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Abstract 
 
Background: Diabetes Mellitus is among the diseases that have confronted an entire 

generation; its complication, Diabetic Peripheral Neuropathy (DPN), has impacted many people. 
DPN has been connected with severe outcomes such as falls and other injuries. Consequently, it 
is crucial to maintain equilibrium and mobility among the affected people. This review aimed to 
determine the influence of functional balance exercises on dynamic balance in DPN patients. 
 
Methods: This review focused on randomized controlled trials between 2010 and 2024 wherein 

functional balance exercises were compared with conventional or a control group regarding 
outcomes. The BBS, the TUG, and the 6MWT measured these outcomes. A robust search across 
many databases was conducted. Two reviewers independently extracted the data, rigorously 
evaluated the quality of all included studies, and performed a random-effects meta-analysis to 
establish the pooled SMD in balance outcomes. 
 
Conclusion: Ten studies with DPN participants aged 40 to 85 were included. The outcome was 

a fair BBS score: SMD = 0.458, 95% CI = -0.0179 to 0.933, I² = 55.87%. The Timed Up and Go test 
was significantly improved (SMD = -0.815, 95% CI: -1.458 to -0.172, I² = 79.13%), whereas 
outcomes of the 6-Minute Walk Test were only positive with a small SMD (SMD = 0.341, 95% CI: 
-0.699 to 1.380, I² = 82.65%). 
 
Conclusion: Functional balance exercises are good in improving dynamic balance among 

patients with DPN, and there is a need for a rehabilitation program tailored to the individual’s 
specific condition in managing complications of diabetes, such as proper exercise regimens. 
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Introduction 
Diabetes Mellitus (DM) stands as a major global health issue, leading to significant morbidity and 
mortality rates, especially in developed nations and areas undergoing rapid urbanization1. As of 
2019, diabetes accounted for about 4.2 million deaths globally, with nearly 463 million adults 
aged 20 to 79 affected by this condition2. Projections suggest a dramatic increase to over 700 
million cases by 20303. Particularly in developing countries like Pakistan, which is currently the 
seventh highest in terms of diabetes prevalence and expected to rise to fourth with a 15% 
increase by 2030, the surge in diabetes cases is primarily attributed to lifestyle shifts and 
urbanization4. 
 
Of the many complications of diabetes, Diabetic Peripheral Neuropathy (DPN) stands out because 
of its prevalence and the extremely debilitating impact it has on those afflicted5. This is because 
30% to 50% of individuals with diabetes suffer from DPN, caused by damage to the sensory, 
motor, and autonomic nerves due to persistently elevated blood glucose levels6.The main 
symptoms, such as pain, numbness, and weakness, primarily affect the lower limbs and can lead 
to severe complications, including ulcers, infections, and amputation7. While the exact 
mechanisms behind DPN are complex and not entirely understood, they are believed to be 
related to chronic high blood sugar and the resulting metabolic disturbances8. 
 
Moreover, DPN can impair proprioception and motor function, leading to an increased risk of 
falls and injuries due to muscle weakness and changes in proprioceptive feedback9. The success 
of exercise interventions in individuals with DPN can be affected by various factors, including the 
ability to activate nerves, blood flow in small vessels, and how muscles uptake glucose10-11. These 
interventions aim to improve overall health and alleviate symptoms12. Consequently, traditional 
physiotherapy for DPN patients emphasizes strengthening lower body strength and balance 
through exercises that enhance the range of motion, gait training, and balance exercises13-14. 
 
Evidence consistently supports the notion that exercise enhances lower extremity strength and 
balance, thereby mitigating fall risk, particularly among individuals with DPN15. Exercise 
programs, especially those that include functional balance exercises involving resistance, 
balance, endurance, and coordination training, have proven effective in enhancing muscle 
strength, coordination, and mobility. These improvements are vital for minimizing the risk of falls 
among this population16-18. 
 
However, the literature needs a detailed analysis of the specific impacts of different exercise 
approaches on balance for those with DPN. This systematic review and meta-analysis seek to fill 
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that gap by examining how functional balance exercises affect dynamic balance in DPN patients. 
The objective is to compile existing evidence to inform clinical practices and rehabilitation 
strategies, ultimately improving the quality of life for individuals dealing with this widespread 
complication of diabetes. This underscores the necessity for more targeted research to refine 
exercise programs for these at-risk individuals. 

