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RESUM O

Introducdo: Metade dos doentes com diabetes ha mais de 20 anos desenvolve neuropatia periférica,
que leva a distarbios biomecanicos, principalmente nos membros inferiores. A avaliagdo da marcha
pode ser util para detetar o impacto da diabetes na marcha e no desempenho dos membros inferiores
em estadios iniciais.

Este estudo tem como objetivo caracterizar a marcha de pessoas com diabetes classificadas nas categorias 0
e 2 do Sistema de Classificacdo de Risco do International Working Group on the Diabetic Foot (IWGDEF).
Meétodos: Foram avaliados com um sistema de analise de movimento tridimensional de corpo intei-
ro, 122 ensaios de marcha de 10 doentes com diabetes.

Resultados: O grupo sem neuropatia periférica apresenta marcha mais rapida, com maior cadéncia,
maior comprimento da passada e do passo e menos tempo de apoio duplo e de largura da passada. O
grupo de neuropatia periférica mostra uma tendéncia para produzir uma forga de reagéo ao solo de
menor amplitude (Pillai’s Trace=0,913; F(18,40)=23,466; p <0,0001), e mais tardiamente (Pillai’s
Trace=0.743; F(18,40)=6,436; p <0,0001).

Os parametros espaciotemporais da marcha, facilmente avaliados na consulta, como a largura e
o comprimento da passada, a duragdo do ciclo da marcha e a fase de apoio duplo do membro,
bem como a velocidade da marcha e as estaturas por segundo, podem predizer 58% (F=26,558;
p<0,0001) a neuropatia periférica.

Conclusdo: Este estudo destaca as diferencas biomecéanicas na marcha de pessoas com diabetes clas-
sificadas em diferentes grupos de risco, e a importancia dos parametros espaciotemporais da marcha
para identificar o risco de neuropatia periférica.

Caracteristicas da Marcha em Pessoas com Diabetes Classificadas
nas Categorias de Risco 0 e 2 do IWGDF: International Working
Group on the Diabetic Foot

ABSTRACT

Introduction: Half the patients who have had diabetes for more than 20 years develop peripheral
neuropathy, which leads to biomechanical disorders, particularly in the lower limbs. Gait assessment
may be useful to detect diabetes impact on walking and limbs performance in an early stage.

This study aims to characterize the gait of people with diabetes classified in categories 0 and 2 of the
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International Working Group on the Diabetic Foot (IWGDF) Risk Classification System.

Methods: One hundred twenty two full-body walking trials of 10 patients with diabetes were ana-
lyzed with a Motion Capture system.

Results: The group without peripheral neuropathy shows a faster gait with higher cadence,
greater stride and step length and less double stance time and stride width. Peripheral neuropa-
thy group shows a trend to produce lower amplitude Ground Reaction force (Pillai’s Trace=0.913;
F(18.40)=23.466; p <0.0001), and later in time (Pillai’s Trace=0.743; F(18.40)=6.436; p <0.0001).
Gait spatiotemporal parameters, that are easily assessed in a clinical consultation, such as the stride
width and length, the duration of the gait cycle and the double limb support phase, as well as the gait
speed and the statures per second, can predict 58% (F=26.558; p<0.0001) the peripheral neuropathy.
Conclusion: This study highlights the biomechanics differences in the gait of people with diabetes
classified in different risk groups, and the importance of spatiotemporal gait parameters to identify

the risk of peripheral neuropathy.

Introduction

Diabetes mellitus, considered epidemic by the World Heal-
th Organization (WHO), is a metabolic and chronic disease that
constitutes the greatest cause of mortality worldwide, not only due
to the disease but also to its complications,' such as polyneuropa-
thy, retinopathy and peripheral artery disease. Often these com-
plications are present when the disease is diagnosed, suggesting
that micro- or macrovascular complications in different systems,
already occur in the early stages of diabetes.’

