of falls that occurred during the six months before enroliment.

The participants’ physical activity levels over the previous seven days were assessed
using the Global Physical Activity Questionnaire (GPAQ) as presented in Appendix D for
activities at work, travel to and from places, and recreational activities (88, 89).

Peripheral neuropathy was evaluated and screened with the criteria of Michigan
Neuropathy Screening Instrument (MNSI) by a physical therapist. The Michigan Neuropathy
Screening Instrument questionnaire and physical assessment (Appendix E) was used to
characterize the signs and symptoms of peripheral neuropathy and to monitor the peripheral
neuropathic status (60, 77). The questionnaire composes of 15 questions related to a history of
neuropathic signs and symptoms of the patients with diabetes. A positive response on score
higher than 3 out of 13 correlates with the presence of peripheral neuropathy (60). While, the
physical assessment in the Michigan Neuropathy Screening Instrument consists of foot
inspection, vibration sensation test, muscle stretch reflexes and monofilament testing. The foot
inspection is an observational assessment of both feet to identify of dry skin, callous formation,
fissures, ulceration and deformities. The deformities of feet include of flat feet, hammer toes,
overlapping toes, halux valgus, joint subluxation, prominent metatarsal heads, medial convexity
(Charcot foot) and amputation. The vibration sensation is a test using a 128 Hz tuning fork
placed over the dorsum of the great toe on the bony prominence of the DIP joint. The ankle
reflex is an examination of reflex by using an appropriate reflex hammer. The monofilament
testing is an evaluation of a pressure sense by using a 10 grams monofilament pressing on a
dorsum of the great toe midway between the nail fold and the DIP joint until the filament is
slightly bended. A positive response on score higher than 2 out of 10 for physical assessment

correlates with the presence of peripheral neuropathy (60).

All participants in both groups were received a 30 minutes of health education for

diabetes. Health education for diabetes was conducted by a professional health nurse and
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another individual specialized health profession. The participants in a balance training group
received the designed group exercise program for balance training of this study (3 days/week,
50 minutes/day), whereas the control group received the upper limb exercise (3 days/week, 50
minutes/day).

Either balance training or upper limb exercise was managed by physical therapist for 4
weeks. Capillary glucose of each subject was checked. If pre-exercise glucose level is 100
mg/dL or lower, subject will be ingested with an added glucose (15-20 g) before attending the
exercise for prevention of hypoglycemia (92).

Before enrollment and after 4 weeks enroliment of the study, balance performances, ankle
proprioception and fear of falling of each participant was assessed by another physical
therapist that was blinded from group random sampling and exercise interventions. During the

study, some subjects who participated less than 80% of all exercises was excluded.

8. Data Analysis

All data outcomes of this study were analyzed in the following sequences:

1. The normal distribution of data was analyzed by Kolmogorov-Smirnov test.

2. Two-way ANOVA mixed model was used to analyze the training effect, time effect, and

training x time interaction effect. The level of significance is p < 0.05.

9. Ethical Considerations

This research protocol was approved by the research and ethical committee of the

Thasala Hospital, Nakhon Sri Thammarat, Thailand. (@ 0032.301(09)/1051)
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FLOW CHART OF PROCEDURE

Patients clinically diagnosed with

diabetic peripheral neuropathy

v

Michigan Neuropathy Screening Instrument (MNSI) assessment
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2 P ! No Exclude
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the research?
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Conceal allocation through simple randomization and sign an informed consent

v v
Balance training group Control group
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1. Collection of general information: age, body height, weight, HbA1c, prescribed medications, marital status, education, ethnicity, duration of diabetes
mellitus, comorbid illnesses, body mass index, numbers of falls, physical activity levels, and number of exercise

2. Data collection procedures
- Balance assessments: Berg balance scale, Timed up and go Test, and Modified Clinical Test of Sensory Interaction and Balance
- Ankle proprioception assessment: Ankle Repositioning Errors

- Fear of falling assessment: Thai Geriatric Fear of Falling Questionnaire

v v

- Health education for diabetes (1day/week, 30 minutes/day) - Health education for diabetes (1day/week, 30 minutes/day)
- Balance training program (3 days/week, 50 minutes/day) - Upper limb exercise with resistance band (3 days/week, 50 minutes/day)
I |
4 weeks 4 weeks
v v

Re-collection of the data and also MNSI reassessment




CHAPTER 4

RESULTS

This study aimed to investigate effects of the developed balance training program on
balance performance, ankle proprioception and fear of falling in the elderly with diabetic

peripheral neuropathy. The results of this study are presented as the following.

There were 45 older women volunteered to this study, but only 28 volunteers met the
inclusion criteria. The twenty eight volunteers were randomly assigned to the balance training
group (n=14) and the control group (n=14). By the end of the 4-week interventions, 27
participants remained in the study. One participant who dropped out from this study was in a

balance training group. She dropped out because of an illness.

Baseline Characteristics of Subjects

Table 7 shows the baseline characteristics of the elderly women in the balance training
and the control groups. The elderly with diabetic peripheral neuropathy of both groups were
equivalent in terms of age, height, weight, body mass index, HbA1c level, years since diabetes
diagnosis, history of falling in 6 months, Michigan Neuropathy Screening Instrument (MNSI)
questionnaire score, MNSI physical assessment score, and physical activity levels. There was
no statistical difference of the baseline characteristics between the balance training and control

groups.



Table 7 Characteristics of elderly in balance training and control groups at baseline
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Characteristics Balance training group Control group p-Value*
(n=13) (n=14)

Age (years) 68.38 + 3.99 69.35 + 3.97 0.923
Weight (kg) 63.38 £ 9.22 63.50 + 9.64 0.488
Height (cm) 157.07 + 5.37 154.85 + 4.81 0.502
Body mass index (kg/mz) 25.66 £ 3.41 26.73 £ 3.75 0.514
HbA1c level (%) 7.16 £ 1.48 7.25 +1.21 0.562
Year s since diabetes diagnosis 10.07 = 7.00 10.92 + 6.86 0.811
MNSI questionnaire (score) 6.30 £ 1.88 6.42 £ 1.45 0.496
MNSI physical assessment (score) 3.61 £ 0.79 3.64 + 1.06 0.139
Fall in 6 months (n)’

No fall (%) 84.62 85.71

> 1 fall (%) 15.38 14.29
Physical Activity Levels’

Low (%) 38.5 42.9

Moderate (%) 46.2 42.9

High (%) 15.4 14.3

Data are shown as mean + SD values of the group, except the fall in 6 months and physical

activity level.

° A fall was defined as an unexpected event in which the participant comes to rest on the

ground, floor or lower level (93).

° Physical activity level classified by Global Physical Activity Questionnaire (GPAQ)

*p-value from Independent-samples ¢ test



78

Balance performance, ankle proprioception and fear of falling outcome measures

Table 8 shows mean + SD for the balance performance, ankle proprioception and fear of
falling measured at the baseline and at the 4thweek after training of the balance training and

control groups.
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Table 8 Means and standard deviations for balance performances, ankle proprioception, and

fear of falling measured at baseline and at the 4" weeks after training in the balance training

and control groups

Baseline

4" Week

Balance training

Control group

Balance training

Control group

group (n=13) (n=14) group (n=13) (n=14)
Balance Performances
- mCTSIB (s)
firm surface with eyes open 30.00 + 0.00 30.00 + 0.00 30.00£0.00 30.00+0.00
firm surface with eyes closed 29.65 + 1.24 28.40 + 4.27 30+0.00 28.43+4.73
foam surface with eyes open 7.74 £4.99 8.95 + 4.49 22.76x5.50 8.99+4.64
foam surface with eyes closed 2.67 £ 1.57 2.96 =+ 1.64 10.71+7.56 2.30+1.64
Total 70.07 + 6.87 70.31 + 6.82 93.47+12.19 69.73+7.51
- Berg Balance Scale (score) 48.77 + 2.35 48.36 + 2.13 53.31+£1.54 48.36+2.27
- Timed “Up & Go” test score (s) 11.85 + 1.26 11.52 + 1.54 9.22+0.98 11.70+1.23
Ankle Proprioception®
- Dorsiflexion (°) 4.36 + 2.54 451+ 221 1.44+0.97 4.4442.31
- Plantarflexion (°) 252 +1.85 252 +212 0.82+0.56 2.28+1.83
- Eversion () 2.90 + 1.45 3.13+£1.35 0.80+0.51 3.42+1.05
- Inversion (°) 2.81+1.16 2.96 + 1.03 1.23+1.06 3.25+0.84
Fear of Falling
- Thai Geriatric Fear of Falling
Questionnaire (score)
Functional domain 26.38+17.58 25.79+16.54 13.00+10.63 27.79+16.95
Environmental domain 23.62+9.58 22.0048.77 11.2315.86 19.2118.71
Psychosocial domain 12.15+8.84 12.21+9.07 6.00+5.80 13.1418.61
Total 62.15 + 29.96 60.00 + 24.91 30.23+19.38 60.14+24.23

Data are mean £ SD

areposition angular error of right ankle joint movement

mCTSIB = Modified Clinical Test of Sensory Interaction on Balance
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From two-way ANOVA analysis, there were statistically significant effects of the training,
time, and training x time interaction on the balance performances, ankle proprioception and fear

of falling parameters as shown in table 9.



Table 9 The two-way ANOVA analysis of the effects of training, time, and training x time

interaction on outcome measures
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Outcome Measures Analysis of Variance SS df MS F p
mCTSIB (s) Training effect 1861.383 1 1808.018 24.480 0.001**
Time effect 1755.610 1 1755.610  23.771 0.001**
Training x time interaction 1938.836 1 1938.836 26.251 0.001**
Berg Balance Scale (score) Training effect 96.925 1 96.925 21.879 0.001**
Time effect 69.422 1 69.422 15.670 0.001**
Training x time interaction 69.422 1 69.422 15.670 0.001**
Timed “Up & Go” test score (s) Training effect 15.488 1 15.488 9.450 0.003**
Time effect 20.284 1 20.284 12.376 0.001**
Training x time interaction 26.756 1 26.756 16.325 0.001**
Ankle Proprioception ()
Dorsiflexion Training effect 33.194 1 33.194 7.468 0.009**
Time effect 30.268 1 30.268 6.810 0.012*
Training x time interaction 27.423 1 27.423 6.170 0.016*
Plantarflexion Training effect 7.064 1 7.064 2.412 0.127
Time effect 12.958 1 12.958 4.426 0.040*
Training x time interaction 7.390 1 7.390 2.524 0.118
Eversion Training effect 27.465 1 27.465 20.518 0.001**
Time effect 11.122 1 11.122 8.309 0.006**
Training x time interaction 19.220 1 19.220 14.359 0.001**
Inversion Training effect 15.954 1 15.954 14.988 0.001**
Time effect 5.511 1 5.511 5.177 0.027*
Training x time interaction 11.715 1 11.715 11.006 0.002**
Thai Geriatric Fear of Falling
Questionnaire (score) Training effect 2596.938 1 2596.938 4.190 0.046*
Time effect 3404.015 1 3404.015 5.492 0.023*
Training x time interaction 3465.496 1 3465.496 5.591 0.022*

* Significant difference at p < 0.05

mCTSIB = Modified Clinical Test of Sensory Interaction on Balance

** Significant difference at p < 0.01
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The results of each outcome were found as follows.
1. Balance Performances

This study evaluated balance performances of the elderly by using Modified Clinical Test
of Sensory interaction on Balance, Berg Balance Scale, and Timed Up and Go test.

1.1 Modified Clinical Test of Sensory interaction on Balance (mCTSIB)

Pre-training, there was no significant difference in a total time for balance maintaining in
four conditions of mMCTSIB between a balance training group and a control group.

Post-training, the balance training group demonstrated a significant longer total time for
balance maintaining in four conditions of mMCTSIB compared to pre-training (P=0.001) and also
statistically significant longer than that of the control group either pre- or post-training (P=0.001)
as shown in Figure 19. Whereas, the control group showed no statistically significant difference

in the total time of mCTSIB between pre- and post -training.

Modified Clinical Test of Sensory Interaction on Balance
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Figure 19 Comparison of the total time used in four conditions of Modified Clinical Test of
Sensory Interaction on Balance (mCTSIB) between balance training group and control group
either before training (week 0) or week 4 after training.

** Statically significant difference at p=0.001
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Moreover, it was found that the significant time increase in mCTSIB post-training of the
balance training group were specific in two conditions, foam surface with eyes open and foam
surface with eyes closed. Whereas, the other two conditions, firm surface with eyes open and
firm surface with eyes closed, showed no statistically significant difference in the mCTSIB

between pre- and post —training, as shown in Figure 20.
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Figure 20 Comparison of the time used in each condition of Modified Clinical Test of Sensory
Interaction on Balance (mCTSIB) between balance training group and control group either
before training (week 0) or week 4 after training.

Note:** Statically significant difference at p=0.001

Note: condition 1 = firm surface with eyes open, condition 2 = firm surface with eyes closed,

condition 3 = foam surface with eyes open, condition 4 = foam surface with eyes closed
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1.2 Berg Balance Scale (BBS)
Pre-training, there was no significant difference in BBS between a control group and a
balance training group. The week 4 after training, only the balance training group demonstrated
a significantly increased BBS compared to the before training (p=0.001) and to the control

group (P=0.001) as shown in Figure 21.
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Figure 21 Comparison of the Berg Balance Scale between balance training group and control

group either before training (week 0) or week 4 after training.

** Statically significant difference at p=0.001
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Table 10 shows mean + SD for the score of each activity of Berg Balance Scale that

was measured at the baseline and at the 4thweek after training of the balance training and

control groups.

