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Purpose. The aim of this paper is to review the published studies on the characteristics of impairments in the postural control and
gait performance in diabetic peripheral neuropathy (DPN).Methods. A reviewwas performed by obtaining publication of all papers
reporting on the postural control and gait performance in DPN from Google Scholar, Ovid, SAGE, Springerlink, Science Direct
(SD), EBSCODiscovery Service, andWeb of Science databases.The keywords used for searchingwere “postural control,” “balance,”
“gait performance,” “diabetes mellitus,” and “diabetic peripheral neuropathy.” Results. Total of 4,337 studies were hit in the search.
1,524 studies were screened on their titles and citations. Then, 79 studies were screened on their abstract. Only 38 studies were
eligible to be selected: 17 studies on postural control and 21 studies on the gait performance. Most previous researches were found
to have strong evidence of postural control impairments and noticeable gait deficits inDPN.Deterioration of somatosensory, visual,
and vestibular systems with the pathologic condition of diabetes on cognitive impairment causes further instability of postural and
gait performance in DPN. Conclusions. Postural instability and gait imbalance in DPNmay contribute to high risk of fall incidence,
especially in the geriatric population. Thus, further works are crucial to highlight this fact in the hospital based and community
adults.

1. Introduction

Diabetic peripheral neuropathy (DPN) is a debilitating
microvascular complication among the patients with Type 2
Diabetes Mellitus (T2DM). Approximately 49.3% of T2DM
patients have DPN in Iran [1]. A study in Sri Lanka found
48.1% of DPN diagnosed using Diabetic Neuropathy Symp-
tom (DNS) score among 528 diabetic patients [2]. A study
in India reported that every fifth individual diagnosed with
T2DM is likely to have DPN [3]. In Malaysia, about 14.4%
of 215 T2DM patients in Kelantan were reported to have
DPN [4]. These figures are alarming as the local prevalence
of diabetes is increasing from 11.6% in the year 2006 [5] to
15.2% in the year 2011 [6] due to the aging of the population.

DPN is explained by the presence of signs and symptoms
of peripheral nerve dysfunction in diabetic patients after
nondiabetes causes have been excluded [7]. DPN affects the
proximal and distal peripheral sensory and motor nerves
[8, 9]. Sensory neuropathy is prominent in DPN with an
exhibition of numbness and prickling sensation in a stocking-
glove pattern that starts from the feet and spreads proximally
[10]. DPN also affects the autonomic nervous system, known
as diabetic autonomic neuropathy [8, 9, 11] with manifesta-
tion on the exercise intolerance, orthostatic hypotension, and
sudden death [11].

The most common symptoms of DPN are numbness,
tingling, and pain that may worsen during the evening. It
begins in the toes towards plantar of the feet, ankles, and
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lower shins with the association of night cramps [7] and
unsteadiness in walking [3]. Gradually DPN will affect distal
muscle strength and deteriorates normal walking function
[10]. Alteration of the peripheral nerve due to DPN is the
chief contributor to postural instability [12] and high gait
variability that may increase the likelihood of fall incidence
[13].

Individuals with DPN are 15 times more likely to expe-
rience fall compared to the healthy subjects [14]. Falls are
marked as a dangerous health issue in DPN especially in the
geriatric population [15]. Therefore, knowledge of the factors
that influence falls such as postural control deficit and gait
instability in DPN patients is essential. Thus, the aim of this
paper is to give an in-depth review of the published studies
on the characteristics of impairments in the postural control
and gait performance in DPN.

2. Methods

2.1. Search Strategy. To provide a comprehensive review of
postural control and gait performance in DPN, an electronic
search was performed within the Google Scholar, Ovid,
SAGE, Springerlink, Science Direct (SD), EBSCO Discovery
Service, andWeb of Science databases until April 1, 2016.The
keywords used for literature search were “postural control,”
“balance,” “gait performance,” “diabetes mellitus,” and “dia-
betic peripheral neuropathy.” The searching was limited to
English, academic journal, and human studies only.

