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ABSTRACT

Background: Functional mobility limitations and reduced health-related quality of life are common concerns in individuals
undergoing physiotherapeutic rehabilitation. While conventional interventions improve mobility, their impact on overall
quality of life may be limited. Therefore, evaluating interventions that address both physical function and patient-perceived
well-being is essential.

Aim: To compare the effectiveness of an experimental intervention with a control intervention on functional mobility and
health-related quality of life using the Timed Up and Go test (TUG) and SF-12 questionnaire.

Methodology: Thirty participants were randomly allocated into two groups: Experimental group (n = 15) and Control
group (n = 15). Functional mobility and quality of life were assessed using TUG and SF-12, respectively, at baseline and
after intervention. Statistical analysis included descriptive statistics, mixed-model ANOVA (time % group) with Bonferroni
post-hoc tests, effect size calculation using Cohen’s d, and ANCOVA for SF-12 scores adjusted for baseline values. The
level of significance was set at p < 0.05.

Results: Both groups demonstrated statistically significant improvement in TUG scores over time (p < 0.001), with no
significant between-group difference (p > 0.05). SF-12 scores showed a significant group % time interaction (p < 0.001),
with the Experimental group demonstrating significantly greater improvement compared to the Control group. The effect
size for SF-12 was very large (Cohen’s d = 2.10). ANCOVA confirmed that post-intervention SF-12 improvements
remained significant after adjusting for baseline scores (p < 0.001).

Conclusion: Both interventions were effective in improving functional mobility; however, the experimental intervention
was superior in enhancing health-related quality of life. These findings support the use of the experimental intervention as
a comprehensive physiotherapeutic approach for achieving holistic rehabilitation outcomes..
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INTRODUCTION and delayed diagnosis’®. In regions such as Rajasthan and
Diabetes mellitus has emerged as a global pandemic, affecting central India, tribals exhibit a higher prevalence of type 2
over 537 million adults worldwide in 2021, with projections diabetes (up to 15-20%) and early manifestations of DPN,
exceeding 783 million by 2045'. In India, the burden is linked to malnutrition, infections, and limited screening'®,''.
particularly acute, with an estimated 77 million cases, Lower limb performance deficits in these individuals-
disproportionately impacting underserved rural and tribal evidenced by reduced muscle strength, endurance, and
communities where access to healthcare remains limited?,°. neuromuscular control-exacerbate functional limitations,
Among the debilitating complications of diabetes, diabetic increasing dependency and diminishing quality of life
peripheral neuropathy (DPN) stands out, manifesting in 30— (QoL)®’. Previous studies have reported that early DPN
50% of patients within 1020 years of diagnosis®,”. Early DPN, correlates with a 20-30% decline in physical QoL domains,
characterized by subtle sensory loss, muscle weakness, and including mobility and self-care!,*.

impaired proprioception, often begins asymptomatically in the
lower limbs, progressing to gait instability, falls, and reduced
mobility if unaddressed?.

Conventional management of early DPN primarily emphasizes
glycemic control and pharmacological interventions?,'’.
However, these approaches often overlook neuromuscular
Tribal populations in India, comprising over 104 million rehabilitation, particularly in resource-constrained tribal
individuals (8.6% of the national population)*, face amplified settings. Muscle training has emerged as a promising non-
risks due to socioeconomic disparities, genetic predispositions, pharmacological strategy, targeting lower limb extensors such
and lifestyle factors such as physically demanding occupations as the quadriceps and plantar flexors to enhance strength,
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balance, and proprioception®,*. Progressive exercise protocols Muscle Training with Biofeedback (MT+BF, Experimental
have demonstrated improvements in gait speed and reductions Group): 24 supervised sessions (3x/week, 45 min) over 8
in fall risk by 15-25% among diabetic populations®,®’. Despite weeks, delivered by certified physiotherapists using portable
these benefits, adherence remains low without objective MyoTrac Pro EMG-BF device (Thought Technology Ltd.).
feedback, highlighting the need for innovative rehabilitation Protocol targeted lower limb extensors (quadriceps,
strategies®. hamstrings, plantar flexors, tibialis anterior):

