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A B S T R A C T

Purpose: The aim of the study was to evaluate the effect of sensorimotor training on balance measures, and
proprioception, among middle-aged and older adults with diabetic peripheral neuropathy (DPN).
Methods: A randomized controlled study with four parallel arms (two intervention groups and two control
groups) was conducted at CPRS, Jamia Millia Islamia. Thirty-seven individuals were selected on the basis of
inclusion and exclusion criteria. Of these, 16 middle-aged and 21 older adults were randomly allocated to in-
tervention and control groups, respectively. Subjects in the intervention group were administered eight weeks
(3days/week) of sensorimotor training, involving 10 different types of exercises, progressed from easy to hard
every two weeks, along with diabetes and foot care education; subjects in control group received diabetes and
foot care education only. Outcomes measures involved static and dynamic balance measures, centre of pressure
(COP) range, COP sway, and proprioception, measured before and after eight weeks.
Results: Baseline measures showed significant age effect for timed up and go test (TUG) (p= 0.002), one leg
stance (OLS) in eyes open (EO) and eyes closed (EC) (p ≤ 0.041), COP range in front (p= 0.007), back (p=
0.009) and right direction (p= 0.013), COP sway with visual feedback in front-back direction (p= 0.027), COP
sway without visual feedback in left-right direction (p= 0.028), and proprioception in right direction (p=
0.026). After intervention, OLS EO and EC on both legs showed significant time effect (p≤ 0.003), group effect
as well as time×group interaction (p < 0.05), and age effect and time×age interaction (p≤ 0.04). Functional
reach test, TUG, COP range, COP sway, and proprioception were found with significant time effect (p < 0.03),
group effect, and time×group interaction (p≤ 0.035). Age effect and time×age interaction were found to be
non-significant for all COP ranges and COP sway.
Conclusion: Sensorimotor training improved static and dynamic balance as well as proprioception measures after
eight weeks of exercise intervention. Static balance showed greater improvement in the middle-aged than older
aged adults, while dynamic balance and proprioception showed similar results for both.

1. Introduction

Diabetic peripheral neuropathy (DPN) occurs in 40%–59% of the
total diabetic population [1,2] and age has been important risk factor
for DPN as reported by many researchers [3–6]. While 27%–57% of the
total DPN population lies between the ages of 50 and 60 years, this
number soars up to 50%–100% when age is> 70 years [3,7]. Pre-
valence of DPN is the highest in middle-aged adults (40–60 years) and
elderly adults (60+ years) with sensory loss such as vibration percep-
tion, pressure, pain, and joint position, thus effectively reducing control
over balance and gait coordination [8].

Postural stability changes and clinical balance measures have been
explained previously in young, middle, and older-aged groups [9,10].

Studies have reported balance deterioration in older adults [11],
middle-aged adults [12], and in both age groups [13,14]. No study, has
yet explored the differences in balance deteriorations among these age
groups with DPN. Implementing balance interventions for the im-
provement of balance characteristics have earlier shown positive out-
comes in DPN patients [15,16], and thus balance exercises have
emerged as an effective physical intervention for improved balance
characteristics in this population [17].

Sensorimotor training comprises facilitation of sensory inputs
(proprioception and somatosensory inputs), correcting muscle im-
balance, and ensuring correct motor program at the level of central
nervous system. Balance exercises are well-established sensorimotor
training consisting of static, dynamic, and functional approach to
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treating patients. Post balance training, improvements in balance
measures in DPN patients have been reported in older adults [18,19],
middle-aged adults [20], as well as in populations comprising both
these age groups [21–24]. However, since these two groups could have
different levels of balance impairments, further study is required to
provide greater insight regarding customized, structured exercise in-
terventions for each of these two age groups with DPN. A previous
study explored age-related effect of exercise on physical health and
ageing among middle-aged and older adults [25], but no such study has
been conducted for the DPN population.