 
Methodology 
 

Study Protocol 
The systematic review and meta-analysis methodology adheres to the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines19. 
 

Inclusion Criteria 
Only RCTs conducted between 2010 and 2024 and published in English were considered. 
Comparisons were made between functional balancing exercises with conventional exercises, 
controls, placebos, or other interventions. Outcomes were evaluated using Berg Balance Scale 
(BBS), Timed Up and Go Test (TUG), and Six-Minute Walk Test (6MWT), which indicate the 
likelihood of falls. 

 
Exclusion Criteria 
The exclusion criteria included studies that were not randomized, those not published in the 
preferred language of reporting, and those with insufficient data to be included in the analysis or 
outcome measures that do not reflect dynamic balance. 

 
Searching Strategy 
A broad literature search used Google Scholar, PubMed, PEDro, Cochrane Library, Web of 
Science, and Scopus. Key terms and phrases, including “functional balancing exercises,” “Berg 
Balance Scale (BBS),” “Timed Up and Go (TUG),” “6-Minute Walk Test (6MWT),” and their effects 
on “dynamic balance” outcomes, have been used for the literature search. 

 
Data Extraction 
Two independent reviewers (HUA and KAM) collected data using a uniform form to capture 
critical details such as the author’s name, year of publication, sample size, details of the 
intervention groups, and the study’s results. Any differences in data interpretation between the 
reviewers were settled through discussion to ensure the accuracy of the data. 

 
Quality Assessment 

The methodological quality of the included studies was assessed using the Cochrane Risk of Bias 
Tool20. This tool evaluated “random sequence generation”, “allocation concealment”, “blinding”, 
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“incomplete outcome data” and “selective reporting”. Only studies of acceptable quality were 
included in the final analysis. 

Statistical Analysis 
The review utilized a meta-analysis based on mean differences for the statistical analysis. The 
size of the effects for each study was determined using their magnitudes and classified as small 
(0.2-0.4), moderate (0.5-0.7), or large (>0.8), following Cohen’s criteria21. Depending on the 
heterogeneity observed across the studies, the analysis chose a random-effects model for 
significant heterogeneity (I2>50%) and a fixed-effects model for lesser variability. 
 

Results 
A comprehensive search was conducted across various databases to gather 10,000 articles for 
initial review. After filtering out 8,000 duplicates, 1,500 articles were screened based on their 
titles. Further scrutiny led to the exclusion of 600 articles due to issues related to study design, 
language, and unsuitable comparisons or outcomes, leaving 600 articles for abstract review. 
Subsequently, 150 full-text articles were assessed for eligibility, including 10 studies (Figure-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure-1 PRISMA Flowchart of Studies Selection 
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The studies acquired randomized controlled trials on individuals aged 40-85 with DPN. The 
interventions varied but focused on balance training, proprioceptive exercises, or sensorimotor 
training. Most studies indicated significant improvements in balance using the BBS and TUG tests. 
Overall, the results demonstrate that structured exercise programs enhance the functional ability 
of individuals with diabetes-related complications related to balance and mobility (Table-1). 
 

Table-1 Characteristics of the included studies 

Author 
Sample 

Characteristics 
Experimental Group 

Control  
Group 

Findings 

Irshad et al. 
202422 

RCT, n=40; DPN 
diagnosed via NDS 

(≥2) with 
symptoms like 

tingling 

Balance training 
3x/week for 4 weeks 

Traditional balance 
training 3x/week for 

4 weeks 

There was a significant 
improvement in 

balance as indicated 
by the BBS scores 

(p<0.001) 

Abdelbasset et 
al. 202023 

Prospective RCT, 
n=28; DN, aged 40-

60 years 

Proprioceptive 
Exercise Group (PEG) 

3x/week for 2 
months (toe walking, 

balance exercises) 

Conventional 
treatment without 

exercise 

The PEG group 
exhibited significant 

improvements in BBS 
(p = 0.032) and 6MWT 

(p = 0.001) 

Domínguez-
Muñoz  

et al. 202024 

Double-blinded 
RCT, n=90; T2DM 
patients, aged 40-

85 years 

Whole-body 
vibration (WBV) 

training 3x/week for 
8 weeks using Galileo 

900 

Placebo group (no 
actual vibration) 