2.2. Study Selection. All identified titles and citations
retrieved by the search strategy were screened to select
relevant studies. Two reviewers independently checked the
titles and abstracts of all the selected articles. In discrepancy
case between the reviewers, a consensus meeting was done
to make a final decision on the articles selection. Then, the
selection criteria were applied to all potentially relevant full
text of articles. Articles were eligible if they met the following
inclusion criteria:

(1) The studies and reports that provided data on the
postural control and gait performance in DPN.

(2) The study that indicated cross-sectional and case-
control (narrative review and single case studies were
excluded).

(3) The study population, that is, patients with diabetic
neuropathy or DPN (studies on patients with diabetes
mellitus without identified into DPN were excluded).

2.3. Data Extraction. The full text of the articles was gathered
and reviewed if the study was appropriate. Data on the study
characteristics (study design, author, and year), population
(age, gender, and number), the methodology used, and the
characteristics of postural control and gait performance in
DPN were extracted. The PRISMA guidelines for reporting
literature searching were utilized in this study [16].

3. Results and Discussion

4,337 studies were hit in the search (Figure 1). 1,524 studies
were screened on their titles and citations. Then, 79 studies
were screened on their abstract. Only 38 studies were eligible
to be selected: 17 studies on postural control and 21 studies on
the gait performance. Figure 1 displays the process of selecting
the studies.

3.1. Study Characteristics. Tables 1 and 2 show the character-
istics of selected studies.

3.2. Participants Characteristics. This study reviewed 883
DPN participants and various methods were used to identify
DPN among the participants. Some studies evaluated DPN
by recording nerve conduction velocity (NCV) [17, 21, 27, 29]
through amplitude and latency tests of sensory (sural) and
motor (peroneal and tibial) nerves [27, 38]. Additionally,
the Michigan Neuropathy Screening Instrument (MNSI) test
with score higher than eight [22, 35, 45] included a test
of vibration sensitivity using a tuning fork set at 128Hz;
tendon reflexes, muscle strength in the lower extremities
[20, 50], and the somatosensory test using Semmes-Weinstein
monofilaments examination (SMWE) were used to diagnose
DPN [19, 28, 37, 38, 49, 53, 54]. The presence of DPN also
was assessed by using the modified Neuropathy Disability
Score (mNDS) NDS > 5 [42, 48] and the vibration perception
threshold (VPT) [36]with<25 volts [24, 29, 30, 34, 40, 46, 55].
mDNS consists of clinical testing of (1) sensory modalities
(pinprick, light touch, vibration, and pain), (2) the anatomic
level below which light touch sensation is impaired, (3)
muscle strength, and (4) ankle jerk. The total score varies
between 0 and 33. A total score of 0 is graded as no DPN,
1–9 as mild, 10–18 as moderate, and 19–33 as severe DPN [18].

3.3. Instruments andMethodsUsed for Postural Control Assess-
ment. Three studies used static posturography on a standard
platform [20, 24] and a GS-10 Anima gravicorder (Anima
Corporation, Tokyo, Japan) to assess postural control [33].
Additionally, the Physilog system (BioAGM, CH) was used
to measure linear accelerations at the trunk and ankle levels
of postural control [31]. A study used dual force platform
with a touch plate, positioned at the participants’ right side
at 90 cm height from the floor and examined under three
touch conditions, no touch (NT), light touch (LT), and heavy
touch (HT) to measure postural control [19]. Dynamometric
platform (Kistler) also was used to calculate sway area in EO
and EC, while platform producing a horizontal sinusoidal
in the AP direction, alternately with EO and EC, was used
to measure dynamic balance [25]. Similarly, Sliding Linear
Investigative Platform, a horizontal translating force platform
[23], and standing on foam rubber mat (40407.5 cm thick) in
EO and EC [54] were used to assess postural sway. A recent
study that used traditional body sway parameters from COG
plots includes COG (AP) sway, COG (ML) sway, and COG
sway with two 15-second trials of stood upright with feet
together as close as possible and with arms crossed over chest
in EO and EC [30]. Force platform measurements (Kistler)
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Figure 1: Flowchart of studies selection.

[17, 18, 27, 29] and Wii Balance Board� [26] were used to
evaluate the COPfluctuations to identify postural sway. Some
studies also evaluate COP through a static balance test carried
out in EO and EC conditions [17, 26].

