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| ABSTRACT |

Purpose: The purposes of this study were to identify stability deficits in patients with diabetic peripheral
neuropathy (DPN) with or without visual feedback, and correlate duration of onset of DPN to stability
deficits. Subjects: Thirty male patients, their age ranged from 40 to 60 years old, and diagnosed as having
type Il diabetes from 10 years and with DPN since one year at least (according to the clinical examination)
have selected randomly to participate in this study. They were referred from the diabetic out patient's clinic
of the Kaser El —Aini hospital. Thirty healthy male volunteers were participated to represent the control
group, they were matched in age, weight and height to the diabetic patients. Procedures: Biodex stability
system used to assess dynamic stability level "in the form of overall (SI), antroposterior (AP), and
mediolateral (ML) stability indices" in both groups during standing on both feet with eyes open, then with
closed eyes. Results: independent t-tests showed that the patients with DPN had significant stability deficits
in comparison with healthy subjects. All the subjects had better stability during opened-eye condition than
closed-eye conditions. Correlation analysis showed that stability deficits were correlated with the duration
of onset of DPN. Conclusion: It had been concluded that visual feedback improved stability control in
patients and healthy subjects. Patients with DPN had significantly lower stability control than healthy
subjects, and that stability deficits in DPN had a trend to increase over time.
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| INTRODUCTION | autoimmune process. It usually leads to
absolute insulin deficiency. It represents about
10% of all cases of diabetes™. Type Il diabetes
is the most common type of diabetes mellitus.
It accounts around 90% of all cases of
diabetes'®**,

The incidence of type Il increase with

labetes mellitus is a complex
metabolic disorder characterized
by persistent  hyperglycaemia
resulting from deficits in insulin
secretion that lead to disorder of

carbohydrates, fat and protein metabolism, it
affects 15% of world population over the age
of 65 years in developed countries. The rate of
incidence of diabetes reaches a percentage of
20-50% through out different age group***2.
Type 1 diabetes mellitus is the most
common metabolic illness that is characterized
by beta cell destruction caused by an

age, as the most cases being diagnosed after
age of 40 years and it is highly associated with
family history of diabetes, obesity, lack of
exercise'’. Type Il diabetes is characterized by
insulin resistance in peripheral tissue and
hyperinsulinemia.® Neuropathy is a general
term for physical damage or impairment of the
human nervous system. It has many causes and
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wide symptoms. Because a long period of time
with elevated blood glucose can damage nerve
fibers, diabetes is one of several major causes
of neuropathy’. Diabetic patients are especially
prone to the development of a neuro-
osteoarthropathy™.

The primary types of diabetic
neuropathy are sensorimotor and autonomic. A
patient may have only one type of neuropathy
or might develop different combinations.?’

The diabetic neuropathies presented in
several ways. The commonest form is a diffuse
progressive polyneuropathy affecting mainly
the feet. It is predominantly sensory, often
asymptomatic, and affects 40-50% of all
diabetic patients®.

Diabetic peripheral neuropathy (DPN) is
a polyneuropathy because of the diffuse
damage to all peripheral nerve fibers, motor,
sensory and autonomic. Such damage occurs
insidiously, progressively and characterized
first by sensory loss and later by loss of motor
function, in a stocking and glove distribution®,

High incidence of DPN reaches up to
70% within five years of initial diagnosis.
There after, DPN results in subclinical
disequilibrium that may reflect the impairment
of somatosensory and visual systems rather
than a specific lesion of the related organs®.

Balance control mechanisms are based
on feed back system that generate different
combinations of muscle action (e.g., ankle and
hip strategies), based on postural sway
information detected by visual, somatosensory
and vestibular peripheral receptors.

Somatosensory information from
periphery plays a key role in balance control
especially in absence of visual or vestibular
cues. Basically, somatosensory inputs are
derived from extroceptors in skin at the sole of
the foot and proprioceptors in other ligaments,
tendons and joint structures of the foot and
ankle™.

Joint proprioceptors-spread in joint
capsule and adjoining  ligaments-relay
information related to joint position sense, and
Kinesthesia. They play an important role in
joints control and assist in maintaining proper
alignment for balance control®. Plantar
cutaneous was reported to share in balance
control; cutaneous sensory loss is compensated
by visual feedback as in open eye conditions™.

A clinical study was held to evaluate
postural stability in diabetic polyneuropathy.
Subjects were tested for postural sway using
force platform system with vision, without
vision, and during a recovery period after
being without vision. Patients showed larger
range of sway, faster sway speed and greater
dispersion of sway than control healthy
subjects even with visual feedback®.