Both groups improved 
in chair stand and TUG 

tests, but no 
significant effect of 

WBV was found 

Ahmad et al. 
201925 

RCT, n=37; DPN, 
aged 45-75 years 

Sensorimotor 
training 3x/week for 

8 weeks (includes 
warm-up, balance, 

gait training) 

Diabetes education 
sessions biweekly 

Sensorimotor training 
improved static and 

dynamic balance  
(TUG, p<0.03) 

Rojhani-Shirazi et 
al. 201626 

RCT, n=60; Type II 
DPN, aged 45-65 

years 

Frenkel exercise 
training 5 days/week 

for 3 weeks 

No intervention, 
clinical balance 

indices measured 

Significant 
improvement in BBS 

(p<0.05) compared to 
control 
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Ghazal et al. 
201627 

RCT, n=18; diabetic 
patients assessed 

via BBS 

Task-Oriented 
Balance Training 

3x/week for 8 weeks 
(cognitive and motor 

tasks included) 

Traditional balance 
training 3x/week for 

8 weeks 

A significant 
improvement in 
dynamic balance 

(p<0.05) was observed 
in the task-oriented 
group compared to 
traditional training 

Taveggia et al. 
201428 

Double-blind RCT, 
n=36; DSP 

associated with 
Type 2 diabetes 

Multimodal manual 
treatment, 5 

days/week for 4 
weeks (balance 

retraining on 
dynamic platforms) 

Standard care 
(endurance and 

manual exercises) 

Significant 
improvement in 
6MWT for the 

experimental group (p 
= 0.001) 

Kutty et al. 
201329 

RCT, n=32; diabetic 
males aged 55-75 

years 

Multisensory 
exercise training 
3x/week for 30 
minutes over 6 
weeks (various 

physical activities) 

No treatment, 
received diabetes 
education weekly 

Significant 
improvement in TUG 

(t = 14.7092); no 
significant difference 

in 6MWT  
(p = 0.7206) 

Lee, Lee and 
Song, 201330 

RCT, n=95; elderly 
patients with DPN, 

age ≥ 65 years 

Balance exercise 
program, supervised 

60-min sessions 
2x/week for 6 weeks 
(strength, balance, 

and functional 
mobility) 

No training 

The balance exercise 
program resulted in 
improved balance, 

muscle strength, and 
HbA1c in high-risk 

elderly patients 

Song et al. 201131 
RCT, n=38; diabetic 
patients diagnosed 

with DPN 

Balance exercise 
2x/week for 8 weeks 
(includes warm-up, 
balance exercises, 

and cool-down) 

Health education 
once a week for 8 

weeks 

Significant 
improvements in 

dynamic balance (BBS, 
TUG, p<0.05) were 

noted following 
balance exercises 

 

 
Meta-Analysis on BBS 
In five studies, researchers investigated the impact of various interventions on balance using the 
BBS. The findings revealed a moderate effect size (SMD=0.458; 95%CI = -0.0179 to 0.933). There 
was notable variability among the studies, as evidenced by an I² value of 55.87% and a Q statistic 
of 9.0636, with a p-value of 0.0595 (Table-2, Figure-2). 
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Table-2 SMD from meta-analysis of studies utilizing BBS outcome measure 

Study N1 N2 Total SMD SE 95% CI T P 
Weight (%) 

Fixed Random 

Irshad et al. 2024 20 20 40 0.218 0.311 -0.412 to 0.847   25.58 22.61 

Abdelbasset et al. 2020 14 14 28 0.841 0.384 0.0523 to 1.630   16.79 18.88 

Rojhani-Shirazi et al. 2016 20 20 40 0.730 0.321 0.0811 to 1.379   24.07 22.09 

Ghazal et al. 2016 8 10 18 1.044 0.484 0.0180 to 2.070   10.55 14.71 

Lee, Lee and Song, 2013 18 18 36 -0.301 0.328 -0.968 to 0.365   23.00 21.70 

Total (fixed effects) 80 82 162 0.414 0.157 0.103 to 0.724 2.630 0.009 100.00 100.00 

Total (random effects) 80 82 162 0.458 0.241 -0.0179 to 0.933 1.901 0.059 100.00 100.00 

Test for heterogeneity 

Q 9.0636 

DF 4 

Significance level P = 0.0595 

I2 (inconsistency) 55.87% 

95% CI for I2 0.00 to 83.68 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure-2 Forest plot of the effect of functional balance exercises on BBS 

