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AB STRACT
Purpose: The negative heel rocker shoes help reduce the plantar pressure in patients with
diabetes, but their effects on the other lower limb joints are unknown. Accordingly, the current
study aimed at evaluating the effect of negative heel rocker shoes on the moment and the contact
forces applied on lower limb joints of diabetic patients while walking.
Methods: A total of 10 patients with diabetes mellitus and 10 healthy individuals were enrolled
to this quasi-experimental study. Musculoskeletal system modeling was initiated using OpenSIM
and Visual 3D. After noise elimination and data processing, the independent t test was done. The
statistical analyses were done by SPSS 19 and significance level was considered at less than 0.05.
Results: Vertical contact force of hip joint in the experimental group (1.17 Newton/body
weight) was significantly higher than that of the control group (P=0.04). In the experimental
group, the anterior-posterior contact forces of hip joint (P=0.01), knee joint (P=0.01), and ankle
joint (P=0.04) were 1.3, 1.5, and 0.47 N/BW, respectively, which were significantly higher than
those of the control group. In the experimental group, the internal-external contact forces of
hip joint (P=0.01) and knee joint (P=0.01) were 1.31 and 0.15 N/BW, respectively; which were
significantly lower than those of the control group.
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Conclusion: Using negative heel rocker shoes is associated with decrease in the vertical contact
force of ankle joint. Heel rocker shoes increase vertical and anterior-posterior forces of proximal
lower limb joints (hip and knee). The increased contact force in proximal lower limb joints,
especially hip joint, may increase the risk of joint injury and disruption. Thus, more attention
should be paid to prescribe negative heel rocker shoes for the patients with diabetes.

1. Introduction
iabetic foot ulcer can cause irrecoverable
consequences such as amputation and

death, which impose heavy costs to the patient and the
community [1]. Prescription of suitable shoes and insoles reduces the plantar pressure and prevents the diabetic foot ulceration and or re-ulceration [2], desirably
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increases the quality of life, and decreases health care
services [3]. Several studies indicate the significant and
positive effects of diabetic shoes on decreasing the plantar pressure [4-6] and show that metatarsal ulcers reduce
by using suitable shoes [7, 8]. Thus, these shoes reduce
pressures imposed on feet and are a remarkable mediator
in the prevention of re-ulceration [9].
Ulcers usually occur in high pressure metatarsal regions
such as under the fingers, under the first, fifth, and second to fourth metatarsal heads [10, 11]. The rocker shoes
could reduce the plantar pressure and subsequently treat
diabetic foot ulcers [11, 12]. One of the most common
types of these shoes is the heel rocker ones. The heel
rocker shoes are designed to bear the weight, transfer it
to backward, reduce the problems of middle plantar region, and also decrease shock and impulse while lifting
the foot [13].
Forghani et al. reported that rocker shoes could reduce
the ankle moment after heel contact and decrease plantar pressure under the heel and transfer it to the middle
plantar [14]. Long et al. evaluated the kinetic and kinematic effects of rocker shoes on hip joints, and reported
that reduction in internal rotation moment at heel contact would increase the power absorption in the middle
standing phase and increase the power generation in the
initial swing phase. They also showed that the power
generation increased from the mid-stance phase to the
beginning of the swing phase in the knee joint, and the
power absorption decreased in the beginning of the
stance phase in ankle joint [15].
In another study, Madden et al. reported that knee adductor moment would reduce during walking with wearing heel rocker shoes, compared with the regular shoes.
Hence, wearing heel rocker shoes can reduce internal
knee forces [16]. Researchers evaluated the effect of
heel rocker shoes on the kinematics and kinetics of lower
limbs joints and reported that heel rocker shoes mostly
affect proximal joints (knee and hip) rather than distal
joints (ankle); they also showed that the changes that occur in the transverse plane are more than those of sagittal
and frontal planes [17].
As indicated before, most recently conducted studies
have reported the reduction of plantar pressure in the patients with diabetes through the intervention of rocker
shoes and recommend the patients with diabetes to use
such shoes. The previously conducted studies evaluated
the mechanism of plantar pressure changes while using
rocker shoes, but neglected the effect of the shoes on the
joints of upper limbs. The studies reported that the reduc-
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tion of plantar pressure through the intervention of rocker shoes in a region of foot was associated with plantar
pressure increase in another region of the foot [14]. This
plantar pressure change from one region to another can
change the joint contact force in the lower limbs through
changing the moment [16].
In case of applying improper forces over the joint, the
joint may be at the risk of disruption. Thus prescription
of rocker shoes for the patients with diabetes and special
status may cause diabetic ulceration in unexpected regions neglected by the specialists and cause irreparable
consequences. More information and knowledge about
the mechanism of force changes can improve and promote the attitudes toward high risk factors in the joints of
lower limbs. Hence, recognition of the joints which remain at high risk of overload, following the use of rocker shoes, is of great importance. To the best of author’s
knowledge, no study has evaluated the forces applied to
the joints of patients with diabetes following the use of
heel rocker shoes. In addition, contrary to the findings of
other studies, which calculated the joint reaction force
through inverse dynamics, the current study calculated
the joint contact forces through OpenSIM modelling,
including a sum of all joint reaction forces and muscular forces. The human gait simulation musculoskeletal
model can anticipate the muscular activity and contact
joint force patterns, and benefits from high accuracy
in different gait speeds [18, 19]. Therefore, the current
study aimed at evaluating the effect of heel rocker shoes
on the contact forces applied on the joints of lower limbs
in patients with diabetes while walking.