3.4. Instruments and Methods Used for Gait Performance
Assessment. Portable electronic GAITRite walkway system
[40] and electronic baropodometry treadmill (FootWalk Pro
AM CUBE, France) with a sampling frequency of 200Hz,
equipped with the software FootWork Pro [45], were used to
calculate spatiotemporal gait parameters, while other studies
assessed gait by walking along an 11m pathway called the
Walk Ratio at preferred and maximum speeds to measure
cadence [37]. Walking speed was assessed by measuring the
time taken to walk a 10-metre distance following a 3-metre
predistance to assure constant velocity [56] and equipped
with the Physilog1 system to walk with a preferred walking
speed [34]. A study used gait analyzer system (LEGSys
BioSensics LLC, Cambridge, Massachusetts) wearable sen-
sors attached to the right and left anterior shins, the right
and left anterior thighs, and posteriorly to the lower back
for gait analysis [46]. Another study asked participants to
walk on a motorized treadmill at a constant speed of 1m/s

and filmed them with a 60Hz video camera and automatic
digitizing software (Peak Performance, Englewood, CO) for
gait analysis [14]. One study performed gait analysis by
using a nonslippery steel-covered pathway 8m long with the
conductive material under the heel and toes of each foot
to provide accurate temporal values corresponding to the
onset and offset of right and left single support and double
support phases [39]. Gait analysis was performed by using a
6.7m long pressure sensitive carpet (GAITRite1, CIR System,
Havertown, USA) with three different locomotion speeds
slow speed, preferred speed, and maximal speed in EO and
during preferred walking in EC [51] and by wearing flat-soled
athletic shoes (New Balance Athletic Shoe Inc., Boston, MA)
[35].

Gait stability was analyzed with a baropodometer (Foot-
Walk Pro, AM CUBE, France; sampling rate of 200Hz)
consisting of a 2mpressure platformand a 6mwalkway (total
of 8m), which permits gait acceleration and deceleration
in the initial and final 3m walked on the walkway at a
comfortable and self-selected speed in conditions EO and
EC and walking with EO and narrow base of support (NB)
[41], while kinematic and kinetic data were acquired by using
(1) single camera motion capture [44], (2) a BTS motion
capture system (six cameras, 60–120Hz) synchronized with
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two Bertec force plates (FP4060-10) and integrated with
two Imago plantar pressure systems (0.64 cm2 resolution,
150Hz) [28], (3) a Vicon 512MotionAnalysis System (Oxford
Metrics Ltd., Oxford, England) with six cameras operating
at a sampling frequency of 100Hz and a force plate (Kistler,
Switzerland) embedded into a 10m walkway operating at a
sampling frequency of 400Hz [48], (4) a portable data logger
based on Tattletale Model 8 hardware (Onset Computer, Inc.,
Pocasset, MA), which consisted of a fully programmable
microprocessor, an 8-channel 12-bit A/D converter [13], (5)
GaitMeter�, a portable and inertia sensing motion analysis
system attached to the anterior mid shins [53], and (6) 2D
digital optical recording system, which consisted of a 25Hz
interlaced digital video camera (50 frames/s) (MX5, Adimec,
Holland) with a 12.5mm lens (Ernitec) [50]. A study used
the Vifor (video force) system to identify patterns of gait and
kinetic data in the sagittal and frontal planes during walking
[42].

3.5. Characteristics of Postural Control Impairments in the
DPN. Postural control is defined as the control of body’s
position in space for balance purpose. Postural control is
obtained from sensory feedbacks of the body which are the
vestibular, visual, and somatosensory system [57]. Postural
control in static conditions is known as postural steadiness
while in the dynamic volitional perturbations it is noted as
postural stability [58]. Postural instability was significantly
associated with DPN compared to the DM only and control
group through imbalance of standing in two studies [29,
33]. But, Simoneau et al. (1994) further tested the postural
stability under EO/head straight, EO/head back, EC/head
straight, andEC/head back condition [29]. de Souza Fortaleza
et al. [22] reported a significant difference in the Mean
Amplitude Oscillation (MAO) A/P EO and EC, MAO-M/L
EC and Semitandem (ST), and Average Speed Oscillation
(ASO), ASO-M/L ST, were identified as the factor of postural
instability among DPN group [22]. A study by Fulk et al.
(2010) revealed diabetic with and without DPN requires
accelerations to detect a 1mm and 4mm displacement, and
DPN may not be the only cause of impaired balance in
people with DM [23]. Turcot et al. (2009) revealed signifi-
cantly higher anterior-posterior range of lumbar acceleration
and ankle accelerations for DPN group compared with
other groups, interpreting greater postural instability. This
study also suggested visual deficit as contributing factors
of greater postural instability in DPN [31]. Supportingly,
several studies also supported that the absence of visual
and vestibular senses lead to worsening of posture control
[18, 21, 22, 29].