Neuropathy alters peripheral nerve function, affecting sensi-
tivity, especially in the lower limbs. This sensorial loss leads to
skin-level injuries such as pressure ulcers, which may progress
to amputation with a great impact on patients’ quality of life. Se-
veral other impairments in muscle strength, and consequently in
the range of motion and motor control have been associated with
diabetes progression.** According to the International Working
Group on Diabetic Foot (IWGDF), peripheral neuropathy is the
most important risk factor for the development of ulcers in pa-
tients with diabetes.’ About 50% of patients who have had diabe-
tes for more than 20 years develop peripheral neuropathy, which
can affect nerve function from peripheral to more proximal re-
gions.® Peripheral neuropathy is expected to lead to biomechanical
disorders, particularly at the lower limbs, and these may contribu-
te to the development of plantar foot ulceration in people with dia-
betes.* Most of the studies on this matter have compared diabetic
patients with normal controls’ which reveal, as expected, a diffe-
rence on most measured parameters that focus especially on ver-
tical kinetic parameters and gait progression plane.® Few studies
compare kinematics in patients with and without peripheral neu-
ropathy and there is a significant variation in methods and results
between them.’ Diabetes-related lower extremity altered biome-
chanics relies on an appropriate understanding of lower extremity

Table 1. Participants characteristics in both groups 0 and 2 IWGDEF.

kinematics and kinetics to better inform clinicians of the disease
progression and the consequent implementation of prevention me-
asures. Gait assessment may be useful to detect, in an early stage,
diabetes impact on walking and lower limb performance'’ thus
contributing to prevent gait disorders and the risk of falls.’

This study aims to characterize the gait of people with diabe-
tes classified in categories 0 and 2 of the IWGDF Risk Classifica-
tion System.’

Material and Methods
Participants

One hundred and twenty-two walking trials of ten patients (8
males and 2 females) with diabetes, classified in categories 0 and 2
of the 2015 IWGDF Risk Classification System were studied. Pa-
tients were selected from the diabetes outpatient clinic during the
study time based on the risk classification and distributed in two
groups: no peripheral neuropathy (0) and peripheral neuropathy
with peripheral arterial disease and/or a foot deformity (2). Parti-
cipants’ characteristics in each group of diabetic foot classification
are resumed in Table 1 for that no statistical differences were found.

Diagnosis of neuropathy was based on medical assessment and
included monofilament test, vibration test with biosthiometer, deep
tendon reflexes and autonomic testing in addition to glycated He-
moglobin (HbA1c¢), transcutaneous oxygen pressure and ankle-bra-
chial index. Michigan Neuropathy Screening Instrument previously
validated to the Portuguese population'' was also performed.

Exclusion criteria, based on medical history, were the presen-
ce of any disturbance that might affect the gait like an orthopedic,
neurological or visual impairment or other, including current in-
jury, pain, active ulceration, or previous amputation.

The study was conducted at LABIOMEP — Porto University
Biomechanics Laboratory after approval of the Ethics Committee

IWGDF Risk Classification

(0) no peripheral neuropathy
(N=5; 1 Women, 4 Men)

(2) peripheral neuropathy with peripheral
arterial disease and/or a foot deformity
(N=5; 1 Women, 4 Men)

Quartiles Quartiles P
Median Median
25 75 25 75
Age (years) 40.5 18.8 61.7 61.3 55.2 75.4 0.15
Height (m) 1.7 1.5 1.8 1.7 1.6 1.7 0.84
Weight (Kg) 65.0 57.8 83.5 85.0 79.8 91.5 0.10
BMI (Kgm?) 23.1 222 28.7 29.4 28.8 33.6 0.06
Diabetes duration (years) 11.0 9.0 20.0 10.0 8.0 30.0 0.69




106 Castro MA / Rev Port Endocrinol Diabetes Metab. 2021;16(3-4)

of Sdo Jodo Hospital and Faculty of Medicine of the University
of Porto. Only the subjects that consented to participate after the
procedures/steps explanation were assigned to the study.

