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Background: Numbness, tingling, pain and weakness are common in 
Diabetic Neuropathy patients and these symptoms often start in their 
feet before spreading proximally in a length-dependent manner. This 
results in a decrease in balance which leads to increased risk of fall 
and reduced quality of life. Otago Exercise Programme (OEP) is an 
individually tailored, home-based, balance and strength fall prevention 
programme that helps to improve balance in the elderly population. 
This study was conducted to determine if four weeks of OEP had any 
impact on balance and falls in diabetic neuropathy patients.

Materials and Method: A total of 32 participants aged between 40 
and 70 years with diabetic neuropathy were randomly recruited from 
various hospitals of Kamrup Metro, Assam. OEP, which consists of 17 
strength and balance exercises, was done for 4 weeks and the outcome 
measures were assessed using the Berg Balance Scale (BBS), Timed up 
and go test (TUG) and Falls Efficacy Scale (FES).

Results: Wilcoxon paired test was used to find any significant differences 
between pre- and post-intervention values of BBS, TUG and FES (p 
value < 0.001). The effect sizes (ranging from 0.86 to 0.89) indicated 
large effects for all three scales, suggesting substantial improvements 
in balance, efficacy, and mobility post-intervention.

Conclusion: OEP was found to be effective in improving balance in 
diabetic neuropathy, thus reducing the risk of falls in these patients.

Keywords: Otago Exercise Programme, Berg Balance Scale, Falls 
Efficacy Scale, Diabetic Neuropathy

Introduction 
Diabetic neuropathy (DN) is a variety of clinical or subclinical 
symptoms caused by diabetes mellitus (DM) that damage 
the peripheral nervous system.1 The widely frequent 
condition of DN has a significant impact on patients by 
raising the risk of falls, lowering quality of life and causing 
pain. This condition is marked by significant morbidity 

and a loss of sensory function that starts far in the lower 
limbs.2 Individuals with Type 2 Diabetes Mellitus have 
a higher rate of neuropathy than those with Type 1 
Diabetes Mellitus.3 Up to 50% of people with diabetes 
will ultimately develop neuropathy during the course of 
their illness, as per Western literature. The International 
Diabetes Federation’s most recent statistics indicate that 
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8.3% of people worldwide have diabetes.4 In 2017, India 
had 72,946,400 patients, making it the nation with the 
2nd highest number of diabetics.5 In those between the 
ages of 40 and 59 years, DM cases are most prevalent.6 
According to the research conducted in India, the 
occurrence of peripheral neuropathy in diabetes patients 
ranges from around 10.5% to 32.2%.7 Numbness, tingling, 
discomfort, and weakness are characteristic symptoms 
of DN patients, and they often start in the feet before 
spreading proximally in a glove and stocking fashion.8 
Diabetes and pre-diabetes change the body’s structure 
leading to progressive degeneration of large myelinated 
fibres (Aα, Aβ) as well as small unmyelinated fibres (C) 
and sparsely myelinated (Aδ) fibres.9 Small blood vessels 
seem to be damaged by persistently high blood serum 
glucose, which impairs the neurons’ capacity to absorb 
oxygen and nutrients.10 Amputations of the toes, foot, or 
leg, infections of the foot, dizziness, falls, failure to thrive, 
dehydration and pain are common in people with diabetic 
peripheral neuropathy (DPN).11 Reduced walking speed and 
other gait abnormalities are common in people with DPN. 
Somatosensory loss in the legs impairs functional postural 
stability and increases the falling risk when engaging in 
more strenuous everyday activities.12 Compared to adults 
of similar ages, those with DPN sway more quickly and 
with a wider range of motion in the medial-lateral and 
anterior-posterior directions.13 A major factor in falls is a 
loss of equilibrium. A variety of outcome measures have 
been applied in clinical settings to evaluate patients’ balance 
like the clinician-administered Timed Up & Go Test and 
Berg Balance Scale.14 The OEP is an individualised, at-home 
fall prevention programme that focuses on balance and 
strength. Professors Melinda M. Gardner, John Campbell 
and Clare Robertson, Researchers at the “University of 
Otago in Dunedin,” New Zealand, created the programme 
in response to the severity and frequency of all injuries 
among elder citizens in New Zealand.15 The neural function 
is improved by regular exercise. According to studies, 
training that incorporates both resistance and aerobic 
exercise significantly lessens neuropathic symptoms and 
pain, increases muscle fibre, and enhances walking stability 
and strength.16 It is a programme that includes strength 
exercises of moderate intensity that concentrate on the 
lower limbs and balance and should be executed for about 
60 minutes at least three times a week. Also included can 
be walking on different days of the week, at least twice. 
The danger of falling is reduced as a result of this sort 
of programme’s great effectiveness in improving lower 
limb balance, gait, and muscle strength.17 However, no 
studies have been conducted to specifically examine the 
effectiveness of OEP in patients with DPN. So, this research 
aimed to study the efficacy of 4 weeks of Otago exercise 
in improving balance and reducing fall risk in DN patients.