Table 10 Means and standard deviations for the score of each activity of Berg Balance Scale

measured at baseline and at the 4" weeks after training in the balance training and control

groups
Baseline 4" Week
Balance training Control Balance training Control group
group (n=13) group (n=14) group (n=13) (n=14)

Berg Balance Scale (score)
1. Sitting to standing 3.69 £ 0.48 3.57 £ 0.51 3.92 £ 0.27 3.64 £ 0.49
2. Standing unsupported 4.00 + 0.00 4.00 + 0.00 4 +0.00 4.00 + 0.00
3. Sitting with back unsupported 4.00 + 0.00 4.00 £ 0.00 4.00 + 0.00 4.00 = 0.00
4. Standing to sitting 4.00 + 0.00 4.00 +4.00 4.00 = 0.00 4.00 = 0.00
5. Transfers 4.00 + 0.00 4.00 + 0.00 4.00 = 0.00 3.92 £ 0.26
6. Standing unsupported with eyes closed 4.00 £ 0.00 4.00 + 0.00 4.00+ 0.00 4.00 = 0.00
7. Unsupported with feet together 3.57 £ 0.51 3.50 £ 0.52 4.00 £ 0.00 3.50 = 0.51
8. Reaching forward 2.84 £ 0.37 2.78 £ 042 3.84 £ 0.37 2.85 +0.53
9. Pick up object from floor 4.00 + 0.00 4.00 = 0.00 4.00 + 0.00 4.00 + 0.00
10. Turning to look behind 3.84 + 0.37 3.92 £ 0.26 4.00 £ 0.00 4.00 = 0.00
11. Turn 360 degrees 3.69 £ 0.48 3.57 £ 0.51 3.92 £ 0.27 3.57 £ 0.51
12. Placing alternate foot on step 4.00 = 0.00 4.00 £ 0.00 4.00 £ 0.00 4.00 £ 0.00
13. Standing unsupported one foot in front 1.69 £ 0.85 1.64 £ 0.74 3.00 £ 0.70 1.57 + 0.64
14. Standing on one leg 1.38 £ 0.65 1.21 £ 042 2.61 +£0.86 1.14 + 0.36
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From two-way ANOVA analysis for each activity of BBS, there were statistically

significan effects of training, time, and training x time interaction on the only three activities of

Berg balance Scale (reaching forward with outstretched arm while standing,

unsupported one foot in front, and standing on one leg) as shown in table 11

Table 11 The two-way ANOVA analysis of the effects of training, time, and training x time

interaction on each activity of Berg balance Scale.

standing

Berg Balance Scale (score) Analysis of Variance SS df MS F p
Activity
1. Sitting to standing Training effect 0.542 1 0.542 2.623 0.112
Time effect 0.308 1 0.308 1.489 0.228
Training x time interaction 0.086 1 0.086 0.414 0.523
2. Standing unsupported Training effect 0.000 1 0.000
Time effect 0.000 1 0.000
Training x time interaction 0.000 1 0.000
3. Sitting with back Training effect 0.000 1 0.000
unsupported but feet Time effect 0.000 1 0.000
supported on floor Training x time interaction 0.000 1 0.000
4. Standing to sitting Training effect 0.000 1 0.000
Time effect 0.000 1 0.000
Training x time interaction 0.000 1 0.000
5. Transfers Training effect 0.017 1 0.017 0.926 0.341
Time effect 0.017 1 0.017 0.926 0.341
Training x time interaction 0.017 1 0.017 0.926 0.341
6. Standing unsupported with Training effect 0.000 1 0.000
eyes closed Time effect 0.000 1 0.000
Training x time interaction 0.000 1 0.000
7. Unsupported with feet Training effect 1.143 1 1.143 5.699 0.021*
together Time effect 0.643 1 0.643 3.205 0.079
Training x time interaction 0.643 1 0.643 3.205 0.079




Table 11 (Continue)
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Berg Balance Scale (score) Analysis of Variance SS df MS F p

8. Reaching forward with Training effect 3.712 1 3.712 19.627 0.001***

outstretched arm while Time effect 3.869 1 3.869 20.458 0.001***

standing Training x time interaction 2.906 1 2.906 15.366 0.001***

9. Pick up object from floor Training effect 0.000 1 0.000

from a standing position Time effect 0.000 1 0.000
Training x time interaction 0.000 1 0.000

10. Turning to look behind over Training effect 0.023 1 0.023 0.437 0.512

left and right shoulders while Time effect 0.171 1 0.171 3.263 0.077

standing Training x time interaction 0.023 1 0.023 0.437 0.512

11. Turn 360 degrees Training effect 0.753 0.753 3.567 0.065
Time effect 0.179 1 0.179 0.851 0.361
Training x time interaction 0.179 1 0.179 0.851 0.361

12. Placing alternate foot on Training effect 0.000 1 0.000

step or stool while standing Time effect 0.000 1 0.000

unsupported Training x time interaction 0.000 1 0.000

13. Standing unsupported one  Training effect 7.363 1 7.363 13.430 0.001***

foot in front Time effect 5.151 1 5.151 9.396 0.004**
Training x time interaction 6.410 1 6.410 11.693 0.001***

14. Standing on one leg Training effect 9.097 1 9.097 24.956 0.001***
Time effect 4.530 1 4.530 12.428 0.001***
Training x time interaction 5.715 1 5.715 15.679 0.001***

Note: * Significant difference at p <0.05, ** Significant difference at p <0.01,

*** Sjgnificant difference at p < 0.001
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This study found that the significant increase in BBS post-training of the balance
training group were specific in three activities; 1) reaching forward with outstretched arm while
standing, 2) standing unsupported one foot in front, and 3) standing on one leg. Whereas, the
other activities showed no statistically significant difference in the BBS between pre- and post —
training, as shown in Figure 22-23. For a comparison of score of BBS between the two groups,
it revealed a significant increase in the post-training score of a balance training group when
compared with either the pre- or post- training score of the control group and specifically in the
four activities; 1) unsupported with feet together 2) reaching forward with outstretched arm

while standing 3) standing unsupported one foot in front 4) standing on one leg as well.

S5 A Berg Balance Scale
* %
I
4 - = : -
I‘ I q I I
4 |
o 3
; TR . |
@ o H week 0
i 1
o 1 " week 4
1 4 ¥
| - f
E f
O 1 T T T T .I HI T T T T T
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Balance Control

Figure 22 Comparison of the score for each activity of Berg Balance Scale between balance
training group and control group either before training (week 0) or week 4 after training.

Note: ** Statically significant difference at p=0.05

Note: 1 = Sitting to standing, 2 = Standing unsupported, 3 = Sitting with back unsupported but
feet supported on floor or on a stool, 4 = Standing to sitting, 5 = Transfers, 6 = Standing

unsupported with eyes closed, 7 = Unsupported with feet together
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Figure 23 Comparison of the score for each activity of Berg Balance Scale between balance

training group and control group either before training (week 0) or week 4 after training

Note: ** Statically significant difference at p=0.001, * Statically significant difference at p=0.01

8 = Reaching forward with outstretched arm while standing, 9 = Pick up object from floor from
a standing position, 10 = Turning to look behind over left and right shoulders while standing, 11
= Turn 360 degrees, 12 = Placing alternate foot on step or stool while standing unsupported,

13 = Standing unsupported one foot in front, 14 = Standing on one leg
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1.3 Timed Up and Go test (TUG)

Pre-training, there was no significant difference in TUG between the balance training
and control groups. The control group demonstrated no statistical change in TUG between pre-
and the 4th week post-training. While, post-training, the balance training group showed a
significant decrease in time taken of TUG compared to the pre-training (p=0.001). Additionally,
post-training, the elderly of balance training group had a shorter time used in TUG compared to

that of the control group significantly (p=0.01) as shown in Figure 24.

Timed Up and Go test
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Figure 24 Comparison of the time used by Timed Up and Go test between balance training
group and control group either before training (week 0) or week 4 after training.
** Statically significant difference at p=0.01

*** Statically significant difference at p=0.001
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2. Ankle Proprioception

This study evaluated ankle proprioception of the elderly by measuring the absolute

angular errors of ankle repositioning in dorsiflexion, plantarflexion, eversion, and inversion.
2.1 Absolute Angular Error of Ankle Reposition in Dorsiflexion

Post-training, the balance training group demonstrated a significant decrease in
absolute angular error of ankle reposition in dorsiflexion when compared to the pre-training
(p=0.05). While, the control group demonstrated no statistical difference in an absolute angular
error of ankle reposition in dorsiflexion between pre- and 4th week post-training as shown in

Figure 25.

A comparison between balance training and control group for absolute angular error of
ankle reposition in dorsiflexion revealed no statistically significant difference between a balance
training group and a control group at pre-training. However, after training in week 4, the
balance training group showed a significant decrease in absolute angular error of ankle

reposition in dorsiflexion when compared to the control group (P=0.01) as shown in Figure 25.
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Figure 25 Comparison of the absolute angular error for ankle reposition in dorsiflexion between
balance training group and control group either before training (week 0) or week 4 after
training.

** Statically significant difference at p=0.01, *** Statically significant difference at p=0.05
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2.2 Absolute Angular Error of Ankle Reposition in Plantarflexion

This study found that the balance training and control group demonstrated no statistical
difference in absolute angular error of ankle reposition in plantarflexion between before and
after training in the 4" week within group and also between groups (Figure 26). However, at
week 4 post-training, the balance training group tended to have a reduction of the absolute

angular error of ankle reposition in plantarflexion.
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Figure 26 Comparison of the absolute angular error for ankle reposition in plantarflexion
between balance training group and control group either before training (week 0) or week 4

after training.
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2.3 Absolute Angular Error of Ankle Reposition in Eversion

This study found that the control group demonstrated no statistical difference in
absolute angular error of ankle eversion repositioning between before and after training in the
4th week. Whereas the balance training group showed a significant decrease in absolute
angular error of ankle eversion repositioning after 4 week of training compared to the before
training (p=0.01) as presented in Figure 27.

A comparison between the balance training and control groups for absolute angular
error of ankle eversion repositioning revealed no statistical differences between the balance
training group and control group at before training. Then, after training in week 4, the balance
training group presented a significant decrease in absolute angular error of ankle eversion

repositioning compared to the control group (P=0.001) as shown in Figure 27.
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Figure 27 Comparison the degree of the absolute angular error for ankle reposition in eversion
between balance training group and control group either before training (week 0) or week 4
after training.

** Statically significant difference at p=0.001, *** Statically significant difference at p=0.01
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2.4 Absolute Angular Error of Ankle Reposition in Inversion

This study found that the control group demonstrated no statistical difference in
absolute angular error of ankle inversion repositioning between before and after training in the
4th week. Whereas the balance training group showed a significant decrease in absolute
angular error of ankle inversion repositioning after 4 week of training compared to the before
training (p=0.05) as presented in Figure 28. For a comparison of absolute angular error of
ankle inversion repositioning between the two groups, it revealed a significant reduction in the
post-training absolute angular error of a balance training group when compared with either the
pre- or post- training absolute angular error of a control group (P=0.001) as shown in Figure

28.
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Figure 28 Comparison of the absolute angular error for ankle reposition in inversion between
balance training group and control group either before training (week 0) or week 4 after
training.

** Statically significant difference at p=0.05, *** Statically significant difference at p=0.001



3. Fear of Falling

This study evaluated fear of falling of the elderly by using Thai Geriatric Fear of Falling
Questionnaire and found that both control and balance training groups demonstrated no
statistical difference in Thai Geriatric Fear of Falling Questionnaire score at the pre-training.
Post-training, only the fear of falling score of a balance training group was significantly reduced

when compared to the before training (p=0.05) and to the pre and post-training of a control

group (P=0.05) as shown in Figure 29.

*k

Thai Geriatric Fear of Falling Questionnaire

* ok

100 5

60 -

Score

40 -

20

Balance

Control

B week 0

week 4

Figure 29 Comparison of Thai Geriatric Fear of Falling Questionnaire scores (total score)

between balance training group and control group either before training (week 0) or week 4

after training.

** Statically significant difference at p=0.05
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Moreover, the reduction in fear of falling scores after training of a balance training group
was significantly found only in an environmental domain (P=0.05) from three domains of Thai
Geriatric Fear of Falling Questionnaire while the other two domains, functional and
psychosocial, were not found any statistically significant changes from the before training as
shown in Figure 30. Although the total fear of falling score post-training of the balance training
group was less than a control group significantly (P=0.05), there was no significant difference in
the scores of each separated domain compared between a balance training group and a

control group as shown in Figure 30.
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Figure 30 Comparison of scores in each domains of Thai Geriatric Fear of Falling
Questionnaire between balance training group and control group either before training (week
0) or week 4 after training.

** Statically significant difference at p=0.05
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4. Diabetic peripheral neuropathy assessment
Table 12 shows mean + SD for the diabetic peripheral neuropathy assessment at the

baseline and at the 4" week after training of the balance training and control groups.

Table 12
Baseline 4" Week
Balance training  Control group Balance training Control group
group (n=13) (n=14) group (n=13) (n=14)
MNSI
- Questionnaire (score) 6.30 £ 1.88 6.42 £ 1.45 3.31+£1.25 6.43 £ 1.50
- Physical assessment (score) 3.61 +£0.79 3.64 + 1.06 2.46 + 0.66 3.60 + 1.11

Data are mean + SD, MNSI = Michigan Neuropathy Screening Instrument
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From two-way ANOVA analysis, there were statistically significant effects of the training,

time, and training x time interaction on the Michigan Neuropathy Screening Instrument (MNSI)

questionnaire and Michigan Neuropathy Screening Instrument (MNSI) physical assessment

parameters as shown in table 13.

Table 13 The two-way ANOVA analysis of the effects of training, time, and training x time

interaction on diabetic peripheral neuropathy assessment by Michigan Neuropathy Screening

Instrument (MNSI) questionnaire and Michigan Neuropathy Screening Instrument (MNSI)

physical assessment

Diabetic Peripheral Analysis of Variance SS df MS F p

Neuropathy Assessment

MNSI Questionnaire (score) Training effect 35.419 1 35.419 14.958 0.001**
Time effect 30.333 1 30.333 12.810 0.001**
Training x time interaction 30.333 1 30.333 12.810 0.001**

MNSI Physical assessment (score) Training effect 4.638 1 4.638 5.317 0.025***
Time effect 4.769 1 4.769 5.468 0.023***
Training x time interaction 4,214 1 4.214 4.831 0.033***

** Significant difference at p < 0.001 *** Significant difference at p S 0.05

MNSI = Michigan Neuropathy Screening Instrument
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This study found that the control group demonstrated no statistical difference in the score
from MNSI questionnaire between before and after training in the 4" week. Whereas the
balance training group showed a significant decrease in the score from MNSI questionnaire

after 4 week of training compared to the before training (p=0.001) as presented in Figure 31.