Gait assessment

An 11-camera Qualisys motion capture (MoCap) system (Qua-
lisys AB, Sweden), operating at a 200 Hz sampling frequency, was
used to track the displacement of 77 retroreflective markers that
comprised a full-body marker setup based on the Institute Ortho-
pedic Rizzoli (IOR) model.'”'* Marker clusters were also placed
over the thighs and shanks to improve the segment tracking accu-
racy.”” Kinematic data were collected in a previously calibrated
volume with a calibration error below 0.7 mm.

Ground reaction forces were measured by four Bertec (Bertec
Corporation, USA) force platforms (2 platforms of 40x60 cm and
2 platforms of 60x90 cm) recording at a 2000 Hz sampling rate.
The arrangement of force platforms allowed for the measurement
of three consecutive steps.

A starting line was established so that the participant had to
perform 4 gait cycles before reaching the force platforms to stabi-
lize gait velocity. No other constraints were placed over the parti-
cipants, which were instructed to walk normally at their preferred
speed. If more than one foot was contacting the force platform or
if a clear targeting behaviour was perceived by the researchers,
the trial was discarded and a new one was performed without no-
tifying the participant.

Data processing

The recorded motion data were pre-processed with the Qualisys

Table 2. Participants characteristics in both groups 0 and 2 IWGDF.

Track Manager (Qualisys AB, Sweden) software and the resulting
data was exported to C-Motion’s Visual3D (C-Motion, USA) for
further analysis. The marker’s trajectories were then filtered with a
6-Hz Butterworth low-pass filter and gait events (initial contact and
pre-swing) were automatically identified with the software’s pro-
prietary routine. Ground reaction forces (GRF) were filtered with a
50-Hz Butterworth low-pass filter to reduce some high-frequency
parasitic signals encountered in the data. After this, the characteri-
zing events of the anteroposterior, mediolateral and vertical force
were signalled, and the zero-crossing moment of the anteroposterior
force was identified as the midstance moment.

Statistical analysis

Data were statistically processed with IBM SPSS Statistics
22.0 (IBM Corporation, New York, USA). Descriptive statistics,
average and standard deviation, were calculated for all variables
using an average of lower limbs data. Before data inferential
analysis, the normality of distribution was explored. Differences
between groups were processed accordingly with a t-test or U-
-Mann Whitney. A multivariate analysis of variance was perfor-
med with a model of MANCOVA adjusted for age, height, weight
and BMI. To verify whether spatiotemporal gait parameters could
explain the neuropathy risk classification category, a linear regres-
sion analysis was performed. The significance level was set at 5%.

Results
Lower values for age, weight, body mass index (BMI) and dia-

betes duration are found in the group without neuropathy (Table 1).
For all the spatiotemporal gait parameters studied (Table 2)

IWGDF Risk Classification

(0) no peripheral neuropathy

(2) peripheral neuropathy with peripheral
arterial disease and/or a foot deformity

(N=63) (N=59) P
Mean Standard Deviation Median Standard Deviation
Cycle Time (s) 1.10 0.14 1.23 0.17 <0.001
Speed (m/s) 1.18 0.10 0.90 0.17 <0.001
Statures Per Second 0.73 0.09 0.55 0.12 <0.001
Stride Length (m) 1.29 0.13 1.09 0.13 <0.001
Stride Width (m) 0.11 0.02 0.13 0.02 <0.001
Double Limb Support Time (s) 0.22 0.05 0.30 0.10 <0.001
Right Cycle Time (s) 1.10 0.14 1.24 0.20 <0.001
Right Initial Double Limb Support Time (s) 0.11 0.03 0.16 0.05 <0.001
Right Stance Time (s) 0.65 0.09 0.77 0.14 <0.001
Right Step Length (m) 0.65 0.07 0.54 0.06 <0.001
Right Step Time (s) 0.55 0.07 0.61 0.08 <0.001
Right Stride Length (m) 1.29 0.14 1.10 0.18 0.003
Right Swing Time (s) 0.44 0.05 0.48 0.13 <0.001
Right Terminal Double Limb Support Time (s) 0.11 0.03 0.15 0.05 <0.001
Left Cycle Time (s) 1.09 0.14 1.23 0.17 <0.001
Left Stance Time (s) 0.66 0.09 0.76 0.12 <0.001
Left Step Length (m) 0.63 0.07 0.54 0.06 <0.001
Left Step Time (s) 0.55 0.07 0.62 0.10 <0.001
Left Stride Length (m) 1.29 0.13 1.08 0.12 <0.001
Left Swing Time (s) 0.43 0.07 0.47 0.06 <0.001
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statistical differences have been found between groups with the
no peripheral neuropathy group showing a faster gait with higher
cadence, greater stride and step length and less double stance time
and stride width. To better compare speed between subjects’ a va-
riable that allows the normalization of the speed as it corresponds
to the average speed divided by the subject height, statures per
second, was also analyzed.

