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Abstract— Rocker outsole shoes are commonly prescribed to
diabetic patients to redistribute peak plantar pressures at high
risk areas such as forefoot thereby decreasing risks of plantar
ulceration. However, there are evidences of postural destabilizing
effect of the rocker outsole shoes. Patients with diabetes,
particularly those suffering from neuropathy, are at a higher risk
of falling. Then, beside primary role of rocker outsole in
offloading, it is essential to explore the effect of the rocker outsole
on postural stability of these patients. The smaller base of
support (BOS) of the rocker outsoles due to their specific
geometry has been previously mentioned as a threat to postural
stability. Margin of stability (MOS) appeared to be an
appropriate method for measuring postural stability during
walking by considering the dynamicity of BOS in its equation.
MOS is defined as the distance between the velocity adjusted
position of the centre of mass (COM) and the boundaries of the
BOS which constantly changes during walking. Then, this study
proposes how we can use MOS concept to investigate the impact
of the rocker outsoles on dynamic stability. In this study the
kinematic data from a single subject with diabetic neuropathy
was used to explain the efficiency of the methodology. Conclusive
results are expected after carrying out systematic tests using a
statistically representative sample size.
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1. INTRODUCTION

Diabetes Mellitus is one of the most prevalent metabolic
disorders around the world. There were almost around 381.8
million people with diabetes in the year 2013 and more than

45.8% of them were clinically undiagnosed [1]. Diabetic
foot is one of the most serious complications and a major risk
factor for foot ulcerations with life time risk of developing of
approximately 15-25% among diabetic patients [2], [3]. If
diabetic ulcer left untreated or not fully treated, it might lead to
a limb loss. Almost 85% of lower extremity amputations in
patients with diabetes have been reported to occur following
foot ulcerations [4]. To prevent plantar foot ulceration and its
further complications, management of pressure distribution at
high-risk areas, such as the forefoot is essential [5], [6]. Rocker
outsoles are currently the most effective intervention capable of
reducing forefoot peak plantar pressure by up to 50% [7]-[9].

Another life-threatening consequences of diabetes is
postural instability which can potentially increase the risks of
falling and further trauma [10]-[12]. Patients with diabetes
have an altered gait pattern which has been corresponded to
either their muscle strength alteration due to diabetes [13], [14]
or a compensatory strategy as an effort to decrease pick plantar
pressures [15], [16]. Moreover, up to 50% of people with
diabetes suffer from neuropathy [17] that cause them to be

673


https://core.ac.uk/display/154275041?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

prone to fall approximately five times more than the healthy
people [18]-[20].

Besides these, there are several evidences of postural
destabilizing effect and thus likelihood of falling of the rocker
outsole shoes on both healthy and diabetic people [21]-[23].
Although it has been frequently mentioned that most falls
occur during walking [24], [25], these studies only investigated
the static (bipedal stance) or quasi-dynamic (perturbed
stance) postural stability while wearing the rocker outsole
shoes. As the main goal of the rocker outsole is to offload the
foot during walking, it is much more important to investigate
its impacts during gait. However, the main focus of such
studies have been on the rocker outsole capability to
redistribute pressure and not on the dynamic postural stability.
Therefore, there is a paucity of research about the impacts of
the rocker outsole shoe on dynamic stability of patients with
diabetic neuropathy during walking.

Rocker outsole shoes have a smaller BOS compared to
either barefoot or typical shoe outsoles, providing a smaller
contact area with the ground at each instant of walking [21].
Moreover, the specific geometry of the rocker outsole
facilitates the roll-over function during terminal stance,
however it speeds up the propulsion phase that may affect
stability [26]. Therefore, it would be worthwhile if we could
explore the impact of the rocker outsole shoes on dynamic
stability during walking with regard to the BOS.

Static stability is defined as an ability to maintain the
vertical projection of the COM within the BOS polygon while
standing upright [27]. However, this definition cannot be
properly applied to dynamic conditions such as walking
without considering the horizontal COM velocity as well as the
instantaneously changing BOS polygon. In order that this
definition could be applied to the dynamic situations, Hof et al.
proposed a new concept termed as ‘margin of stability’ (MOS)
[28]. The distance between the velocity adjusted COM position
termed ‘extrapolated’ position of COM (XcoM) and the antero-
posterior or medio-lateral boundaries of the instantancous BOS
during walking defines the MOS. This definition further
suggests that an individual can alter either the positioning of
the foot or the COM motion in order to control the margin of
stability [29]. This might propose a probable aim of
maintaining some minimum MOS during walking in order to
remain stable.