Thus, the aim of this study was to examine the differences in bal-
ance measures, and proprioception, in middle-aged and older adults
with DPN, before and after eight weeks of sensorimotor exercise
training.

2. Methods and materials

2.1. Study design

A randomized controlled trial with four parallel arms (two inter-
vention groups and two control groups) was conducted. Middle-aged
and older subjects with DPN were randomly allocated into either in-
tervention or control groups. The intervention group received sensor-
imotor training, along with diabetes and foot care education, while the
control group received diabetes and foot care education only. Outcome
measures were assessed at the beginning of the study and after eight
weeks. Ethical clearance was obtained from the Institutional Ethics
Committee, Jamia Millia Islamia.

2.2. Participants

Thirty-seven individuals (aged 45–75 years) with DPN were re-
cruited from: (a) Diabetic Care Clinic, Ansari Health Centre, and (b)
Physiotherapy Clinic, CPRS, Jamia Millia Islamia. Inclusion criteria
were (a) pre-diagnosed DM for seven years, (b) BMI 18.5–29.9 kg/m2,
(c) ≥2 DPN symptoms, (d) scored>2/13 on MNSI questionnaire, and
(e) scored ≥1/10 on physical assessment including impaired vibration
perception. Exclusion criteria were patients with: (a) foot ulcers, (b)
orthopedic or surgical problem in a lower limb, (c) other neurological
impairment, (d) major vascular complication, (e) severe retinopathy, (f)
severe nephropathy, (g) inability to walk independently with or
without an assistive device, and (h) receiving any structured supervised
physiotherapy intervention. The procedures were explained to and
written informed consent was received from each participant.

2.3. Outcome measures

2.3.1. Functional reach test (FRT)
Dynamic balance was assessed through FRT, by measuring the

maximum distance that the subject could reach forward beyond one’s
own arm’s length while maintaining a fixed base of support in the
standing position [26]. Each subject was instructed to stand beside the
wall with feet shoulder apart and arm stretched as far as possible, the
distance of moving the knuckle’s end was measured (in centimeters)
without their taking step forward or touching the wall, using measuring
tape. Practice trials were given to the subjects before experimental trials
and the best of three experimental trials was used for analysis. FRT is a
precise, valid, and reliable measure with an established sensitivity to
change [26].

2.3.2. Timed up and go (TUG) test
TUG is a commonly used reliable test to examine functional mobility

in community-dwelling, frail older adults [27,28]. It records the time
taken (in seconds) to stand up from a standard armchair, walk a dis-
tance of 3m, turn, walk back to the chair, and sit down. The total time
taken to complete the circuit was measured using a stopwatch to the

nearest 0.01 s. Subjects performed the test barefoot and the best of three
experimental trials was used for analysis. The time required to perform
TUG is strongly related to the risk of fall. Healthy adults performing this
test in ≤10 s have lesser risk of fall [27].

2.3.3. One leg stance (OLS)
OLS is a commonly used measure of static balance capabilities and

has an excellent reliability in community-dwelling older people [29].
Each subject performed the test first with their dominant leg and then
the other leg under two conditions: eyes open (90 s) and eyes closed
(60 s). They were asked to stand on one leg with hands on the waist and
lift the other leg at the level of the shin. The time was recorded (in
seconds) using stopwatch till either the standing foot shifted in any way
or the raised foot touched the ground. Practice trials were given to the
subjects before experimental trials and the best of three experimental
trials was used for analysis.

2.3.4. Postural assessment
Postural assessment was examined using Pedalo®-Sensamove

Balance Test Pro with Miniboard, Utrecht, The Netherlands. Subjects
were asked to stand barefoot with feet 4 cm apart and arms at the
pelvis. They were then asked to tilt maximally in four directions (front,
back, left, and right). This maximal tilting angle was recorded as COP
range. Then the subjects were asked to stand on the balance board and
maintain upright position for 30 s under two conditions: (a) a colored
spot appeared on the computer screen and a verbal cue was given; this
is known as COP sway with visual feedback (VF) and (b) only the verbal
cue “maintain the upright position as you did earlier,” was given; this is
known as COP sway without visual feedback (WVF). The height of the
screen was kept at the eye level. The deviation in sagittal plane and
front plane was measured as an average of “front” and “back,” and
“left” and “right” deviation, respectively.