A comparison between the balance training and control groups for the score of MNSI
questionnaire revealed no statistical differences between the balance training group and control
group at before training. Then, after training in week 4, the balance training group presented a
significant decrease in score of MNSI questionnaire compared to the control group (p=0.001)

as show in Figure 31.
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Figure 31 Comparison of Michigan Neuropathy Screening Instrument (MNSI) questionnaire

score between balance training group and control group either before training (week 0) or

week 4 after training.

** Statically significant difference at p=0.001
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For MNSI physical assessment, it was found that the control group demonstrated no
statistical difference in the score of MNSI physical assessment between before and after
training in the 4th week. Whereas the balance training group showed a significant decrease in
the score of MNSI physical assessment after 4 week of training compared to the before training

(p=0.05) as presented in Figure 32.

A comparison between the balance training and control groups for score of MNSI physical
assessment revealed no statistical differences between the balance training group and control
group at before training. Then, after training in week 4, the balance training group presented a
significant decrease in the score of MNSI physical assessment compared to a control group

(p=0.05) as shown in Figure 32.
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Figure 32 Comparison of Michigan Neuropathy Screening Instrument (MNSI) physical

assessment scores between balance training group and control group either before training

(week 0) or week 4 after training.

** Statically significant difference at p=0.05



CHAPTER 5

CONCLUSION AND DISCUSSION

Diabetic patients with peripheral neuropathy usually have impaired static and dynamic
balances. The balance impairment in diabetic peripheral neuropathy is related to the underlying
impaired somatosensory of the lower leg (10, 12). According to the balance impairment in
elderly with diabetic peripheral neuropathy it is an important cause of increasing falls risk and

developing fear of falling (15).

There were very few studies that conducted on improving balance performance and
reducing fear of falling in elderly with diabetic peripheral neuropathy (19-21). And also, most of
those studies used equipment for training which may be not feasible for elderly in Thai
community. Furthermore, there was no studies about the interaction of ankle proprioception and

balance performance in elderly with diabetic peripheral neuropathy (21).

Therefore, the effects of a developed balance training program on balance performance,
ankle proprioception and fear of falling in the elderly women with diabetic peripheral neuropathy

in Thai community were investigated in this study.



103

Discussion

Balance Performance Outcomes: Response to Balance Training Program

This study evaluated balance performances of the elderly by using Modified Clinical Test
of Sensory interaction on Balance (mCTSIB), Berg Balance Scale (BBS), and Timed Up and

Go test (TUG).

Modified Clinical Test of Sensory Interaction on Balance (Static balance)

Static balance of elderly with diabetic peripheral neuropathy in this study was evaluated
by the Modified Clinical Test of Sensory Interaction on Balance (mCTSIB). It was found that no
statistical differences for a total time of mCTSIB between the balance training group and control
group at before training. However, it was noticed that both groups showed the shorter times for
mCTSIB on foam surface with eyes open and with eye closed conditions than the firm surface
with eye open and eye closed conditions. Therefore, this may confirm that the impairment of
balance problem of the elderly with diabetic peripheral neuropathy at before training in this

study may be resulted from the impairments of somatosensory and vestibular systems (68-70).

After 4 weeks of training, the study found that only the balance training group illustrated a
significant increase in the total time of mCTSIB when compared to before training (P=0.001)
and compared to the control group (P=0.001), especially on foam surface with eyes open
(P=0.001) and foam surface with eyes closed conditions (P=0.001). These may indicate that
the developed balance training program of this study can improve static postural control of the
elderly women with DPN by promoting either somatosensory or vestibular functions (68, 70). It
is because of the tasks in the developed balance training program, such as standing on a
pillow, decrease visual cue (eye closed) and moving head during passing ball activities, which
selectively manipulate sensory input from vestibular and/or somatosensory systems and also
challenge inter-sensory interaction (94). Whereas, the control group showed no statistically

significant difference in the total time of mMCTSIB between pre- and post-training. This may
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indicate that the upper limb exercise in sitting position can not selectively manipulate sensory
input from vestibular and/or lower limbs’ somatosensory that are important for postural control
in standing.

Therefore, the developed balance training program of this study can enhance inter-
sensory interaction in postural control which leads to an effective improvement of static balance

in elderly with diabetic peripheral neuropathy after 4 week training.

Berg Balance Scale (Functional balance)

Functional balance of elderly women with diabetic peripheral neuropathy in this study was
evaluated by Berg Balance Scale (BBS). This study found that no statistical difference in the
score of BBS between a balance training group and a control group at before training. The
average + SD of BBS for balance training group and control group were 48.77 + 2.35 and
48.36 £ 2.13 respectively at baseline. Thus, at pre-training, the elderly women with diabetic
peripheral neuropathy of both groups were classified as a relatively functional balance
impairment with moderate risk of falls based on BBS cut off criterion from the study of Karuka
and colleagues in 2011 (78) and Jernigan and colleagues in 2012 (95).

Additionally, this study noticed that the low score of BBS in elderly with diabetic peripheral
neuropathy at baseline appeared specifically on the activities of single leg stance, tandem
standing, and forward reaching in accordance with study in DPN patients of Ghanavati and et
al in 2012 (96). So the develop group exercise program for balance training of this study can
improve functional balance of the DPN elderly because the training focuses on facilitation of
standing on one leg, tandem standing, and weight shift and reaching by passing ball with arms
and legs. These can be confirmed by the finding of a significant increase in BBS of the balance
training group at week 4 after training when compared to baseline (P=0.001). And also, after 4
week of training, the elderly in balance training group demonstrated a statistically significant
higher BBS than a control group (P=0.001), especially on the three activities;1) reaching

forward with outstretched arm while standing (P=0.001), 2) standing unsupported one foot in
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front (P=0.001), and 3) standing on one leg (P=0.001). Whereas, the control group showed no
statistically significant difference in BBS between pre- and post training. These may indicate
that the designed activities in the balance training program of this study really promotes body
functions that related to balance ability in forward reaching and standing on a narrow base of
support such as tandem and single-leg standiings. Contrastly, the activities of upper limb
exercise in sitting position can not becase it did not facilitate adaptive learning of standing on
one leg, tandem standing, and weight shift and reaching.

Jernigan and colleagues in 2012 suggested that the BBS has an accuracy cutoff score of
52 for a fall risk detection in people with diabetic peripheral neuropathy (95). And Donoghue
and Stokes in 2009 reported that, if the initial assessment score of BBS within 45-56, a minimal
change of 4 points of BBS is truly indicated a clinical change in balance performance (97).
Therefore, the significant increase in an averaged BBS scores of the balance training group for
this study from 48.77 + 2.35 at the base line to 53.31 + 1.54 at the week 4 after training (about
4.54 points increment) indicates that the balance training program of this study really improves
balance performance and decreases falls risk of the elderly women with DPN according to the
suggestions of Jernigan and colleagues in 2012 (95) and Donoghue and Stokes in 2009 (97).

Moreover, Shumway-cook et al in 1997 suggested that the Berg Balance Scale appeared
to be the best predictor of fall status between community-dwelling older adults, a 1-point drop
of the BBS scores within an interval of 54 to 46 score led to a 6% to 8% increase in falls risk
(98). Therefore, the 4.5 points increment of BBS of a balance training group at post-training
may imply that the developed group exercise program of this study may help to reduce a falls

risk of the elderly women with DPN who attended the program around 27% - 36% .

Timed Up and Go test (Functional mobility)
Functional mobility of elderly with diabetic peripheral neuropathy in this study was
evaluated by Timed Up and Go test (TUG). It was found that, at baseline, the balance training

group and a control group had TUG 11.85 + 1.26 sec and 11.52 + 1.54 sec respectively. The
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times used in TUG at baseline of the elderly with DPN in both groups for this study were longer
than a normal range of TUG in the same age people (63). Thus, this confirms that, at pre-
training, the elderly with DPN of both groups in the present study showed a decrease in

functional mobility when compared to normal elderly (63).

Additionally, this study noticed that there was a risk of falls in elderly with DPN at baseline
because the TUG time was more than an accuracy cutoff score of 10.7 sec for a fall risk
detection in people with DPN according to the suggestions of Jernigan and colleagues in 2012
(95). In this study, after the balance training, the time taken on TUG of the balance training
group was reduced from 11.85 + 1.26 sec to 9.22 + 0.98 sec which gets into the normal range
of TUG at the same age peoples (63) and it was also lower than an accuracy cutoff score of
10.7 sec for a fall risk detection in people with DPN (95).

Therefore, the developed balance training program of this study can efficiently improve
functional balance and mobility, and reduce risk of falling in elderly with diabetic peripheral
following 4 week training. Whereas, the control group showed no statistically significant
difference in TUG between pre- and post training. These may because the control group did
not receive any balance exercise, but received upper limb exercise in sitting position, which did

not enhance functional mobility in standing and walking.

Fear of Falling Outcomes: Response to Balance Training Program

Fear of falling in elderly with diabetic peripheral neuropathy of this study was evaluated by
Thai Geriatric Fear of Falling Questionnaire. This study found that, at baseline, the balance
training and control groups had average total score of Thai Geriatric Fear of Falling
Questionnaire of 62.15 + 29.96 and 60.00 + 24.91 respectively. Sangpring and colleagues in
2012 (73) recommended that the total scores of 66 and above were quite afraid of falling for

the Geriatric Fear of Falling Questionnaire in Thai elderly people. Therefore, according to
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Sangpring in 2012, the degree of fear of falling at baseline for the elderly with diabetic
peripheral neuropathy of this study may be defined as a low level for fear of falling.

In this study, after the balance training, the total score on Thai Geriatric Fear of Falling
Questionnaire was significantly reduced from 62.15 + 29.96 score to 30.23 + 19.38 score,
especially in an environmental domain. The score of environmental domain was reduced from
23.62 + 9.58 to 11.23 + 5.86 in the 4th week. In addition, Sangpring and colleagues in 2012
(73) recommended that the environmental factor was highly correlated with Modified Thai Fall
Efficacy Scale, which environmental domains denoted the fear of falling related to self-efficacy
concept. The study recommended that the concept of self-efficacy strongly addressed the
association of the increased risk of falling and the decline in ability to perform activities of daily
living and other physical tasks (73).

From results of the present study, elderly with diabetic peripheral neuropathy in a balance
training group demonstrated a reduction of the Geriatric Fear of Falling Questionnaire score
after training at the 4th week, especially the environmental domain. Therefore, related to
recommendation of Sangpring et al in 2012 (73), this may imply that the developed balance
training program of this study can reduce fear of falls of the elderly by improving their self-
efficacy in performing activities of daily living and other physical tasks.

On the other hand, the control group showed no statistically significant difference in
Thai Geriatric Fear of Falling Questionnaire score between pre- and post training. These may
indicate that the upper limb exercise in sitting position can not reduce fear of falls and not

result in self-efficacy improvement.
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Ankle Proprioception Outcomes: Response to Balance Training Program

This study represents the first investigation of the effects of balance training program on
ankle proprioception in the elderly with diabetic peripheral neuropathy. The ankle joint was
selected for the assessment of proprioception in this study because of its predominant role in
postural control (99). The ankle proprioception is represented as an ability to recognize the
position of the ankle by measuring the degree of absolute angular deviation of returning to its
original assessed position with the electrogoniometer (85).

This study found the statistically significant improvement of ankle proprioception in all
directions of movement in the balance training group, except the plantarflexion. This may be
because of a starting position of ankle in relaxed sitting was already in plantarflexion which
resulting in a narrow range of plantar movement and a very small absolute angular error of
ankle repositioning in plantarflexion.

In the present study, the significant training effects of the 4-week balance training program
on ankle proprioception might be one reason that helps to improve static balance when
measured with mCTSIB in foam surface with eyes open and eyes closed conditions of the
elderly with DPN. Therefore, the developed balance training program of this study can increase
balance performance in elderly with diabetic peripheral neuropathy by an enhancement of the
somatosensory feedback from ankle proprioception.

Although, it is still controversy whether balance training improves proprioception or
proprioception plays in controlling balance (100), the results of this study provides an idea that
balance training with challenging proprioception by reducing visual feedback and weight
bearing on various base of support areas and surfaces is able to improve both proprioception
and balance performance (100). Whereas, the control group demonstrated no statistical
difference in absolute angular error of ankle repositioning between before and after training in
the 4th wee. These may due to the upper limb exercise in sitting position did not challenge

ankle proprioception by weight bearing as in standing position activities.
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Additionally, the study found that there were significant decreases in average scores of
Michigan Neuropathy Screening Instrument (MNSI) questionnaire (from 6.30 £+ 1.88 to 3.31 %
1.25) and physical assessments (from 3.61 + 0.79 to 2.46 + 0.66) in the balance training group
after training at the 4" week. Related to recommendation of MNSI in 2012 (60), this may imply
that the developed balance training program of this study is also able to increasing pressure
and vibration perception associated with the increase in ankle proprioception of the elderly with
DPN after training. Moreover, Shaffer and Harrison in 2007 (53) recommended that improving
of somatosensory input from the plantar surface of the feet is one of the most important

sensory system for improving balance performance and may lead to a reduce fear of falling.

Therefore, the developed balance training program of this study can increase balance
performances, an ability to recognize ankle position (proprioception), and reduce fear of falling
in elderly women with diabetic peripheral neuropathy after 4 week training. The program of
balance training in this study can be applied as a recommendation of health promotion for
improving ankle proprioception and balance performance, and also for reducing fear of falling in
elderly with diabetic peripheral neuropathy. Moreover, the results of this study can be used as

basic information for the further studies related to proprioceptive and balance training.
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Conclusions

The balance training program that was developed for the elderly women with diabetic
peripheral neuropathy (DPN) by this study can efficiently increase balance performances, ankle
proprioception, and reduce fear of falling of the elderly within 4 week. Moreover, the developed
balance training program in this study relied only on simple equipment such as pillows and
balls. Thus, this study can encourage healthcare provider and elderly people in community to
concern on the importance of training or exercise for balance promotion in person with diabetic
by inexpensive equipment. In conclusion, the developed balance training program in this study
can be applied as a recommendation for health promotion to improve balance performances,
ankle proprioception, and to reduce fear of falling in elderly with diabetic peripheral neuropathy

in Thai community.