2. Materials and Methods
The current quasi-experimental study was conducted
in the Faculty of Rehabilitation, Isfahan University of
Medical Sciences, Isfahan, Iran, in 2014. A total of 10
patients with diabetes and neuropathy, with the average
(SD) height, weight, and foot length of 153.10(3.63) cm,
84.59(14.53) kg, and 73.50(2.50) cm, respectively, and
also 10 healthy participants with the average (SD) height,
weight, and foot length of 153.10(6.17) cm, 63.24(20.39)
kg, and 78.80(3.22) cm, respectively, were enrolled to the
study. The subjects were selected out of the patients referred to the specialized clinic and health care centers of
Isfahan, Iran, by convenience sampling method and considering the inclusion criteria. The inclusion criteria were
as follows: aged between 30 and 60 years [13, 15, 17, 20],
diagnosed with diabetic neuropathy [13, 15, 17, 20], ability to bear plantar overweight and pressure [13, 21], and
ability to walk independently without aids [13, 20, 21].
The exclusion criteria were as follows: lack of diabetic
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was placed at its center. The accuracy of dynamometer
was really high with the error rate below 1% [23].
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Figure 1. The heel rocker embedded in the shoe

neuropathy, development of any plantar ulceration or deformation [15, 17, 20, 21], and underwent any surgical
procedures within 6 months prior to the study [13, 20, 21].
Specification of shoes and rockers
The shoes were made of medically standard leather by an
orthopedist in a shoe workshop, without rocker and sole.
The heel rocker was designed and made by the orthopedist. High density foam was used for the heel rocker from
heel to head with an angle of 20° between the head and
anterior part of the rocker, and an angle of 15° between the
interior part of rocker and ground surface (Figure 1) [22].
After explaining the study purposes to the participants,
they signed the written consents. Before data collection,
the subjects were familiar with the experiment procedure; in a way that each subject was asked to repeat the
gait test for 5 times to get familiar with the procedure.
Then, the experiment was conducted.
Measurement instrument