Materials and Method
The study was conducted in various hospitals and diabetic 
clinics of Kamrup Metro, Guwahati, Assam from January 
2023 to May 2023. An experimental pre-post study design 
was used. The Institutional and Ethical Committee for 
Human Research of The Assam Royal Global University 
approved this research (No: RGU/IEC HR/MPT/2023/05). 
All the experimental procedures were explained and 
written informed consent was obtained. A data collection 
form was provided to the participants. Participants were 
screened on the basis of the inclusion and exclusion criteria. 
Clinically diagnosed with DN, both males and females aged 
40 to 70 years with lower limb muscle strength not less 
than grade 3 were included in this study. Subjects with 
plantar ulcer, any vestibular disorder causing dizziness, or 
postural hypotension were excluded. A total of 32 patients 
participated in this experimental study. Table 1 shows the 
demographic characteristic of the patients. Prior to the 
treatment, patients were assessed using the Berg Balance 
Scale, Falls Efficiency Scale, and TUG test scores.

Table 1.Baseline Characteristics of Patients

Age (Years) Mean Standard Deviation

Male 54.11 9.01

Female 57.00 9.85

Gender Number Percentage

Male 13 40.6

Female 19 59.4

Intervention
Four weeks of OEP was performed for 45–60 minutes 
on each subject, 3 times a week and the patients were 
encouraged to walk on the alternate days. Balance training, 
muscle strengthening and walking are the three domains 
of the OEP (Table 2). OEP started with back extension, 
head movements, and ankle and trunk movement. The 
exercises for muscle strengthening included side hip, back 
knee and front knee strengthening exercises, calf raises, 
and toe raises. Balance training included knee bending, 
turning and walking around, backwards walking, heel-toe 
walking, sideways walking, heel-toe stand, one-leg stand, 
tandem walking, and sit-to-stand. This programme was 
done for 60 mins, three times/week for four weeks.

Statistical Analysis 
The data were computed and analysed using SPSS version 
27. All the quantitative variables were tallied after checking 
for normal distribution within each group. Since the data did 
not follow normal distribution therefore Wilcoxon paired 
test was used for analysing the data (p value < 0.001).
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Table 2.Otago Exercise Programme

Activities Repetitions
Front knee strengthening exercise 2 sets, 10 repetitions
Back knee strengthening exercise 2 sets, 10 repetitions
Side hip strengthening exercise 2 sets, 10 repetitions

Calf raises 2 sets, 10 repetitions
Toe raises 2 sets, 10 repetitions

Knee bends 2 sets, 10 repetitions
Backwards walking 10 steps, 4 times

Walking and turning around Make a figure of “8”, 2 times
Sideways walking 10 steps, 4 times

Tandem stance 10 seconds
Tandem walk 10 steps
One leg stand 10 seconds
Heel walking 10 steps, 4 times
Toe walking 10 steps, 4 times

Heel-toe walking backwards 10 steps, 4 times
Stand to sit 5 stands

Stair walking 5 steps up, 5 steps down

Table 3.Comparison of Berg Balance Scale, Falls Efficacy Scale and Timed Up and Go Test Scores Before and 
After Intervention

Scale/ Test Post-Test, N = 321 Pre-Test, N = 321 p Value2 Effect Size
Berg Balance Scale 52 (49–55) 39 (31–43) < 0.001 0.86
Falls Efficacy Scale 19 (10–28) 28 (10–46) < 0.001 0.87

Timed Up and Go Test 13 (11–16) 16 (15–18) < 0.001 0.89
1Median (Range)
2Wilcoxon paired test

Result
Table 3 shows a statistically significant increase in the Berg 
Balance Scale score after the intervention. The Falls Efficacy 
score and TUG score before and after the intervention 
showed that there was a decrease in the scores after 

the intervention. The effect sizes (ranging from 0.86 to 
0.89) indicate large effects for all three scales, suggesting 
substantial improvements in balance, efficacy, and mobility 
post-intervention. Figure 1 shows the comparison of pre-
and post-scores.