Strengths of the Study

This study was a single-blind, randomized controlled trial, which is one strongest design to
evaluate affect relations (101). The study design has important features including the
participants were randomly allocated to intervention groups. The participants were blinded from
group assignments and from the randomization procedure. Furthermore, the training program of
this study has a very good compliance because there were 27 from 28 participants, or 96.42%

of the participants, completely followed up throughout the study with a very low drop out rate.
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Limitations of the Study

Firstly, this study revealed the improvement of neuropathy by sign and symptom
assessment with MNSI, but did not confirm the neuronal regeneration with nerve conduction
velocity test. Secondly, this study did not assess the muscle strength of lower limbs so that we
cannot conclude directly whether balance was improved by increase muscle strength after
received the balance training program. Finally, this investigation did not include a further follow-

up after the 4-week.

Suggestions for Further Studies

The effectiveness of balance training program on ankle proprioception, balance
performance, and fear of falling in the elderly with diabetes peripheral neuropathy needs further
study. The findings from the present study suggests that the developed balance training
program can improve ankle proprioception, balance performance and reduce fear of falling in
elderly with diabetic peripheral neuropathy in Thai community. However, these findings need to
be confirmed by a larger population.

Future studies should examine the effect of exercise regimens on patient groups with
different severity of neuropathy (patients without, with mild or with severe peripheral
neuropathy, identified by a more complex instrument for peripheral neuropathy screening).
Moreover, we need to develop different kinds of balance exercises to improve balance,
proprioception, and to reduce fear of falling in DPN elderly with high falls risk in Thai
community. Lastly, the next study should further follow-up the effects of the developed balance
training program of this study more than 4 weeks to investigate the quality of life and falls

prevention in elderly with diabetic peripheral neuropathy.
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Pilot Study

The appendix A contains of pilot studies showing intrarater reliability of the researcher in
using the research tools for this study. The tools that will be used in this study are Berg
balance scale, timed up and go test, ankle proprioception measured by electrogoniometer, and
Thai Geriatric Fear of Falling Questionnaire.

Berg Balance Scale

The Berg Balance Scale (BBS) is frequently used to assess balance in older people. The
BBS consists of 14 tasks assessment. Each task is scored on a 5-point scale (0-4) ranking
according to the quality of performance or the time taken to complete the task by the test
developers. The maximum total score for this assessment is 56.

An intrarater reliability in using the BBS of the same assessor for this research was
investigated in 10 older women aged between 60 to 79 years. Balance ability of each person
was assessed with the BBS twice by the same assessor. Then a correlation between the first
and the second assessment was analyzed by an intraclass correlation coefficient (ICC) to
represents an intrarater reliability. The analysis by ICC show high intra-rater reliability (ICC =
0.891) as demonstrated in table A1. And the root mean squared error is 1.18 score as shown

in table A2.

Table A1 Intrarater reliability for the Berg Balance Scale

ICC 95% ClI

Berg Balance Scale 0.891 * 0.561 -0.973

ICC = Intraclass correlation coefficient
95% CI = 95% confidence interval

* = significance at p < 0.05
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Table A2 Raw data of balance ability of each subjects assessed with the BBS twice by the

Same assessor.

Age Berg Balance Scale (score) Score difference
1st time 2" time (1°-2" time)
73 50 52 -2
61 55 55 0
68 56 56 0
69 54 52 2
65 54 56 -2
72 ot 56 -1
75 52 52 0
65 55 56 -1
77 54 54 0
70 52 52 0

Root mean squared error (RMSE) 1.18
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Timed Up & Go Test (TUGT)

The TUGT was measured with a stopwatch. The subject was instructed to move from a
seated position on a chair to a standing position, walk 3 m (10 ft) at a normal and safe pace,
turn around, walk back to the chair, and sit down. The pilot study was to investigate the
intrarater reliability of the researcher for using the TUGT. The pilot was done in 10 older
women aged between 60 to 79 years. The TUGT was assessed twice by the same assessor.
An intraclass correlation coefficient (ICC) was used to evaluate intrarater reliability. Results of
the pilot show high intra-rater reliability (ICC = 0.944) as demonstrated in table A3. And the

root mean squared error is 0.75 seconds as shown in table A4.

Table A3 Intrarater reliability for the “Timed Up & Go Test

ICC 95% ClI

Timed “Up & Go” Test 0.944 * 0.775 -0.986

ICC = Intraclass correlation coefficient
95% CI = 95% confidence interval

*P < 0.05
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Table A4 Raw data of Timed “Up & Go” Test for each subject by the same assessor

Age Timed “Up & Go” Test (second) Difference
1st time 2" time (1°-2" time)

73 9.00 8.66 0.34
61 7.00 6.66 0.34
68 7.00 6.00 1.00
69 9.66 9.00 0.66
65 7.41 7.44 -0.03
72 8.33 7.00 1.33
75 7.00 7.00 0

65 9.00 8.66 0.34
77 9.50 9.00 0.50
70 8.33 7.00 1.33

Root mean squared error (RMSE) 0.75
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Ankle Proprioception measure

Electrogoniometers are usually used to measure lower extremity angular displacements in
gait (running, cutting, stairs, etc) in healthy subjects and subjects with various lower extremity
changes. Electrogoniometers consist of two potentiometers or strain gauge sensors placed
between two plastic end-blocks. The customary biaxial electrogoniometer sensor for the ankle
is recommended to place along the Achilles tendon, with the end-blocks in parallel (A-para)
(SG110, Biometrics, Gwent, UK). The ankle proprioception is represented as an ability to
recognize the ankle position by measuring the degree of angular deviation of the return to its

original assessed position with the electrogoniometer (Biometrics SG 110®).

This pilot study was to check the intrarater reliability of the researcher in performing of
ankle proprioception measure by testing in 10 older women aged 60-79 years. The data of right
ankle joint in dorsiflexion and plantarflexion directions were analyzed. An intraclass correlation
coefficient (ICC) was used to evaluate intrarater reliability. The tests show high intra-rater
reliability on ankle dorsiflexion (ICC = 0.98) and ankle plantar flexion (ICC = 0.82). This pilot
study demonstrated that the ankle proprioception measure with the electrogoniometer by the
same assessor has good to excellent intrarater reliability. The root means squared error of
ankle dorsiflexion and ankle plantar flexion are 0.44 and 1.31 degrees respectively as shown in

table A6 and A7.
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Table A5 Intrarater reliability for the right ankle proprioception measure

Direction ICC 95% ClI
dorsiflexion 0.977* 0.909-0.994
plantarflexion 0.817* 0.264-0.955

ICC = Intraclass correlation coefficient
95% CI = 95% confidence interval

*P < 0.05
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Table A6 Raw data of ankle proprioception in dorsiflexion direction represented by angular

deviation measured by the same assessor with electrogoniometer

Age 1% ankle Proprioception measure 2" Ankle Proprioception measure Difference of
(year) (Degree) (Degree) angular deviation
Original Return Angular Original Return Angular  (1%-2" measure)
position position deviation position position deviation
70 17.15 16.97 0.18 17.87 17.96 0.09 0.09
62 18.32 20.48 2.16 24.66 22.59 2.07 0.09
75 29.48 30.02 0.54 18.99 17.69 1.31 -0.77
78 23.31 24.80 1.49 23.63 25.25 1.62 -0.13
73 20.97 25.29 4.32 25.20 20.97 4.23 0.09
61 5.90 5.36 0.54 6.35 6.53 0.18 0.36
65 23.45 24.75 1.31 24.48 22.95 1.53 -0.22
70 17.33 19.44 2.12 21.78 20.25 1.53 0.59
66 15.75 14.40 1.35 18.99 18.27 0.72 0.63
69 20.93 25.38 4.46 15.12 20.21 5.09 -0.63

Root mean squared error (RMSE) 0.44
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Table A7 Raw data of ankle proprioception in plantarflexion direction represented by angular

deviation measured by the same assessor with electrogoniometer

1% ankle Proprioception measure 2" Ankle Proprioception measure
Age (Degree) (Degree) Difference of
(year) Original Return Angular Original Return Angular angular deviation
position position deviation position position deviation (1St-2'1d measure)
70 22.19 16.07 6.12 16.34 20.48 4.14 1.98
62 7.74 8.06 0.32 16.74 16.07 0.67 -0.35
75 29.34 34.11 4.77 20.16 15.30 4.86 -0.09
78 10.94 12.65 1.71 16.74 14.63 212 -0.41
73 5.13 3.56 1.58 9.05 4.37 4.68 -3.1
61 5.40 4.50 0.90 9.99 11.48 1.49 -0.59
65 6.03 7.38 1.35 8.19 7.92 0.27 1.08
70 4.77 333 1.44 17.51 20.30 2.79 -1.35
66 10.53 13.14 2.61 14.58 17.15 2.57 0.04
69 16.20 14.63 1.58 7.52 6.03 1.49 0.09

Root mean squared error (RMSE) 1.31




132

Thai Geriatric Fear of Falling Questionnaire

The “Thai Geriatric Fear of Falling Questionnaire” composes of thirty-four questions
related to the feeling of fear or worry during performing physical and function, and also in
environment and psychosocial risk to fall. The questionnaire was used to measure in Thai
elderly over sixty years old. The pilot study of intrarater reliability of the researcher for the Thai
Geriatric Fear of Falling Questionnaire in 10 elderly women aged between 60 to 79 years was
done. The pilot’s results showed high intra-rater reliability (intraclass correlation coefficient [ICC]

= 0.966) which according to the previous study of whom developed the questionnaire (73).

Table A8 Intrarater reliability for the Thai Geriatric Fear of Falling Questionnaire

ICC 95% ClI

Thai Geriatric Fear of 0.966* 0.864 -0.992

Falling Questionnaire

ICC = Intraclass correlation coefficient
95% CI = 95% confidence interval

*P < 0.05
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Table A9 Raw data of the score from Thai Geriatric Fear of Falling Questionnaire of each

subjects by the same assessor

Age Thai Geriatric Fear of Falling Questionnaire (score)
1st time 2" time
73 48 44
61 38 29
68 23 27
69 40 44
65 27 36
72 38 41
75 30 )
65 10 14
77 14 18

70 21 25
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Michigan Neuropathy Screening Instrument (MNSI)

The MNSI is a simple tool to assess symptoms in diabetic peripheral neuropathy. MNSI
consists of two parts that are the questionnaire and the physical assessment. The
questionnaire composes of 15 questions related to a history of neuropathic signs and
symptoms of the patients with diabetes. The pilot study was to investigate the intrarater
reliability of the researcher for using the Michigan Neuropathy Screening Instrument
questionnaire (MNSIq). The pilot was done in 10 older women with diabetes aged between 60
to 79 years. The Michigan Neuropathy Screening Instrument questionnaire was assessed
twice by the same assessor. An intraclass correlation coefficient (ICC) was used to evaluate
intrarater reliability. Results of the pilot show high intra-rater reliability (ICC = 0.937) as

demonstrated in table A10.

Table A10 Intrarater reliability for the Michigan Neuropathy Screening Instrument questionnaire

ICC 95% CI

Michigan Neuropathy
Screening Instrument 0. 937* 0.747 -0.984

questionnaire

ICC = Intraclass correlation coefficient
95% CI = 95% confidence interval

*= significance at p < 0.05
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Table A11 Raw data of neuropathy screening of each subjects assessed with the MNSIq twice

by the same assessor.

Age Michigan Neuropathy Screening Instrument questionnaire (score)
1st time 2" time
60 7 4
66 2 2
66 3 3
60 7 7
70 8 8
78 4 5
62 3 4
61 1 0
73 3 3
60 3 2

The physical assessment for Michigan Neuropathy Screening Instrument consists of foot
inspection, vibration sensation, muscle stretch reflexes and monofilament testing. Intrarater
reliability in using the physical assessment of Michigan Neuropathy Screening Instrument by
the same assessor for this research was investigated in 10 older women with diabetes aged
between 60 to 79 years. Neuropathy screening of each older was assessed with the physical
assessment for Michigan Neuropathy Screening Instrument twice by the same assessor. Then
a correlation between the first and the second assessment was analyzed by an intraclass
correlation coefficient (ICC) to represents an intrarater reliability. The analysis by ICC show

high intra-rater reliability (ICC = 0.997) as demonstrated in table A11.
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Table A12: Intrarater reliability for the physical assessment of Michigan Neuropathy Screening

Instrument

ICC 95% CI

Michigan Neuropathy
Screening Instrument 0.997 * 0.987 - 0.999

questionnaire

ICC = Intraclass correlation coefficient
95% CIl = 95% confidence interval

*= significance at p < 0.05
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Table A13 Raw data of neuropathy screening of each subjects assessed with the physical

assessment of Michigan Neuropathy Screening Instrument twice by the same assessor.

Age Physical assessment of Michigan Neuropathy Screening

Instrument (score)

1st time 2" time
60 0 0
66 0.5 0.5
66 1 1
60 2.5 2
70 3 3
78 3 3
62 0 0
61 3 3
73 3 3

60 0 0







139

Berg Balance Scale

Activity Instructions

Score

1. Sitting to standing  Please stand up. Try not to use

your hands for support

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

(3) able to stand independently using hands
(2
(1
(0

)

) able to stand using hands after several tries
) needs minimal aid to stand or to stabilize
)

needs moderate or maximal assist to stand

2. Standing Please stand for two minutes

unsupported without holding

4) able to stand safely 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 unassisted If a
subject is able to stand 2 minutes unsupported,
score full points for sitting unsupported.

Proceed to item #4.