Twenty infrared-reflecting markers with 14 mm diameter were fixed to the anterior-superior and posterior-superior of iliac spine, interior and exterior epicondyles on
right and left sides of feet, heel, the first and fifth metatarsal heads, and acromioclavicular joint on right and left
sides at sitting position. The markers fixing areas coincided with the protocol approved by Strathclyde University.
Data collection frequency was 120 Hz; data were filtered
using a 10 Hz low pass filter. The kinematic data were recorded by Qualisys Track Manager version 2.7 (Qualisys
Co., USA). Also, the musculoskeletal system of the subject was modelled by Visual3D version 4 (C-motion Co.,
USA). The data processed in Visual3D were transferred
to OpenSIM version 3 (Stanford University production,
USA) to evaluate the contact force of the joints of lower
limbs. OpenSIM is a simulator and musculoskeletal system analyzer, which can analyze and estimate the joint
contact force and the muscle forces. Table 1 shows the
results of data analysis by OpenSIM. By stimulation of
musculoskeletal system, the diagnosis and treatment of
abnormal and pathologic motions were provided [1].
After calibrating the cameras and force plate, anthropometric data of the study subjects, including weight, height,
and right and left feet length were recorded. Then, the static test was conducted and afterward, the subjects walked
on the pavement and the images of the markers along
with the force plate data were recorded. The standing and
swing-gait data of the phases were recorded by Qualisys.
Gait test

To measure the kinematic gait variables, Qualisys motion analysis system (Qualisys Co., USA), equipped with
7 cameras, was used. The cameras were embedded on both
sides and the center of the force plate. A 10-m pavement
was established along the laboratory and a Kistler force
plate (500×600 mm, AA 9260 model) (Kistler Co., Swiss)

Test procedure and required trainings were given to the
subjects in an orientation session. After calibrating the
cameras, fixing the markers, and performing the static
test at the center of calibrated zone, the subjects were
asked to walk with the designed rocker. The healthy subjects were also asked to perform the test with medio-lat-

Table 1. Data extraction stages in openSIM
Scale model
Inverse kinematic
Inverse dynamic
RRA (Reduce Residual Algorithm)
CMC (Computed Muscle Control)
Analyzed
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eral. The subject’s gait test was repeated 5 times and the
mean repetition was set to 5 for all variables to analyze
the data [24]. To prevent subjects’ fatigue, 30 seconds
relaxation was considered between the tests repetition
[25].
Data analysis
All data recorded for each subject were divided by his
body weight to be normalized. The normal distribution
of parameters was evaluated by the Shapiro-Wilk test.
Data analysis was conducted using the independent t test
by SPSS 22 (SPSS Inc., Chicago, IL, USA); P<0.5 was
considered as level of significance.

3. Results
Table 2 presents the mean (SD) values of the moment
applied on different joints of the lower limbs. Accordingly, a significant difference was observed between the
experimental and control groups regarding the extension
moment of knee joint (P=0.03) and hip joint (P=0.00).
The extension moment of hip and knee joints while
walking with heel rocker shoes were 1.07 and 0.40 Nm/
BW, respectively, which were significantly higher than
those of barefoot walking in the control group as 0.47
and 0.09 Nm/BW, respectively. Also, the plantarflexion
moment of the experimental group was 1.24 Nm/BW,
which was more than that of the control group as 0.17
Nm/BW (P=0.22), but the difference between the groups
was insignificant. The moments for the rest of the joints
of lower limbs showed no significant difference between
the experimental and control groups.
Table 3 presents the mean (SD) values of contact forces
of lower limb joints. There were significant differences
between the experimental and control groups regarding
the anterior-posterior (P=0.00), vertical (P=0.04), and
medio-lateral (P=0.00) contact force of hip joint. The
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anterior-posterior joint contact force in the experimental group was 1.93 N/BW, which was approximately 3
times greater than that of the control group. The vertical hip joint contact force in the experimental group was
5.76 N/BW, which was 1.17 N/BW greater than that of
the control group. The medio-lateral hip joint contact
force in the experimental group was 0.16 N/BW, which
was 1.04 N/BW greater than that of the control group.
There were significant differences between the experimental and control groups regarding the anterior-posterior
(P=0.00) and medio-lateral (P=0.00) knee joint contact
forces. The anterior-posterior knee joint contact force in the
rocker shoes group was 1.5 N/BW greater than that of the
control group; while, the medio-lateral knee joint contact
force in the rocker shoes group was 0.15 N/BW lower than
that of the control group. There was no significant difference between the rocker shoes and control groups regarding the vertical knee joint contact force (P=0.59).
There was a significant difference between the experimental and control groups regarding the anterior-posterior (P=0.04) and vertical (P=0.03) ankle joint contact
forces. The anterior-posterior contact force of the experimental group was 1.56 N/BW, which was 0.47 N/BW
greater than that of the control group; while, the vertical ankle joint contact force in the experimental group
was 1.58 N/BW greater than that of the control group.
There was no significant difference between two groups
regarding the medio-lateral contact force (P=0.30).