Postural instability in DPN occurs due to deficits of
systems that work to control balance. Reducing accurate feed-
back of the proprioception sense along with the deterioration
of somatosensory [21], visual [18, 21, 22, 29], and vestibular
systems causes postural instability and larger postural sway
[21]. Interruption of the afferent and efferent neuron function
through the termination of the tibial, sural, and deep peroneal
nerves in the mechanoreceptors of the capsule and ligaments
at the ankle joint [59] lead to diminishing function of

proprioceptive and tactile sensation in maintaining postural
stability [12]. However, review by Bonnet and Lepeut (2011)
questioned whether peripheral neuropathy may exaggerate
postural control mechanisms as they found contrast result
from five studies regarding the issues of neuropathy problem
in disruption of postural control [60]. Visual dysfunction in
DM occurs when peripheral vision is occluded with high
blood glucose level in the blood vessels of the retina [61]. DM
affect vestibular function as the vestibular system is sensitive
to high blood glucose and insulin level, which cause DPN
group exhibited impaired ability to detect short, whole body
anterior translation with large sway area [62].

Postural sway is defined as the response of the postural
muscle activity in stimulating a continuous to-and-fro move-
ment of the body against the point of gravity while standing
[32]. Dixit et al. (2015) [20] found a significant difference with
greater sway amplitude on firm and foam surface in EO, EC,
and EO on foam and EC on foam conditions in DPN group.
Fahmy et al. (2014) also demonstrated that DPN group had
significantly lower equilibrium scores, lower balance score of
the Berg Balance Scale (BBS), and more postural sway than
the control group [21]. One study noted that trace surfaces
were significantly larger; trace length was significantly longer
and the mean velocity of body sway (MVEL) was faster
in EO and EC in the DPN group than the other groups
[32], while another study demonstrated the velocity of body
sway and velocity variance and the anteroposterior mean
position of the body (VFY), fast Fourier transformation on
𝑥 (FFTX), and fast Fourier transformation on 𝑦 (FFTY)
planes frequencies of body oscillation on 𝑥 and 𝑦 planes
were significantly higher in DPN group compared to the
DM without DPN and control group [24]. Body sway (COG
(AP) sway, COG (ML) sway, and COG sway) in EO and
EC in DPN group was significantly higher by 74% with EO
and 87% with EC than controls [30]. Boucher et al. (1995)
found significant postural sway through investigating five
postural dependent variables (anteroposterior, mediolateral,
and scalar ranges of sway, sway speed, and dispersion of
sway) in DPN group than the control group [17]. Decrease
in postural sway at low-medium frequencies suggested lower
reliance on vestibular system. Also, this study noted that
DPN group showed better balance and sway compensation
performance after balance training [27]. One study con-
cluded that DPN group had a significantly larger Centre
of Pressure-Centre of Mass (COP-COM) amplitudes in the
eyes closed (EC) condition compared with the eyes open
(EO) condition in anteroposterior (A/P) and mediolateral
(M/L) directions than the control group [18]. A study by
Dickstein et al. (2003) noted significant longer postural
response latencies and smaller scaling of initial response
magnitude in DPN group compared to the control group
[19]. Normal adult maintains their posture by an anterior-
posterior sway pattern which is known as ankle strategy,
resembling an inverted pendulum: the fulcrum is the ankle,
and the head is the opposite end of the pendulum. However,
DPN group exhibited reduced ability of the ankle strategy
to resist postural sway against gravity as proven by the
finding of larger trace surface of posturography inDPNgroup
compared to the control and diabetic without DPN group
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[32]. Consistently, postural sway inDPN occurs following the
inability of the postural and lower limbmuscles to provide an
adequate activity level of muscles and joint. Muscle strength
reduction is associated with relatively high glucose level and
potentially less glucose uptake and hyperglycemia inmuscles,
which can contribute to lower capability in resisting postural
sway [17, 30]. Abnormality of the postural sway is recognized
and expected if there is any deterioration of one sensory
input and/or motor output. Evidently, postural sway requires
high demands on the peripheral nervous system. Therefore,
impairments of the afferent and the efferent pathways inDPN
are suggested to causemany considerable changes in postural
sway reaction [32]. In spite of that, review by Bonnet and
Ray (2011) partially agreed with findings of DPN being the
fundamental reason causing larger postural sway in diabetic
patients than controls in quiet stance and affecting more if
visual or vestibular systems are deteriorated [63].