Biofeedback (BF) integrates real-time visual or auditory cues Weeks 1-2 (Isometric): 3 sets x 10 reps at 60% MVC with
to enhance motor learning, improve neuromuscular control, visual EMG feedback (target bar graph).

and promote neuroplasticity®. Electromyography (EMG)-
based biofeedback provides immediate proprioceptive input,
facilitating up to 30% greater strength gains compared to
conventional training alone in neuropathic populations®,’. Weeks 6-8 (Functional): Timed Up-and-Go (TUG), step-ups,
While evidence supports its effectiveness in controlled urban single-leg stance with BF.

clinical environments, community-based applications among Biofeedback provided real-time RMS-EMG (20-500 Hz) with

tribal populations remain scarce®. To date, no studies have ~ . L . .
. . .. auditory cues for 80% target activation. Home exercises (daily,
rigorously evaluated biofeedback-augmented muscle training . . Lo
15 min) reinforced via pictorial handouts.

for improving lower limb performance and quality of life in
tribals with early diabetic neuropathy. Control Group: Standard care per ICMR guidelines—foot care

Therefore, this community-based randomized controlled study eggcaFisg’ glycemic monitoring, and unsupervised walking

was undertaken to evaluate the effect of muscle training with (30 min/day).

biofeedback on lower limb performance and quality of life Protocol targeted lower limb extensors (quadriceps,

among tribals with early diabetic neuropathy in Rajasthan. hamstrings, plantar flexors, tibialis anterior):

Primary outcomes included lower limb strength, functional . .

mobility assessed by the Timed Up and Go (TUG) test, and WeeklsEll\—/[Z (;soietrf). 3 setts) x 10 r;ps at 60% MVC with

health-related quality of life measured using the SF-12 Y544 G feedback (target bar graph).

questionnaire!'2,'e, The study provide eyidence for.a scalable, Weeks 3-5 (Concentric/Eccentric): 3 sets x 12 reps using

culturally appropriate physiotherapeutic intervention capable elastic bands (TheraBand, yellow-red progression).

of reducing disability and improving holistic well-being in . .

marginalized populations. Weeks 6-8 (Functional): Timed Up-and-Go (TUG), step-ups,
single-leg stance with BF.

METHODOLOGY . . . . .

This prospective, experimental study was conducted over 6 BOth groups received identical co-interventions (HbAlc

months (June 2024—May 2025) in Sahariya tribal communities monitoring, nutrition counseling).

of Karauli district, Rajasthan, India—a region characterized by Qutcome Measures (assessed at baseline, 8 weeks):

15-20% prevalence of type 2 diabetes and limited healthcare

access.

Weeks 3-5 (Concentric/Eccentric): 3 sets x 12 reps using
elastic bands (TheraBand, yellow-red progression).

Lower limb performance: Timed Up and Go (TUG) test [s] and
Quality of Life: SF-12

Sahariya tribals aged 40-65 years with physician-diagnosed . .

type 2 diabetes (HbA ¢ 6.5-9%) and early diabetic peripheral Agsegsments used. stgr}dardlzed protocols by blinded raters,
neuropathy (DPN) were recruited via community screening with intra-rater reliability >0.90 (ICC).

camps (n=450 screened). Inclusion criteria comprised Statistical Analysis

Michigan Neuropathy Screening Instrument (MNSI) scores of [ntentjon-to-treat analysis used SPSS v27. Between-group
2-5 (indicating early sensory loss), Vibration Perception differences analyzed via mixed-model ANOVA (time x group),
Threshold (VPT) of 15-25V (measured by biothesiometer), with Bonferroni post-hoc. Effect sizes reported as Cohen's d.
absence of foot ulcers, and ambulatory status without aids; QoL change scores compared using ANCOVA (adjusted for

exclusion criteria included severe DPN (MNSI >7), paseline). Significance set at p<0.05, 95% CI reported.
cardiovascular instability (RPE >15 on 6-minute walk test), or

cognitive impairment (MMSE <24). Sample size was Data Monitoring and Safety

calculated using G*Power 3.1 for 80% power, a=0.05, 0 Adverse events (falls, pain exacerbation) monitored via daily
detect a 20% improvement in quality of life (SF-36 PCS) with 595 An independent Data Safety Monitoring Board reviewed