4. Discussion
The current study aimed at evaluating the effect of heel
rocker shoe on the moment and contact forces applied
on the lower limbs joints in patients with diabetes during
walking. The results indicated that the ankle and knee
moments in the sagittal plane of the experimental group

Table 2. Mean (SD) values of the moment applied on different joints of the lower limbs.
Experimental Group

Control Group

t

P

Dorsi flexion

0.08±0.1

0.09±0.11

0.38

0.70

Plantar flexion

1.24±0.20

1.70±0.75

1.24

0.22

Knee flexion

0.37±0.28

0.26±0.16

1.80

0.08

Knee extension

0.40±0.13

0.31±0.15

2.28

0.03*

Hip flexion

0.49±0.24

0.6±0.42

1.21

0.23

Hip extension

1.07±0.24

0.6±0.22*

7.56

0.01*

* The significant difference
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Table 3. The mean (SD) of contact force of lower limbs joints.

Hip

Knee

Ankle

Joint Contact Force

Experimental Group

Control Group

t

P

Anterior-posterior

1.93±0.65

0.63±0.21

6.07

0.01*

Vertical

5.76±1.52

4.59±0.77

2.16

0.04*

medio-lateral

1.52±0.05

1.21±0.28

11.80

0.01*

Anterior-posterior

2.31±1.14

0.8±0.49

3.84

0.01*

Vertical

4.32±0.96

4.11±0.71

0.54

0.59

medio-lateral

0.10±0.07

0.25±0.07

4.82

0.01*

Anterior-posterior

1.56±0.39

1.10±0.52

2.23

0.04*

Vertical

5.78±2.35

7.36±1.61

2.38

0.03*

medio-lateral

0.54±0.31

0.42±0.18

0.52

0.30

* The significant difference

was significantly lower than those of the control group.
The vertical contact force of hip joint in the heel rocker
shoe group was higher than that of the control group;
while, the ankle joint contact force of the heel rocker
shoe group was lower than that of the control group.
There was a significant difference between the experimental and control groups with regard to the extension
moment of knee and hip joints. The extension moment
of knee and hip joints while walking with the heel rocker
shoe was 0.14 Nm/BW, which was 0.47 Nm/BW greater than the moment of barefoot walking in the control
group. The plantarflexion moment in the experimental
group was 1.22 Nm/BW, which had no significant difference with that of the control group (P=0.68). Particularly, while walking at the end of stance phase, in the
push off stage, the external dorsiflexion moment (ground
reaction force x external moment arm) creates a balance
force with the plantar flexor moment (muscle force x
internal moment arm). Changing shoes affects the joint
moment. From the biomechanical viewpoint, the rocker
shoes with the apex proximal to metatarsophalangeal
joint can reduce the external dorsiflexion moment arm,
and this reduction result in the reduction of plantarflexion moment around the ankle, which finally reduces the
force applied by triceps [25].
Also, previous studies report that the heel rocker shoes
cause delay in lifting the heel, reduce the height of heel
during walking, and also delay in the progression of pressure. These factors reduce the plantarflexion moment at
the end of stance phase [26-28]. According to the results,
no significant difference was observed between the heel
rocker and control groups regarding the plantar flexor
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moment. It may result from placing heel rocker shoe
with apex under the metatarsophalangeal joint which
caused no changes in the external dorsiflexion moment
arm and accordingly, no tangible change was occurred
in the plantar flexion moment around the ankle joint. Results of the current study was consistent with those of
the previous studies [28, 29], and inconsistent with the
studies which reported that the rocker shoes could reduce plantarflexion moment in the ankle [15, 25, 30, 31].
Analysis of contact forces of lower limbs joints through
OpenSIM modeling indicated that the anterior-posterior
hip joint contact force in the experimental group was approximately 3 times more than that of the control group.
The vertical contact force of hip joint in the experimental
group was 1.17 N/BW more than that of the control group.