2.3.5. Proprioception
Proprioception was also examined using Pedalo®-Sensamove

Balance Test Pro with Miniboard, Utrecht, The Netherlands. It records
the difference between adjustable stimulus and reference stimulus
[30,31] and has demonstrated excellent reliability in older subjects
[32]. Subjects were familiarized with the testing procedure before ac-
tual testing. Each subject was asked to move his/her COP to the colored
spot displayed on the screen with the help of a marker and to remember
the spot and then to reach the spot without the marker on the screen.
The difference in the angle was measured between the reference sti-
mulus and the actual position. Measurements were taken in four di-
rections (front, back, right, and left).

2.4. Interventions

2.4.1. Sensorimotor training
The exercise was conducted thrice a week for eight weeks (total 24

sessions). Each session comprised of 10-min warm-up, followed by
50–60min of exercise, followed by 5–10min of cool-down. Warm-up
exercise used cycle ergometer or treadmill at the intensity of 50%–60%
HRmax, where HRmax= 206.9−0.69 × age (years). Sensorimotor
training comprised wall slides, core exercises, balance exercises on
unstable surface (Thera band® stability trainer), and gait training (dif-
ferent patterns of walking) (Appendix 1). Cool-down exercises included
deep breathing, abdominal breathing, and mild stretching. Exercise
participation was modified, postponed, or stopped based on the current
guidelines of American Diabetes Association. The volume of exercise
was increased after three sessions. In addition to this, the exercise level
was increased after every two weeks if tolerated.

2.4.2. Diabetes and foot care education
Diabetes and foot care education sessions were conducted once in

two weeks for 30min. The session comprised dispensing information
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about understanding the complications of diabetes, diabetes manage-
ment, and foot care guidelines, along with dietary counseling. The in-
struction was provided by a professional physiotherapist specialized in
diabetes. Subjects were allowed to continue with their daily activities
(walking or jogging).

2.5. Statistical analysis

Statistical analysis was done using SPSS 21. Univariate ANOVA was
used to analyze baseline data considering group (intervention and
control groups) and age (< 60 and ≥60 years) as between-factors.
Three-way repeated measure ANOVA was used considering the baseline
and post-training values as within-factors, and group and age as be-
tween-factors. Three-way repeated measure ANCOVA was used for
variables if a baseline value was found to be significantly different
considering the baseline values as covariate. The level of significance
for the statistical tests was set at p≤ 0.05 with the confidence interval
of 95%.

To examine the effect of sensorimotor training on balance in pa-
tients with DPN, a post-hoc power analysis was conducted for the
sample size of 37, using software G. Power 3.1.9.4. Based on the
changes in dynamic balance (measured using FRT) following sensor-
imotor training, the effect size observed in the present study (d=0.8
for middle-aged; d= 1.3 for older adults) revealed a power of 0.9, at an
alpha level = 0.05.

3. Results

Demographic characteristics showed age effect in diabetic duration,
number of falls, and physical assessment of MNSI (p<0.05) while
group effect was found only in HbA1c (p= 0.02) (Table 1).

Baseline measures showed significant age effect for TUG (p=
0.002), OLS EO and EC on both legs (p≤ 0.041), COP range front (p=
0.007), back (p= 0.009), and right (p= 0.013), COP sway VF front-
back (p= 0.027), COP sway WVF left-right (p= 0.028), and pro-
prioception right (p= 0.026) (Table 2). Significant group effect was
found in COP range front (p= 0.023) and proprioception front (p=
0.034) (Table 2).

