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| ABSTRACT |

Background: Peripheral neuropathy is a common
complication of diabetes mellitus. Peripheral
neural damage, in turn, causes balance
impairments. Purpose: The aim of the study was to
investigate the effects of proprioceptive training
program on sway indices and functional balance in
diabetic peripheral neuropathy. Participants:
Twenty eight diabetic patients were recruited and
equally divided into two groups: Proprioceptive
training group and control group. Methods:
Participants in both groups were examined for
balance abilities through Berg balance scale (BBS)
and the Biodex Balance System during bipedal
stance with closed eyes before and after
intervention. Intervention was given twice weekly
for 8 weeks. The control group received
conventional physiotherapy for 45 minutes while
the proprioceptive training group received an
additional circuit of 13 stations of balance
exercises. Results: No base line differences were
found between both groups before treatment.
Significant decrease in the balance indices (overall
stability index, anterior-posterior stability index
and medial-lateral stability index) and significant
increase in BBS scores were recorded after
treatment in both control and proprioceptive
training groups. After treatment, there was
significant improvemt in balance indices and BBS
score mean values in the proprioceptive training
group compared to that of the control group (P >
0.05). Conclusion: Proprioceptive training along
with  conventional physiotherapy was more
effective than conventional physiotherapy alone in
improving functional balance and reducing
balance indices in diabetic neuropathy.
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\ INTRODUCTION \

Polyneuropathy is a common problem for
people with diabetes, leading to pain and

impaired sensation and movement in the
limbs®. Diabetic neuropathy plays a significant
role in falling as patients often experience
balance disorder®®. Postural sway in those
patients is increased, especially with the eyes
closed®. Peripheral neuropathy caused by
diabetes significantly causes impairment of
feet sensation, reducing patients' ability to
control their balance properly during daily
activities®. Poor balance can be attributed to
proprioception impairment, movement-
strategy dysfunction, biomechanical structural
disorders, and disorientation®’. Consequently,
postural instability caused by peripheral
neuropathy increases the impact of
microtraumas and wounds®.

Proprioception plays a major role in
stabilizing body equilibrium during both quiet
stance and unexpected postural
perturbations®'®. Accordingly, patients with
peripheral neuropathy are unstable when
standing with eyes closed.

Many authors have found that
individuals with diabetes and peripheral
neuropathy demonstrate impaired postural
control in quiet standing compared to healthy
control subjects. Boucher and colleagues™
reported that individuals with diabetes and
peripheral neuropathy had greater postural
sway in quiet standing and greater difficulty
integrating sensory information for balance
control than healthy control subjects. They
added that postural control was related to the
severity of peripheral neuropathy.
Additionally, Lafond and co-authors'® found
that postural sway in elders with diabetes and
peripheral neuropathy with eyes open was
comparable to healthy elders with eyes closed.
These studies focused on how diabetic
peripheral neuropathy affects postural control.
The objective of the current study was to
assess the effects of proprioceptive training on
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balance indices during bipedal stance with
eyes closed and functional balance in diabetic
neuropathy patients.

| METHOD |

Design and Participants

In this randomized controlled clinical
study, forty two patients, diagnosed as diabetes
type Il or non- isulin dependent diabetes
mellitus, were recruited from the diabetes out -
patient clinic, Kasr EI-Aini educational
hospital, Cairo University (fig. 1). Inclusion
criteria: Age ranged from 35 and 50 years,
peripheral neuropathy was confirmed by elec-
trodiagnostic tests, duration of polyneuropathy
was at least two years, and patients were able

to stand on both feet and on one leg.
Exclusion criteria: Diabetic ulcers in either
foot, uncontrolled blood sugar, inner ear
infections, any neurological illness that can
affect balance, musculoskeletal problems such
as vertebral column and limb deformity,
history of repeated ankle sprains in the year
before, severe pain influencing balance or
visual problems. Absence for two therapy
sessions led to exclusion of patients from the
research. Twenty eight patients who met the
inclusion criteria provided written informed
consent and were allocated randomly using a
computer- generated random numbers into
either control or proprioceptive training
program.

Patients assessed for eligibility (n=42)

Y

Exclusion (n=14) for not meeting inclusion criteria

28 patients met the inclusion criteria

\ 4

Patients randomly allocated (n=28)

.

Control group (n= 14)
Conventional physiotherapy

l

14 patients completed the training program

\4
14 patients included in analysis

N,

Proprioceptive training group (n=14) Conventional
physiotherapy+ Proprioceptive training

l

14 patients completed the training program

A
14 patients included in analysis

Fig. (1): Flow diagram for randomized patient's assignment.