 

Meta-Analysis on TUG 
A meta-analysis of TUG test results across five studies demonstrated a clinically significant 
deleterious effect size in favor of the interventions, with pooled SMD = -0.815 (95% CI: -1.458 to 
-0.172) using the random effect model. The study also showed significant heterogeneity, where 
I² = 79.13%, and the Q-statistic for that study was 19.1677 (p = 0.0007), confirmed to establish 
variability among the studies (Table-3, Figure-3). 
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Table-3 SMD from meta-analysis of studies utilizing TUG outcome measure 

Study N1 N2 Total SMD SE 95% CI T P 
Weight (%) 

Fixed Random 

Domínguez-Muñoz et al. 2020 45 45 90 -0.0441 0.209 -0.460 to 0.371   44.31 23.57 

Ahmad et al. 2019 12 9 21 -1.474 0.481 -2.480 to -0.468   8.39 16.67 

Lee, Lee and Song, 2013 18 18 36 -0.354 0.329 -1.022 to 0.313   17.93 20.64 

Song et al. 2011 19 19 38 -0.774 0.330 -1.443 to -0.105   17.80 20.61 

Kutty et al. 2013 16 16 32 -1.764 0.409 -2.599 to -0.928   11.57 18.51 

Total (fixed effects) 110 107 217 -0.548 0.139 -0.823 to -0.274 -3.942 <0.001 100.00 100.00 

Total (random effects) 110 107 217 -0.815 0.326 -1.458 to -0.172 -2.497 0.013 100.00 100.00 

Test for heterogeneity 

Q 19.1677 

DF 4 

Significance level P = 0.0007 

I2 (inconsistency) 79.13% 

95% CI for I2 50.38 to 91.22 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure-3 Forest plot of the effect of functional balance exercises on TUG 

 
Meta-Analysis on 6MWT 
From a random effects model, the 6MWT meta-analysis across three studies indicated a small 
positive effect size with a pooled SMD of 0.341 (95% CI: -0.699 to 1.380). However, significant 
heterogeneity existed among the studies having an I² value of 82.65%, and the Q statistic of 
11.5299 (p = 0.0031) further confirmed this substantial variability (Table-4, Figure-4). 
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Table-4 SMD from meta-analysis of studies utilizing TUG outcome measure 

Study N1 N2 Total SMD SE 95% CI t P 
Weight (%) 

Fixed Random 

Irshad et al. 2024 14 14 28 1.352 0.409 0.511 to 2.192   28.08 32.37 

Taveggia et al. 2014 14 13 27 0.192 0.374 -0.579 to 0.964   33.50 33.44 

Kutty et al. 2013 16 16 32 -0.471 0.350 -1.185 to 0.243   38.42 34.19 

Total (fixed effects) 44 43 87 0.263 0.217 -0.168 to 0.694 1.213 0.228 100.00 100.00 

Total (random effects) 44 43 87 0.341 0.523 -0.699 to 1.380 0.652 0.516 100.00 100.00 

Test for heterogeneity 

Q 11.5299 

DF 2 

Significance level P = 0.0031 

I2 (inconsistency) 82.65% 

95% CI for I2 46.92 to 94.33 

 
 

 

 

 

 

 

 

Figure-4 Forest plot of the effect of functional balance exercises on 6MWT 

 
Qualitative Analysis of Studies 

The studies had an overall risk of bias that was assessed through the authors’ judgment, as shown 
in Table-5, using the Cochrane Risk of Bias Tool: 
 

 Random Sequence Generation 
All studies had adequate processes for randomization. There is no risk of selection bias 
because of this. 
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 Allocation Concealment 
All studies had well-concealed allocation, which reduced the risk of selection bias. 
 

 Blinding of Participants and Personnel 
Six studies 22, 23, 26, 27, 29, 31 did not blind the participants and personnel, thus a higher risk 
of bias. One study had unknown risk30, and the rest had a low risk of bias. 

 

 Blinding of Outcome Assessors 
Three studies22, 27, 29 did not have blinding outcome measures: high risk of bias. Studies25,31 

had an unknown bias, and the rest had low risk due to blinding of outcome assessors. 
  

 Incomplete Outcome Data 
All studies effectively managed incomplete outcome data, demonstrating a low risk of 
attrition bias. 

