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Abstract To examine the relationship between one-leg
standing balance (OLSB) and different modalities of foot
sole sensation in patients with type 2 diabetes mellitus
(T2DM). Forty patients diagnosed with T2DM (mean
age, 53.96±15.31 years) and ten healthy control subjects
were included. Duration of OLSB was measured with dig-
ital chronometer. Threshold of light-touch pressure (LTP),
evaluated with full Semmes-Weinstein Monofilament Test
Kit, and distance of two-point discrimination (TPD), eval-
uated with aesthesiometer, were assessed at six different
regions of the foot sole. Thresholds of the LTP at all re-
gions were significantly correlated with duration of OLSB
(p<0.05). However, there was no relationship between
TPD sensation and duration of OLSB (p>0.05). LTP at
the plantar side of the great toe was the most related area
with the OLSB (r=−0.48, p<0.05). In patients with
T2DM, LTP, and TPD sensations of foot sole and duration
of OLSB were decreased compared to healthy controls. In
this study, there was a moderate correlation between LTP
sensation and balance. Other factors that would affect the
balance in patients with T2DM should be investigated.
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Introduction

Diabetes mellitus (DM) is a chronic disease that can lead to
serious complications [1]. Loss of protective sensation is one
of the most common complications seen in patients with type
2 diabetes mellitus (T2DM) [2, 3]. In type 2 diabetic patients,
impaired circulation of lower leg and foot causes ischemia-
related neuronal damage, and it results consequently in so-
matosensory impairments [4, 5]. Ducic et al. (2004) [4] inves-
tigated patients with peripheral neuropathy and showed that
when compared with the controls, sensibility in the neuropa-
thy group at the great toe was abnormal at a level consistent
with axonal loss in 52 % and was completely absent in the
remaining 48 %. Similarly, at the heel, sensibility was normal
in 6.5 %, abnormal at a level consistent with axonal loss in
71 %, and absent in the remaining 22.5 %. Loss of protective
sensation will raise the risk for not only ulceration and infec-
tion but also disturbation in gait and balance, increasing the
risk for falls [6, 7].

An integration of inputs from visual, somatosensory, and
vestibular systems provide continuance of balance. Accurate
sensory inputs were required to gain normal balance control
[3]. Because of bilateral loss of plantar somatosensorial infor-
mation in feet, an increment will be seen in body sway that
may lead to postural instability [8, 9]. In wide range of studies,
it was shown that postural stability in diabetic patients with
neuropathy was worse than those without neuropathy [3, 8, 9].

Muscles, ligaments, tendons, joint capsules, cutaneous, and
subcutaneous structures of the skin consist different types of
sensors to collect information to somatosensorial system [10].
To regulate standing of balance, sensory feedback originating
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from plantar cutaneous receptors plays an important role
which was indicated by studies that have been investigated
foot sensation and its balance relationship [10–12]. Various
modalities of sensation like light-touch pressure, vibration,
point localization, and two-point discrimination (TPD) have
been used to measure sensory dysfunction in diabetic patients
[13]. Light-touch pressure evaluation is one of the primary
screening methods for measuring cutaneous sensibility clini-
cally in DM patients but does not precisely determine the
degree of progressive loss of sensation [14]. Another modality
of cutaneous sensation was TPD. Static TPD is a recommend-
ed method for measuring degree of sensory loss in diabetic
patients [15]. Although the method is subjective, TPD is pro-
posed as more reliable than the previously available methods,
and it is a quantitative measure of the sensory loss [14, 16].
There are many studies examining the interrelation between
sensation and balance in patients with diabetes [8, 9]; howev-
er, only a few studies have investigated the influence of each
single sensory system on balance in standing that still remains
inexplicit.

Therefore, the purpose of this study was to investigate the
relationship between the different modalities of foot sensation
and standing balance in patients with T2DM and to find out
the modality, which is best associated with the balance on
standing, and also to find out which part of the foot sole is
more associated with standing balance.

Subjects

In this study, 40 subjects diagnosed with T2DM were includ-
ed. 10 volunteers were included as controls who were identi-
fied from those that are apparently healthy and do not have
history of diabetes.

Patients with T2DMwere recruited from the endocrinology
and metabolism clinics of a university hospital. The diagnosis
was made according to the following criteria: fasting plasma
glucose higher than 126 mg/dl (7.0 mmol/l), or hemoglobin
A1C level higher than 6.5 %, or random plasma glucose con-
centration higher than 200 mg/dl (11.1 mmol/l), or 2-h plasma
glucose higher than 200 mg/dl (11.1 mmol/l) as a result of oral
glucose tolerance test [17].

