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Abstract. – AIM: To investigate the diagnos-
tic significance of foot plantar pressure distribu-
tion abnormalities in patients with diabetic pe-
ripheral neuropathy (DPN).

PATIENTS AND METHODS: A total of 107 pa-
tients were divided into normal control (28 partici-
pants, 56 feet), non-DPN (56 patients, 112 feet),
and DPN groups (23 patients, 46 feet). Foot plantar
pressure was measured while patients walked at a
constant speed over a flat floor using F-Scan pres-
sure insoles. Recordings of six middle strides
were averaged to evaluate the characteristics of
foot plantar pressure distribution.

RESULTS: Compared with the normal group,
the time of contact (TOC) was longer in non-DPN
(p < 0.05) and DPN groups (p < 0.01). The foot to
floor force-time integral (FTI) was increased in
DPN group (p < 0.01). The forefoot plantar force
ratio increased in non-DPN and DPN patients (p
< 0.05). Moreover, in DPN patients, the ratio of
lateral foot plantar force increased (p < 0.05). The
examination of the correlations between biome-
chanical parameters of the foot plantar and elec-
trophysiological parameters of the lower limbs
showed foot plantar biomechanical abnormali-
ties correlated with abnormal sensory conduc-
tion of the sural nerve and motor conduction of
the common peroneal nerve. Receiver operating
characteristic (ROC) analysis showed the area
under FTI curve was 0.714 (p < 0.001).

CONCLUSIONS: The plantar pressure was
shifted towards the side of the forefoot in DPN
patients. The foot plantar biomechanical
changes were closely correlated with lower limb
paresthesia and contraction abnormalities of
lower-limb extensor muscles. Foot plantar pres-
sure measurement might be used as a screening
tool for early diagnosis of DPN.
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Introduction

Diabetic peripheral neuropathy (DPN) is one
of the most common complications of diabetes
mellitus. The lesions are usually symmetrically
present in the lower limbs. A small portion of pa-
tients have severe limb pain, which can signifi-
cantly affect their work and daily life activities.
Moreover, DPN can lead to the occurrence and
development of foot ulcers. Therefore, early di-
agnosis and treatment of DPN is critical.
According to the diagnostic criteria for diabet-

ic neuropathy recommended by American Dia-
betes Association (ADA) in 20101, DPN (a type
of distal symmetric polyneuropathy, DSPN) is
the most common complication of diabetes (ac-
counting for approximately 95%) and is the most
typical type of diabetic neuropathy. Neuroelec-
trophysiological examination has been used as a
gold standard for DPN diagnosis; however, it is
not a routine exam, and its results are influenced
by the limb temperature. In addition, because
more than 50% of DSPN patients are asympto-
matic2, various simplified scoring scales used in
the clinic, such as the Neuropathy Impairment
Score in the Lower Limbs (NIS-LL), Diabetic
Neuropathy Examination (DNE) score, and
Toronto Clinical Scoring System (CSS) score,
which are mostly carried out based on patients’
clinical signs and symptoms, usually have a poor
sensitivity for disease screening. The more com-
prehensive scoring systems, such as the Neuropa-
thy Deficit Score (NDS) and Michigan Neuropa-
thy Screening Instrument (MNSI), are time-con-
suming. Therefore, the establishment of a simple,
easily operated screening tool will bring certain
clinical value.
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The relationship between foot plantar pressure
distribution and DPN has gained attention in re-
cent years. Caselli et al3 found that DPN patients
had abnormal foot plantar pressure distribution,
in which the pressure was shifted toward forefoot
and the forefoot-to-rearfoot plantar pressure ratio
was increased. Lee et al4 found that DPN patients
had an unstable pressure difference between two
feet when walking on a force plate. Greenman et
al.5 found that muscular atrophy occurred in a
portion of foot muscles even before clinical diag-
nostic criteria were met in DPN patients, which
partially explained the pathophysiological mech-
anism of DPN-induced foot plantar pressure ab-
normalities. To effectively investigate in-shoe
pressure during patients’ daily activities, this
study used pressure insoles to measure the
changes in in-shoe pressure in diabetic patients
walking over a flat floor, and evaluated the char-
acteristics of in-shoe foot plantar pressure in
DPN patients.