Figure 1.Comparison of Pre- and Post-BBS, FES & TUG Scores 
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Discussion
Early DM symptoms include neuropathy, which steadily 
worsens over the years to cause systemic harm. There is a 
49% probability of developing neuropathy if someone has 
diabetes for 25 years or more. The severity of neuropathy 
also rises with the length of time someone has had diabetes 
and poor glycaemic control. Studies suggest that neuropathy 
cases increase after 55 years of age.18 The patients in 
this research varied from 40 to 70 years, with a mean 
age of 55.56 ± 9.43. Gender analysis of the participants 
revealed that the number of females (59.4%) were more 
than males (40.6%). Previous studies stated that males are 
more affected than females. Studies at the individual level 
showed that males had higher resistance and lower BMI 
than women which confirmed this epidemiological finding. 
This is largely because of their tendency to accumulate fat 
in the viscera and hepatic system.19 Many daily activities, 
from simple ones like standing quietly to more challenging 
ones like walking while talking or changing directions, 
depend on balance.20 Balance disorders represent a major 
concern among DN due to their association with falls. There 
is more postural sway in these individuals. Otago exercise is 
a well-known exercise programme for people with balance 
problems. This research used an experimental design to 
determine if OEP may help DN patients with balance and 
lower their chance of falling. All the subjects received OEP, 
3 days a week, for four weeks and the session lasted for 
approximately 60 minutes. In this trial, balance among those 
with DN significantly improved. Otago training significantly 
increased the Berg Balance Scale score from a median of 
39 (range 31–43) to 52 (range 49–55). This improvement 
can be a result of the participant’s commitment. Patel et 
al. demonstrated that the Berg balance scale showed good 
test-retest reliability indicating that BBS could be utilised 
to evaluate balance in patients with DN.21 Jernigan et al. 
demonstrated the highest sensitivity at 90% for BBS and 
TUG in assessing fall risk with DPN patients.22 Christopher 
et al. stated that the TUG exhibited excellent reliability in 
individuals having Huntington’s disease, cerebral palsy, 
multiple sclerosis, stroke, along with individuals having 
a spinal cord injury.23 Timar et al., in 2016, conducted 
a study on 198 patients with type 2 diabetes mellitus 
with neuropathy where balance impairment and risk of 
falls were assessed using four validated and standardised 
tools: Berg Balance Scale (BBS), Timed-up and Go test 
(TUG), Single Leg Stand test (SLS) and Fall Efficacy Scale 
(FES-I). The study concluded that the presence of DN in 
patients with DM is associated with impaired balance and 
a consecutive increase in the risk of falls.24 In the present 
study, the FES scores decreased from 28 (range 10–46) to 
19 (range 10–28) before and after the intervention, which 
has a significant impact on reducing fall efficacy. This can be 
interpreted as an increase in confidence and a decrease in 

fall fear among the participants. The Timed Up and Go Test 
(TUG) is a measure of mobility and functional ability and 
this study found that the post-intervention score is much 
lower than the pre-intervention score, 16 (range 15–18) 
to 13 (range 11–16) which has a highly significant impact 
on shortening the time required to complete the test. 
The present investigation showed that OEP considerably 
decreased the study participants’ chance of falling. This 
could be because OEP combines a walking programme, 
balance training, and muscular strengthening. Therefore, 
the analysis demonstrated that the OEP is a useful exercise 
prevention strategy for those with DN. Balance training was 
utilised to re-establish ankle stability, which might have 
helped the proprioceptive pathways that were damaged, 
leading to an improvement in balance and a reduction in 
sway parameters. The study findings, supported by the 
existing literature, suggest that OEP can improve body 
balance and muscle strength. According to a study by 
Kiik et al., 8 weeks of training intervention with a body 
balancing emphasis may lower the chance of falling among 
older adults in a community in Depok City, Indonesia.25 
The conclusion of this research is in accordance with their 
findings. Through this exercise, one may increase the body’s 
flexibility, balance, and walking speed. Studies have shown 
that the OEP has improved patients’ balance, lower limb 
strength, overall fitness level, and level of independence. 
The OEP needs relatively low supervision and material costs. 
Otago exercises mainly focus on the lower limbs, such as 
the hip, ankle and knee joint, and ankle cuff, weight bearing 
also improves the muscle strength of the knee extensors 
and flexors, back flexors, hip abductors, along with ankle 
plantar flexors. Son et al. demonstrated that Tai Chi & 
Otago exercises help in the improvement of the function 
of muscle fibres, boost myofibrillar protein production, 
and increase muscular strength.26 According to Robertson 
et al., OEP has resulted in a decrease in falls and injuries 
connected to falls by 35% and is safe for people to do at 
home.27 Thus, the current research offers probable evidence 
that OEP helps patients with DN improve their balance 
while also lowering their chance of falling.

Limitations of the Study 
In this study, the lack of a control group limited the 
generalisation of the findings. The duration for which the 
patients were suffering from diabetic neuropathy was not 
considered. Also, there was no long-term follow-up done 
to check the efficacy of OEP.