The regression model applied for the spatiotemporal gait para-
meters showed that 58% of peripheral neuropathy risk classification
can be predicted (R Square=0.582945) with statistical significance
(F=26.557578; p<0.0001) by the stride width and length, the dura-
tion of the gait cycle, and the duration of the double limb support
phase, as well as by the gait speed and the statures per second.

Kinetics

Anteroposterior, mediolateral, and vertical forces of the kinetic
valid trials were normalized to the subjects’ body weight and time
normalized to the stance duration, as depicted in Fig. 1. Only the
trials where all the foot was placed over the force platform were
considered for this analysis. For statistical analysis, three descripti-
ve instants of each plane GRF were compared between IWGDF risk
classification groups as well as their moment of occurrence on the
cycle. Statistical differences were found for most of GRF’s ampli-
tude (Pillai’s Trace=0.913; F(18,40)=23.466; p <0.0001) and time
of occurrence variables (Pillai’s Trace=0.743; F(18,40)=6.436; p
<0.0001), with exception of the second anteroposterior and vertical
ground reaction force instant for both limbs and the first anteropos-
terior and vertical ground reaction force instant for the right limb
and the mediolateral ground reaction force instant for the left limb.

Peripheral neuropathy risk Group (2) shows a trend to produce
less important GRF in amplitude and later in time throughout gait

. - (2) peripheral neuropathy with peripheral arterial
(0) no peripheral neuropathy (N=41) disease and/or a foot deformity (N=35)
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except for mediolateral forces which could contribute to the diffe-
rences observed in speed and cadence.

Kinematics

Kinematics of each lower limb was analyzed in relation with
three major gait moments, initial contact, midstance and pre-swing.
Statistical differences were found for most variables in initial con-
tact (Pillai’s Trace=0.950; F(24,54)= 42.35; p <0.0001), midstance
(Pillai’s Trace=0.991; F(24,13)= 59.014; p <0.0001) and pre-swing
(Pillai’s Trace=0.941; F(24,55)= 36.755; p <0.0001). Pelvis and lo-
wer limb joint angles are presented in Fig. 2 for each group.

Ankle and knee are the joints where most differences between
groups can be observed in all three gait moments studied, initial
contact, midstance and pre-swing. During the initial contact, a
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Figure 2. Average and standard deviation of all subjects Pelvis, Hip, Knee and
Ankle movement in each group..

Right side is depicted in blue and left side in red. Red vertical line: Left pre-swing; Blue vertical line:
Right pre-swing. Reference data from Labiomep normative data is depicted in grey; square: reference
pre-swing. AP: anteroposterior, ML: mediolateral; ang: angle; AP Pelvic tilt angle (+ anteversion;
-retroversion); ML Pelvic obliquity angle (+ right; - left); Pelvic rotation angle (+ right; - left), sagittal
plane angle (+ flexion/dorsiflexion; - extension/plantarflexion); frontal plane angle (+abduction; -
adduction); transverse plane angle (+ internal rotation/pronation; - external rotation/supination).
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tendency for group 2 to walk with larger hip abduction and knee
extension is observed. Ankle also tends to contact the floor with
less dorsiflexion and in a more pronated position.

During the midstance ankle and knee joint positions in group
2 are particularly in greater adduction which could be a conse-
quence of a greater base of support observed during the walk. The
pre-swing moment is characterized by less hip and knee extension
on the level 2 group risk.