FRT and TUG showed significant time effect (p≤ 0.013), group
effect (p < 0.001), and time×group interaction (p≤ 0.046), in-
dicating that FRT and TUG values improved for the intervention group,
in comparison with the control group, regardless of age (Table 3). OLS
EO left leg and EC right and left leg showed significant time effect (p≤

0.003), group effect as well as time×group interaction (p≤ 0.043),
age effect, and time×age interaction (p≤ 0.04). OLS EO right leg
showed only significant group effect and time×group interaction (p=
0.003) (Table 3).

COP range front, back, left, and right revealed significant time effect
(p≤ 0.002), group effect, and time× group interaction (p≤ 0.004).
Age effect and time×age interaction was found to be non-significant for
all COP ranges (Table 3). COP sway VF front-back was found significant
only for time effect (p= 0.027). COP sway WVF front-back was found
significant for time effect (p= 0.002) and age effect (p= 0.035),
while COP sway WVF left-right only showed significant time effect
(p= 0.008) (Table 3).

Proprioception in all directions showed significant time effect (p≤
0.021), and time×group effect (p ≤ 0.04). Group effect was found
significant for proprioception front and right (p= 0.038) (Table 4).

4. Discussion

The present study examined differences in proprioception and static
as well as dynamic measures of balance among middle-aged and older
adults with DPN. Also, sensorimotor training group exhibited sig-
nificant improvement in FRT, TUG, COP range, and proprioception,
irrespective of age; while OLS EO and EC in older adults showed sig-
nificantly smaller changes when compared with middle-aged DPN pa-
tients.

4.1. Effect of age on balance measures, and proprioception

The current study found significant decrease in OLS with EO and EC
on both legs, lesser FRT (non-significant), and increased TUG score in
older adults, when compared with middle-aged DPN adults. Steffen and
colleagues have also found increased score of TUG with increase in age
irrespective of the gender [33], while Condron et al. found significant
differences between young healthy and both old-aged fallers and old-
aged healthy [34]. Vereeck et al. reported normative data for those
aged from 20 to 80 years and showed decrease trend of OLS, standing
on foam, and tandem Romberg [10].

Our study found that older DPN patients fall more often than
middle-aged ones. Previous studies have reported that subjects with
more number of falls had diminished balance control [35,36]. The as-
sessment for neuropathy evaluation (MNSI: physical assessment) in the
present study revealed significantly higher values in older adults with
DPN (although MNSI was not used as a tool to measure the severity of

Table 1
Demographic characteristics of DPN patients.

Variables < 60 years ≥ 60 years Age Difference Group Difference

Intervention group
(n=8)

Control group
(n= 8)

Intervention group
(n= 12)

Control group
(n= 9)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD p-value p-value
No. of subjects (M/F) 6/2 4/4 8/4 6/3

Age (year) 52.87 ± 4.58 51.75 ± 5.7 66.75 ± 4.15 64.77 ± 4.6 < 0.001* 0.333
Height (cm) 167.77 ± 9.57 158.48 ± 5.75 161.69 ± 7.64 163.4 ± 11.17 0.842 0.202
Weight (Kg) 70.51 ± 12.44 65.49 ± 4.61 63.95 ± 14.15 70.19 ± 16.12 0.831 0.888
BMI (Kg/m2) 24.97 ± 2.89 26.16 ± 2.61 24.31 ± 3.63 26.23 ± 4.64 0.807 0.203
Diabetic duration 11.06 ± 3.7 12.25 ± 4.92 15.75 ± 7.02 15.77 ± 6.72 0.046* 0.761
HbA1c 7.76 ± 1.33 9.32 ± 1.8 8.27 ± 1.16 9 ± 1.34 0.842 0.02*
RBG 143.13 ± 37.97 199 ± 71.56 202.08 ± 64.74 207 ± 23.04 0.072 0.101
No. of comorbidities 0.25 ± 0.46 0.62 ± 0.74 1 ± 0.85 0.77 ± 0.83 0.083 0.764
No. of falls 0.13 ± 0.35 0.38 ± 0.51 1 ± 0.95 0.89 ± 0.60 0.005* 0.764
Medications (Oral/Insulin/Both) 6/1/1 4/0/4 7/1/4 6/1/2 – –
Smoker or tobacco intake (Y/N) 1/7 4/4 2/10 3/6 – –
MNSI (Q) 3.87 ± 1.35 4 ± 2.32 4.5 ± 1.88 5 ± 1.5 0.166 0.656
MNSI (Ph) 2.75 ± 0.75 2.25 ± 0.53 3.29 ± 1.38 3.22 ± 1.03 0.036* 0.418