3. Sitting with back Please sit with arms folded for 2

unsupported but feet minutes
supported on floor or

on a stool

4) able to sit safely and securely 2 minutes
(3) able to sit 2 minutes under supervision
(2) able to sit 30 seconds
(1) able to sit 10 seconds
(

0) unable to sit without support 10 seconds
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Activity

Instructions

Score

4. Standing to sitting

Please sit down

(4) sits safely with minimal use of hands

(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 assistance to sit

5. Transfers

Arrange chairs(s) for a 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 cueing and/or
supervision

(1) needs one person to assist

(0) needs two people to assist or supervise to

be safe

6. Standing
unsupported with

eyes closed

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 steady

(0) needs help to keep from falling
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Activity Instructions Score
7.Standing Place your feet together and (4) able to place feet together independently
unsupported stand without holding and stand 1 minute safely
with feet (3) able to place feet together independently
together and stand for 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 second
8. Reaching Lift arm to 90 degrees. Stretch (4) can reach forward confidently >25 cm (10
forward with out your fingers and reach inches)

outstretched arm

while standing

forward as far as you can.
(Examiner places a ruler at 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

finger

(3) can reach forward >12 cm safely (5 inches)
(2) can reach forward >5 cm safely (2 inches)

(1) reaches forward but needs supervision
(

0) loses balance while trying/requires external
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Activity

Instructions

Score

9. Pick up object

Pick up shoe/slipper which is

from floor from a placed in front of your feet

standing position

(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 2-5cm (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
over left and
right shoulders

while standing

Turn to look directly behind you
over toward left shoulder.
Repeat to the right. Examiner
may pick an object to look at
directly behind the subject to

encourage a better twist turn.

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. Turn 360

degrees

Turn completely around in a full
circle. Pause. Then turn a full

circle in the other direction.

(4) able to turn 360 degrees safely in 4
seconds or less

(3) able to turn 360 degrees safely one side
only in 4 seconds or less

(2) able to turn 360 degrees safely but slowly
(1) needs close supervision or verbal cueing

(0) needs assistance while turning
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Activity

Instructions

Score

12. Placing
alternate foot on
step or stool
while standing

Unsupported

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 >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
unsupported one

foot in front

(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 of other
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
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Activity

Instructions

Score

14. Standing on

one leg

Stand on one leg as long as

you can without holding

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 = or
>3 seconds

(1) tries to lift leg unable to hold 3 seconds but
remains standing independently

(0) unable to try or needs assist to prevent fall
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MICHIGAN NEUROPATHY SCREENING INSTRUMENT

Are you legs and/or feet numb?

Do you ever have any burning pain in your legs and/or feet?

Are your feet too sensitive to touch?

Do you get muscle cramps in your legs and/or feet?

Do you ever have any prickling feelings in your legs or feet?

Does it hurt when the bed covers touch your skin?

When you get into the tub or shower, are you able to tell the

hot water from the cold water?

8.

10.

11.

12.

13.

14.

15.

Have you ever had an open sore on your foot?

Has your doctor ever told you that you have diabetic neuropathy?

Do you feel weak all over most of the time?

Are your symptoms worse at night?

Do your legs hurt when you walk?

Are you able to sense your feet when you walk?

Is the skin on your feet so dry that it cracks open?

Have you ever had an amputation?

Total:

155

[ 1 vyesd o No

[ 1 yesOd o No

1 vesd 0 No

o Yesd 0 No

1 vesd o No

11 vesd o No

O o YesO 1No

1 vesdo No

1 vesOd o No

O o Yesd o No

1 vyesd o No

O 1 vesdo No

O o Yesd 1 No

O 1 vesd o No

O 1 vesd o No

(13 maximum)
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MICHIGAN NEUROPATHY SCREENING INSTRUMENT

Physical Assessment

1. Appearance of Feet

Right Left
a. Normal [1o Yes 11 No Normal (o Yes 11 No
b. If no, check all that apply:
Deformities [] Deformities L]
Dry skin, callus [l Dry skin callus ]
Infection L] Infection L]
Fissure [] Fissure L]
Other [ Other []
Specify: Specify:
Right Left
Absent Present Absent Present
2. Ulceration o [ o [
Present Reinforcement Absent Present Reinforcement Absent

3. Ankle Reflexes 1 0 [Jos E =] 4 [los [] 1

Present Decrease  Absent Present Decrease Absent
4. Vibration 1o [Jos5 (14 (1o [Tos ] 1
perception at
great toe

5. Monofilament Normal Reduced Absent Normal Reduced Absent

[Jo [Jos []1 (o [Jos [

Total Score /10







Modified Clinical Test of Sensory Interaction in Balance (CTSIB-M)

Condition One:

Condition Two:

Condition Three:

Condition Four:

Eyes Open, Firm Surface
Trial One Total Time:

Trial Two Total Time:

Trial Three Total Time:
Eyes Closed, Firm Surface
Trial One Total Time:

Trial Two Total Time:

Trial Three Total Time:
Eyes Open, Foam Surface
Trial One Total Time:

Trial Two Total Time:

Trial Three Total Time:
Eyes Closed, Foam Surface
Trial One Total Time:

Trial Two Total Time:

Trial Three Total Time:

TOTAL:

/ 30 sec

/ 30 sec

/ 30 sec

/ 30 sec

/ 30 sec

/ 30 sec

/ 30 sec

/ 30 sec

/ 30 sec

/ 30 sec

/ 30 sec

/ 30 sec

/ 120 sec
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Rating of Perceived Exertion (RPE)

NAME. . Date...o o
BORG 6-20 Rate of Perceived Exertion Scale (RPE)

6 No Exertion Little to no movement, very relaxed

7 Extremely Light Able to maintain pace

8

9 Very Light Comfortable and breathing harder

10

11 Light Minimal sweating, can talk easily

12

13 Somewhat Hard Slight breathlessness, can talk

14 Increased sweating, still able to hold
conversation but with difficulty

15 Hard Sweating, able to push and still maintain
proper form

16

17 Very Hard Can keep a fast pace for a short time period

18

19 Extremely Hard Difficulty breathing, near muscle exhaustion

20 Maximally Hard STOP exercising, total exhaustion







162

Lmuﬁummﬁﬁﬂ'smmmﬂ%

v

AT U NYINULLUFNAHDE

s (J I 1 d' o a a o d' 2
LUURN NN T wEwn s I Id I inlassn1TI981309 “‘WaradldsunIuntEnniIngg
é’a@iamﬁ'um'mjﬁﬂmaaﬁal,ﬁw ﬂizaﬂ%mwmimaé‘au,a:ﬂ'n:ﬂé"amsé“w‘luggamqﬁﬁﬂs:mﬂ

' A a A o € aa a
FAnUa18LRaNINNLUININ I@]El PAIIRIIISANITTU tNaNVN %ﬁ@ﬂiﬁy‘ﬁyﬁiﬂ ®1UN

=)

MEMNINTA AUSRRITANTAS wﬁwmé’m‘%uﬂ%umﬂsw %aﬁi’mﬂimaﬁmaﬁﬂmﬁa;ﬂa

q

a Py

v aaﬁulugﬂ’ammmm ;ﬁé}”ﬂ%ﬂmmammiwﬁamﬂmuluﬂfmama:nmLwamauu,uu
FUMBAINANLTI DT LLa:mamauwsxqmﬁﬁva@TﬂEmwaa:nmlummammm%’ummﬁm

E
o lamadh
TasuuuraUNININIANG 6 Wik wilvaantiln 5 871 Ao
@i 1 ﬁagaﬁﬂﬂmaa;jﬂwkmﬂmmmm
[ A o A o
danil 2 FayainuanNuUgINw
&N 3 iagaﬁmﬁ'umsaanﬁﬁamg
[ A o A o A o
dawi 4 Tayainganunsdsziiinim

1 Aﬂl e v A A 1
@3N 5 ﬂﬁZ?@ﬂWi%ﬂﬂNluiaU 6 LABUNHNIUNN

s Y ™ a 1 Q/‘:'
‘Vi']ﬂ&l‘ilI’JE‘Nﬁﬂﬂ‘i&ﬂ'\‘ﬂﬂﬁ'\&l'\‘iﬂGlﬂ(ﬂaﬁaﬂﬂ'l&llﬂ‘ﬂ
a =3 04 (4
PRI ANITN tNanNyniy

AfalSuanln srmamuiingde rningasainasunI e



163

[l { o 1 [=f
dauf 1 2ayanalivasgilelsadwiumanm

18D WIETR oo
2008, U . BTG e FNVEWY e
3.XDTUNN O Taa O suss

O wenshamantiues L daussfedia
4. NIANHFIFA O %ai'lé@ns O wourindszoudnw

O (Asuvindseafnm L1 snwiheutSyan

O ‘fsuvinfSannas O puwinSaanlnwseginia
5. 01TW O Lilesznavardw O dhswmsisgisnia

O sudhagnang O vigauminls

O dnane O §uq [STELE 3 TR
6. WA o Alansu
7RG LTUALNAT
8. AT INNNE . eeeeeeerereeereannnn an./a?
9. DATINTLFUVBIAIND. oo, Asadaun T
10. ANNAWLARA <oeoeeee e, yu.U5am
11, 5108 LB 0 AN EI90BIANT 8-12 TN oo NARNTN% (V) oo,



164

13. T2z WD WA e gl

14, UGN nEA lIaL LB

Metformin O 1l O 1
Sulfonylurea O 1ail O 1
Glinide O 1l O 14
Thiazolidinedione O 1l O 1
Alpha-glucosidase Inhibitor [ "lail% O
DPP-4 inhibitor O 1l 114
GLP-1 Analog O il O 1
Insulin 01 il O 14

U3z 38N 13l s lsaumaIman g ITATEL. oo,

1 A:i ¥ q' ™
d3UN 2 maa&ammnqummw

Tsavala O g O3
lsavaaaiiananas O g O3
lsanaaaiiaasiutlans O g O3
mmiﬂm;mmﬁﬁ"ﬂﬁ] O g O3

m’mé’uiaﬁ@lgd O s O3



=
Tsavaudia
Tsa'la
a
0UIZR NGO
I AgINUNREY
ywiAgInudaLan
% =
qmwuluLaaﬂgd
NITANNIW
U 9
A
FUUNRT
U 9

e oA = &
NIININALNBEIIE) W

O aid
O aid
O aid
O aid
O aid
O uid
[ aid
O aid
O Yaid

=

=)

N

O & Iﬂi@i:q ..............

165

U A @M ITNEINEINIAUS TUTATI e

ywﬁﬂﬁ?uﬁagﬁu ................................................................................................................................

1 { ¥ { o o o {
aauii3ma§atﬁﬂanunﬂiaann1aan1ﬂ(539&13?6Laauﬁwﬁuuﬁ)

1.08nM8IN"E

2. INWIWIBBANTRINNE

3. 328zLIA10aNTNRINNY

O il

O 1z Iﬂimzq“ﬁﬁ@ ......

...................... %/ gUaR

\ A [y A [ a [y
d@3UN 4 ?la%\!alﬂﬂ'lﬂuﬂ']iﬂizluulﬂ"l

1. Us230a8aa1/41N

O Livee



2. s e duing O Liias

3. fayturiniuuna O 1ailes

4. 1Haeny O 1ailes
5. whiagd O 1ailes
6. 2 MITE O %ig

7. gauvadvnlwing O 1ailas
8. mwsadvhuwantw O lile
9. sugawiludm O sl

10. saugaiuanthu O 1ailes

a1 5 sz an1snnaalnsa 6 L awndIBNN

1 U3z 6 GaUNHIBN LAURNRIa L

I livee

166

L won Tusaszudunms oo,
L 19 Tsaseydmmnia. oo
L 19 lsassydmunia. oo
L 19 lsaseydmunia. ..o
O 3 Iﬂmszq(madm/ﬁa%m) ............
L1 1 Tsaszuafia.. oo,

O 19 lsaszyaiia ..o,
LIl lsaseuafia .o,

O 1« 103 yalia e,

[ wae Tsaszy (A59)....cvccenenee,

(@ lasdulingaisari i winessuliiuuureuniudaly)

2. duilnu

O aneludu
ymeinauwdosssneszay O lails
TN FI AT O il

UUZQNANLAE O sl

O 1=
O 1=
1+



YUZYNIINL "8 O ails
Pmrza1Uin O 1ails
YU TR BIFIN O ails
Pmeiunioasiinle O ails

O 1
O 1
O 1
O 1

167

O Suq THIOTEL s

O vadhihm 7 saususimsauiing

Oaug lbasl ottt .. " o O

Tundaastinle O ails

Tuan O 1ails

NG O sl
O Adug

Talieh C1%als

Paunuw / vieun O il

21ANTEUNIIN O il

ymeasnInuwe/nlassyd Tule

”m;f n O el

R
[ 1
O 1

O 1=
O 1=
O 1=
O 1=
O 1=

Oaug THTATEL s

3. anleaengls Renaauldunnin 1 4a)



FLRONINTIMN
naan

1uaw

a a a =S
WLUATEE / U199

laiusla

[ Lailes
O il
O il
O il
O il
[T Lailss
O il

NMesunmsviaiiuanmasy O laila

. lesuunaliu vnativagngls

WnT

A I
mtzgn‘ﬂmwﬂ

120189

01 1l
[ aile
[ il
L1 il
[ il
[ il

O 1
O 1
O 1
O 1
O 1
[ 1
O 1
[ 1

O 1
O 1=
[ 1
[ 1
O 1o
[ 1o

168

O duq THIATZL o,






170

widdo AN dngantz1snlnlasin1sIow

> lﬂl
AU oo
v v r=| [ v ﬂ!l
P AN LT N et 818 .. i pgUTULATN ... ...
31757 SO I G TR RN ke ST DU UTUT TR UTTUPTRUORUR bUG/DVEAD e

o o A dnfl U1 o ¥ a o A @ > 1
2aMuwddan ﬁ’l'mawmm'[man'ﬁ'msmmﬂ%wang'muamfn

T 1.