Patients and Methods

Study Subjects
The data from 79 patients with type 2 diabetes

mellitus admitted to the Endocrinology Inpatient
Unit at Shanghai First People’s Hospital (South
Branch) from June 1, 2012 to May 31, 2013 were
included in this study. The control group includ-
ed 28 patients without history of acute or chronic
disease or trauma surgery. Type 2 diabetes melli-
tus was diagnosed according to the diagnostic
criteria issued by the World Health Organization
(WHO) in 1999. The diagnosis of DPN was
based on the diagnostic criteria recommended by
the ADA in 2010, in which the abnormal nerve
conduction velocity (NCV) is considered the
gold standard, along with one or more of the fol-
lowing conditions: (1) the presence of symptoms
of DSPN, which were mostly distal and symmet-
ric sensory abnormalities; (2) the presence of
clinical signs of DSPN, including the ankle re-
flex, pressure sensation (using a 10 g monofila-
ment), vibration perception (using a 128-Hz tun-
ing fork), and pain and temperature sensation; (3)
excluding neuropathy caused by other diseases,
such as cervical and lumbar spine diseases, cere-
brovascular diseases, uremia, and toxic peripher-
al neuritis. The exclusion criteria were (1) foot
deformities, including flat feet, cavus feet, varus
feet, and valgus feet, etc.; (2) foot infection and
significant swelling; (3) corpus callosum; (4) his-

tory of lower-limb surgery, including hip surgery;
and (5) gait instability caused by severe basic
diseases.
The data of 107 subjects with 214 qualified

feet were included in this study. They were divid-
ed into three groups according to the above crite-
ria: DPN group (23 patients, 46 feet), non-DPN
group (NDPN; 56 patients, 112 feet) and control
group (NC; 28 subjects, 56 feet).

Study Methods

General Information Collection
Information on age, gender, size of regularly

used shoes, and history of smoking (subjects who
had quit smoking were included in the smoking
group). Height, weight, waist circumference, hip
circumference, and blood pressure were mea-
sured. The waist-to-hip ratio was calculated, and
the body mass index (BMI) was calculated as the
body weight/square of height (kg/m2). Special
conditions such as plantar calluses, foot deformi-
ty, infection, and surgery were also evaluated.

Laboratory Assessments
Total cholesterol (TC), high-density lipopro-

tein cholesterol (HDL-C), low-density lipopro-
tein cholesterol (LDL-C), triglycerides (TG), and
uric acid (UA) were measured in a biochemistry
lab using a Hitachi 7600 automatic biochemistry
analyzer (Chiyoda, Tokyo, Japan). Glycosylated
hemoglobin (HbA1c) was examined using high-
performance liquid chromatography (Bio-Rad
VARIANT 1, Hercules, CA, USA). Diabetic
nephropathy was defined by a 24-hour urinary al-
bumin excretion greater than 30 mg in two sepa-
rate tests. Diabetic retinopathy was evaluated by
ophthalmologists. Atherosclerosis was deter-
mined by examining the carotid artery, internal
carotid artery, femoral artery, popliteal artery,
and dorsalis pedis artery using Doppler ultra-
sound. Hypertension was defined as ongoing ad-
ministration of antihypertensive medications or
systolic pressure > 140 mmHg or diastolic pres-
sure > 90 mmHg at rest (the mean systolic and
diastolic blood pressure were obtained from three
measurements using a mercury sphygmo-
manometer).

Measurement of NCV
A four-channel electromyograph (Medtronic

Keypoint, Skovlunde, Denmark) was applied to
examine the motor nerve conduction velocity
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(MCV), sensory nerve conduction velocity
(SCV), and F response of the tibial nerve in both
lower limbs. The tested motor nerves included
tibial nerves and common peroneal nerves. The
stimulation electrodes for the tibial nerve were
placed at the popliteal fossa and medial malleo-
lus, respectively; the recording electrode was
placed on the abductor hallucis (AH) muscle.
The stimulation electrodes for the peroneal nerve
were placed at the fibular head and the middle of
the ankle joint, respectively; the recording elec-
trode was placed on the extensor digitorum bre-
vis (EDB). The latent period (unit: ms) and MCV
(unit: m/s) were measured. The tested sensory
nerves were the sural nerves of both lower limbs.
The stimulation electrode was placed on the calf
muscle, and the recording electrode was placed
in the lateral malleolus. A reversing method was
applied to record sensory nerve action potentials
(SNAPs), i.e., wave amplitude (unit: V) and
SCV (unit: m/s), respectively. The F response
was determined using the mean latency of the
tibial nerve F wave (unit: ms).