M: Male; F: Female; BMI: Body mass index; HbA1c: Glycosylated hemoglobin; RBG: Random blood glucose level; MNSI: Michigan neuropathy screening instrument;
Q: Questionnaire; Ph: Physical assessment.
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neuropathy); middle-aged adults were mostly found with mild to
moderate neuropathy, while older adults had mild to severe neuro-
pathy. The present study also revealed that older DPN adults had longer
duration of diabetes; the association between diabetic duration and
prevalence of neuropathy has been confirmed earlier [2,37,38]. Fur-
ther, the decline in peripheral sensation associated with neuropathy has
been strongly linked with falls and balance impairments for individuals
with type 2 diabetes (T2DM) [39,40]. Thus, reduced balance control in
older adults with DPN could be a result of decrease in general physical
functions due to ageing, reduced position sense/peripheral sensation,
neurological control, and fear of falls [19,41].

This study also revealed decrease in COP range (front, back, and
right) as well as COP sways VF (front-back) in older adults as compared
to middle-aged adults with DPN, while no difference was found in COP
sway VF (left-right) between the two age groups. Similar findings have
been observed previously, where differences were found in COP range
as well as COP sway directions between elderly adults and young adults
[42–44]. It may further be added that antero-posterior stability is more
related to ankle and sole muscles, while left-right stability is provided
by hip abductor and adductor muscles [20]. Motor impairment in-
volved in DPN patients are in distal to proximal pattern, indicating that
ankle muscles get involved earlier than the muscles around the hip joint
do. On the other hand, COP sway WVF front-back direction showed no
significant difference between the middle-aged and older adults with
DPN. Hence, in the absence of cues, subjects held their position by in-
creasing the co-contraction of ankle and sole muscles, thus increasing
joint stiffness, and which leads to decrease in postural motion [45–47].

4.2. Exercise effect on balance measures, proprioception and reaction time

The intervention groups showed improved FRT and TUG regardless
of age in our study. Previous studies have reported similar results with
6, 8 or 12 weeks of balance exercises, and observed improved dynamic
balance (FRT, TUG, and walk over beam) [18,19,21]. However, Ri-
chardson et al. found no improvement with three weeks of balance
exercises [23]. Most of the subjects in the current study had TUG value

between 9.1 and 13.4 s. A TUG value that is< 10 s indicates low risk of
falls, and>14 s indicates high risk of falls [27]. While direct assess-
ment of falls was not done, the exercises reduced the risk to fall in
adults who are ≥60 years.

Also, the current study found improved static balance by evaluating
OLS with EO and EC condition in both legs, for which greater im-
provement was achieved by middle-aged adults than the older age
adults with DPN (Fig. 1). Song et al. and Lee et al. also report increase
in OLS after balance exercises [18,19] whereas Kruse et al. did not find
any significant changes after intervention [22]. Rojhani-Shirazi et al.
also found enhanced OLS with EO and EC in both limbs with two dif-
ferent types of balance training [48]. Less improvement in static bal-
ance (OLS) in older group as compared to middle-aged group could be
due to physiological factors of ageing, such as the difference in the
production of muscular power, decrease in the ability of neuromuscular
control, and greater severity of diabetic neuropathy with increasing
age. The affliction of OLS performance was found to be severe for older
adults before intervention thus the reserve start of the OLS in older
adults could be the reason for lesser change. Dynamic balance did not
show significant difference between the two age groups after inter-
vention which could be due to the fact that exercises were more focused
on the static component, exhibiting the rule of specificity. To the best of
our knowledge, no study has yet reported the effects of sensorimotor
exercise by studying middle-aged and older DPN adults independently.