Assessment

Berg Balance Scale (BBS) was used in
order to evaluate functional balance before and
after intervention. It is a valid and reliable
scale including 14 functional tests, which can

quantitatively evaluate balance in community-
dwelling adults and patients with balance
disorders. Berg Balance Scale completion
needs 10-20 min. and its score represents the
participant's ability to control postural balance.
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Each test is scored 0-4 (0 — inability to
complete the task; 4 — independent task
fulfillment). The overall score is the sum of
the obtained scores for each test. Thus, the
maximal overall score is 56, and the minimal
is zero. The higher score indicates a better
functional balance'*™. Various studies have
shown that BBS has high Intra-rater, Inter-
rater and test retest reliability™®*"2,

The Biodex balance system (Biodex
Crop. Shirley, Ny, USA) includes a circular
platform that is free to move about the
anterior-posterior (AP) and medial-lateral
(ML) directions simultaneously. Also, one can
change the stability of the platform by varying
the resistance force applied to the platform by
underside springs. The springs' forces are
adjustable to preset resistance levels that
determine the difficulty levels of the system.
The device measures the degree of tilt about
each axis of ML and AP during dynamic
conditions by two under-platform
potentiometers that record tilting. I1ts movable
balance platform provides up to 20° of surface
tilt in a 360° range of motion. The platform is
connected to computer software (Biodex,
Version 3.1; Biodex Medical Systems) that
enables the device to be used objectively for
assessing balance. Balance tests in the control
and proprioceptive training group were
performed before and after treatment. Overall
stability index (OSI), an index of deviation in
any direction from the horizontal plane on the
Biodex balance system plate; anterior-
posterior stability index (APSI), an index of
deviation on the Biodex balance system plate
in the sagittal plane; and medial-lateral
stability index (MLSI), a deviation on the
Biodex balance system plate on the frontal
plane, were measured. A high score in the
indexes indicates poor balance™.

The subject was instructed to assume a
bipedal stance on the platform with eyes
closed while it was locked in a level position.
This foot placement was maintained
throughout all three trials. This position was
used as the reference point level from which
the degree of displacement was measured. The
test period was started by unlocking the
platform, and the subject then attempted to
maintain his or her balance for thirty seconds.
Each subject was allowed three practice

attempts for familiarization purposes, and this
was followed by three test trials at stability
level one (the least stable platform). The mean
displacement from the referenced level
position during the thirty-second trial was
calculated for each trial. The mean and
standard deviation of the three trials was
calculated by the Biodex balance system. A
higher stability index from the reference point
indicates a greater difficulty of the subject to
maintain the platform in a stable position. This
indicates less postural stability demonstrated
by the subject. In the study by Schmitz and
Arnold®, they reported an intratester reliability
of 0.80 for the APSI, 0.43 for the MLSI, and
0.82 for the OSI.

Assessment was conducted by two
blinded evaluators not involved in the
treatment before and after the eight weeks
training program.

Intervention

Intervention was provided twice weekly for 8
weeks.

Control 9roup: Conventional physiotherapy
treatment“* was given for 45 minutes with one
minute rest for every five minutes of exercises.
The program included the following exercises:
Relaxed deep breathing exercise (3 min.),
range of motion exercises for bilateral ankle
joints (5 min.), functional balance training (15
min.) involving sit to stand (5 times); standing
weight shift (5 times each); functional reach-
sideway and anterior for touching targets set
by the therapist (5 times each); bipedal heel
rise for 20 seconds (5 times); unipedal
standing for 15 seconds (5 times each) and
unipedal standing with knee bending for 15
second (5 times each). Other exercises were
practiced as wobble board training (6 min.)
and gait training including tandem walking (5
min.) and spot marching (5 min.).
Proprioceptive training group: The same
conventional physiotherapy of the control
group was practiced with an additional 26
minu. of proprioceptive training (one min. rest
for every six min. of exercises). The protocol,
as described by Santos et al.?® included a
circuit with different floor textures composed
of 13 stations of exercises with the objective of
stimulating the sole of the foot where
participants had to coordinate gait by stepping
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with alternate feet on markers placed on the
ground and the progression was manipulated
through modifications of speed and direction.
The activity time at each station was two min.
and the rhythm of the exercises was
determined by alternating slow-paced and fast-
paced music. Materials used to build the
circuit were used in the following sequence:
10 cm-thick foam, a wood box with beans, a
two-cm thick mat with a density lower than the
foam, a wood box with cotton, and again a
similar two-cm thick mat. A balance board
was then used to train the lateral balance
reactions. At the seventh station, volunteers sat
on a bench and trained feet flexors by grasping
with the toes a towel put on the floor. At the
eighth station, there was again a ten-cm thick
foam. Two proprioception balls with an eight-
cm diameter with external projections resting
on the floor were used on the next station. At
the 10" and 11™ stations, there was a box with
grains and a two-cm mat. Balance and hip
movements were trained at the 12" station
with medicine balls (diameter 75cm). At the
last station, sandpaper was placed on the
ground and the patients had to alternately slide
their feet on it.

Statistical analysis

The sample size was calculated with the
Graphpad Statemate 2.0 software (Power test).
Calculations were based on means and
standard deviations of the balance indices
obtained in a pilot study with an o =0.05 and
power of 80% and the estimated sample size
was 14 patients.