Foot Plantar Pressure Measurement
F-Scan pressure insoles (Tekscan Inc., South

Boston, MA, USA) were used to record the me-
chanical parameters of foot plantars. All enrolled
patients wore the same type of running shoes of a
suitable size. F-Scan pressure insoles of a suit-
able size were placed inside each shoe. Patients
walked along a straight line with a natural gait.
The six walking gait cycles in the middle of the
walk were collected. The mean values from these
six gait cycles were obtained using F-Scan analy-
sis software, including the mean contact area
(CA) (unit: cm2), time of contact (TOC) (unit:
ms), peak pressure (PP) (unit: kPa), percentage
of maximum force in body weight (MxF) (unit:
% BW), pressure time integral (PTI) (unit: kPa·s)
and force time integral (FTI) (unit: % BW·s).
The foot plantar area includes the first to fifth

toes (T1-T5), the first to fifth metatarsal head
(M1-M5), midfoot (MF), medial heel (MH), and
lateral heel (LH). The foot plantar area was di-
vided into the following regions in this study:
(1) forefoot: including the first to fifth toe and
first to fifth metatarsal head; (2) heel: including
the medial heel and lateral heel; (3) lateral foot:
including the lateral heel, midfoot, the fourth
and fifth metatarsal heads, and the fourth and
fifth toes; (4) medial foot: including medial
heel, the first to third metatarsal head, and the
first and third toes; (5) lateral forefoot: includ-
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ing the fourth and fifth metatarsal heads and the
fourth and fifth toes; (6) medial forefoot: in-
cluding the first to third metatarsal head and the
first to third metatarsal toe.

Statistical Analysis
SPSS 13.0 statistical software was used for

statistical analysis (SPSS Inc., Chicago, IL,
USA). Measurement data with a normal distribu-
tion are expressed as means ± standard deviation
(x ± s), and the t-test was used for comparison
between groups. Numerical data are expressed as
composition ratio (n/n), and the chi-squared test
was used for comparison between groups. Pear-
son’s correlation coefficient was used for the
parametric correlation analysis. Two-sided tests
were performed for all data analyses. p < 0.05
was considere statistically significant.

Results

General Clinical Characteristics
Compared with the NC group, only cholesterol

significantly increased in the NDPN group, while
cholesterol, TG, and UA all significantly in-
creased and HDL-C significantly decreased in
the DPN group (p < 0.05) (Table I). Compared
with the NDPN group, both the proportion of
smoking patients and the occurrence of diabetic
retinopathy in the DPN group were significantly
higher (p < 0.05 for both). The prevalence of dia-
betic nephropathy in the DPN group was also
higher than in the NDPN group, but the differ-
ence was not statistically significant. There was
no significant difference in the proportion of ath-
erosclerotic patients between these two groups
(Table I).

Comparison of Foot Plantar
Pressure Parameters
The data from the walking recordings showed

that TOC in the DPN group (756 ± 123 ms) was
significantly longer than in NDPN patients (719
± 79 ms, p < 0.05) and the control group (682 ±
102 ms, p < 0.01). In addition, the DPN patients
had a significantly greater FTI (63.6 ± 11.0%
BW·s, p < 0.01). However, the differences in CA,
PP, MxF and PTI were not statistically signifi-
cant between the groups (Table II).
The forefoot plantar force was significantly

higher in diabetic patients (including DPN and
NDPN patients) compared with the NC group (p
< 0.05), with a corresponding reduction in foot
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heel force. The plantar force of the lateral foot
was significantly higher in the DPN group com-
pared with the NDPN group (p < 0.05). The pro-
portion of lateral forefoot plantar pressure was
significantly larger in the DPN group compared
with both the NC group (p < 0.01) and NDPN
group (p < 0.05) (Table II).