Future Scope of the Study
Employing sophisticated analysis systems like Motor Nerve 
Conduction Studies, posturography using force plate 
systems, and pressure measurement platforms will further 
warrant the efficacy of Otago exercises. Further research 
can be conducted using the Otago Exercise Programme 
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for other neurological conditions that affect balance and 
increase the risks of fall. 

Conclusion 

The study’s results led researchers to the conclusion that the 
individuals with DN had improved functional mobility and 
balance after receiving OEP. In terms of functional mobility 
and balance, statistically significant improvements in TUG, 
BBS, and FES were found. In order to increase strength and 
balance, which eventually leads to the prevention of falls 
in DN, OEP may be utilised in daily clinical practice as well 
as a home exercise programme. 

Source of Funding: None

Conflict of Interest: None

References
1.	 Nascimento OJ, Pupe CC, Cavalcanti EB. [Diabetic 

neuropathy]. Rev Dor [Internet]. 2016 [cited 2023 
Jun 11];17(Suppl 1):46-51. Portugese. Available from 
https://doi.org/10.5935/1806-0013.20160047 [Google 
Scholar] 

2.	 Feldman EL, Callaghan BC, Pop-Busui R, Zochodne DW, 
Wright DE, Bennett DL, Bril V, Russell JW, Viswanathan 
V. Diabetic neuropathy. Nat Rev Dis Primers [Internet]. 
2019 [cited 2023 Jun 7];5(1):41. Available from: 
https://www.nature.com/articles/s41572-019-0092-
1 [PubMed] [Google Scholar]

3.	 Bansal V, Kalita J, Misra UK. Diabetic neuropathy. 
Postgrad Med J [Internet]. 2006 [cited 2023 Jun 
7];82(964):95-100. Available from: https://academic.
oup.com/pmj/article/82/964/95/7045246 [PubMed] 
[Google Scholar]

4.	 Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga 
S, Unwin N, Colagiuri S, Guariguata L, Motala AA, 
Ogurtsova K, Shaw JE, Bright D, Williams R; IDF 
Diabetes Atlas Committee. Global and regional diabetes 
prevalence estimates for 2019 and projections for 
2030 and 2045: results from the International Diabetes 
Federation Diabetes Atlas, 9th edition. Diabetes Res 
Clin Pract [Internet]. 2019 [cited 2023 Jun 7];157. 
Available from: https://www.sciencedirect.com/
science/article/pii/S0168822719312306 [PubMed] 
[Google Scholar]

5.	 D’Souza M, Kulkarni V, Bhaskaran U, Ahmed H, 
Naimish H, Prakash A, Tabreez S, Dahiya B, Thapar R, 
Mithra P, Kumar N, Holla R, Bb D, Kumar A. Diabetic 
peripheral neuropathy and its determinants among 
patients attending a tertiary health care centre in 
Mangalore, India. J Public Health Res [Internet]. 2015 
[cited 2023 Jun 7];4(2):450. Available from: https://
journals.sagepub.com/doi/full/10.4081/jphr.2015.450 
[PubMed] [Google Scholar]

6.	 Jasmine A, Akila GV, Durai V, Rani MA, Shriraam V, 
Samya V, Gayathri T, Mahadevan S. Prevalence of 

peripheral neuropathy among type 2 diabetes mellitus 
patients in a rural health centre in South India. Int J 
Diabetes Dev Ctries [Internet]. 2021 [cited 2023 Jun 
7];41(2):293-300. Available from: https://link.springer.
com/article/10.1007/s13410-020-00885-6 [Google 
Scholar]

7.	 Darivemula S, Nagoor K, Patan SK, Reddy NB, Deepthi CS, 
Chittooru CS. Prevalence and its associated determinants 
of Diabetic Peripheral Neuropathy (DPN) in individuals 
having type-2 diabetes mellitus in rural South India. 
Indian J Community Med. 2019 Apr-Jun;44(2):88-91. 
[PubMed] [Google Scholar]

8.	 Callaghan BC, Cheng HT, Stables CL, Smith AL, Feldman 
EL. Diabetic neuropathy: clinical manifestations and 
current treatments. Lancet Neurol [Internet]. 2012 
[cited 2023 Jun 7];11(6):521-34. Available from: https://
www.thelancet.com/journals/laneur/article/PIIS1474-
4422(12)70065-0/abstract [PubMed] [Google Scholar]

9.	 Flyvbjerg A, Holt RI, Cockram C, Goldstein BJ. Textbook 
of diabetes. 4th ed. Wiley; 2010. p. 615-31.

10.	 Bodman MA, Dreyer MA, Varacallo MA. Diabetic pe-
ripheral neuropathy [Internet]. StatPearls Publishing; 
2024 [cited 2024 Nov 14]. p. 3-6. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK442009/ 
[PubMed] [Google Scholar]