Fawian lasuniulaseniidsaas wieaeAnTIo thannny AfadSugiln a0
MuMWINTa AEERITANEAT IRTINDRIAITRATUNTI LA 1589 Wavavllsunsunis
Anmsnndmdanmsiuanuiinvasioni deinimwmmsidinaznienamInngy

@ Aa . A
1“;&@5\1 21 U‘Y]Nl]jzaqﬂa’]uﬂa']E]Laal]’ﬂ’]ﬂl»u']ﬁ']’]u

q

ke
~ [}

% v A ¥ Aa o v o av va o o [
2N HnganinsInlasin1sivan AreaNaaas e lagdlasinsteausidia

u

1 v ] =~ a o
waanaualszn1sla wazazliaaiandalunisidennlszns

>

PIWLRN Vl,ﬁ%'umia%mﬂmn;ﬁ%'mﬁmﬁ'u"i'@qﬂi:aqﬁmaamﬁ o A3NNTI98 USLARNTA N

Q Q/ { a J g: Y o a
AMNUREANY 81N1THIBAUATILNBAATY 3’3&]71\‘1LL%’JV]’N?J?JGﬂ%LLazLLﬁNL“II HBINNA

' v

AUAINY ANAAUMNUNAZLATY A1l TINeNT WL s FITURATauT8LaY laylad1n
o Aa ~ " = v o Ao a & o v
ADAINY ‘nm"ma:l,aﬂ@aglmaﬂmsmmEmmuimominﬂ@maa@ NI layu
faTUNULAZA A UTBRIRYIINMINUA LATINITI UL T UNTUUTa LA LazANAITURATOL

@nuﬁﬁ'maﬂwﬁa 5 “qﬂ‘ﬂ‘itﬂ'ﬁ

>

TIWLRN Vl@i”%'umi%'maaﬁnﬂﬁ ﬂ’jw:Lﬁuﬁagadmé’waa%wLéT’lLflum’mé'u zitlaLee
mwwmaagﬂmﬁ%’mmﬁfu

[ a

1 = s l;’ a
9971 ANA ‘H@]iﬁﬂi@] |

WA TEUNIILAN ﬁ%’mL AWLNAYWIINNISIVYAINAIN

FINLTT 22 LATUNITINHIN BIUAIINAULEITY Tag'lsiaadlFasuazaz lasuararse
o a , [ [ \ Aa £V v
Meldngyasldluvsznimsinswmnmading aneaan SEnTldTudmaunuany

A { a J a
ANINOUAATUINNNNTILANUFNAT



171

v v L v 1 v v a t:sl a 1 a g a
PIWEIN VL@SU‘Y]T]‘]JLLﬂ’]’J’T‘lﬂWL’i]’]ﬁﬂﬂﬁﬁ]zu&ﬂLﬂﬂﬂ?i‘i’)&liﬂidﬂ?‘i’)ﬁ] Bt LRZMILBNRNMT

TulaTen az"[&iﬁwam:wmiams@ wasnEI lIanT WLz besusialy

v v Ay @ A o & Aa v A Aa v a P 1 R 6
%’]ﬂT’]WL’%W&J“H@T@G&Lﬁ]mEl’]ﬂll“ll%@lﬂ%“lla\‘m’ﬁ?’%ﬂ mammn@wam’mmmﬂvluwaﬂszam

NNITIVY RINIIDAAADNY WHRIITZANII LHannne

oy amzanTAmand WnInmaoeiuaiunsilsa Ins 0862666035
wintwd ldsunsdjoaliasanaszy llwenasduwasgidhiaunydds drwdnee

FINNINAAGANUUTE TIUA IS NITUAITITUTITN RN TUNIININITIN LATIN1TI8N YN T

wgwﬁ%‘%a@mu 1071 T9gwenuNaringnan 3IRIAUATFITITUINT

T ldamuazdladannuaiunikganlagaaaaan Lﬁudwgnéfao ANLIGUN

yaviwian 39 laasaneiiota liilusAauwiaunuraninlassmsisouazdaninnem

A
.......................................... SO A T A
.......................................... ) (D o o )
g}”@umam pﬁﬁ‘*ﬁagaLLawamwﬁumau/ﬁ'wﬁﬂmamﬁ%’y
.......................................... N AITD oo WY



172
Tunsaif

=
ﬁze

IT1390N1TITY aNwrTiIFa Ldaan Qﬁ éwuﬁammﬁwummmjtﬁﬁfmmﬁﬁ'mﬁa

Wlaasanudata i Tuwen

AITD oo W
N _J )
UNIYLAR
—_—

1. mzﬁ;ﬁuﬂamulﬁﬁﬁ%ﬂ ligunndwniize b Wﬁ%sémﬁammlwﬁfa%aiﬁmwsJ

usaNBlinn qjﬁuﬂau@ﬂﬁﬁﬁﬁ'ﬂﬂwmﬁﬂaLLé’a LLa:sLﬁgi:@usJammslﬁﬁﬁ%'ﬂmmu $30
6 aq' [

NuWaeiIRLdNaI LN EL%ﬂ']ﬂﬁﬂ'J’]&l@%ﬂ ANAINAIINE






174

BUUANBHAIDNEENAT

1. alasens

AR aﬂﬂmmumsﬂﬂmsmaé’mamﬁummf’é‘mmwﬁatﬁ’] UILRNTAIWMINTA LaznIe

ﬂé”;msﬁwlu;ﬁa mmqﬁﬁLﬁuﬂi:mﬂmuﬂmULﬁamwmmmm

A Yo a
2. FagsvAazaulasins
=1 A a 6 ana a 6 a % = a a
WWENMIEANWITI hannind BalSagnln ancannramans dnInsuainaIunidlaal
ANUNGAAGD  ATLEERIITAIRAS WRIINLIFLFAIWATINT L6

m’mmﬂmﬁwﬁﬁmmmama"L@ﬁ'Lumn‘iqomﬁu N7 0862666035

v ° [y 2

3.mafiaasinIteuazinanafiaasmsdnslwan saandwanafionsasiasiilasuide

v 1
WINlasINIg

o o R ' a J = A Y &
"i]"lﬂﬂ"liﬁ'ﬁ’)%%’]%')%ﬁdﬂ'lEJL?J']%'J"I%I%ﬂ?ﬂ“(]ﬁVLVIEJWU’NLWN@EG‘U%V‘!ﬂﬂ %GEﬂ'JEJL‘U’]ﬁ’J']%%%
a o s a v Aa v ' 1Y
Lﬂ@'ﬁ]']ﬂﬂ']'lzu’]@l'ml%La?J(ﬂt;(@‘ﬁ\‘iﬁx‘iLﬁ‘iNl'ﬂLﬂ(ﬂﬂTﬂzLLﬂiﬂ‘ﬁﬂ%@n\‘l SLZMENENS I@ﬂLﬂWWzLﬁ%ﬂizﬁ"m

) A = o ° ¢f = & A&
ﬁ'luﬂﬂ"lﬂl,ﬁau gﬁdﬂqﬂﬂqiaqiﬁﬂIiﬂWUquqﬁquﬁuluﬂizyﬂﬂvbﬂHWUQ']‘H)'JH 34 Ll]ailﬂju@] HINWL

]
= '

& o w =2 X & o Aa o A
mﬂ'ﬂq@Lﬂuauwﬂuwaaaﬂammmmmvsm gmmmmm'ﬂuLauﬂszmﬂmuﬂmmaaw

v

a a { 04 o o v o & a {
wulanuAadn@inenunInsian ml‘v\mmmmmlumsmamm TGN%@G%L%%L‘UW%’)’]%

u

wulldanmnnangenigngen laiduumnu ildRamafianznanismnduaisan i

W;jﬂaUﬁﬁLﬁuﬂsza’mdauﬂmmﬁaumnLm'vammﬁ@mmné”;msv‘hﬁﬁmﬁmm JURTIINNIT

aanﬁwé’aﬂwﬁvl,ajmmmm

=2 = \ o AAa o ) A
ﬁnﬂmiﬂﬂmIiJiLmsumsslﬂﬂﬁmwﬂu;dﬂ’smmauﬂsza’mmuﬂmmaamﬂﬂ

WARMBABATIRNLINEI TR NI RN TAIWAINTInuaz e s n AT RNa NRaIINE N



175

o ' = = ' R A & a o
IﬂﬁLLﬂiNﬂ’]'ﬁ"ﬂ'ﬁ@@n aU’Nvlﬁﬂ@nllﬂ'ﬁﬁﬂ‘]ﬂ"]a']ulﬂfleLﬂiaduﬂﬁiﬂqu‘ﬂ'ﬁm‘ﬂlﬁqﬂqLLW\‘i PIDNIAL
| o o = = ' =2 A A ) = o
VIJJL%;J']za&la']%iurl"li&lﬂluﬂg&lﬂjuvlaﬂEl "]jﬂWﬁJ']']ﬂ']iﬂﬂ‘]&l"]"ﬂLﬂEl')ﬂﬂﬂ”lﬁNﬂIﬂiLLﬂ'ﬁNﬂqiqﬂi\‘]@lfJ

o [ C7N AA o 1 A o 1 =S
mmug}lmmwLauﬂszmﬂmuﬂmmaamwmmmm EIGVL&INﬂﬁiﬂﬂﬂ?l%‘g&]‘ﬁuﬂizlmﬂvlﬂF;I

ﬂ'ﬁﬂaﬂﬁ’]g\‘m’]ﬁlLLlﬁJﬂé&JLﬂuaﬂLL%')Y]']G%ﬁGﬁ“ﬁ’)Utﬁuﬂizaﬂ%ﬂ’w\lluﬂ’ﬁﬂﬂaﬂﬂﬁ’]é’\?ﬂ’]ﬂ
Lﬁﬂdﬁ]’mLﬂuﬂqiﬂiziuﬂ']iLiﬁgdﬂllLLa$ﬁ%/'NﬂT]&lﬁu;ﬂﬁ%'1% Lﬂ%tﬁd’j}dl’ﬂlﬁaEl’]ﬂ‘i")&]ﬁﬁ]ﬂii&l 1%
AKX 1 Y dl Qs =1 I3 1 o a dl o v g; A %
ﬂi‘ELLﬂﬂH’]WLI’J’]Ej‘]_hﬂﬂvlﬂiﬂﬂﬁil’alﬂLﬂ%ﬂ@uﬁﬁuﬁiﬂ“ﬂ’]@n&lﬂ’ﬂﬂi‘i&]“ﬂLLuzu”le@l@l midaNulIznga

mmmﬂﬂvl,@?@%'aa:%mmumm:éw%’uﬁﬂﬂlﬁdaLa'%mgmmwLLﬁﬂ@juﬂs:mﬂ{luqmu

o & = A= A e o \ A = o A )
muumﬁmﬂmmaaulam:lﬂﬂmmumﬁ:aaﬂmaamsJmeqmwawﬂmimammalﬂj
d’miu"gwnu mmmLﬁuﬂizﬁw%mwmﬁujmaﬁaLVT’] ILRINTANWAITNTIAY LAZAANIIZANY

NAINNITRNAY azhomm:auém%’ugga mgl‘ﬁﬁLauﬂszmwmuﬂmmLﬁamnmmmmsl,ugmu

Pagtlzinaing

4. Yaguszasavaslaisms

2

WNBANBINATBINITNG ‘HﬂIﬂiLLﬂﬁ&l NMINNNINTIAEG E]ﬂ’]‘i%’Ui?mT 297NN UIzENTNIWMINTI

@7 LAZNNIZANNR msﬁuluﬁq\i 21 E‘gﬁ Aanlsza g IndaaiFauInNiLInIG

¥
5. TRADUUALNIZUIBNITNIIY

%

UsenaumuIunauaIth

1). abneiagdazasd dazlond uaz A3nafvdays Wuaaasiasnauy

2).@aunnudayadindd 1w inin dugs Teyainpinudszidliaiwmnu dddng

3w lsadszdnaadn 9Py aNEINIFNNINTTUNWMEUAENTENIAINBYBIBRFIAT



176

3). m’mﬂszl,ﬁummmmmiumﬁufﬂﬁmﬁau"lmmaaﬁal,ﬁw A323U 3L U nY Iz ®NTAIN

NMINTI UAZATIVUILABNNIEANUNRINITANEY

4). ‘lﬁmsﬂﬂiﬂmmumsaanﬁwé’ammmunﬁju Wuszeziian 4 sUansd (50 wiau, 3 3% /
flandd) waznsldanadisaslsainwnuuaznsflasiunnizunindauainiunnnu (30 wift /
W, 1 3wadand) uszezina 4 sansk

5). @mﬁnhzLﬁummmmmlumi%’ujﬂﬁmﬁau"[mmaa"ﬁal,ﬁ'l @329 3Ll ’RNTNIN
1 a %] U Qs €d‘ % P=1
MINTI M1 1aza 33U T %N1IZANNNEINIRNAN IFUARA 4 nasannTinldsunsunisaan

fnadnne

¢l 1 a & o A
6. ‘i_liztﬂ‘ﬁ%‘ﬂﬂ'lﬂ')'lﬁ)glﬂﬂ‘ll%"i)']ﬂﬂ'liﬂ'l')ﬁ]El

1). Iﬂil,miwz%m%'umiﬂﬂmimwhmmmﬁﬁml‘ﬁmzmLﬁafs}aLa“}wqmmw @ONTIILNINIT
Juanuinvesdaril Uiinimwnmadmuazaannznaimiaulugmiagndidulzan

FIRURLLFONINNLLNIRIG

2). dassuliyamnImgunnuazggiaylugnswiuanuidgvasnitinwiseaniiag

mulag lidasanduiaIaslanisnaiung

7. Asnenananasazaalianasliljiaszninensdnsn uazszazia1vasnsiIvy

1). msaRnszaesljuaieuldsunsumssaniasnisadisdaiiios (3 asualend, 50
W, 3029 4 §adi) waznssenanuiizedlsaimmnuuazmitlasiunnizunindan

(1 a39/FUANA, 30 WA, szezIA 4 FUAHR)

2). oansuaT WU Judalumssuldsunsumssanimaimeadnsauwanwioanllsunsuns

HAndlslunsdine



177

>

8. AN NLALINRI DO WAINANILNATBUAZHIBAN LNFzAINALIYVAIDIFIENAIN D1 LA ST

>

A A a [ Y
wazanasn1sfigIdeasaalilasnn
1). ﬂ'mﬁﬂn'nzﬁ'm'méi'ﬂ%é'ﬂ'asJLn'lm'mmm:ﬁ'm'lsaanﬁ'lé'an'lsl

nstlasnwun la:

- aFunwamTtianziead AN E RN ATLAZFILNAAINITARAANITHN WINRBINT
=Y a [ =) =l v A e'/ d' % 8 v fj‘ £Z
AaUnd viw Boudswe wihde lagu neumiles azlingansiinuszlinsdguneuadasdu

ad A o i w a a A P o A
%ﬂﬂa’mﬁv[,&l@]"uuﬁ]:iuu’md% aw:ﬂ Lﬂ%madiiﬁw HIVIRAIDRDTUN U’]U’]a‘ﬂlﬂﬂqﬂq@lqﬂuﬂ

= s e g/ d' ny 1 o =1 £ 1 8 % =1 %
- MO AU AN AN UaNaB T A IR RAINIIHA TANauNITH NaRIFNATNIZAL
g/ v 1 wva [ [l 1 6 g’ &’ U
We1aasnIn 100 AN/a8. A ANUASIULELaTe 15 NTY 1% VUNLTS 1 LU lad, ¥Ne 3 Tan

T WA NAIE 1 WA bLWAY

2). MSLAANIIRNANYBIDNFIFNATYWLTIINITBANARINE

nsilasnwwn la:

- ﬁ;j: aUﬁﬂ%%’ﬂLﬁ'a@LLa;jL‘?T’ﬁ'wImaﬂﬁmm:ﬁWﬂﬁﬂﬂ LNt aINUNITRNANLAZAUAIEY

1 dl =) J
69 gNARAD U
3). MstiaaNuawlaiaamerinnsaanniiasnig
msilasnwun la:

A o A ) = ) =< A o =< A Aa
- Nﬂ’ﬁ'](ﬂ“ﬁwft]iﬂauﬂ"ﬁﬁjﬂ 33%’37{1ﬂ’]§ﬂ]ﬂnﬂ 10 N LLﬂz'ﬁaﬂﬂ’]fNﬂ 2 4N Iummz‘ﬂuﬂ’ﬁ

fmmwé'uiaﬁ@lﬁauLLan.é’aﬁnﬂmiﬂﬂiﬂmmmaanﬁwé’amsfl,ﬁurimmaﬁmnﬂﬂu
& A v o =3
4). NMTUIALIUNINIKRIINNITEN

nsilasnwunla:



178

%

o o [ o @ o o &< A
- u'] ﬂﬁﬂ’ﬁ(ﬂs'ﬂﬁ]m']ﬂauLLa$%a\3ﬂqiﬂﬂIﬂ§LLﬂ‘ﬁJaaﬂﬂ’]ﬂ\‘iﬂ’]U I%QWaﬁauﬂﬁnﬂﬂid ‘ﬁ\'ia']'ﬂﬁ

ANNULREIADNITLIALIL

VA v

9. NIOALAANIIZUNINTORNLALIVDINUNITIVY gmﬂ%zslﬁ'n'l‘s@ua%'nwlw IRRGYED)

BALBYDVFNANATDLNI 1S

ENRNATIZ LATUNITINEN ETLNAIINATUEITY Tagliaaanltanauazaz lesuaraine
qu:!l = 1 %] L 1 A c&f s 1 a dl
smvl,@mgfyLaﬂvlﬂluszﬁawoﬂﬂiiﬂwﬂwmmamnma ARDAAW FAND LOSUAMALNWANNANITN
a l-'-§/ a W LA Qs a Qs dl a J Y
2MUAIUINNNNITIUATURNAIT I@md’sﬁ)m:iuwmauluﬂﬁgl,l,a wiily auamoiifaduuny
o A =l 6 1 d' o & 1 A ) ] 2
naaailasiuil lasazaiougunialdw gduiu lunnssisndevnzyinisnaastadnigneas

LazUaaant

10. NIFINENIANAULNYINVDFEANAT

' o %

139 U%zLﬁU"ﬁ’E}%laﬁ’Ju@’J“ﬂ 2991EFNATLUUANNAY m:fﬂ@mmawwzwaagﬂmﬁ%’awﬁﬁfu

11. Aandaasoraanasinnisnanslaanainiassnistialsnle Inalansenuaanis

(% L% q' [ Y
imsnwzrm'lawaaa'la'laumwLﬂugﬂw

g a Qg a 0 A e g Aa ' A e 1
@"Iﬁ’]ﬁNﬂiﬁﬁ‘ﬂﬁ’%ZUEJﬂLﬁﬂﬂ’]i‘i']ﬂJIﬂiﬂﬂqi’)‘i]Elﬁ LLE‘]ZT’]’]T]JaﬂLﬂﬂﬂ’lii'JNIﬂ‘Nﬂ’li’Jﬁ]EJ "ﬂzvlllﬁ

1 a dl s = v 1
ARIR L ﬂﬂ"ﬁ@ LRI H’]Iiﬂ‘ﬂ 278" ﬁﬂJﬂTﬂZWGVL@‘J‘U@] a"l‘iJ

a o g < a a o 4
12. Tﬂ‘i\?ﬂ']‘i')i)ﬂlﬁiﬂﬂ?'\&lL‘Iﬁ%‘ﬁaﬂ%’]ﬂﬂmzﬂii&lﬂ"ﬁﬁ]iﬂﬁii&lﬂ"ﬁ'ﬁ] El‘l%&l%ﬂﬂ

NTTINLILIRYINANRT TIRIAUATATTITUINT






Raw Data

180

Table K1 Raw data of characteristics of elderly with diabetic peripheral neuropathy in balance

training group at baseline

No Age Weight Height Body mass Year s since HbA1c Fall in 6 Physical
(years) (kg) (cm) index (kglmz) diabetes level (%) months Activity
diagnosis (n) Level
1 74 62 153 26.48 15 7.0 0 High
2 66 65 150 28.88 5 7.4 0 Low
3 71 63 162 24.00 11 7.1 0 Moderate
4 67 s 163 27.09 13 8.5 0 Moderate
5 69 56 158 22.43 25 10.3 0 Low
6 62 55 148 2510 10 7.3 2 Low
7 68 61 158 24.43 7 7.0 0 Moderate
8 64 74 162 28.19 4 7.0 1 Moderate
9 74 59 157 23.93 1 55 0 Moderate
10 71 78 163 29.35 5 8.1 0 High
11 66 75 153 32.03 3 5.0 0 Low
12 73 46 152 19.90 20 8.1 0 Low
13 64 58 163 21.82 12 4.8 0 Moderate
Mean 68.38 63.38 157.07 25.66 10.07 7.16 0.23
(SD) (3.99) (9.22) (5.37) (3.41) (7.00) (1.48) (0.59)
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Table K2 Raw data of characteristics of elderly with diabetic peripheral neuropathy in control

group at baseline

No Age Weight Height Body mass Year s since HbA1c Fallin6  Physical
(years) (kg) (cm) index (kglmz) diabetes level (%) months Activity
diagnosis (n) Level
1 67 66 147 30.54 5 6.3 0 Low
2 77 60 154 25.29 7 8.0 0 Low
3 74 49 148 22.37 30 5.3 0 Moderate
4 70 76 162 28.95 15 7.5 0 High
5 67 73 154 30.78 5 8.1 0 Moderate
6 64 72 159 28.47 5 7.4 0 Moderate
7 73 60 153 25.63 15 5.0 1 Low
8 65 72 161 27.77 4 8.2 0 Low
9 68 54 157 21.90 12 7.1 0 High
10 67 73 152 31.59 7 9.9 0 Moderate
11 74 57 155 23.72 12 7.2 0 Moderate
12 67 72 151 31.57 15 7.1 1 Low
13 72 48 153 20.50 13 7.0 0 Moderate
14 66 57 162 25.14 8 7.4 0 Low
Mean 69.35 63.50 154.85 26.73 10.92 7.25 0.14

(SD) (3.97) (9.64)  (4.81) (3.75) (6.86) (121)  (0.36)
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Table K3 Raw data of Michigan Neuropathy Screening Instrument (MNSI) questionnaire and

physical assessment of elderly with diabetic peripheral neuropathy in balance training group

at baseline and 4th week

No MNSI questionnaire MNSI physical assessment
Baseline 4" Week Baseline 4" Week
1 4 2 3.5 2
2 6 2 3.5 2
3 6 4 4 25
4 6 4 2.5 2
5 8 3 4 3
6 6 3 3.5 25
7 7 4 3 25
8 4 2 3 25
9 5 3 3.5 25
10 10 6 5 3.5
11 4 2 25 1
12 9 5 4 25
13 7 3 5 3.5
Mean 6.30 3.31 3.61 2.46
(SD) (1.88) (1.25) (0.79) (0.66)
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Table K4 Raw data of Michigan Neuropathy Screening Instrument (MNSI) questionnaire and
physical assessment of elderly with diabetic peripheral neuropathy in control group at

3 th
baseline and 4 week

No MNSI questionnaire MNSI physical assessment
Baseline 4" Week Baseline 4" Week

1 6 5 ab 5.0
2 5 5 2.5 2.5
3 6 6 3.0 3.0
4 4 5 3.0 3.0
5 8 8 3.0 3.5
6 b 5 3.5 3.5
7 7 7 2.5 25
8 8 8 3.0 3.0
9 5 4 3.5 3.0

10 6 6 288 2.0

11 8 8 5.0 5.0

12 6 7 4.0 4.0

13 7 7 5.0 5.0

14 9 9 5.0 5.5

Mean 6.42 6.43 3.64 3.60

(SD) (1.45) (1.50) (1.06) (1.11)
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Table K5 Raw data of ankle repositioning error of elderly with diabetic peripheral neuropathy in

balance training group at baseline and 4th week

No Dorsiflexion Plantarflexion Eversion Inversion
Baseline 4" Week Baseline 4" Week Baseline 4" Week Baseline 4" Week
1 11.27 2.89 1.03 1.30 3.28 0.91 4.63 3.06
2 2.29 0.35 1.08 0.49 54 0.28 2.04 1.71
3 3.49 1.26 1.08 0.35 3.16 0.34 1.74 0.54
4 2.94 0.50 4.18 1.14 2.74 0.26 2.49 0.36
5 2.91 0.45 3452 0.67 2.38 0.42 1.75 0.58
6 6.48 2.88 2.58 0.77 6.22 1.41 1.39 0.69
7 3.54 1.66 2.52 0.21 2.48 0.52 1.48 0.71
8 5.23 2.16 7.53 2.34 2.65 0.25 4.68 1.06
9 6.50 2.38 2.52 0.71 2.48 0.73 3.46 3.87
10 2.98 0.43 2.92 0.26 2.85 1.13 3.28 0.76
11 4.16 2T 1.89 0.74 1.41 1.08 3.9 1.43
12 1.62 0.38 0.91 1.03 1.26 1.23 3.48 0.75
13 3.39 1.27 3.71 0.66 1.44 1.86 222 0.59
Mean 4.36 1.44 2.52 0.82 2.90 0.80 2.81 1.23
(2.54) (0.97) (1.85) (0.56) (1.45) (0.51) (1.16) (1.06)
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Table K6 Raw data of ankle repositioning error of elderly with diabetic peripheral neuropathy in

control group at baseline and 4th week

No Dorsiflexion Plantarflexion Eversion Inversion

Baseline 4" Week Baseline 4" Week Baseline 4" Week Baseline 4" Week

1 2.52 2.35 0.81 1.06 1.58 1.93 1.08 2.43
2 1.58 1.69 6.75 6.43 1.76 1.95 452 3.98
3 4.47 4.23 0.46 0.64 2.99 3.05 1.87 2.53
4 2.16 2.07 0.32 0.36 1.26 2.32 3.42 3.54
5 7.32 8.03 1.58 1.47 5.42 4.45 3.6 3.31
6 2.49 1.93 1472 1.13 3.31 3.64 3.24 2.76
7 4.46 5.08 1.49 1.58 153 2.68 3.08 3.38
8 5.21 4.68 6.78 5.26 4.16 4.87 2.93 3.35
9 3.46 3.06 3.65 3.11 247 3.48 2.28 3.34
10 7.32 6.01 4.38 4.18 2.49 2.32 1.47 2.74
11 8.96 9.35 1.03 A8 4.56 3.73 3.37 2.27
12 5.74 5.63 2.63 2.76 3.87 4.23 4.49 5.63
13 2.87 3.03 1.82 1.20 5.04 4.95 3.75 2.74
14 4.61 5.02 1.93 1.68 3.48 4.32 243 3.63
Mean 4.51 4.44 2.52 2.28 3.13 3.42 2.96 3.25

(SD) (2.21) (2.31) (2.12) (1.83) (1.35) (1.05) (1.03) (0.84)
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Table K7 Raw data of berg balance scale of elderly with diabetic peripheral neuropathy in

balance training group at baseline and 4th week

No Berg Balance Scale (score)
Baseline 4" Week
1 49 55
2 52 55
3 49 53
4 51 55
5 47 53
6 46 52
7 46 51
8 52 55
9 47 52
10 49 53
11 48 53
12 46 51
13 52 55
Mean 48.77 53.31

(SD) (2.35) (1.54)
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Table K8 Raw data of berg balance scale of elderly with diabetic peripheral neuropathy in

control group at baseline and 4th week

No Berg Balance Scale (score)
Baseline 4" Week
1 46 47
2 49 50
3 46 46
4 48 50
5 50 49
6 52 52
7 47 46
8 52 53
9 46 46
10 51 49
11 48 48
12 47 48
13 48 47
14 47 46
Mean 48.36 48.36

(SD) (2.13) (2.27)
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Table K9 Raw data of activity in berg balance scale of elderly with diabetic peripheral

neuropathy in balance training group at baseline and 4th week

No Berg Balance Scale (score)