SD=15, yielding 42 participants per arm plus 20% attrition serjous events (none anticipated based on pilot data).
(n=102 total). Eligible participants (n=30) were randomized

1:1 to the intervention group (manual therapy plus biofeedback RESULTS )
[MT+BF]) or control group (standard care) via computer- 1he statistical analysis and results of the study conducted to
generated block randomization (block size 6, stratified by age €valuate the effectiveness of the experimental intervention
and sex), with allocation concealment using opaque sealed fsompared Wlth the control intervention. Outcome measures
envelopes; assessors were blinded to group assignment, included Timed Up aqd Go Test (TUG) for func.tlonal mObllltY
though participants and physiotherapists could not be blinded and SF-12 questionnaire for health-related quality of life. Data
due to the nature of the training intervention. were analyzed using descriptive and inferential statistics.
Between-group differences were assessed using mixed-model
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ANOVA, followed by Bonferroni post-hoc tests. Effect sizes
were calculated using Cohen’s d, and ANCOVA was
performed for SF-12 scores with baseline values as covariates.
The level of significance was set at p <0.05.

Descriptive Statistics

Table 1 presents the mean and standard deviation of TUG and
SF-12 scores for both Experimental and Control groups at
baseline and post-intervention.

Table 1 shows that both groups demonstrated improvement in
TUG performance and SF-12 scores following the
intervention. The Experimental group showed a greater
increase in SF-12 scores compared to the Control group, while
both groups exhibited comparable improvements in TUG
scores.

Outcom Group Pre- Post-
e test test
Measur Mea Mea
e n =+ n =+
SD SD
Timed Experiment 21.2 8.60
Up and al (n=15) 0 =+ +
Go 5.04 1.08
(seconds
)
Control (n = 24.4 10.7
15) 0 =+ 3 +
5.19 1.06
SF-12 Experiment 344 47.7
Quality al(n=15) 7 % 3 =+
of Life 5.02 1.61
Score
Control (n = 35.2 37.6
15) 0 =+ 7 +
0.00 1.74

Note. Values are expressed as Mean + Standard Deviation
(SD). Lower scores on TUG indicate better functional
mobility, while higher SF-12 scores indicate better quality
of life.

Comparison of Timed Up and Go (TUG)
Within-Group Analysis

Table 2 The mixed-model ANOVA revealed a statistically
significant main effect of time for TUG (p < 0.001),
indicating that functional mobility improved significantly
from pre-test to post-test in both groups.

Source d F- p- Interpre
f value v tation
al
u
e

Time 1 Signif < Significa
(Pre vs , icant 0. nt
Post) 2 0 improve
8 0 ment
1 over
time
Group 1 Not > No
(Experi s signif 0. group
mental 2 icant 0 differenc
Vs 8 5 e
Control)
Time X 1 Not > Similar
Group , signif 0. improve
2 icant 0 ment in
8 5 both
groups

Note. Mixed-model ANOVA with time as within-subject
factor and group as between-subject factor.

Between-Group Analysis

Table 3 The group x time interaction for TUG was not
statistically significant (p > 0.05), indicating that the
magnitude of improvement was similar in both groups. Post-
hoc Bonferroni analysis confirmed no significant between-
group difference in post-test TUG scores.

Change-score analysis revealed:

e  Experimental group: Mean improvement
seconds

Control group: Mean improvement = 13.7 seconds

12.6

The between-group comparison of change scores showed no
statistically significant difference (p = 0.588) with a small
effect size (Cohen’s d = 0.20).