Correlations Between Foot Plantar
Biomechanical and
Neuroelectrophysiological Parameters
The lower-limb electrophysiological exam was

performed in diabetic patients. The motor nerve
exam included the detection of the latent period
and conduction velocity of the tibial nerve and

Group DPN NDPN NC

N 46 112 56
CA (cm2) 78.9 ± 31.3 69.6 ± 22.3 67.0 ± 33.5
TOC (ms) 756 ± 123**,# 719 ± 79* 682 ± 102
PP (kPa) 472 ± 224 459 ± 180 468 ± 195
MxF (% BW) 117.8 ± 19.2 113.8 ± 19.2 114 ± 19.7
PTI (kPa·s) 77.7 ± 25.5 78.3 ± 22.2 81.6 ± 29.1
FTI (% BW·s) 63.6 ± 11.0**,## 57.7 ± 10.3 54.8 ± 7.9
Forefoot force ratio, % 53.9 ± 7.0* 54.8 ± 7.0* 50.0 ± 6.8
Heel force ratio, % 39.1 ± 6.6** 40.2 ± 7.2* 44.9 ± 7.0
Midfoot force ratio, % 6.9 ± 4.9*,# 4.9 ± 3.2 5.0 ± 4.5
Medial force ratio, % 57.0 ± 7.7# 59.9 ± 6.2 58.1 ± 7.6
Lateral force ratio, % 42.9 ± 7.7# 40.1 ± 6.2 41.0 ± 7.6
Lateral forefoot force ratio, % 17.9 ± 5.0**,# 15.7 ± 4.4 14.3 ± 4.4

Table II. Comparison of foot plantar pressure parameters (x ± s).

*p < 0.05, **p < 0.01 compared with the NC group; #p < 0.05, ##p < 0.01 compared with the NDPN group. Forefoot force ra-
tio: MxF(T1+T2+T3+T4+T5+M1+M2+M3+M4+M5)/MxF(T1+T2+T3+T4+T5+M1+M2+M3+M4+M5+MF+MH+LH); Heel
force ratio: MxF (MH+LH)/MxF (T1+T2+T3+T4+T5+M1+M2+M3+M4+M5+MF+MH+LH); Medial foot force ratio: MxF
(T1+T2+T3+M1+M2+M3+MH)/MxF (T1+T2+T3+T4+T5+M1+M2+M3+M4+M5+MF+MH+LH); Lateral foot force ratio:
MxF (T4+T5+M4+M5+MF+LH)/MxF (T1+T2+T3+T4+T5+M1+M2+M3+M4+M5+MF+MH+LH); Medial forefoot force ra-
tio: MxF (T1+T2+T3+M1+M2+M3)/MxF (T1+T2+T3+T4+T5+M1+M2+M3+M4+M5+MF+MH+LH); Lateral forefoot force
ratio: MxF (T4+T5+M4+M5)/MxF (T1+T2+T3+T4+T5+M1+M2+M3+M4+M5+MF+MH+LH).

Groups DPN NDPN NC

Number of patients – 23 56 28
Male/female n/n 17/6 33/23 15/13
Age x ± s, years 52.6 ± 11.4 50.1 ± 14.5 48.4 ± 13
Disease duration x ± s, months 68.6 ± 66.1 56.3 ± 73.1 –
Smoking Yes/no, n/n 13/10# 15/41 8/20
BMI x ± s, kg/m2 23.4 ± 3.1 24.6 ± 3.1 21.5 ± 3.8
Waist-to-hip ratio x ± s 0.90 ± 0.18 0.92 ± 0.10 0.89 ± 0.12
Hypertension Yes/No, n/n 9/14 21/35 –
UA x ± s, mol/L 341 ± 128* 285 ± 84.6 244 ± 34
TC x ± s, mmol/L 4.53 ± 1.17* 4.42 ± 0.99* 3.36 ± 1.13
TG x ± s, mmol/L 2.89 ± 4.37* 1.78 ± 2.03 1.14 ± 2.48
HDL-C x ± s, mmol/L 1.03 ± 0.20*,# 1.22 ± 0.35 1.23 ± 0.27
LDL-C x ± s, mmol/L 2.65 ± 1.13 2.59 ± 0.73 2.22 ± 0.73
HbA1c x ± s, % 9.48 ± 2.48 9.76 ± 2.37 5.10 ± 0.32
Diabetic nephropathy Yes/no, n/n 7/16 5/51 –
Diabetic retinopathy Yes/no, n/n 9/14# 9/47 –
Atherosclerosis Yes/no, n/n 12/11 25/31 –

Table I. Comparison of general information of participants.

*p < 0.05 compared with NC group; #p < 0.05 compared with NDPN group.