Statistical analyses were completed
using SPSS version 17.0 (SPSS, Inc, Chicago,
IL). Normality of the data was determined
with the Kolmogorov-Smirnov (KS) test for
all statistical variables and the results
confirmed use of parametric tests. Differences

within the groups was determined by paired t -
test and between groups by unpaired t- test.
Standardized difference of the mean (SDM)
was calculated based on Cohen d standard
effect size index: small (SDM: <0.2), medium
(SDM: >0.2 but <0.7), and large (SDM: >0.8
to 2.0).

| RESULTS |

All patients performed training without
any complications and agreed to the use of
their training data. Kolmogorov-Smirnov
analysis of normality showed that data
distribution assessments were normal. No
baseline differences regarding descriptive and
demographic  characteristics were found
between both groups (table 1). Likewise, no
significant differences regarding the studied
parameters were found before the intervention
(table 3).

Biodex Balance System Indices

The mean Biodex balance system indices
showed significant reductions for OSI, APSI
and MLSI for control group (P< 0.05) and the
proprioceptive training group (P=0.0001)
(table 2). Moreover, a significant reduction
was found after treatment between both
groups. Overall, the difference was large in
magnitude based on effect size as OSI (d=1),
APSI (d=0.9) and MLSI (d=0.9) (table 3).

BBS scores

Significant increase in BBS scores was
found for both control group (P=0.021) and the
proprioceptive training group (P=0.0001)
(Table 2). Additionally, the difference was
large in magnitude based on effect size (d=.8)
between both groups after treatment (Table 3).

Table (1): Patients' baseline descriptive and demographic characteristics.

Control group (n=14) Proprioceptive training group (n=14) P
Males/females 717 6/8 Ns
Age(years) 60.3+2.6 61+2.4 .76
Body mass index(Kg/m?) 27.5+1.1 27+1.6 .82
Duration of disease(years) 7+2.3 6.8+1.5 .87

Values are mean + standard deviation
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Table (2): Comparison of OSI, APSI and MLSI and BBS score mean values between before and after

treatment for the control and proprioceptive training groups.

Control group Proprioceptive training group
Before After p Before After p
(o] 6.02 £1.2 4.8+1.12 0.0123 5.9+1.1 3.83+ 0.95 0.0001
APSI 4.95+ 0.86 3.78+0.84 0.0012 4.47+0.97 2.44+0.75 0.0001
MLSI 3.42+0.93 24+0.9 0.0073 3.7 +0.88 1.58+ 0.76 0.0001
BBS 33.71+ 7.25 40.36+ 7.06 0.0210 35.0+ 4.93 46.14+ 5.82 0.0001

Values are mean + standard deviation, OSI: overall stability index; APSI: anterior—posterior stability index: ML:
medial—lateral stability index and BBS: Berg balance scale.

Table (3): Results of the mean differences of OSI, APSI and MLSI in degrees and BBS scores before and

after treatment for both control and Proprioceptive training groups.

Before treatment After treatment
Mean difference p Mean difference P Cohen's d
(ON]] -0.02857 0.9483 -1.014 0.0154 1
APSI -0.4786 0.1781 -1.343 0.0001 .9
MLSI 0.2786 0.4231 -0.8450 0.0119 .9
BBS 1.286 0.5878 5.786 0.0256 .8
| DISCUSSION \ Findings of the current study is in line

The principal finding of the present
study was that proprioceptive training along
with  conventional  physiotherapy  was
significantly more effective than conventional
physiotherapy alone in improving both balance
indices (OASI, APSI and MLSI) as measured
by Biodex balance system and functional
balance, measured by BBS, in patients with
diabetic polyneuropathy.

Limitations of the study were the
absence of long-term follow up of participants
and the inability to blind the trial practitioners.

Distal  sensorimotor  polyneuropathy
(DPN) is one of the most common long-term
complications of diabetes mellitus. Up to 50%
of elderly diabetic patients with a >25-year
history of diabetes has DPN which leads to a
distal to proximal deterioration of the nervous
system in lower extremities®>**?®, disrupts an
important sensory system contributing in
human postural control, i.e. somatosensory
system”®. Lack of accurate proprioceptive
information from the lower extremities in DPN
patient has resulted in postural instability
during different static and dynamic situations,
especially when the body is exposed to
unexpected postural perturbations®*2%:27:28:2930
Therefore, those patients are at high risk for
falling with its life threatening
consequences® 262730

with other studies that analyzed the effects of
proprioceptive exercise programs for patients
with diabetes?***2. They reported that balance
and postural stability can be improved,
probably by means of an increase in peripheral
afference, leading to a reduction of falls
related to sensory deficits.

Postural control is the resultant from the
interaction of the vestibular, visual and
sensory systems, and any alterations in one or
more of these systems, such as sensory deficits
on the feet, can result in postural instability.
The reduction of OASI, APSI and MLSI
indices observed in this study after the training
protocol could be attributed to the
multisensory nature of the stimulation
provided by the intervention. The better
improvement in the proprioceptive training
group compared to control group might be due
to the fact that, practicing balance training in
progressive challenging levels as described in
the study, can enhance somatosensory
integration®*3**®. In addition, propriocetive
training provides an unsteady surface that
challenges the body to maintain balance.
During the exercise intervention, sensory
inputs were manipulated by altering the
support surface. These manipulations forced
participants to effectively reweigh remaining
inputs within the CNS®.

Evidence of similarly enhanced central
integration, following sensory training has
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