For static balance alteration, a study by Palma et al.
(2013) revealed that DPN group showed poor balance under
both EO and EC conditions, with a significantly greater
COP ratio in the CE condition [26]. Nardone et al. (2006)
also concluded that DPN group are unstable during quiet
stance compared to the control group with slight increase
of the head AP displacement despite displacement of the
feet during dynamic balance task [25]. In addition, DPN
also demonstrated significant high reaction time and reduce
movement velocity, which noted slow sensory processing and
motor planning deficits [21]. Indeed, DPN affects somatosen-
sory input that is a proprioceptive and tactile sensation and
motor output, that is, reaction time and muscle strength that
contribute to abnormal postural control [23].

3.6. Characteristics of Gait Performance in the DPN.
Temporal-spatial parameters were significantly affected
in DPN group [34, 37]. There were smaller step length
[39, 45, 47, 49, 54], reduced duration of single support
[39, 47], higher duration of double support [45, 47, 51],
decreased gait velocity [38, 42, 47, 49, 51], lowered cadence
[47, 54], increased step width-to-step length ratio [49],
increased step time and step time variability [43, 49], and
greater gait variability [51, 54] in the DPN group compared
to the control group. DPN group had a significant reduction
in gait speed and single stance time and increased double
support time in experimental of walking with EO, EC, and
EO and narrow base of support (BOS) compared to the
control group [41]. The changes in this gait parameter were
concluded as the factors of gait instability. Furthermore,
DPN group significantly walked slower with shorter steps
than control that causes increase in gait variability [13, 44].

Katoulis et al. (1997) demonstrated that alteration of gait
parameters during walking among DPN group is a sequence
of smaller maximum knee joint angle in the sagittal plane,
higher maximum value of the anteroposterior forces, and
higher maximum frontal plane ankle joint moment in DPN
group compared to the normal group [42]. In addition, lower
range of motion at the hips (frontal plane, by 25%), hips and
knees (transverse plane, 31% and 32%), ankles (sagittal plane,
22%), and first metatarsophalangeal joints (sagittal plane,

32%), with less foot rotation (24%) identified gait alterations
in people with clinically severe peripheral neuropathy and
related plantar foot ulcer history [48]. The maximum value
of the vertical component of GRF was found to be higher
(𝑃 < 0.03) in the two control groups compared with the DPN
group [42].

Brown et al. (2014) also reported that maximum joint
strengths of the knee were significantly less in both diabetic
with and diabetic without DPN and less strength of ankle
in DPN group compared to the control group. This author
suggested that reduced strength of knee and ankle may
cause a disturbance in perturbation response in balance,
potentially increasing the risk of falling [36]. Additionally,
Sawacha et al. (2009) noted that trunk and lower limb joint
mobility (in static and dynamic states) were more reduced
in diabetics with and without DPN in each plane with DPN
significantly demonstrating lower ranges of motion. Further-
more, both diabetic only and DPN groups showed significant
reductions in each joint moment and velocity during gait
[28]. Gait variability and the coefficient of variation of gait
velocity were significantly higher in the DPN group when
barefoot walking over long distances. Furthermore, there
was a high correlation between neuropathy severity and gait
unsteadiness demonstrated during the barefoot walking/long
walking distance condition [46]. DPN with a history of
fall demonstrated decreased speed, greater step width (SW),
shorter step length (SL), and greater SW-to-SL ratio (SW : SL)
on both surfaces compared to the DPNwith no history of fall
[42].