Discussion

Most studies concerning diabetic gait analysis particularly
evaluated parameters either associated with fall risk or with ulcer
production. As several complications of diabetes precede major
findings like ulcers,” three-dimensional gait biomechanical analy-
sis could be helpful to early detect health impairments related to
diabetes. The aim of the present study was therefore to charac-
terize the gait of people with diabetes in the early stages of the
IWGDF classification risk and identify variables that can predict
peripheral neuropathy.

Comparative observations of gait groups, with and without
peripheral neuropathy, were performed. Gait was characterized in
all three dimensions using a MoCap system and force platforms
allowing to identify different movement patterns performed by
groups. Our findings are consistent with the previously studied
gait pattern associated with diabetic peripheral neuropathy,'*" al-
though a larger number of differences regarding early phases of
illness development have been found. People classified on group 2
of the INGDF can be identified by their lower speed and cadence
during gait, as well as shorter step and stride length. A larger stri-
de width and double stance time were also proved to predict the
presence of peripheral neuropathy. Values found in both groups
did not differ from ranges identified in previous studies.”®!%:162!
Groups’ comparison showed statistically significant differences
between most of the studied variables. Generally, a pattern of less
movement and a spread base of support was found in our study
in the initial contact, the midstance and the pre-swing on group 2
subjects. Accordingly, forces produced in this group tend to have
a shorter magnitude and occur later during the gait cycle. In terms
of energy conservation, this represents less efficiency, which can
justify the relative slowness during the movement.

For this study, a motion analysis system was used to assess
kinematics and kinetics of the gait, but spatiotemporal parameters
are easily assessed with the use of a chronometer or a smartpho-
ne in a previously measured distance. The main importance of
these findings is the fact that spatiotemporal parameters can be
evaluated in the clinical environment without the need for major
instrumentation, and they have a predictor value that should not
be negligible.

On the other hand, the gait analysis demonstrates to be a po-
werful tool when detecting early modifications of three-dimensio-
nal biomechanical parameters and should be performed routinely
in patients at risk.

Most studies involving kinetics focused on vertical for-
ces 2101618202223 Tn our study, all three planes were analyzed and
the results show that also anterior-posterior force is an important
variable. The peripheral neuropathy risk group shows a trend to
produce less important GRF in amplitude and later in time throu-
ghout the gait, except for mediolateral forces which could contri-

bute to the differences observed in speed and cadence.
Figure 1. Average and standard deviation of all subjects anteroposterior (AP),

mediolateral (ML) and vertical (Vert) GRF in each group.

Right side is depicted in blue and the left side in red. Reference data from Richards'® is depicted in grey.

MoCap approach of gait kinematics is not easily found in li-
terature nor complete lower limb analysis.® The most frequently
used systems are usually accelerometers.”” Our study provided a
full assessment of the pelvis and lower limb to better characterize
the movement in all three planes. A range of gait motion differen-
ces has been found in the kinematics of both groups, especially
concerning the knee and the ankle. It is also important to notice
the joint position favoring the adduction in phases of greater wei-
ght bearing like midstance. Furthermore, reduced movement in
the hip and knee do not allow an efficient movement during gait
phase’s transition.

Although a large number of trials have been conducted for this
analysis the sample studied is reduced which is a limitation of the
study. Another aspect is the fact that only 2 women participated
even if one was in each group. Also considered a limitation is the
sample wide characteristics, especially age and diabetes duration.
For this study the vitamin B12 deficiency, that can affect diabetic
patients on metformin®* was not assessed, which could too be con-
sidered a limitation.

Conclusion

To conclude, this study highlights the biomechanics differen-
ces in the gait of people with diabetes classified in different risk
groups. The importance of spatiotemporal gait parameters is also
revealed, demonstrating their capacity to identify the risk of pe-
ripheral neuropathy, which can help the general clinician to early
identify the risk of neuropathy. Further studies with larger sam-
ples and exploring inverse dynamics and net joint moments are
recommended.
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