Assessment of weight distribution and
postural sway were carried out clinically to
compare diabetic subjects with and without
neuropathy, with age and sex matched non
diabetic subjects. Assessment was done with a
portal sway weight. The study showed that
peripheral neuropathy increase the postural
sway especially in the absence of visual clues
but this did not result in postural strategies
causing significant limb load asymmetry?.

Evaluation of postural sway in cases of
diabetic neuropathy (DN) had been carried out
clinically. Authors compared three groups,
namely insulin dependant diabetes mellitus
(IDDM) patients with DN, IDDM patients
without DN and healthy control subjects.
Results showed that there was a significant
postural sway in DN patients group than the
other two groups. In addition, there was a
direct relationship between postural sway and
some parameters of nerve conduction velocity
studies®.

The purposes of this study were to
identify stability deficits in patients with
diabetic peripheral neuropathy (DPN) with or
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without visual feedback, identify the influence
of visual feedback in stability indices, and
correlate duration of onset of DPN to stability
indices that might be there.

| SUBJECTS AND PROCEDURES |

Subjects
Sixty male subjects were included in the
study. Their age ranged from, 40 to 60 years
old with a mean value of 51.60 £3.74 years.
Thirty patients diagnosed as having type Il
diabetes mellitus since at least 10 years
complicated with DPN (diabetic peripheral
neuropathy) since one year at least have been
selected to represent the study group. Fasting
blood glucose level for those patients was
measured within 24 hours before participation
of study, and had to be below 160 mg/dl. They
were referred from the diabetic out patient's
clinic in Kaser EI —Aini hospital. The other 30
subjects were matched healthy volunteers and
were participated as control group, their age
ranged from 41 to 57 years old, with a mean
value of 50.96 £3.75 years old.
Exclusion criteria
Patients with the following clinical
disorders were excluded from participating in
the study
1. Diabetic foot ulcers
2. Uncontrolled blood glucose level
3. Middle ear infections, neural diseases or
any other disease contribute to balance
and stability.
4. Muscloskeletal problems as deformities
of the spine or extremities.

Instrumentation
Biodex Balance System

It is a commercially available dynamic
postural stability tnemssessa and training
system. It was used to assess double and single
leg static balance. It consists of movable
balance platform, which provides 20° of
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surface tilting in 360° range and is interfaced

with a microprocessor based actuator. The

actuator controls the manually present degree

of surface instability, which ranges from a

completely firm surface with stability level 8,

to a very unstable surface, with stability level

2. Biodex stability system is used to evaluate

stability  indices (SI) in degrees,

anteroposterior stability (AP) in degrees and
mediolateral stability (ML) in degrees

Assessment Procedures

Each testing session took a total period
of 15-20 minutes, including patient orientation
and assessment procedures. The patient should
center him-self on the platform before starting
the test. Then the patient is instructed to keep
this position while investigator identifies the
patient's foot or feet position on platform grid
through recording the heel coordinates and
foot angle. All these values of position are
recorded on the balance system computer soft
ware (centered position of patients). The

patients underwent the tests at stability level 8

for a period of 20 seconds for each test (the

test was performed for 3 trials and the end
result as a mean of 3 trials was calculated).

The subject was instructed to maintain a level

platform for a period 20 seconds for each test

and rest by sitting for one minute after each
test. The test was performed in opened - eye
condition then with closed eye condition.

Statistical Analysis

e The data were analyzed by calculating:
Mean + Standard deviation.

e Student t. test was used to compare the
mean stability level between control group
and study group.

e Paired t-test was used to compare the mean
stability level between opened - eye
condition and closed- eye conditions within
each group.

e Pearson correlation coefficients ware used to
test the presence of linear relationship
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between the duration of DPN and stability
deficits in both open-eye condition and
closed eye condition in the diabetic patients

\ RESULTS \

The results showed a significant
difference in overall stability indices (SI),

antero-posterior stability indices (A/P), and
medio-lateral (M/L) between Open eye
condition and closed eye condition in diabetic
patients with more stability control during
open eye condition than closed eye condition
(table 1 & figure 1).

Table (1): The mean difference of SI, A/P, M/L stability indices in degrees during open eye and closed eye

conditions in the study group

variables Open eye Closed eye T-Test
Mean = S.D Mean = S.D T. Value Sig.
Sl 9.7° £ 0.95° 11.17° +0.80° -10.28 0.000 *
A/P 7.9°+1.17° 9.13° + 1.14° -7.077 0.000 *
M/L 6.32° +1.19° 7.17° £ 1.40° -5.33 0.000 *
*Sig. P < 0.05 «or: degrees A/P: Anterioposterior. M/L: Mediolateral. Sl : Overall stability indices
12 11.17
9 10 A 97 9.13
< 7.9
o 8 4 7.17
g 6.32 O Overall
S 6 mAP
.-g O ML
2
0
eye-open eye-closed

Fig. (1): The mean values of over all stability (SI), A/P and M/L stability indices in degrees open eye and

closed eye conditions in study group.