11.	 Zilliox LA. Diabetes and peripheral nerve disease. 
Clin Geriatr Med [Internet]. 2021 [cited 2023 Jun 
7];37(2):253-67. Available from: https://www.binasss.
sa.cr/mayo2021/23.pdf [PubMed] [Google Scholar]

12.	 Bokan-Mirković V, Škarić-Karanikić Ž, Nejkov S, Vuković 
M, Ćirović D. Diabetic polyneuropathy and risk of falls: 
fear of falling and other factors. Acta Clin Croat [Internet]. 
2017 [cited 2023 Jun 7];56(4):721-7. Available from: 
https://www.researchgate.net/publication/324112988_
Diabetic_Polyneuropathy_and_Risk_of_Falls_Fear_of_
Falling_and_Other_Factors [PubMed] [Google Scholar]

13.	  D’Silva LJ, Lin J, Staecker H, Whitney SL, Kluding 
PM. Impact of diabetic complications on balance 
and falls: contribution of the vestibular system. Phys 
Ther [Internet]. 2016 [cited 2023 Jun 7];96(3):400-
9. Available from: https://academic.oup.com/ptj/
article/96/3/400/2889340 [PubMed] [Google Scholar]

14.	  Jogi P, Overend T, Kramer J. Comparisons of clinically 
based outcome measures and laboratory-based 
outcome measure for balance in patients following 
total hip and knee arthroplasty. Orthop Res Rev 
[Internet]. 2017 [cited 2023 Jun 7];9:23-33. Available 
from: https://www.tandfonline.com/doi/full/10.2147/
ORR.S125581 [PubMed] [Google Scholar]

15.	 Wadhwa D, Hande D. Effectiveness of Otago Exercise 
Program on reducing the fall risk in elderly: single 
case report. Imperial J Interdiscip Res [Internet]. 
2016 [cited 2023 Jun 7];2(6):614-8. Available from: 

https://scholar.google.com/scholar?q=1.+Nascimento+OJM+do,+Pupe+CCB,+Cavalcanti+EBU.+Diabetic+neuropathy&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=1.+Nascimento+OJM+do,+Pupe+CCB,+Cavalcanti+EBU.+Diabetic+neuropathy&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/31197183/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Feldman+EL%2C+Callaghan+BC%2C+Pop-Busui+R%2C+Zochodne+DW%2C+Wright+DE%2C+Bennett+DL%2C+et+al.+Diabetic+neuropathy&btnG=
https://pubmed.ncbi.nlm.nih.gov/16461471/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bansal+V%2C+Kalita+J%2C+Misra+UK.+Diabetic+neuropathy&btnG=
https://www.sciencedirect.com/science/article/pii/S0168822719312306
https://www.sciencedirect.com/science/article/pii/S0168822719312306
https://pubmed.ncbi.nlm.nih.gov/31518657/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.%09Saeedi+P%2C+Petersohn+I%2C+Salpea+P%2C+Malanda+B%2C+Karuranga+S%2C+Unwin+N%2C+et+al.+Global+and+regional+diabetes+prevalence+estimates+for+2019+and+projections+for+2030+and+2045%3A+results+from+the+International+Diabetes+Federation+Diabetes+Atlas%2C+9th+edition&btnG=
https://pubmed.ncbi.nlm.nih.gov/26425491/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.4081%2Fjphr.2015.450&btnG=
https://link.springer.com/article/10.1007/s13410-020-00885-6
https://link.springer.com/article/10.1007/s13410-020-00885-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Jasmine+A%2C+Akila%2C+Durai+V%2C+Rani+A%2C+Shriraam+V%2C+Samya%2C+et+al.+Prevalence+of+peripheral+neuropathy+among+type+2+diabetes+mellitus+patients+in+a+rural+health+centre+in+South+India&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Jasmine+A%2C+Akila%2C+Durai+V%2C+Rani+A%2C+Shriraam+V%2C+Samya%2C+et+al.+Prevalence+of+peripheral+neuropathy+among+type+2+diabetes+mellitus+patients+in+a+rural+health+centre+in+South+India&btnG=
https://pubmed.ncbi.nlm.nih.gov/31333282/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09Surrender+Darivemula%2C+Khadervali+Nagoor%2C+Shakeer+khan+Patan%2C+N.+Bayapa+Reddy%2C+C.+Sravana+Deepthi+and+Chandra+Sekhar+Chittooru.+Prevalence+and+its+associated+determinants+of+Diabetic+Peripheral+Neuropathy+%28DPN%29+in+individuals+having+type+2+diabetes+mellitus+in+rural+South+India&btnG=
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(12)70065-0/abstract
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(12)70065-0/abstract
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(12)70065-0/abstract
https://pubmed.ncbi.nlm.nih.gov/22608666/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Callaghan+BC%2C+Cheng+HT%2C+Stables+CL%2C+Smith+AL%2C+Feldman+EL.+Diabetic+neuropathy%3A+clinical+manifestations+and+current+treatments&btnG=
https://pubmed.ncbi.nlm.nih.gov/31333282/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09Surrender+Darivemula%2C+Khadervali+Nagoor%2C+Shakeer+khan+Patan%2C+N.+Bayapa+Reddy%2C+C.+Sravana+Deepthi+and+Chandra+Sekhar+Chittooru.+Prevalence+and+its+associated+determinants+of+Diabetic+Peripheral+Neuropathy+%28DPN%29+in+individuals+having+type+2+diabetes+mellitus+in+rural+South+India&btnG=
https://pubmed.ncbi.nlm.nih.gov/33858608/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zilliox+LA.+Diabetes+and+peripheral+nerve+disease&btnG=
https://pubmed.ncbi.nlm.nih.gov/29590728/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Bokan-Mirkovi%C4%87+V%2C+%C5%A0kari%C4%87-Karaniki%C4%87+%C5%BD%2C+Nejkov+S%2C+Vukovi%C4%87+M%2C+%C4%86irovi%C4%87+D.+Diabetic+polyneuropathy+and+risk+of+falls%3A+fear+of+falling+and+other+factors&btnG=
https://pubmed.ncbi.nlm.nih.gov/26251477/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=D%E2%80%99Silva+LJ%2C+Lin+J%2C+Staecker+H%2C+Whitney+SL%2C+Kluding+PM.+Impact+of+diabetic+complications+on+balance+and+falls%3A+contribution+of+the+vestibular+system&btnG=
https://pubmed.ncbi.nlm.nih.gov/30774474/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09+Jogi+P%2C+Overend+T%2C+Kramer+J.+Comparisons+of+clinically+based+outcome+measures+and+laboratory-based+outcome+measure+for+balance+in+patients+following+total+hip+and+knee+arthroplasty&btnG=