Patients with uncontrolled diabetes or those taking insu-
lin therapy were not included to study. Also, patients with
neurological disease that might affect sensorimotor func-
tions, musculoskeletal pain, cognitive or communication
problems, back problems, and who had undergone any
lower extremity surgery were excluded from the study.
All subjects enrolled in the study were informed about
the study details and procedures and signed the informed
consent form before participation. Also, the study was ap-
proved by the Local Ethics Committee.

Materials and methods

Demographic data of patients was taken. Assessments were
done on both feet by the same physiotherapist.

For the light-touch pressure (LTP) sensation evaluation,
full Semmes-Weinstein Monofilament (SWM) test kit
(North Coast Medical, San Jose, CA, USA) was used.
For evaluations, six regions of the foot sole were selected:
great toe, first metatarsal head, fifth metatarsal head, me-
dial board of the foot sole, lateral border of foot sole, and
center of heel. Although a number of prospective studies
have used the monofilament test, there is no standard pro-
tocol. One commonly used protocol, the International
Consensus on the Diabetic Foot (ICDF), recommends
testing three sites on foot: great toe, metatarsal head 1,
and metatarsal head 5 [18]. Therefore, we chose that three
points first. In addition, in a systematic review, it was
shown that diabetic neuropathic patients have higher dy-
namic plantar pressures at rearfoot, midfoot, and forefoot
sites when compared to controls [19]. It was also reported
that foot sole sensitivity correlates with plantar pressure
distribution [20]. Therefore, on behalf of getting an idea
about other parts of the foot, we chose the other points’
medial and lateral boards of the foot sole and center of
heel. For monofilament test, subjects stated if the fiber
was felt or not, while the fiber was being applied at a
90° angle to the skin for 1–1.5 s. 0.008–0.4 g monofila-
ments were applied three times, while 0.6 g and higher
filaments were only applied once. The smallest filament
that the patient manage to feel indicated threshold of LTP
sensation [11, 21].

Two-point discrimination (TPD) sensation of foot sole
was assessed with using an aesthesiometer (Baseline®,
White Plains, NY, USA) from six regions of the foot
sole (at the same regions with LTP sensation evaluation).
Assessment was started at the maximum distance, and
until the subject could not able to discriminate the two
points, distance between two points on the slide scale
gradually decreased. When the subject felt two points
as one in two of three trials, the distance was noted in
millimeter [22, 23].

For one-leg standing balance (OLSB) evaluation, pa-
tients were asked to stand on one leg as long as possible.
It was performed on both sides with eyes closed. Before
the test, patients could try the test position one time. A
chronometer was used to keep up the OLSB time. No
verbal stimulus was given during the test. When the pa-
tient was disrupted from the test position or any part of
the elevated foot contacted to the ground, the test was
stopped. If a subject could perform the test for 30 s, it
was accepted as completed [24]. Lower extremity domi-
nance was determined by asking Bwhich leg do you prefer
for kicking a ball^ [11].
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Statistical analysis

All data were analyzed using the Statistical Package for the
Social Sciences (SPSS, Chicago, IL, USA, version 15.0). The
variables were investigated using visual (histograms, probabil-
ity plots) and analytical methods (Kolmogorov-Simirnov/Sha-
piro-Wilks test) to determine whether or not they are normally
distributed. Demographic data of T2DM patients and controls
were compared withMann-WhitneyU test and expressed 95%
confidence interval (CI). Gender difference was compared
using chi-square test. There was no statistical difference be-
tween dominant and non-dominant sides in terms of all the
evaluated parameters, so only non-dominant sides of the pa-
tients and controls were used for analysis. Since data of LTP
and TPD sensations and OLSB were not normally distributed,
data of T2DM patients and healthy control group was com-
pared with Mann-Whitney U test and expressed median and
interquartile range (IQR). Spearman correlations were calculat-
ed to assess whether foot sensation was associated with OLSB
in T2DM patients. Statistical significance was set at p<0.05.

Results

There were no significant differences between groups in gen-
der, age, height, weight, and bodymass index (BMI) (p>0.05;
Table 1). The thresholds of LTP sensation at all evaluated
regions were higher than healthy controls’ that was statistical-
ly significant (p<0.05; Table 2). The distance of TPD sensa-
tion of T2DM patients was significantly wider than healthy
controls at all regions except at fifth metatarsal head region
(p<0.05; Table 3). The duration of OLSB with closed eyes
were shorter in T2DM patients (median (25th–75th IQR),
3.78 (2.17–8.29)) than in healthy controls (median (25th–
75th IQR), 21.81 (16.07–30.49)) which was statistically sig-
nificant (p<0.001). Thresholds of the LTP sensations at all
regions were significantly correlated with duration of OLSB

(p<0.05). However, there was no relationship between TPD
sensation and duration of OLSB (p>0.05). LTP sensation at
the plantar side of the great toe was the most related area with
the OLSB (r=−0.48, p<0.05; Table 4).