Activity 1 2 3 4 5 6 7

Week 0 4 0 4 0 4 0 4 0 4 0 4 0 4
1 4 4 4 4 4 4 4 4 4 4 4 4 3 4
2 4 4 4 4 4 4 4 4 4 4 4 4 4 4
3 4 4 4 4 4 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
5 4 4 4 4 4 4 4 4 4 4 4 4 3 4
6 3 4 4 4 4 4 4 4 4 4 4 4 4 4
7 3 4 4 4 4 4 4 4 4 4 4 4 3 4
8 4 4 4 4 4 4 4 4 4 4 4 4 4 4
9 4 4 4 4 4 4 4 4 4 4 4 4 3 4
10 3 4 4 4 4 4 4 4 4 4 4 4 3 4
11 4 4 4 4 4 4 4 4 4 4 4 4 4 4
12 3 3 4 4 4 4 4 4 4 4 4 4 3 4
13 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Mean 369 392 4 4 4 4 4 4 4 4 4 4 3.57 4
(SD) (048) (0.27) (0) (0 (O (© (0 (@ (0 (0 (0 (0 (©51) (0

1 = Sitting to standing, 2 = Standing unsupported, 3 = Sitting with back unsupported but feet supported on
floor or on a stool, 4 = Standing to sitting, 5 = Transfers, 6 = Standing unsupported with eyes closed, 7 =

Unsupported with feet together
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Table K10 Raw data of activity in berg balance scale of elderly with diabetic peripheral

neuropathy in balance training group at baseline and 4th week (Continue)

No Berg Balance Scale (score)
Activity 8 9 10 11 12 13 14

Week 0 4 0 4 0 4 0 4 0 4 0 4 0 4
1 3 4 4 4 4 4 4 4 4 4 1 3 2 4
2 3 4 4 4 4 4 4 4 4 4 3 4 2 3
3 3 4 4 4 4 4 4 4 4 4 1 2 1 3
4 3 4 4 4 4 4 4 4 4 4 3 4 1 3
5 3 4 4 4 4 4 3 4 4 4 1 3 1 2
6 2 4 4 4 4 4 3 4 4 4 1 2 1 2
7 3 3 4 4 3 4 3 3 4 4 2 3 1 2
8 3 4 4 4 4 4 4 4 4 4 3 4 2 3
9 3 4 4 4 3 4 4 4 4 4 1 2 1 2
10 3 4 4 4 4 4 4 4 4 4 2 3 1 2
11 2 3 4 4 4 4 4 4 4 4 1 3 1 3
12 3 4 4 4 4 4 8 4 4 4 1 3 1 1
13 3 4 4 4 4 4 4 4 4 4 2 3 3 4
Mean 2.84 3.84 4 4 3.84 4 369 392 4 4 1.69 3 1.38 2.61
(SD) (0.37) (0.37) (0) (0) (0.37) (0) (0.48) (0.27) (0) (0) (0.85) (0.70 (0.65) (0.86)

8 = Reaching forward with outstretched arm while standing, 9 = Pick up object from floor from a standing
position, 10 = Turning to look behind over left and right shoulders while standing, 11 = Turn 360 degrees, 12
= Placing alternate foot on step or stool while standing Unsupported, 13 = Standing unsupported one foot in

front, 14 = Standing on one leg
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Table K11 Raw data of activity in berg balance scale of elderly with diabetic peripheral

h
neuropathy in control group at baseline and 4 week

No Berg Balance Scale (score)

Activity 1 2 3 4 5 6 7

Week o 4 0 4 0 4 0 4 0 4 0 4 0 4

1 3 4 4 4 4 4 4 4 4 4 4 4 4 4
2 3 4 4 4 4 4 4 4 4 4 4 4 3 4
3 3 3 4 4 4 4 4 4 4 4 4 4 4 3
4 4 4 4 4 a9 00 g 4 4 4 4 4 4
5 4 4 4 4 LA 4 4 W 4 4 4 4 4
6 4 4 4 4 4 4 sl e 4 4 4 4 4
7 3 3 4 4 4 4 gy A 4 4 4 4 3 3
8 4 4 4 4 2Pt Heg W 4 4 4 4 4 4
9 4 4 4 4 4 Bl 41 % @ 4 4 4 3 3
10 4 3 4 4 AW 1 a1 417 4 4 4 4 3
11 4 4 4 4 4 Ma | 4] 4% a4 4 4 4 3 3
12 3 3 4 4 4 W1 | 4| F k& 4 4 4 3 4
13 4 4 4 4 I W[4 4% Jad 4 4 4 3 3
14 3 3 4 4 bt o M 4 3 4 4 3 3
Mean 357 364 4 4 4 4 4 4 4 392 4 4 350 350
(SD) (0.51) (0.49) (0) (0)  (0) (0) (0) (0) (0) (0.26) (0) (0) (0.52) (0.51)

1 = Sitting to standing, 2 = Standing unsupported, 3 = Sitting with back unsupported but feet supported on
floor or on a stool, 4 = Standing to sitting, 5 = Transfers, 6 = Standing unsupported with eyes closed,

7 = Unsupported with feet together

Table K12 Raw data of activity in berg balance scale of elderly with diabetic peripheral
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neuropathy in control group at baseline and 4" week (Continue)

No Berg Balance Scale (score)

Activity 8 9 10 11 12 13 14

Week 0 4 0 4 0 4 0 4 0 4 0 4 0 4
1 3 3 4 4 3 3 3 4 4 4 1 1 1 1
2 3 3 4 4 4 4 4 4 4 4 2 2 1 1
3 2 3 4 4 4 4 4 3 4 4 1 1 1 1
4 3 3 4 4 4 4 3 4 4 4 1 1 1 2
5 3 3 4 4 4 4 4 3 4 4 2 2 1 1
6 3 2 4 4 4 4 4 4 4 4 3 2 2 1
7 3 2 4 4 4 4 3 4 4 4 1 1 1 1
8 3 4 N 4 4 4 4 4 4 4 3 3 1 1
9 2 2 4 4 4 4 4 4 4 4 1 1 1 1
10 3 3 4 4 4 4 3 3 4 4 2 2 2 2
11 3 3 4 4 4 4 4 4 4 4 1 1 1 1
12 3 3 4 4 4 4 3 3 4 4 2 2 1 1
13 3 3 4 4 4 4 4 3 4 4 1 1 1 1
14 2 3 4 4 4 4 3 3 4 4 2 2 2 1
Mean 2.78 2.85 4 4 3.92 4 3.57 3.57 4 4 1.64 1.57 1.21 1.14
(SD) (0.42) (0.53) (0) (0) (0.26) (0) (0.51) (0.51) (0)  (0) (0.74) (0.64) (0.42) (0.36)

8 = Reaching forward with outstretched arm while standing, 9 = Pick up object from floor from a standing position,
10 = Turning to look behind over left and right shoulders while standing, 11 = Turn 360 degrees,
12 = Placing alternate foot on step or stool while standing Unsupported, 13 = Standing unsupported one foot in front

14 = Standing on one leg
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Table K13 Raw data of timed up and go test of elderly with diabetic peripheral neuropathy in

balance training group at baseline and 4th week

No Timed Up and Go test (sec)
Baseline 4" Week
1 11.11 8.21
2 11.89 9.2
3 13.48 10.84
4 12.88 9.84
5 10.72 8.21
6 14.06 10.90
7 12.91 8.27
8 10.50 8.45
9 10.12 8.43
10 11.74 10.29
11 11.04 8.65
12 12.91 9.67
13 10.78 8.92
Mean 11.85 9.22

(SD) (1.26) (0.98)
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Table K14 Raw data of timed up and go test of elderly with diabetic peripheral neuropathy in

control group at baseline and 4th week

No Timed Up and Go test (sec)
Baseline 4" Week

1 14.20 14.77
2 11.72 11.48
3 15.25 13.14
4 11.74 12.98
5 10.23 11.16
6 10.19 10.53
7 10.84 10.23
8 10.20 11.06
9 10.53 11.35
10 12.37 12.56
11 11.25 10.97
12 10.81 11.53
13 11.76 10.69
14 10.19 11.38
Mean 11.52 11.70

(SD) (1.54) (1.23)
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Table K15 Raw data of modified clinical test of sensory interaction on balance of elderly with

diabetic peripheral neuropathy in balance training group at baseline and 4th week

No Modified Clinical Test of Sensory Interaction on Balance (sec)
Condition 1 Condition 2 Condition 3 Condition 4 Total
Baseline 4" Week  Baseline 4" Week Baseline 4"Week Baseline 4" Week  Baseline 4" Week
1 30 30 30 30 15.06  27.70 4.31 26.85 79.37 114.55
2 30 30 30 30 7.83 25.84 3.92 9.23 71.75 95.07
3 30 30 30 30 2 14.76 0 3.87 62 78.63
4 30 30 30 30 15.29  28.43 5.09 25.64 80.38 114.07
5 30 30 30 30 4.62 19.05 3.42 3.51 68.04 82.56
6 30 30 25.5 30 "85 30 1.81 12.77 59.66 102.77
7 30 30 30 30 1.41 13.87 1 4.78 62.41 78.65
8 30 30 30 30 TI[T8 | 2363 27 8.32 73.88 91.95
9 30 30 30 30 10.01 23.58 3.66 9.34 73.67 92.92
10 30 30 30 30 9.36 22.68 2.65 8.45 72.01 91.13
11 30 30 30 30 10.30  24.87 3.13 9.97 73.43 94.84
12 30 30 30 30 1.02 14.64 0 3.90 61.02 78.54
13 30 30 30 30 10.23  26.87 3.09 12.64 73.32 99.51
Mean 30.00 30.00 29.65 30 7.74 22.76 2.67 10.71 70.07 93.47

(SD)  (0.00)  (0.00)  (1.24) (0.00) (4.99) (5.50) (1.57) (7.56) (6.87)  (2.19)
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Table K16 Raw data of modified clinical test of sensory interaction on balance of elderly with

diabetic peripheral neuropathy in control group at baseline and 4th week

No Modified Clinical Test of Sensory Interaction on Balance (sec)
Condition 1 Condition 2 Condition 3 Condition 4 Total
Baseline 4" Week  Baseline 4"Week Baseline  4"Week Baseline 4" Week  Baseline 4" Week
1 30 30 30 30 1.60 1.56 1.32 0 62.92 61.56
2 30 30 22.16 25.64 14.59 16.36 1.70 0 68.45 72
3 30 30 15.46 12.49 10.46 8.63 0 0 55.91 51.12
4 30 30 30 30 7.32 9.87 247 1.93 69.79 71.8
5 30 30 30 30 1.07 1.89 0 0 61.07 61.89
6 30 30 30 30 7.54 5.81 3.46 2.69 71 68.5
7 30 30 30 30 10.85 12.34 3.77 3.26 74.62 75.6
8 30 30 30 30 16.04 13.32 4,32 3.67 80.36 76.99
9 30 30 30 30 4.78 3.83 3.31 2.19 68.09 66.02
10 30 30 30 30 14.39 15.68 5.53 4.32 79.92 80
11 30 30 30 30 7.64 10.85 3.86 3.48 71.50 74.33
12 30 30 30 30 10.19 7.05 3.76 3.98 73.95 71.03
13 30 30 30 30 8.23 9.01 3.75 2.89 71.98 71.9
14 30 30 30 30 10.62 9.67 4.21 3.86 74.83 73.53
Mean 30.00 30.00 28.40 28.43 8.95 8.99 2.96 2.30 70.31 69.73

(SD) (0.00) (0.00) (427)  (4.73)  (4.49) (4.64) (1.64) (1.64) (6.82) (7.51)
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Table K17 Raw data of Thai geriatric fear of falling questionnaire score of elderly with diabetic

peripheral neuropathy in balance training group at baseline and 4th week

No Thai Geriatric Fear of Falling Questionnaire (score)
Functional Environmental Psychosocial Total
domain domain domain

Baseline 4" Week Baseline 4" Week Baseline 4" Week Baseline 4" Week

1 18 3 20 5 5 1 43 9
2 25 6 19 8 6 6 50 20
3 59 40 34 23 29 18 122 81
4 16 7 17 6 5 1 38 14
5 16 13 16 18 11 4 43 35
6 24 18 17 17 11 6 52 41
7 47 13 39 6 11 7 97 26
8 9 4 9 5 7 3 25 12
9 61 29 34 11 4 1 99 41
10 11 7 12 9 3 1 26 17
11 22 12 30 13 26 17 78 42
12 15 7 30 8 17 3 62 18
13 20 10 30 17 23 10 73 37
Mean  26.38 13.00 23.62 11.23 12.15 6.00 62.15 30.23

(SD) (17.58)  (10.63)  (9.58) (5.86) (8.84)  (5.80)  (29.96)  (19.38)
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Table K18 Raw data of Thai geriatric fear of falling questionnaire score of elderly with diabetic

peripheral neuropathy in control group at baseline and 4th week

No Thai Geriatric Fear of Falling Questionnaire (score)
Functional Environmental Psychosocial Total
domain domain domain

Baseline 4" Week Baseline 4" Week Baseline 4" Week Baseline 4" Week

1 14 16 15 12 5 7 34 35
2 13 14 12 10 6 5 31 29
3 32 38 24 20 36 36 92 94
4 15 16 15 10 10 12 40 38
5 16 18 32 28 19 18 67 64
6 20 26 9 6 12 12 41 44
7 67 68 33 26 6 8 106 102
8 19 20 18 16 6 8 43 45
9 16 17 16 o 10 10 42 44
10 17 18 28 25 18 18 63 61
11 22 20 32 36 24 25 78 81
12 27 31 21 18 6 7 54 56
13 25 26 17 15 8 11 50 52
14 58 61 36 30 5 6 99 97
Mean  25.79 27.79 22.00 19.21 12.21 13.14 60.00 60.14

(SD)  (16.54)  (16.95)  (8.77) 8.71)  (9.07)  (8.61)  (24.91)  (24.23)







VITAE

Name: Miss Rapeepun Thungtak

Date of Birth: January 23, 1985

Place of Birth: Trang

Address: 99 Moo 5, Tambon Khao Wiset,

Amphoe Wang Wiset,

Trang 92220

Educational Background:

2002 Secondary Certificate (Maths-Science)

Saparachenee School

2007 Bachelor of Science Program (Physical Therapy)

Christian University of Thailand

2013 Master of Science Program (Physical Therapy)

Srinakharinwirot University



	Cover
	Abstract

	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Bibliography

	Appendix
	Vitae