Also, analysis of the muscular moment showed that the
hip extensor muscles moment during walking with the
heel rocker shoes was significantly higher than that of the
barefoot walking, indicating the increase in anterior-posterior and vertical joint contact forces in the heel rocker
shoes group, compared with those of the control group.
The vertical contact force of hip joint in the experimental group was significantly more than that of the control
group, and the vertical contact force of ankle joint in the
experimental group was significantly lower than that of
the control group.
The anterior-posterior contact forces of ankle, knee,
and hip joints in the experimental group were significantly more than those of the control group and the
highest anterior-posterior contact force was observed in
the hip joint, which was 3 times higher than that of the
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control group. The medio-lateral contact forces of knee
and hip joints were significantly reduced by wearing heel
rocker shoes, compared with the control group. Hence,
the heel rocker shoes can even change the force distribution pattern in joints, increase the anterior-posterior force
in the ankle, knee, and hip joints, and significantly reduce medio-lateral forces of knee and hip joints.
Reduction in the plantarflexion moment of ankle can
be attributed to lower involvement of muscles crossing
the ankle, following the use of rocker shoes. The direct
effect of such mechanism is the lower activity of agonist muscles and higher activity of antagonist muscles,
which finally reduce the overload on the joints [32, 33].
The heel rocker shoes stimulate the muscles close to the
rotation axis of ankle. When the big muscles, which are
far from the joint, provide the stability, the load-bearing
capacity of the joint increases, and when the stability is
provided by the smaller muscles, which are closer to the
joint axis, the joints show faster reaction and their loadbearing capacity reduces [29].
The current study results indicated that the vertical
loading over the ankle joint in the heel rocker group was
significantly lower than that of the control group. It may
be due to higher stress in the muscles that are close to the
joint axis. Our study results also showed that the reduction of loading over ankle joint occurs in the vertical contact force of the joint and the reduction of loading over
knee and hip joints occur in the medio-lateral force of
the joints, while the anterior-posterior joint contact force
increased in ankle, knee and hip joint; so that the anteriorposterior force of hip joint in the experimental group was
3 times higher than that of the control group. It seems that
by wearing heel rocker shoes, the load-bearing capacity
of the joint rises along with moving from ankle joint to
other proximal joints, which may increase the risk of joint
injury and disruption. Since the heel rocker shoes are prescribed for the diabetes to prevent foot ulceration, using
such shoes can reduce the plantar pressure and transfer
the pressure to the hip joint. Therefore the long-term use
of the shoes may cause irreparable consequences for the
patient. In this regard, it is recommended that heel rocker
shoes be prescribed for the patients with diabetes with
more caution, especially for the ones with hip and knee
joints abnormalities.
Using heel rocker shoes is associated with reduction
in the vertical contact force in the ankle joint. The heel
ankle shoes increase the vertical and anterior-posterior
contact forces in the proximal joints of lower limbs. Accordingly, the contact force increases in the proximal
joints of lower limbs, especially the hip joint, and can in-
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crease the risk of joint injury and disruption. Therefore,
it is necessary to pay more attention in the prescription of
heel rocker shoes for the patients with diabetes.
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