3210

F. Fang, Y.-f. Wang, M.-y. Gu, H. Chen, D.-m. Wang, K. Xiao, S. Yan, L.-l. Yao, N. Li, Q. Zhen, Y.-d. Peng

common peroneal nerve. The sensory nerve exam
included the SNAP amplitude and conduction ve-
locity of the sural nerve. In addition, the mean F
latent period of the tibial nerve was determined.
Correlation analysis was carried out between the
above electrophysiological parameters and foot
plantar physical parameters (PP, MxF, TOC, PTI,
FTI, and the force ratios of different foot plantar
regions). Negative correlations were found be-
tween TOC and the conduction velocity of the
lower-limb common peroneal nerve, the wave
amplitude of the sural nerve, and the conduction
velocity of sural nerve. FTI was also negatively
correlated with the wave amplitude of the sural
nerve. In addition, there was a negative correla-
tion between the lateral forefoot force ratio and
the wave amplitude of the sural nerve. No signifi-
cant correlation was found between the foot plan-
tar mechanical parameters and electrophysiologi-
cal parameters (including F response) of the tib-
ial nerves (Table III).

ROC curve of Foot Plantar Pressure for
the Diagnosis of DPN
ROC curve (Figure 1) was applied to evaluate

the DPN-diagnostic value of forefoot force ratio,
lateral foot force ratio, lateral forefoot force ratio,
TOC and FTI. The area under the curve (AUC)
was calculated for each. The AUC of FTI was
0.714 (p < 0.001), indicating diagnostic signifi-
cance.

Discussion

In this work, we found that the DPN group had
a higher proportion of smoking patients and
showed more severe microvascular diseases (in-
cluding retinopathy and nephropathy), indicating
that smoking and microvascular diseases might
be closely correlated with neuropathy, consistent
with most international studies6,7. Furthermore,
patients in the DPN group had more serious ab-
normalities in lipid and purine metabolism. Be-

cause both lipid metabolism disorders and hyper-
uricemia8 are considered risk factors for cardio-
vascular events, DPN patients who have more se-
rious metabolic disorders might have a higher
risk of cardiovascular diseases.

Ko et al9 found that patients with diabetes
mellitus walked at a slower pace without shoes
(barefoot walking). We observed a significantly
longer TOC of diabetic patients compared with
controls walking with shoes at a constant speed
along a straight line, which indicated that diabet-
ic patients walked at a slow pace and took small
steps. The TOC and FTI in the DPN group were
both significantly higher than those in the NDPN
and NC groups, indicating the patients with DPN

Compared parameters Pearson’s correlation coefficient p

TOC and MCV of the common peroneal nerve -0.242 0.038
TOC and wave amplitude of the sural nerve -0.255 0.002
TOC and SCV of the sural nerve -0.316 < 0.001
FTI and wave amplitude of the sural nerve -0.165 0.046
Lateral forefoot force ratio and wave amplitude of sural nerve -0.179 0.031

Table III. Correlation between plantar mechanical parameters and neuroelectrophysiological parameters.

Figure 1. ROC curves for the diagnosis of DPN. The
AUCs were 0.575 for fore foot force ratio (p = 0.129), 0.598
for latera foot force ratio (p = 0.046), 0.644 for lateral fore
foot force ratio (p = 0.003), 0.623 for TOC (p = 0.013), and
0.714 for FTI (p < 0.001).

Fore foot force ratio
Lateral foot force ratio
Lateral fore foot force ratio
Force time integral
Time of contact
Reference

Specificity

Se
n

si
ti

vi
ty



usually walk at a slower pace and take smaller
steps. These findings suggest a gait instability in
DPN patients10,11. However, we did not find that
DPN patients had higher foot plantar pressure
(PP). To exclude the effect of body weight on
foot pressure, we then analyzed MxF, i.e., the
percentage of maximal force in body weight, and
found no difference in MxF between the three
groups. This result indicates there is no differ-
ence in the absolute value of foot plantar pres-
sure between the normal population, patients
with diabetes, and patients with diabetes compli-
cated with peripheral neuropathy. Simoneau et
al10 studied foot plantar pressure using a force
plate and found no significant increase in the foot
plantar PP values in patients with less severe
DPN. The authors interpreted that finding as a
mild neuropathy that was related to gait instabili-
ty, while only a serious neuropathy could lead to
increased PP and the occurrence of foot ulcers.
This hypothesis might partially explain the find-
ings of the present study. Although the PP values
in our study are inconsistent with some interna-
tional studies12,13, they are consistent with domes-
tic studies, which might be explained by racial
differences.