Discussion

This study investigated the relationship between loss of plan-
tar sensitivity and OLSB in patients with T2DM. The most
featured findings of this study were that LTP and TPD sensa-
tions of the foot sole and OLSB were decreased in patients
with T2DM. Additionally, only LTP sensation of the foot sole
was related with duration of OLSB, and the highest associa-
tions were found between OLSB and LTP sensation of the
great toe in patients with T2DM.

In the current literature, studies investigating the difference
in protective sensation of foot sole between T2DM patients
and age-related healthy controls were limited. Resnick et al.
(2002) [25] investigated the effect of peripheral neuropathy on
the lower extremity function in older adults with T2DM. They
evaluated 39 adults for loss of sensation and evaluated light-
touch pressure and vibration perception threshold of foot.
They demonstrated that LTP sensation in diabetic neuropathic
patients was higher than pressure sensation in non-diabetic
controls. In the study by Resnick et al. (2002) [25], sensation
loss of foot sole was assessed only at the dorsum of the dom-
inant great toe. In present, two different sensory function in-
dicators, light-touch pressure and TPD sensation of foot, were
measured. Additionally, sensation of six different regions of
foot sole was assessed. Like Resnick et al. (2002), the present
findings support the view that LTP sensation was decreased in
all regions: great toe, first metatarsal head, fifth metatarsal
head, medial longitudinal arch, lateral board of the foot, and
heel.

The 5.07 (10 g) monofilament is known as a screening tool
for detecting absence of protective sensation in the foot [26].

Table 1 Demographic and
clinical characteristics of the
patients with Diabetes Mellitus
and healthy controls

Characteristics DM patients median
(25th–75th IQR)

Healthy controls median
(25th–75th IQR)

p

Age 58.0 (47.00–68.0) 47.5 (42.0–52.5) 0.058

Height (cm) 163.5 (158.25–172.0) 164.5 (157.75–170.5) 0.971

Weight (kg) 72.00 (65.0–82.25) 78.5 (65.0–82.0) 0.662

BMI (kg/m2) 26.59 (24.37–30.46) 28.35 (26.04–30.46) 0.594

HbA1c (%) 8.40 (7.35–9.45) –

HbA1c (mmol/mol) 67.5 (56.5–79.5) –

Duration of illness (years) 13.75 (11.00–17.75) –

Gender female/male, n (%) 17 (42.5)/23 (57.5) 6 (60.0)/4 (40.0) 0.343

p<0.05

DM diabetes mellitus, BMI body mass index, IQR interquartile range
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To diagnose the peripheral neuropathy in a diabetic foot,
American Diabetes Association has recommended using 10-
g monofilament test at the plantar side of the great toe and
metatarsal heads [26]. Although 10-g monofilament test has
been used for specifying lack of protective sensation, the ma-
jority of our patients with T2DM sensed monofilaments under
10 g. However, when we compared them with healthy con-
trols, we found that their LTP sensation scores were signifi-
cantly decreased. So, it could be said that even if T2DM pa-
tients sensed the 10-gmonofilament, their protective sensation
could be diminished. Evaluation of patients with T2DM with
monofilaments below 10 g may be important in determining
the course of neuropathy.

Periyasamy et al. (2008) [14] investigated changes in
TPD and law of mobility in T2DM patients. They used
an aesthesiometer to find the TPD of several areas in
upper and lower extremities for normal and diabetic sub-
jects. TPD of normal and diabetic subjects for different
areas of hands and legs from proximal to distal is eval-
uated for 18 subjects. They showed that T2DM subjects
have higher TPD values in at least some regions of foot
than normal subjects have. Supporting this view, in our
study, we found that the distance of TPD sensation of
T2DM patients was wider than healthy controls at the
great toe, first metatarsal head, lateral board, and heel
regions. Like LTP sensation, TPD sensation loss may
spread in all foot sole.

There are studies showing the balance impairments in
T2DM patients [25, 27–29]. Resnick et al. (2002) [25] inves-
tigated walking speed, static and dynamic balance, and coor-
dination in diabetic patients and found worse scores than
healthy controls have. Cimbiz et al. (2005) [27] evaluated
balance and physical fitness in diabetic neuropathic patients
and found that T2DM influence especially dominant leg bal-
ance, so it causes a decrease in physical fitness. Morrison et al.
(2012) [28] evaluated differences in postural sway dynamics
and risk of falling in individuals with T2DM and found that
type 2 T2DM patients have greater risk of falling, and balance
training can positively improve their postural dynamics.
Ghanavati et al. (2012) [29] studied the evaluation of func-
tional balance in patients with diabetic neuropathy and found
that a significant reduction in functional balance assessed by
Berg Balance Scale was seen in patients with diabetic neurop-
athy compared to healthy controls. OLSB test was used to
assess the balance in this study. The present study showed that
the duration of OLSB with closed eyes were significantly
shorter in T2DM patients, similar to the findings of studies
mentioned above.