 

 Selective Reporting 
Selective reporting was not identified as a significant issue, ensuring the transparency of 
results and a low risk of reporting bias. 
 

Table-5 Quality Assessment of Included Studies 

Study 
Random 

Sequence 
Generation 

Allocation 
Concealment 

Blinding of 
Participants 

and Personnel 

Blinding of 
Outcome 
Assessors 

Incomplete 
Outcome 

Data 

Selective 
Reporting 

Irshad et al. 
202422 

  × ×   

Abdelbasset et 
al. 202023 

  ×    

Domínguez-
Muñoz 

et al. 202024 

      

Ahmad et al. 
201925 

   ?   

Rojhani-Shirazi 
et al. 201626 

  ×    

Ghazal, Malik 
and Amjad, 

201627 

  × ×   

Taveggia et al. 
201428 

      

Kutty and 
Majid, 201329 

  × ×   
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Lee, Lee and 
Song, 201330 

  ?    

Song et al. 
201131 

  × ?   

 

 
Discussion 
The scholarly consensus underscores the beneficial impact of balance training on individuals with 
DPN. Various research has documented notable enhancements in balance following structured 
exercise regimens. For instance, research by Irshad and colleagues22 highlighted marked progress 
in a group undergoing innovative balance training compared to those engaging in traditional 
balance exercises. Rojhani-Shirazi et al.26 and team found that Frenkel exercises, which use visual 
cues and controlled movements, effectively bolstered balance, using the BBS for evaluation. 
Ghazal et al.27 reported that task-specific training improved balance and diminished the risk of 
falls among DPN sufferers. Additionally, a study by Lee and associates30 showed that 
incorporating WBV into a balanced exercise regimen significantly improved BBS scores and 
performance on functional tests like the TUG test, a measure of functional mobility and various 
aspects of balance and walking. These findings advocate for including targeted training protocols 
to enhance balance and minimize the risk of falls in this group. 

Ahmad et al.25 conducted research that emphasized the benefits of sensorimotor training in 
significantly enhancing dynamic balance and proprioception among middle-aged and older 
individuals suffering from DPN. The balance interventions noted a dynamic balance advance of 
this nature; the effectiveness of specific interventions in advancing instances is underscored. 
Even though minimal advance exists within the static balance spectrum of the aged population, 
their research was relevant in pointing to age-related variations in these interventions, which 
must be specifically tailored for this population group. This provides substantial evidence for the 
claim that balance training can reduce the rate of falls among elderly populations. Studies on 
WBV and sensorimotor training are a comprehensive and enlightening effort aimed at handling 
the complexities of DPN. Though WBV strongly impacted body fat, effects on important health 
markers like HbA1c and total mobility were insignificant, leading the authors to conclude that 
passive interventions, such as those provided here, cannot fully address the multi-level challenge 
of DPN28. 

Sensorimotor training has emerged as a promising means to enhance balance rapidly. Such a 
program should be lively and well-individualized to attend to each need of the DPN patient. The 
extent to which such findings are validated lies in using established scales, such as the BBS, TUG, 
and 6MWT. Each of these measures assesses different dimensions of balance and mobility that 
would make for a more holistic evaluation of the effect of such intervention. Although, there are 
also some limitations. Most of the studies have very few cases in their sample size, and a follow-
up study for more extended periods is needed to justify the generalizability of these findings. 
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Future studies should be replicated with higher sample sizes and longer follow-ups to establish 
long-term changes due to improved balance. Further, future studies should investigate pain 
levels and how multitasking activities can influence the effectiveness of the training programs. 
Additionally, with high technologies incorporating virtual reality and sensor-based feedback 
mechanisms, engagement may be increased and will, eventually, heighten the effectiveness of 
balance training programs. 
 

Conclusion 
This systematic review with meta-analysis provides strong evidence that performing functional 
balance exercises will significantly improve the dynamic balance of patients with DPN. Moderate 
results on the BBS are verified, while significant improvements on the TUG validate the use of 
these exercises to achieve stability and reduce risks of falls in this group. Since falls are a chief 
cause of complications in patients suffering from DPN, exercises that target balance must also be 
considered as an essential part of rehabilitation protocols for the future to aim towards designing 
the best exercise protocol, with long-term benefits and underlying mechanisms that lead to 
better quality of life and independence for diabetic patients with decreased incidence of such 
complications. 
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