74
Sangma A & Lakhotia S 
Chettinad Health City Med. J. 2024; 13(4)

ISSN: 2278-2044 
DOI: https://doi.org/10.24321/2278.2044.202461

https://www.researchgate.net/profile/Deepali-
Hande/publication/371607705_Effectiveness_
of_Otago_Exercise_Program_on_Reducing_
the_Fall_Risk_in_Elderly_Single_Case_Report/
links/648bf8548de7ed28ba2ec586/Effectiveness-of-
Otago-Exercise-Program-on-Reducing-the-Fall-Risk-
in-Elderly-Single-Case-Report.pdf [Google Scholar]

16.	 Seyedizadeh SH, Cheragh-Birjandi S, Nia MR. The 
effects of combined exercise training (resistance-
aerobic) on serum kinesin and physical function in 
type 2 diabetes patients with diabetic peripheral 
neuropathy (randomized controlled trials). J Diabetes 
Res [Internet]. 2020 [cited 2023 Jun 7];2020:6978128. 
Available from: https://onlinelibrary.wiley.com/doi/
full/10.1155/2020/6978128 [PubMed] [Google Scholar]

17.	 Patel NN, Pachpute DS. The effects of Otago Exercise 
Programme for fall prevention in elderly people. Int J 
Physiother [Internet]. 2015 [cited 2023 Jun 7];2(4):633-
9. Available from: https://ijphy.com/index.php/journal/
article/view/103

18.	 Amelia R, Wahyuni AS, Yunanda Y. Diabetic neuropathy 
among type 2 diabetes mellitus patients at Amplas 
Primary Health Care in Medan City. Open Access Maced J 
Med Sci [Internet]. 2019 [cited 2023 Jun 8];7(20):3400-3. 
Available from: https://pmc.ncbi.nlm.nih.gov/articles/
PMC6980802/ [PubMed] [Google Scholar]

19.	 Aaberg ML, Burch DM, Hud ZR, Zacharias MP. Gender 
differences in the onset of diabetic neuropathy. J 
Diabetes Complications [Internet]. 2008 [cited 2023 Jun 
8];22(2):83-7. Available from: https://www.sciencedirect.
com/science/article/abs/pii/S1056872707000748 
[PubMed] [Google Scholar]

20.	 Karimi MT, Solomonidis S. The relationship between 
parameters of static and dynamic stability tests. J Res 
Med Sci [Internet]. 2011 [cited 2023 Jun 8];16(4):530-5. 
Available from: https://pmc.ncbi.nlm.nih.gov/articles/
PMC3214359/ [PubMed] [Google Scholar]