COP range showed significant change after intervention in all di-
rections: front, back, left, and right. Morrison et al. found similar results
in DM as well as DPN patients [49]. The current study demonstrates
that improvement in older adults was insignificantly higher than in
middle-aged adults, which could be attributed to the maximal scope of
improvement in COP range in older adults when compared with
middle-aged adults. COP sway revealed significant time effect in VF
front-back, VF left-right (close to significant), WVF front-back and WVF
left-right; also, the intervention group showed greater but insignificant
positive change than the control group (Appendix 2). Previous studies
have also found significant improvement in the sway index in sagittal as
well as in frontal planes, after balance exercises [19,21,49,50]. Akbari

Table 2
Baseline comparison of the balance measures.

Variables < 60 years ≥ 60 years Difference due to age Difference due to group

Intervention group
(n= 8)

Control group
(n= 8)

Intervention group
(n=12)

Control group
(n=9)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD p-value p-value

FRT (cm) 35.57 ± 5.73 31.13 ± 5.61 31.16 ± 6.3 29.6 ± 3.61 0.114 0.11
TUG (sec) 9.9 ± 1.69 10.52 ± 1.14 11.53 ± 2.35 13.46 ± 2.41 0.002* 0.069
OLS (sec)
EO (Right) 34.12 ± 18.07 28.22 ± 23.48 15.11 ± 14.18 8.16 ± 4 0.001* 0.238
EO (Left) 28.76 ± 17.24 24.63 ± 21.89 13.17 ± 11.78 6.81 ± 3.3 0.002* 0.289
EC (Right) 7.76 ± 4.44 6.29 ± 3.92 5.01 ± 2.06 3.37 ± 1.65 0.01* 0.141
EC (Left) 6.49 ± 3.31 7.43 ± 6.7 5.02 ± 2.88 3.37 ± 1.43 0.041* 0.787

COP Range (degree)
Front 18.55 ± 1.82 16.12 ± 3.3 15.6 ± 4.11 12.74 ± 3.11 0.007* 0.023*
Back 15.85 ± 2.22 14.97 ± 2.82 13.14 ± 3.78 12.16 ± 2.31 0.009* 0.357
Left 17.28 ± 2.44 15.3 ± 3.79 15.52 ± 3.98 13.5 ± 2.75 0.124 0.085
Right 18.16 ± 1.88 16.55 ± 1.81 15.15 ± 3.17 14.26 ± 4.26 0.013* 0.226

COP Sway VF
Front-back 0.47 ± 0.25 0.45 ± 0.31 0.65 ± 0.35 0.78 ± 0.34 0.027* 0.646
Left-right 0.49 ± 0.2 0.37 ± 0.2 0.55 ± 0.26 0.59 ± 0.32 0.109 0.663

COP sway WVF
Front-back 0.66 ± 0.33 0.64 ± 0.28 0.82 ± 0.43 0.88 ± 0.36 0.111 0.873
Left-right 0.62 ± 0.31 0.5 ± 0.16 1.05 ± 0.74 0.87 ± 0.54 0.028* 0.393

Proprioception (Angle difference)
Front 6.17 ± 4.75 8.73 ± 3.05 6.61 ± 2.59 9.36 ± 4.02 0.658 0.034*
Back 10.91 ± 6.74 8.97 ± 5.07 10.16 ± 4.89 9.83 ± 8.61 0.979 0.599
Left 9.12 ± 6.76 8.07 ± 4.02 10.74 ± 5.58 10.87 ± 5.11 0.234 0.804
Right 7.35 ± 5.27 4.71 ± 3.65 9.79 ± 5.32 10.67 ± 6.78 0.026* 0.631