Ou Exper C p Co E
tco iment on - he jid
me al tr v n’s e
Me Mean ol a d c
asu Chan M 1 t
re ge ea u S
n e i
C z
ha e
ng
e
Ti -12.6 -1 0 0.2 S
me 0 3. . 0 m
d 67 5 a
Up 8 11
and 8
Go
(se
con
ds)
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SF- +13.2 +2 < 2.1 v
12 7 4 0 0 e
Qu 7 . r
alit 0 y
y of 0 L
Lif 1 a
e r
g
e

Note. Negative change indicates improvement for TUG;
positive change indicates improvement for SF-12

Comparison of SF-12 Quality of Life Scores
Within-Group Analysis

Mixed-model ANOVA demonstrated a significant main effect
of time for SF-12 scores (p < 0.001), indicating a significant
improvement in quality of life following intervention in both
groups.

Between-Group Analysis

A statistically significant group X time interaction was
observed for SF-12 scores (p < 0.001), indicating that
improvement over time differed significantly between groups.
Post-hoc Bonferroni analysis revealed that the Experimental
group demonstrated significantly greater improvement
compared to the Control group.

Mean SF-12 change scores:
e  Experimental group: +13.27
Control group: +2.47

Table 4 The between-group difference was statistically
significant (p < 0.001) with a very large effect size (Cohen’s d
=2.10), indicating a strong clinical impact of the experimental
intervention on quality of life.

Source d F- p- Interpre
f value v tation
al
u
[
Time 1 Signif < Significa
(Pre vs , icant 0. nt
Post) 2 0 improve
8 0 ment
1 over
time
Group 1 Signif < Between
(Experi , icant 0. -group
mental 2 0 differenc
Vs 8 1 e
Control)
Time X 1 Highl < Experim
Group s y 0. ental
0

2 signif 0 group
8 icant 1 superior
Note. Bonferroni-adjusted post-hoc analysis showed

significantly greater improvement in the Experimental group

ANCOVA Analysis for SF-12
Table 5 ANCOVA was performed to compare post-
intervention SF-12 scores between groups while adjusting for
baseline SF-12 values. The analysis demonstrated that, after
controlling for baseline scores, the group effect remained
highly significant (p <0.001).

This finding confirms that the superior improvement in SF-12
scores observed in the Experimental group was independent
of baseline quality-of-life differences.

Soure d F- p- Interpret
e f value va ation

Iu

e

Baseli 1 Signif < Baseline

ne SF- icant 0. influence

12 05 controlle

(Covar d

iate)

Group 1 Highl < Experime
y 0. ntal
signifi 00 group
cant 1 superior

Error 2 — — —

7

Note. ANCOVA adjusted post-test SF-12 scores for baseline
differences.

Effect Size Analysis

Effect size analysis showed:
Small effect for TUG (Cohen’s d = 0.20)
Very large effect for SF-12 (Cohen’s d = 2.10)

These results indicate that while both interventions were
effective in improving functional mobility, the experimental
intervention produced clinically meaningful and superior
improvements in health-related quality of life.
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Experimental Group Timed Up and
Go (TUG)

35
30
25
20
15
10

[l Timed Up and Go (TUG) PRE [l POST

Figure:1 Experimental Group — Timed Up and Go
(TUG)

The box plot illustrates the distribution of Timed Up and Go
(TUG) scores for the Experimental group at pre-test and post-
test. At baseline, the median TUG score is comparatively high,
with a wider interquartile range, indicating reduced functional
mobility and greater variability among participants. The
presence of a lower outlier reflects one participant with
particularly poor baseline mobility.

Following the intervention, the post-test TUG scores show a
marked downward shift in median values, accompanied by a
narrower interquartile range, suggesting substantial
improvement in functional mobility and increased consistency
of performance among participants. The reduction in overall
spread indicates that most participants benefited from the
intervention.

The graph visually confirms a clinically and statistically
meaningful improvement in functional mobility within the
Experimental group following the intervention.