21.	 Patel B, Shah C, Shah S. Test-retest reliability of Berg 
balance scale in subjects with diabetic neuropathy: a 
pilot study. J Emerg Technol Innov Res [Internet]. 2019 
[cited 2023 Jun 8];6(6):272-5. Available from: https://
www.jetir.org/papers/JETIR1908C36.pdf

22.	 Jernigan SD, Pohl PS, Mahnken JD, Kluding PM. 
Diagnostic accuracy of fall risk assessment tools in 
people with diabetic peripheral neuropathy. Phys 
Ther [Internet]. 2012 [cited 2023 Jun 8];92(11):1461-
70. Available from: https://academic.oup.com/ptj/
article-abstract/92/11/1461/2735170 [PubMed] 
[Google Scholar]

23.	 Christopher A, Kraft E, Olenick H, Kiesling R, Doty A. 
The reliability and validity of the Timed Up and Go as a 
clinical tool in individuals with and without disabilities 
across a lifespan: a systematic review. Disabil Rehabil 

[Internet]. 2021 [cited 2023 Jun 8];43(13):1799-813. 
Available from: https://www.tandfonline.com/doi/abs
/10.1080/09638288.2019.1682066 [PubMed] [Google 
Scholar]

24.	 Timar B, Timar R, Gaiță L, Oancea C, Levai C, Lungeanu 
D. The impact of diabetic neuropathy on balance and on 
the risk of falls in patients with type 2 diabetes mellitus: 
a cross-sectional study. PLoS One [Internet]. 2016 [cited 
2023 Jun 8];11(4):e0154654. Available from: https://
journals.plos.org/plosone/article?id=10.1371/journal.
pone.0154654 [PubMed] [Google Scholar]

25.	 Kiik SM, Sahar J, Permatasari H. [Effectiveness of balance 
exercise among older adults in Depok city, Indonesia]. 
Enferm Clin (Engl Ed). 2020 Jul-Aug;30(4):282-6. 
Spanish. [PubMed] [Google Scholar]

26.	 Son NK, Ryu YU, Jeong HW, Jang YH, Kim HD. Comparison 
of 2 different exercise approaches: Tai Chi versus Otago, 
in community-dwelling older women. J Geriatr Phys 
Ther. 2016;39(2):51-7. [PubMed] [Google Scholar]

27.	 Robertson MC, Campbell AJ, Gardner MM, Devlin N. 
Preventing injuries in older people by preventing falls: 
a meta-analysis of individual-level data. J Am Geriatr 
Soc. 2022;50(5):905-11. [PubMed] [Google Scholar]