In this study, we showed how the previously proposed
method of MOS can be applied to investigate dynamic stability
of a patient with mild diabetic neuropathy while walking with
different rocker outsole shoes. Also, we tried to make some
statistical comparisons between different conditions to explain
the results.

II. METHODS

A. Subject

One diabetic female with ten years of diabetic duration and
a clinically diagnosed mild neuropathy, through using Michigan
Neuropathy Screening Index (MNSI) followed by Nerve
Conduction Velocity (NCV) test, aged 50 years and body mass
index of 30.1 (kg/m2), without any history of previous

ulceration, falls or neurological/musculoskeletal disorders was
recruited to the study after the ethical approval was granted by
the local university. A written consent was also obtained from
the participant.

B. Experimental Protocol

Three different (A, B and C) designs of toe-only rocker
outsoles were used — with the rocker angle, apex angle, apex
position (% of the shoe length from heel) Fig. 1 and heel height
— as follows:

A:10°, 80°, 60%, 2 cm;
B: 15°,95°,52%, 3.5 cm;
C:20°, 95°, 60%, 4 cm.

These designs were previously shown to be most effective
in plantar pressure reduction in diabetic patients [30]. All
experimental shoes used in this study were provided from the
same brand, made from cotton and had a straight last and 3 mm
thickness. Also, all rocker outsoles were made from microcell
with the standard hardness of 53 in class A shore scale. Rigid
steel shanks with 1 mm thickness and 2.5 cm width and an
equal length for each rocker shoe, were attached to the midsole
of the shoes for rocker B and C, and not for the rocker A, as it
is mostly resembling a typical rocker outsole commonly used
in typical shoes. Motion data from 44 reflective markers were
used to record full body kinematics using 6 infrared cameras
sampling at 100 Hz applying Plug-in gait model (Qualisys
Track Manager, QTM, Sweden) while the subject walked with
a self- selected speed over a 10-meter walkway in the Gait
Analysis laboratory of the local university. After a 5-minute
adaptation time to each of three rocker outsole shoes while the
subject walked in a handrail for safety purposes, she was asked
to complete three successful walking trials with each of the
three rocker outsole shoes and barefoot. The order at which the
rocker outsole shoes were used was randomized to minimize
the learning effect.
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Fig. 1 Three characteristics of a rocker outsole [30]
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C. Data Analysis

Gaps in motion data were filled by a spline interpolation
using Matlab R2010a (Math works Inc., Natick, MA). Then,
whole body COM was computed based on a 15-segment model
specifically created for the subject based on her anthropometric
data in Visual 3D software. Heel strikes were determined by
using the minimum value for the vertical position of the heel
marker. MOS was calculated as [28]:

COM g
XcoM = COM + ——, wy = /l
Wo

MBOS = BOS — XcoM ©)

Where COM and COM are the position and velocity of the
COM in either antero-posterior or medio-lateral directions,
£=9.81 m/s2 is the gravitational constant and / is the distance
between the COM and the lateral heel marker at heel strike
(=leg length).

(D

The anteroposterior border of BOS was defined by the
anteroposterior position of the toe marker and was used for the
calculation of the anteroposterior MOS (MOSap). The medio-
lateral border of BOS was defined as the medio-lateral position
of the lateral rocker marker (which was placed exactly on the
lateral aspects of the rocker apex for shoed conditions and on
the 5th metatarsal head for the barefoot condition) and was
used to calculate the medio-lateral MOS (MOSml). MOSap
and MOSml were calculated for each step at each heel strike
as it was previously shown that MOS reaches its minimum
value almost at heel strike. Moreover, MOS was calculated
such that positive values indicated stability (i.e. when XcoM
was inside the BOS) and negative values indicated instability
(i.e. when XcoM was outside of the BOS). Also, for MOSml
equation 2 could be defined as MOS = XCOM - BOS
depending on choice of the foot (left or right leg side) analyzed
[31].

III. STATISTICS

A mixed effect model followed by Student’s t pairwise
comparisons was applied to compare four conditions with
regards to the choice of the foot (i.e. the first and second
subsequent step). Choice of the foot and condition were
considered as the independent variables and the trial was
considered as a random effect. Statistical analyses were
performed using JMP software (SAS Institute Inc., USA).