Eils et al. (2004) [10] investigated the influence of plantar
sensation reduction on gait patterns during walking in healthy
subjects and indicated that reduced plantar sensation leads to
significant changes in gait patterns. Likewise, Wang et al.
(2008) [5] investigated the association between somatosenso-
ry loss and postural stability by experimentally induced

Table 3 Two-point
discrimination sensation of
patients with diabetes mellitus
and healthy controls

Two-point
discrimination (mm)

DM patients median
(25th–75th IQR)

Healthy controls median
(25th–75th IQR)

p

Great toe 13.0 (9.0–21.0) 10.0 (7.75–11.0) 0.035*

First metatarsal head 15.0 (11.0–22.0) 10.0 (7.5–12.25) 0.006*

Fifth metatarsal head 14.0 (10.0–19.0) 12.0 (10.5–12.5) 0.129

Medial board of the foot sole 15.0 (11.0–20.0) 12.5 (9.25–14.25) 0.043*

Lateral board of the foot sole 14.0 (10.0–20.0) 10.0 (8.75–12.75) 0.028*

Heel 16.0 (13.0–24.0) 11.0 (9.0–15.0) 0.003*

*p<0.05

DM diabetes mellitus, IQR interquartile range

Table 2 Light-touch pressure
sensation of patients with
Diabetes Mellitus and healthy
controls

Light-touch pressure
sensation threshold (g)

DM patients median
(25th–75th IQR)

Healthy Controls median
(25th–75th IQR)

p

Great toe 0.28 (0.16–1.0) 0.04 (0.04–0.04) 0.001*

First metatarsal head 0.28 (0.92–1.85) 0.04 (0.04–0.04) 0.002*

Fifth metatarsal head 0.6 (0.16–2.0) 0.04 (0.04–0.07) 0.001*

Medial board of the foot sole 0.16 (0.16–0.6) 0.04 (0.04–0.04) 0.001*

Lateral board of the foot sole 0.4 (0.16–1.30) 0.1 (0.04–0.16) 0.001*

Heel 1.0 (0.6–4.0) 0.16 (0.13–0.16) 0.001*

*p<0.05

DM diabetes mellitus, IQR interquartile range
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somatosensory loss in healthy young adults and found that
loss of plantar cutaneous sensitivity was associated with great-
er postural sway. In contrast to views mentioned above, there
are studies defending that plantar protective sensation would
not be related with balance as expected. Meyer et al. (2004)
[30] demonstrated that plantar sensation has moderate impor-
tance while maintaining the normal standing balance. Also,
Bonnet et al. (2011) [31] made a review and concluded that
the peripheral sensory neuropathy may not be the only funda-
mental cause for increased postural sway in individuals with
diabetic patients. In the present study, both LTP sensation and
two TPD sensations of foot were decreased in diabetic pa-
tients. However, only LTP sensation at all of the six regions
of the foot sole was associated with OLSB. There were studies
that stated that plantar foot sensation loss related to impaired
balance, gait pattern, and risk of falling in T2DM patients [4,
5, 10]. This study is the first that stated that the LTP sensation
related with OLSB in T2DM patients. Also, LTP sense at the
plantar side of the great toe has moderate association with
OLSB. Since balance is a complex system, and sensory alter-
ations are only examined under somatosensory system, other
factors may affect the standing balance in patients with
T2DM.

In conclusion, the LTP and TPD sensations of the foot sole
diminished in diabetic patients. Also, only LTP sensations of
foot sole were associated with OLSB. LTP sensation at the
plantar side of the great toe was the most related area with the
OLSB. To acquire an improvement in balance in T2DM pa-
tients, loss of sensation of foot sole should not be ignored.
Increasing the sensory input of foot sole in T2DM patients

may contribute to improvement of balance. Further studies
are needed to evaluate the other parameters associated with
balance in patients with T2DM.

The limitations of this study are the results could not be
generalized to patients with severe protective sensation loss
and we could not do any sensory neurological evaluation to
our patients. HbA1c could not be done in healthy controls as
the Ethics Committee was not permitting any laboratory in-
vestigations in control group, and patients were not evaluated
in terms of flat foot that may affect the OLSB values and also
callus formation which may change sensory perception.
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