https://www.researchgate.net/profile/Deepali-Hande/publication/371607705_Effectiveness_of_Otago_Exercise_Program_on_Reducing_the_Fall_Risk_in_Elderly_Single_Case_Report/links/648bf8548de7ed28ba2ec586/Effectiveness-of-Otago-Exercise-Program-on-Reducing-the-Fall-Risk-in-Elderly-Single-Case-Report.pdf
https://www.researchgate.net/profile/Deepali-Hande/publication/371607705_Effectiveness_of_Otago_Exercise_Program_on_Reducing_the_Fall_Risk_in_Elderly_Single_Case_Report/links/648bf8548de7ed28ba2ec586/Effectiveness-of-Otago-Exercise-Program-on-Reducing-the-Fall-Risk-in-Elderly-Single-Case-Report.pdf
https://www.researchgate.net/profile/Deepali-Hande/publication/371607705_Effectiveness_of_Otago_Exercise_Program_on_Reducing_the_Fall_Risk_in_Elderly_Single_Case_Report/links/648bf8548de7ed28ba2ec586/Effectiveness-of-Otago-Exercise-Program-on-Reducing-the-Fall-Risk-in-Elderly-Single-Case-Report.pdf
https://www.researchgate.net/profile/Deepali-Hande/publication/371607705_Effectiveness_of_Otago_Exercise_Program_on_Reducing_the_Fall_Risk_in_Elderly_Single_Case_Report/links/648bf8548de7ed28ba2ec586/Effectiveness-of-Otago-Exercise-Program-on-Reducing-the-Fall-Risk-in-Elderly-Single-Case-Report.pdf
https://www.researchgate.net/profile/Deepali-Hande/publication/371607705_Effectiveness_of_Otago_Exercise_Program_on_Reducing_the_Fall_Risk_in_Elderly_Single_Case_Report/links/648bf8548de7ed28ba2ec586/Effectiveness-of-Otago-Exercise-Program-on-Reducing-the-Fall-Risk-in-Elderly-Single-Case-Report.pdf
https://www.researchgate.net/profile/Deepali-Hande/publication/371607705_Effectiveness_of_Otago_Exercise_Program_on_Reducing_the_Fall_Risk_in_Elderly_Single_Case_Report/links/648bf8548de7ed28ba2ec586/Effectiveness-of-Otago-Exercise-Program-on-Reducing-the-Fall-Risk-in-Elderly-Single-Case-Report.pdf
https://www.researchgate.net/profile/Deepali-Hande/publication/371607705_Effectiveness_of_Otago_Exercise_Program_on_Reducing_the_Fall_Risk_in_Elderly_Single_Case_Report/links/648bf8548de7ed28ba2ec586/Effectiveness-of-Otago-Exercise-Program-on-Reducing-the-Fall-Risk-in-Elderly-Single-Case-Report.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Wadhwa+D%2C+Hande+D.+Effectiveness+of+Otago+Exercise+Program+on+reducing+the+fall+risk+in+elderly%3A+single+case+report&btnG=
https://pubmed.ncbi.nlm.nih.gov/32215272/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Seyedizadeh+SH%2C+Cheragh-Birjandi+S%2C+Hamedi+Nia+MR.+The+effects+of+combined+exercise+training+%28resistance-aerobic%29+on+serum+kinesin+and+physical+function+in+type+2+diabetes+patients+with+diabetic+peripheral+neuropathy+%28randomized+controlled+trials%29&btnG=
https://pubmed.ncbi.nlm.nih.gov/32002061/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Amelia+R%2C+Wahyuni+AS%2C+Yunanda+Y.+Diabetic+neuropathy+among+type+2+diabetes+mellitus+patients+at+Amplas+Primary+Health+Care+in+Medan+City&btnG=
https://pubmed.ncbi.nlm.nih.gov/18280437/
https://scholar.google.com/scholar?q=19.+Aaberg+ML,+Burch+DM,+Hud+ZR,+Zacharias+MP.+Gender+differences+in+the+onset+of+diabetic+neuropathy&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/22091270/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Karimi+MT%2C+Solomonidis+S.+The+relationship+between+parameters+of+static+and+dynamic+stability+tests&btnG=
https://pubmed.ncbi.nlm.nih.gov/22836004/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.%09Jernigan+SD%2C+Pohl+PS%2C+Mahnken+JD%2C+Kluding+PM.+Diagnostic+accuracy+of+fall+risk+assessment+tools+in+people+with+diabetic+peripheral+neuropathy&btnG=
https://pubmed.ncbi.nlm.nih.gov/31656104/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.%09Christopher+A%2C+Kraft+E%2C+Olenick+H%2C+Kiesling+R%2C+Doty+A.+The+reliability+and+validity+of+the+timed+up+and+go+as+a+clinical+tool+in+individuals+with+and+without+disabilities+across+a+lifespan%3A+a+systematic+review%3A+Psychometric+properties+of+the+Timed+Up+and+Go&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.%09Christopher+A%2C+Kraft+E%2C+Olenick+H%2C+Kiesling+R%2C+Doty+A.+The+reliability+and+validity+of+the+timed+up+and+go+as+a+clinical+tool+in+individuals+with+and+without+disabilities+across+a+lifespan%3A+a+systematic+review%3A+Psychometric+properties+of+the+Timed+Up+and+Go&btnG=
https://pubmed.ncbi.nlm.nih.gov/27119372/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.%09Timar+B%2C+Timar+R%2C+Gai%C8%9B%C4%83+L%2C+Oancea+C%2C+Levai+C%2C+Lungeanu+D.+The+impact+of+diabetic+neuropathy+on+balance+and+on+the+risk+of+falls+in+patients+with+type+2+diabetes+mellitus%3A+a+cross-sectional+study&btnG=
https://pubmed.ncbi.nlm.nih.gov/30837192/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Stefanus+Mendes+kiik%2C+Junaiti+Sahar%2C+Henny+Permatasari%3A+Effectiveness+of+balance+exercise+among+older+adults+in+Depok+city%2C+Indonesia+2019&btnG=
https://pubmed.ncbi.nlm.nih.gov/25760277/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.%09Son+NK%2C+Ryu+YU%2C+Jeong+HW%2C+et+al.%3AComparison+of+2+different+exercise+approaches%3A+Tai+Chi+versus+Otago%2C+in+community+dwelling+older+women&btnG=
https://pubmed.ncbi.nlm.nih.gov/12028179/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Robertson+MC%2C+Campbell+AJ%2C+Gardner+MM+et+al.%282002%29.+Preventing+injuries+in+older+people+by+preventing+fall%3A+a+meta+analysis+of+individual+level+data+&btnG=