To further study the characteristics of foot
plantar pressure distribution in DPN patients, we
divided the foot plantar area into several regions
based on the anatomical features and analyzed
the interregional ratios of foot plantar force. Our
results demonstrate that in patients with diabetes,
the forefoot plantar force ratio significantly in-
creased, with a corresponding reduction of the
force ratio in the heel. The lateral forefoot plantar
force ratio was significantly higher in the DPN
group, indicating that the regional distribution of
foot plantar force changed in diabetic patients,
with a rise in the force in the forefoot. We also
found significant differences in the arch area and
lateral forefoot area between the DPN group and
the other two groups. Caselli et al3 also showed,
in a force plate experiment (barefoot), that the
forefoot plantar pressure was greater than the
rearfoot pressure in diabetic patients with periph-
eral neuropathy, with the pressure center of grav-
ity shifting forward. By measuring in-shoe foot
plantar pressure, we found that, in addition to the
shift of the foot plantar force to the forefoot in
diabetic patients, the foot plantar force tilted to-
ward the lateral forefoot and arch area in DPN
patients. The mechanical parameters of foot plan-
tar force that showed relatively large differences
among groups were selected for the ROC curve
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analysis. The area under the FTI curve was
greater than 0.7, suggesting it has a certain diag-
nostic value for DPN.

We performed sensory and motor-neuroelec-
trophysiological examinations on both lower
limbs in diabetic patients. The sensory exams
were conducted on the sural nerve. The correla-
tion analysis demonstrated that the wave ampli-
tude of the sural nerve was negatively correlated
with TOC, FTI, and the lateral forefoot plantar
pressure ratio. The conduction velocity of the
sural nerve was negatively correlated with TOC,
indicating the changes in foot plantar mechanical
parameters were closely related to lower limb
paresthesia. The motor examinations were con-
ducted on the tibial nerve and common peroneal
nerve. The correlation analysis found that the
conduction velocity of the common peroneal
nerve was negatively correlated with TOC, but
there was no correlation between motor electro-
physiological parameters of tibial nerve and foot
plantar physical parameters. The common per-
oneal nerves innervate the extensor muscles of
the lower legs, while the tibial nerves innervate
the flexor muscles of the posterior lower legs.
Therefore, the abnormalities in the foot plantar
pressure distribution might have been caused by
the abnormal contraction of extensor muscles in
the lower leg. The F-wave is generated by the
pulse propagating along the proximal motor
nerve fiber and then returning after the activation
of the anterior horn neurons. F-response detec-
tion can be used to measure conduction velocity
in the proximal nerve fibers. We did not find a
correlation between the F-wave latency and foot
plantar mechanical parameters, further indicating
that changes in foot plantar mechanical parame-
ters are more closely correlated with distal nerves
of the lower limbs in diabetic patients.

However, NCV tests can only be used to de-
termine the damage of large nerve fibers and are
insensitive for the early detection of DPN that in-
volves only peripheral nerves. The foot subcuta-
neous sensory fibers play an important role in
maintaining the gait and static stability14, but they
cannot be effectively examined using NCV tests.
Foot plantar pressure measurements can reflect
the overall mobility performance of the lower
limbs, including the damage to large fibers that
can be determined by NCV tests and the damage
to small fibers that cannot be detected by NCV
tests. Therefore, to a certain extent, the foot plan-
tar pressure measurement is more sensitive and
suitable than NCV tests for the early detection of
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DPN. The NCV test is still the gold standard for
DPN diagnosis, but it cannot be used for routine
screening due to complicated and time-consum-
ing operation procedures. Foot plantar pressure
measurement is easy to perform in clinical prac-
tice and is a painless method; therefore, it has
certain advantages for use as a clinical screening
tool. However, this method is still in the initial
phase of development, and its applicability needs
to be further confirmed in a larger sample. In ad-
dition, the biomechanical parameters and cut-off
points that can be applied for clinical screening
need to be further explored and optimized, which
requires a close multidisciplinary collaboration.

Conclusions

Compared to the normal population, diabetic
patients walk at a slower pace, take smaller steps,
and have a greater forefoot plantar pressure dur-
ing walking. In addition, in diabetic patients with
neuropathy, the foot plantar pressure is shifted to
the side of the foot, and the walking pace is even
slower than in those without neuropathy. There-
fore, the walking stability of diabetic patients
with neuropathy is lower. Moreover, the changes
in foot plantar pressure are closely correlated
with lower limb paresthesia and abnormal con-
traction of the extensor muscles of the lower
legs. Hence, detection of changes in foot plantar
pressure distribution might be a potential screen-
ing tool for early DPN diagnosis.