Gait in DPN is known as a conservative gait perfor-
mance that occurs with high double support time, slow
speed, and shorter steps as an attempt to keep stability
in walking. This pattern is exhibited by DPN because of
the reduction of proprioception sensory feedbacks from the
lower extremities [39] and weakness of ankle plantar flexor
and dorsiflexor muscles [41, 47, 49, 54]. Less dorsiflexion
mobility and increased plantarflexion mobility were associ-
ated with a decrease in muscle strength of the dorsiflexors
and plantiflexors, which may affect speed of the gait cycle
[45]. Moreover, the improper input of vestibular and visual
systems also cause CNS to lose coordination in gait and may
cause decreased gait speed and wider step length [51, 64].
Moreover, lack of sensation towards pain and pressure with
repetition of high pressure on the forefoot during the push-
off phase of gait may result in inflammation and then develop
ulceration among neuropathies [65]. Consequently, foot pain
may cause antalgic gait with smaller steps in DPN patients
[66]. In fact, diminished sensory feedback with a further
contribution of vision impairments, muscle weakness, and
lack of neuromuscular control of distal joints in neuropathic
patients results in increase of gait instability [54].

Additionally, diminished sensory informationmakes gait
control more cognitively dependent in diabetic neuropathic
persons than in control subject [39], due to the inability
of the brain to respond on the dual tasking in walking
[47]. Type 2 DM is associated with the dysregulation of
glycemic variability that might contribute to brain atrophy
and cognitive impairments [67]. Diabetes significantly causes
impairment in information processing speed, memory, and
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attention with attribute effect on the mood states [68]. Fur-
thermore, individuals with diabetic retinopathy have shown
reduced performance on cognitive tests of fluid intelligence,
information processing speed, and ability to maintain atten-
tion and concentration [69]. de Mettelinge et al. (2013)
found older adults with diabetes with impaired cognitive
functionwalked slower, took shorter strides, and had reduced
double support time and increased gait variability compared
with participants with intact cognitive function. Therefore,
gait was further affected by reduced cognitive function,
irrespective of the presence of neuropathy [40]. Cognitive
and attention impairments have an important role in the
maintenance of balance and postural control as the brain
gives the command to the limb muscles to stabilize the body
[47]. Thus, diabetic patients with cognitive and attention
impairments will have balance deficit in walking and lead to
a high risk of fall incidence. Relatively, study by Pan and Bai
(2014) has reviewed appropriate balance training including
proprioception, ankle strategy, and vestibular training as an
intervention to reduce fall risk among elderly with DPN [70].

4. Conclusion

This systematic review evaluated 38 studies, investigating
characteristics of postural control and gait performance
impairments in 883 DPN participants. A huge number of
articles published about this study reflect the importance
of investigations and researches in this aspect. Pandemic
prevalence of DPN and the well-known fall incidence require
understanding of the postural control and gait performance
changes which DPN patients are confronted with. Overall,
this review has made an endeavor to state two points.
First, DPN patients have been demonstrated with postural
instability and gait imbalance that contribute to fall incidence.
Lastly, DPN patients exhibited significant deficit in sensori-
motor function, balance, and gait. Cognitive and attention
impairments also have an important role in maintaining
balance in gait performance as the brain gives the command
to the limbsmuscles to stabilize the body.Therefore, cognitive
impairment will result in delay or slow response of dual task-
ing action. Consequently, this condition may lead to many
deleterious effects if individuals with cognitive impairment
do dual tasking in mobility such as walking or turning.
Holistic managements are required to cope and prevent this
problem. In particular, the practice of physiotherapy requires
theory-based knowledge and evidence-based practice. Thus,
further works in this aspect are crucial to providing evidence
to support the need for balance and gait training that can be
used by physiotherapists in the clinical practice as one of the
primary strategies of rehabilitation in DPN patients.

Additional Points

There are no studies that noted on confounding factors of
aging in stable posture and gait performance among DPN
participants. Plus, the limited number of published studies
regarding the dual cognitive or motor tasking on the gait
performance in the DPN causes difficulty in reviewing the

effect of DPN on the dual tasking in the gait performance.
Future studies about the dual tasking on the gait performance
should be considered.
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