In addition there was a significant
difference in overall stability indices (SI),
antero-posterior stability indices (A/P), and
medio-lateral (M/L) between Open eye

condition and closed eye condition in normal
subjects with more stability control during
open eye condition than closed eye condition
(table 2 & figure 2).

Table (2): The mean difference of SI, A/P, M/L stability indices in degrees during open eye and closed eye

conditions in control group

variables Open eye Closed eye T-Test
Mean £ S.D Mean £ S.D T. Value Sig.
Sl 6.24° + 1.26° 6.49° + 1.25° -10.35 0.000 *
AJP 4.10° +1.09° 5.38 °+1.33° - 7.48 0.000 *
M/L 3.13° +0.98° 4.24° +1.09° -7.46 0.000 *
“o” . degrees *Sig. P <0.05
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Fig. (2): The mean values of over all stability (SI), A/P and M/L stability indices in degrees open eye and
closed eye conditions in control group.

With comparison of the stability indices
between patients in study group and control
group in open eye condition the results showed
that there were significant reduction in overall,

A/P and M/L stability indices in control group
than study group. This indicated that balance
deficiency in diabetic patients is more than in
normal subjects (table 3 & figure3).

Table (3): The mean values of over all stability (SI), A/P and M/L stability indices in degrees in study group versus
control group during open eye condition

. study group Control group T-Test
variables Mean £ S.D Mean £ S.D T. Value Sig.
Sl 9.7° +0.95° 6.24° +1.26° 12.04 0.000 *
AlP 7.9°+1.17° 4.10° +£1.09° 13.009 0.000 *
M/L 6.32°+1.19° 3.13°+£0.98° 11.26 0.000 *
*Sig. P ¢0.05 “°”: degrees
12
a 10 A
P 6.24 @ Overall
S 6 AP
E oML
Z 49
E
0 2 A
0 -4

Study

Control

Fig. (3): The mean values of over all stability (SI), A/P and M/L stability indices in degrees in study group
versus control group during open eye condition.
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Also

Table (4): The mean values of over all stability (SI), A/P and M/L stability indices in degrees in study

in eye-closed condition
stability indices in control group were lower
(better stability) than that in study group. This

the

group versus control group during eye-closed condition

indicated that balance deficiency in diabetic
patients is more than in normal subjects during
eye-closed condition (table 4 & figure 4).

. study group Control group T-Test
variables Mean = S.D Mean = S.D T. Value Sig.
Sl 11.17° £+ 0.80° 6.49° + 1.25° 17.31 0.000 *
AJP 9.13° +1.14° 5.38° +1.33° 11.75 0.000 *
M/L 7.17° +1.40° 4.24° +1.09° 9.09 0.000 *
*Sig. P ¢0.05. “°”: degrees
12 1117
¢ 10 A
o
[o))
S 81
= 6.49 @ Owerall
S 6 mAP
©
£ oML
2 47
;;
n 2
0 m

Control

Study

Fig. (4): The mean values of over all stability (SI), A/P and M/L stability indices in degrees in study group
versus control group during eye-closed condition.

The correlation between the time of
onset of DPN with overall SI, A/P, and M/L in
open eye condition in study group showed
positive correlation between time of onset of

DPN and overall SI, and A/P and a positive
but very weak correlation had also been
identified between time of onset of DPN and
M/L. (table 5 & figs. 5, 6 & 7).

Table (5): correlation between duration of affection with DPN and overall SI, A/P, M/L stability indices in
both eye-open and eye-closed conditions in study group

Duration of affection DN
Overall SI *r=0.531
Open eye AJP SI *r =0.293
M/L SI *r =0.001
Overall SI *r=0.626
Closed eye AJP SI *r=0.535
M/L SI *r = 0.059

*r is symbol of Pearson correlation coefficient
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Fig. (5): Correlation between duration of affection by DPN and overall SI in open-eye condition.
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Fig. (6): Correlation between duration of affection by DPN and A/P in open-eye condition.

10

Years

Fig. (7): Correlation between duration of affection by DPN and M/L in eye-open condition.

Results in eye closed condition showed a
positive correlation between time of onset of

DPN and overall SI and A/P. Concerning very

weak positive correlation of M/L Sl (table 5 &
figs. 8, 9&10).