Experimental Group SF-12
60
: ——

40

30

20

10

1

[l sF-12 PRE [l POST

Figure: 2 Experimental Group — SF-12 Quality of Life

The box plot depicting SF-12 scores demonstrates a clear
improvement in health-related quality of life from pre-test to

post-test in the Experimental group. At pre-test, the median
SF-12 score is relatively low, with a wider spread of values,
indicating poorer perceived quality of life and greater inter-
individual variability.

Post-intervention, the median SF-12 score shows a substantial
upward shift, with a reduced interquartile range, reflecting
significant enhancement in perceived physical and mental
well-being across participants. The clustering of post-test
scores near the upper range suggests a consistent positive
response to the experimental intervention.

This visual pattern strongly supports the statistical findings,
indicating that the experimental intervention produced
pronounced and uniform improvements in quality of life.

Control Group Timed Up and Go (TUG)
35
30

25

20

15

10

1

B Timed Up and Go (TUG) PRE [l POST

Figure:3 Control Group — Timed Up and Go (TUG)

The box plot for the Control group illustrates the distribution
of Timed Up and Go (TUG) scores at pre-test and post-test. At
baseline, the median TUG score is relatively high with a wide
interquartile range, indicating reduced functional mobility and
considerable variability among participants. The presence of a
lower outlier suggests one participant with markedly poorer
baseline mobility.

Following the intervention, the post-test TUG scores
demonstrate a clear reduction in median values, indicating
improvement in functional mobility. The interquartile range is
narrower at post-test, reflecting reduced variability and a more
consistent improvement among participants. However, the
degree of reduction appears moderate when compared to the
experimental group.

The graph indicates that the control intervention was effective
in improving functional mobility, though the magnitude of
improvement appears less pronounced than that observed in
the experimental group.
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experimental protocol provided additional and meaningful

Control Grou p SF-12 benefits in enhancing overall quality of life.

45 DISCUSSION
40 ;l In this study we evaluated the effectiveness of an experimental
35 intervention compared to a control intervention on functional
30 ? mobility and health-related quality of life using the Timed Up
95 and Go (TUG) and SF-12 questionnaire as outcome measures.
- The findings are discussed in relation to the study objectives
15 and existing literature.
10 Discussion of Timed Up and Go (TUG)

; The results demonstrated  statistically  significant

: ° improvements in TUG scores over time in both the

Experimental and Control groups, indicating that both
interventions were effective in improving functional
mobility'2,3. The observed reduction in TUG time reflects
improvements in balance, lower limb strength, coordination,
and functional performance. These findings are consistent with
Figure:4 Control Group — SF-12 Quality of Life earlier studies reporting enhanced mobility following

o ) . structured therapeutic int tions'?,"3.
The box plot depicting SF-12 quality of life scores for the P perventions

Control group shows a modest improvement from pre-test to However, the group x time interaction was not statistically
post-test. At baseline, the median SF-12 score indicates significant, suggesting comparable improvements across
moderate quality of life with noticeable variability across interventions. Similar observations have been reported by
participants. Steffen et al.’, who noted that different rehabilitation
strategies may yield equivalent improvements when assessed
using gross mobility measures such as TUG. The small effect
size (Cohen’s d = 0.20) further supports this finding, indicating

status. However, the interquartile range remains relatively ;.. sensitivity of TUG in detecting subtle between-group
similar, indicating that variability in quality-of-life responses differences? 28

persists among participants. The presence of an outlier at post-
test reflects individual variation in response to the control Discussion of SF-12 Quality of Life Scores
intervention. In contrast, SF-12 outcomes revealed a statistically significant

) ) . group X time interaction, with the Experimental group
T};ese leual ft"lnglrigg tsuggest ) that Whllet .the clgtntroiﬂ demonstrating markedly greater improvements in health-
1pfew§1n 1or111 contribute ? tS.OIIIIC lippthO\zlemen mn %uatl yﬂ? related quality of life. The very large effect size (Cohen’s d =
tie, the i 121 nge was refatively limited compared 10 fthe 5 10y indicates a strong and clinically meaningful impact of
experimental group. the experimental intervention on perceived physical and
Interpretations mental well-being'¢,".
Both .the Ex.per.lmental. and Control groups .demonstrallt.ed These findings align with previous
statistically significant improvements in functional mobility __..