––––––––––––––––––––
Acknowledgements
This study was supported by National Natural Science
Foundation of China (Grant No. 81071234 and Grant No.
81100616).

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) TESFAYE S, BOULTON AJ, DYCK PJ, FREEMAN R,
HOROWITZ M, KEMPLER P, LAURIA G, MALIK RA, SPAL-
LONE V, VINIK A, BERNARDI L, VALENSI P; TORONTO DIA-
BETIC NEUROPATHY EXPERT GROUP. Diabetic neu-
ropathies: update on definitions, diagnostic crite-
ria, estimation of severity, and treatments. Dia-
betes Care 2010; 33: 2285-2293.

2) BOULTON AJ, VINIK AI, AREZZO JC, BRIL V, FELDMAN EL,
FREEMAN R, MALIK RA, MASER RE, SOSENKO JM,
ZIEGLER D; AMERICAN DIABETES ASSOCIATION. Diabetic
neuropathies: a statement by the American Dia-
betes Association. Diabetes Care 2005; 28: 956-
962.

3) CASELLI A, PHAM H, GIURINI JM, ARMSTRONG DG,
VEVES A. The forefoot-to-rearfoot plantar pressure
ratio is increased in severe diabetic neuropathy
and can predict foot ulceration. Diabetes Care
2002; 25: 1066-1071.

4) LEE SJ, CHUN MH, KIM BR, KANG Y, KIM DY, PARK JY.
Measurements of anteroposterior and intersidal
asymmetry in patients with diabetic peripheral
neuropathy. Am J Phys Med Rehabil 2013; 92:
118-126.

5) GREENMAN RL, KHAODHIAR L, LIMA C, DINH T, GIURINI

JM, VEVES A. Foot small muscle atrophy is present
before the detection of clinical neuropathy. Dia-
betes Care 2005; 28: 1425-1430.

6) SUN PC, KUO CD, CHI LY, LIN HD, WEI SH, CHEN CS.
Microcirculatory vasomotor changes are associat-
ed with severity of peripheral neuropathy in pa-
tients with type 2 diabetes. Diab Vasc Dis Res
2013; 10: 270-276.

7) TESFAYE S, CHATURVEDI N, EATON SE, WARD JD, MANES

C, IONESCU-TIRGOVISTE C, WITTE DR, FULLER JH; EU-
RODIAB PROSPECTIVE COMPLICATIONS STUDY GROUP.
Vascular risk factors and diabetic neuropathy. N
Engl J Med 2005; 352: 341-350.

8) CHIEN KL, HSU HC, SUNG FC, SU TC, CHEN MF, LEE
YT. Hyperuricemia as a risk factor on cardiovascu-
lar events in Taiwan: The chin-shan community
cardiovascular cohort study. Atherosclerosis
2005; 183: 147-155.

9) KO M, HUGHES L, LEWIS H. Walking speed and peak
plantar pressure distribution during barefoot walk-
ing in persons with diabetes. Physiother Res Int
2012; 17: 29-35.

10) SIMONEAU GG, ULBRECHT JS, DERR JA, BECKER MB, CA-
VANAGH PR. Postural instability in patients with dia-
betic sensory neuropathy. Diabetes Care 1994;
17: 1411-1421.

11) BOUCHER P, TEASDALE N, COURTEMANCHE R, BARD C,
FLEURY M. Postural stability in diabetic polyneu-
ropathy. Diabetes Care 1995; 18: 638-645.

12) SACCO IC, BACARIN TA, CANETTIERI MG, HENNING EM.
Plantar pressures during shod gait in diabetic
neuropathic patients with and without a history of
plantar ulceration. J Am Podiatr Med Assoc 2009;
99: 285-294.

13) MUELLER MJ, ZOU D, BOHNERT KL, TUTTLE LJ, SINA-
CORE DR. Plantar stresses on the neuropathic foot
during barefoot walking. Phys Ther 2008; 88:
1375-1384.

14) ZHANG S, LI L. The differential effects of foot sole
sensory on plantar pressure distribution be-
tween balance and gait. Gait Posture 2013; 37:
532-535.