Bull. Fac. Ph. Th. Cairo Univ.:
Vol. 12, No. (1) Jan. 2007



36

[
w

*
* * P
12 i
-_— *
® 11 . %
= £ £
: =g
g . : .
o :
9
8 ; ; ; ;
0 2 4 6 8 10

Years

14
12 -
I hd . o
% ) /:/:/
-
- - -
8 = =
6 -
o 2 4 6 8 10

Years

12

10 *
- L d
a -
- 8 >4 $ L
=
__P‘——*——.
>
*
6 > - $
L d
L4
4 T T T T
(0] 2 4 6 8 10

Years

Fig. (8): Correlation between duration of Affection by DN and overall SI In closed-eye condition.

Fig. (9): Correlation between duration of affection by DN and A/P Sl in closed-eye condition.

Fig. (10): Correlation between duration of affection by DN and M/L Sl in closed-eye condition.

| DISCUSSION |

The results of this study showed that
the overall SI, A/P and M/L stability indices
were significantly lower in degrees (better
postural control) in eye- open condition  than
eye-closed  condition in both the study and
control groups. These results indicated that
visual feedback provides better balance control
and minimize postural sway either in normal
or pathological condition. Open eye condition
showed significantly better balance control
and less postural sway in both study and
control groups than eye-closed condition. The

importance of visual feedback and its
contribution to balance control even in healthy
subjects had been declared several times
in literature and the results of the present study
was in agreement with several previous studies
as it has been identified that balance control is
the result of interaction of different central and
peripheral nervous system inputs®. It has been
also emphasized that vision is a major
contributor to balance control.® Another
previous study has investigated the effect of
visual feed back on balance control in diabetic
patients, and it has been found that DM with
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neuropathy increased postural sway in absence
of visual feedback®.

The results of the present study showed
also that all stability indices (overall, A/P and
M/L) were significantly lower in the control
group in both eye-open and eye-closed
conditions. These results indicated that
patients with DPN had higher degree of
postural sway, .and compromised balance
control in comparison with the matched
healthy subjects. These results had been
generally supported by previous researchers
who found that there were no significant
differences between diabetic patients without
neuropathy and healthy control subjects while
patients with DPN showed disturbed control of
upright posture in comparing diabetic patients
with and without neuropathy and normal
controls.?! In accordance with present results,
it was reported thata greater postural sway
was found in diabetic patients with cutaneous
sensory deficit in the feet than those with
normal cutaneous sensitivity in the feet 2. In
assessing postural function in diabetic patients’
it has been reported that postural sway was
exaggerated in both IDDM & NIDDM in
comparison to matched healthy subjects.’
Similar results were reported as the peripheral
neuropathy increased postural sway especially
in absence of visual cues.

The pathological changes of DPN that
could explain balance control deficits noted in
this study could be attributed to axonal
degeneration in nerves of the foot and ankle
that resulted in slow nerve conduction
velocity, and reduced somatosensory cues
relayed from ankle-foot complex available for
balance control. Such explanation is supported
by previous study, where they investigated the
effect of diabetic peripheral neuropathy on
balance control during standing. They
identified that nerve conduction velocity was
significantly reduced, with axonal involvement
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of the medium size fibers that clinically
reduced leg muscle strength, tactile senses,
vibration, and joint position sense’.

Correlating analysis showed that overall
SI, A/P, and M/L in both eye- open and eye-
closed conditions were positively correlated
with the duration of DPN and these
correlations were more evident in overall and
A/P indices than M/L indices. These
correlation results showed that balance control
deficits in DPN has a general trend to
deteriorate over time. Such selective affection
of the A/P stability more than the M/L stability
may be related to the fact that AP stability
mainly depends on muscles activity
susceptible to weakness and dysfunction
related to presence and severity of DPN >,
while the M/L sway relies more in the hip
abductor/ adductor activity commonly less
involved in DPN%.

In support of the basic concept and the
possibility of balance deterioration in DPN
over time it can be suggested also that the
deterioration in the condition of peripheral
nerves involved in DPN pathology over time
may progressively reduce somatosensory cues
from the periphery and aggravate disturbances
in balance control® .

Conclusion

It had been concluded that visual
feedback improved balance control in patients
and healthy subjects, which proved that visual
feedback is capable to a great extent to
compensate for deficits in somatosensory
input. Patients with DPN had significantly
lower balance control than normal, which was
attributed mainly to the sensory loss associated
with DPN that distort somatosensory feedback
both from the sole of the foot and ankle
muscles serving proprioceptive functions.
Finally balance deficits in DPN had a trend to
increase over time, presumably due to
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progressive sensory loss overtime noted in
cases of DPN.
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