. . L patient-reported

and health-related quality of life, as reflected by significant
reductions in Timed Up and Go (TUG) scores and increases in tests' >, Ware et al' ¢ and McHorney et al'” have

SF-12 seores bfollowing the interventilon period. H?Wever’ highlighted that SF-12 effectively reflects changes in physical
comparison etween. groups revealed no .Stat.lStlcally functioning, emotional health, and social participation. The
significant difference in TUG performance, indicating that present findings reinforce the importance of addressing

both interventions were equally effective in enhancing h ial di . ) ide physical rehabilitati
. o . tation.
functional mobility. In contrast, analysis of SF-12 scores psychosocial dimensions alongside physical rehabilitation

showed that the Experimental group achieved significantly Baseline-Adjusted Analysis (ANCOVA)

greater improvement in quality of life compared to the Control ANCOVA analysis confirmed that post-intervention SF-12
group, highlighting the superior impact of the experimental scores remained significantly higher in the Experimental
intervention on patient-reported outcomes. Further, ANCOVA group even after adjusting for baseline values, strengthening
analysis confirmed that the observed post-intervention the validity of the findings'. This analytical approach
improvements in SF-12 scores remained statistically minimizes bias and enhances interpretability of treatment
significant even after adjusting for baseline values, indicating effects, as recommended in clinical trials'®,?.

that these gains were independent of initial quality-of-life
status. The presence of a very large effect size for SF-12
outcomes underscores the strong clinical significance of the
experimental intervention, suggesting that while both
treatment approaches improved physical function, the

1

[l sF-12 PRE [l POST

Post-intervention, there is a slight upward shift in the median
SF-12 score, suggesting improvement in perceived health

research emphasizing that
outcome measures often  capture
improvements beyond what is reflected in performance-based

Clinical Interpretation

The differential outcomes between TUG and SF-12 highlight
the necessity of integrating both objective performance
measures and patient-reported outcomes in rehabilitation
research?'?*. The experimental intervention appears to
influence confidence, independence, and psychosocial well-

IJDDT, Volume 16 Issue 3s, 2026
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being, consistent with the WHO ICF framework?®! and prior recommendations  on

physiotherapy literature?!,s.
CONCLUSION

The study concludes that both experimental and control 8.
interventions were effective in improving functional mobility, Biofeedback

diagnosis, assessment and

management. Diabetes Care. 2010;33(8):1807-12.
doi:10.2337/dc10-0977.

Giggins OM, Persson UM, Caulfield B.

in rehabilitation. J Neuroeng Rehabil.

as evidenced by significant reductions in TUG scores'%,". 2013:10:60. doi:10.1186/1743-0003-10-60.

However, no statistically significant between-group difference 9

was observed for TUG performance.

In contrast, the experimental

Sartor CD, Dobrovodska G, Voshaar RC, et al.
Effects of a feedback intervention on gait training in

intervention  produced patients with diabetic peripheral neuropathy. Gait Posture.

significantly greater improvements in health-related quality of 5(15.41 (3):721-7. doi:10.1016/j.gaitpost.2015.02.001.

life, as measured by the SF-12 questionnaire'®. Baseline- 0
these

adjusted ANCOVA analysis confirmed that
improvements were independent of initial QoL status'.

The both interventions enhanced mobility, the experimental |
intervention demonstrated superior and clinically meaningful .,
benefits in quality of life, supporting its inclusion in

comprehensive physiotherapy rehabilitation programs.

In conclusion, the present study provides evidence that the
experimental intervention is an effective and clinically
meaningful approach for improving health-related quality
of life, while achieving functional mobility outcomes
comparable to conventional intervention. The findings
support the integration of the experimental intervention into
comprehensive physiotherapy rehabilitation programs to
achieve holistic patient-centered outcomes.
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