FRT: Forward reach test; TUG: timed up and go test; OLS: One leg stance; EO: Eyes open; EC: Eyes closed; COP range: Centre of pressure range; COP sway VF: Centre
of pressure sway with visual feedback; COP sway WVF: Centre of pressure without visual feedback; SD: standard deviation; *: significant levels.
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et al. and Silva et al. have reported significantly improved sway in
antero-posterior direction [20,51] while Salsabili et al. found sig-
nificant changes in antero-posterior as well as medio-lateral sway
index, both with and without biofeedback [24]. In our study, the con-
trol group of middle-aged DPN showed some improvement in COP
sway. This could be attributed to the fact that subjects were engaged in
some kind of exercise (walking or jogging) during the study as Morrison
et al. have showed that aerobic exercises improve COP mean and SD in
T2DM as well as neuropathic subjects [49].

In our study, proprioception was found improved in both age groups
after eight weeks of intervention. There was a reduction in the position
reproduction errors in front, back, left, and right direction in both age
groups. Previously, Song et al. reported improvement in trunk

proprioception after eight weeks of balance exercise in DPN subjects
[19]. Since lack of proprioception is responsible for postural instability
in DPN, improved proprioceptive feedback enhances postural/balance
control in DPN patients.

Our study is not without limitations though, which should be re-
cognized. While the addition of control group provided for comparison
in-between the groups, this group was not controlled for home ex-
ercises. Further, a greater sample size would have provided for higher
power for some of the variables. Most of the subjects participating in
the study were mild to moderate neuropathic. Severely neuropathic
subjects were few and were found mostly in older age group, hence
limiting the generalizability of the results to entire middle-aged and
older age population with DPN. Future research should focus on

Table 3
Results of balance measures using 3 way ANOVA.

Variables < 60 years ≥ 60 years

Intervention
group
(n=8)

Control
group
(n=8)

Intervention
group (n=12)

Control
group
(n=9)

Time (T)
effect

Age (A)
effect

Group (G)
effect

T×G
effect

T×A
effect

A×G
effect

Mean ± SD Mean ± SD Mean ± SD Mean ± SD p-value p-value p-value p-value p-value p-value

FRT (cm) <0.001* 0.111 0.024* 0.046* 0.49 0.417

Baseline 35.57 ± 5.73 31.13 ± 5.61 31.16 ± 6.3 29.6 ± 3.61
8th week 37.86 ± 4.28 31.85 ± 4.81 34.22 ± 5.97 30.72 ± 1.47

TUG (sec) 0.013* 0.577 <0.001* < 0.001* 0.577 0.209
Baseline 9.9 ± 1.69 10.52 ± 1.14 11.53 ± 2.35 13.46 ± 2.41
8th week 9.16 ± 1.41 10.46 ± 1.15 9.75 ± 1.9 12.78 ± 2.07

OLS (sec
EO (Right) 0.091 0.32 0.003* 0.003* 0.32 0.059

Baseline 34.12 ± 18.07 28.22 ± 23.48 15.11 ± 14.18 8.16 ± 4
8th week 49.11 ± 26.71 27.43 ± 23.83 20.2 ± 15.03 9.06 ± 2.62

EO (Left) 0.002* 0.046* 0.043* 0.043* 0.046* 0.526
Baseline 28.76 ± 17.24 24.63 ± 21.89 13.17 ± 11.78 6.81 ± 3.3
8th week 38.98 ± 20.05 26.79 ± 19.53 17.45 ± 11.04 7.84 ± 3.56