IV. RESULTS

Mean MOSap over trials was significantly different for
barefoot condition compared to all three rocker outsole
conditions (p<0.05) so that it had a positive value while others
were negative and also was lower in magnitude than all three
rocker outsole conditions TABLE I. Mean MOSap over trials
for rocker outsole A was significantly greater than both the
rocker outsoles B and C. No significant difference was found
for mean MOSap between rocker outsole B and C Fig. 2.
Also, the effect of choice of the foot for MOSap was not
significant (p>0.05).

Table I The results of MOSap Multiple Comparisons for
Condition (Student's t All Pairwise Comparisons

Condition -Condition Difference | Std Error Prob>|t|
Barefoot Rocker A 462.247 74.89967 <.0001*

Barefoot Rocker B 666.033 73.23840 <.0001*

Barefoot Rocker C 641.092 79.59514 <.0001*

Rocker A Rocker B 203.787 68.41026 0.0068*

Rocker A Rocker C 178.845 74.89967 0.0260*

Rocker B Rocker C -24.942 73.23840 0.7367

The symbol * indicates significance of the difference.

Moreover, no significant differences were found for mean
MOS i among all conditions (p>0.05) TABLE II, but the effect
of the choice of the foot for MOS,, was significant (p<0.0001).
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Fig. 2 MOSap with regards to the condition and choice of the foot

Table II The results of MOSml Multiple Comparisons for Condition
(Student's t All Pairwise Comparisons)

Condition -Condition Difference | Std Prob>|t|
Error
Barefoot Rocker A -53.2086 51.12493 | 0.3092
Barefoot Rocker B -21.2112 50.00868 | 0.6755
Barefoot Rocker C -50.1583 54.31937 | 0.3658
Rocker A Rocker B 31.9974 46.75867 | 0.5007
Rocker A Rocker C 3.0503 51.12493 0.9530
Rocker B Rocker C -28.9471 50.00868 | 0.5685

No significant differences were found for each of pairs.
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V. DISCUSSION

This study aimed to show how the MOS concept and its
equation can be applied to investigate the impact of the rocker
outsole shoes on dynamic stability with regard to their specific
BOS during walking. Furthermore, we reported statistics for
one subject to explain how the results can be interpreted.
The negative values of mean MOSap for all three rocker
outsole conditions indicated dynamic instability during
walking, while this value was positive for barefoot condition
and indicated stability. This showed that our subject has been
more stable in the antero-posterior direction while walking
barefoot compared to walking with all three rocker outsole
shoes. This can be due to an increase in antero-posterior COM
velocity while walking with the rocker outsole shoes that
increased XcoM value and decreased MOS value in antero-
posterior direction. The destabilizing effect of both rocker
outsoles B and C was significantly higher than rocker outsole
A. This can be related to increased rocker angle and heel
height in rocker B and C compared to the rocker A which
can cause more increase in antero-posterior COM velocity thus
more decrease in MOSap.

The results also showed that mean MOSml over trials were
the same for all conditions but it was significantly different
between left and right foot (or between two consecutive steps).
This can complement the results found for MOSap. Although
the subject was dynamically unstable in antero-posterior
direction while walking with all three rocker outsole shoes, she
did not experience any falls. It was mentioned earlier that an
individual can alter either the positioning of the foot or the
COM motion in order to control the MOS. Thus, the subject
tried to maintain a constant minimum of MOSmlI, that was
the same between falls.

VI. CONCLUSIONS

It was shown that MOS equation and its concept is one of
the most appropriate methods of investigating dynamic
stability while walking with rocker outsole shoes considering
their smaller BOS. This pilot study on one female subject
with diabetes showed that rocker outsoles can negatively
affect antero-posterior dynamic stability. This instability in
antero- posterior direction was compensated by either different
medio- lateral foot positioning or COM motion in order to
preserve a minimum value of MOSml that was the same for all
conditions. Thus, the subject remained overall stable without
experiencing fall. However, a more conclusive result on how a
rocker outsole shoe affects dynamic stability of patients with
diabetic neuropathy, will be suggested after fulfilling the
ongoing research project. This study is already in progress
with an appropriate sample size considering both diabetic and
healthy populations, as well as including both genders.
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