EC (Right) 0.003* 0.034* 0.009* 0.009* 0.034* 0.012*
Baseline 7.76 ± 4.44 6.29 ± 3.92 5.01 ± 2.06 3.37 ± 1.65
8th week 12.47 ± 5.06 5.94 ± 4.82 5.58 ± 2.35 4.31 ± 1.39

EC (Left) <0.001* 0.001* <0.001* < 0.001* 0.001* 0.127
Baseline 6.49 ± 3.31 7.43 ± 6.7 5.02 ± 2.88 3.37 ± 1.43
8th week 10.37 ± 3 7.26 ± 3.01 6.08 ± 2.87 3.81 ± 1.34

COP Range (degree)
Front <0.001* 0.554 0.003* 0.003* 0.554 0.3

Baseline 18.55 ± 1.82 16.12 ± 3.3 15.6 ± 4.11 12.74 ± 3.11
8th week 20.05 ± 1.99 16.33 ± 2.87 17.07 ± 3.28 14.37 ± 2.71

Back <0.001* 0.752 0.01* 0.01* 0.752 0.62
Baseline 15.85 ± 2.22 14.97 ± 2.82 13.14 ± 3.78 12.16 ± 2.31
8th week 17.42 ± 1.85 15.58 ± 3.11 16.09 ± 2.98 13.63 ± 1.83

Left 0.002* 0.115 0.024* 0.367 0.535 0.727
Baseline 17.28 ± 2.44 15.3 ± 3.79 15.52 ± 3.98 13.5 ± 2.75
8th week 18.18 ± 2.4 16.25 ± 3.39 17.48 ± 2.79 14.21 ± 2.27

Right <0.001* 0.294 0.004* 0.004* 0.294 0.791
Baseline 18.16 ± 1.88 16.55 ± 1.81 15.15 ± 3.17 14.26 ± 4.26
8th week 19.88 ± 1.09 17.08 ± 2.65 17.82 ± 2.3 15.64 ± 2.4

COP Sway VF
Antero-posterior 0.027* 0.841 0.245 0.245 0.841 0.072

Baseline 0.47 ± 0.25 0.45 ± 0.31 0.65 ± 0.35 0.78 ± 0.34
8th week 0.45 ± 0.22 0.40 ± 0.33 0.52 ± 0.22 0.72 ± 0.26

Left-right 0.078 0.062 0.935 0.128 0.854 0.333
Baseline 0.49 ± 0.2 0.37 ± 0.2 0.55 ± 0.26 0.59 ± 0.32
8th week 0.38 ± 0.11 0.36 ± 0.23 0.46 ± 0.23 0.59 ± 0.29

COP sway WVF
Antero-posterior 0.002* 0.035* 0.415 0.141 0.797 0.499

Baseline 0.66 ± 0.33 0.64 ± 0.28 0.82 ± 0.43 0.88 ± 0.36
8th week 0.48 ± 0.17 0.53 ± 0.29 0.61 ± 0.21 0.84 ± 0.29

Left-right 0.008* 0.47 0.672 0.672 0.47 0.409
Baseline 0.62 ± 0.31 0.5 ± 0.16 1.05 ± 0.74 0.87 ± 0.54
8th week 0.59 ± 0.29 0.41 ± 0.19 0.84 ± 0.46 0.76 ± 0.46

FRT: Forward reach test; TUG: time up and go test; OLS: One leg stance; EO: Eyes open; EC: Eyes closed; COP range: Centre of pressure range; COP sway VF: Centre of
pressure sway with visual feedback; COP sway WVF: Centre of pressure without visual feedback; SD: standard deviation; *: significant levels.
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assessing the efficacy of sensorimotor training in severely affected
diabetic neuropathy patients in both the age groups.

5. Conclusion

It is concluded that in DPN patients, sensorimotor training improves
static and dynamic balance measures after eight weeks. Static balance
shows greater improvement in the middle-aged than older age group,
while dynamic balance and proprioception shows similar improvement
in both age groups.
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