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Background: Ankle Foot Orthoses (AFOs) are often prescribed in patients with drop foot.
The purpose of this study was to investigate the effect of the novel designed storing-restoring
hybrid passive AFO versus Posterior Leaf Spring (PLS) AFO on the peak and timing of vertical
component of ground reaction force (vGRF) in patients with drop foot.
Objectives: the effect of novel designed storing-restoring hybrid passive AFO versus posterior
leaf spring AFO on the peak and timing of Vertical Ground Reaction Force (vGRF) in drop foot
patients.
Methods: Ten adults with drop foot (7 males and 3 females) were included in this study.
Then, these patients walked at a self-selected speed with two AFOs. For each trial, the vGRF
components were obtained using a Kistler force plate.
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Results: the Independent t-test results showed a significant increase in the impact force in spring
damper AFO than PLS (P<0.001). Significant differences were also found in the first and third
peaks of vertical force and time of occurrence as well as the first minimum force and time of
occurrence in spring damper than PLS AFO (P<0.001).
Conclusion: the novel AFO affects not only the impact force and peak of vGRF but also the
timing of these forces. These changes indicate an improvement in the overall performance of
the novel AFO.
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1. Introduction
he current study exhibits a new insight
into using a novel spring damper AFO;
the impact loads, loading response load,
and pre-swing phase force increased.
Therefore, these findings showed that
the use of this AFO may be useful for
various drop foot patients as one of the
key public health problems.

T

In drop foot disorder, ankle dorsiflexor muscles are
weakened or paralyzed, leading to foot slap during the
early step and the loss of ability to optimal toe clearance during the swing phase on the affected side [1-3].
As a result, some difficulties, like a decrease in walking
speed, step length, and leg forward propulsion as well
as changes in the Ground Reaction Force (GRF) pattern
can be observed [2, 4-6].
Up to now, Ankle Foot Orthoses (AFOs), like posterior
leaf spring AFOs, improve stability and toe clearance
during the swing phase by fixing the ankle joint position
[2, 3, 7]. However, these AFOs have some disadvantages, like limited movement of ankle joint, an increase in
the knee flexion moment, and redirection of the vGRF
pattern from normal condition [8]. In order to overcome
some of these limitations and improve the biomechanical characteristics, several hybrid passive AFOs have
been designed and fabricated with some extra elements
than passive ones [9].
To our knowledge, limited information is available to
support the hypothesis about the relationship between
VGRF and different hybrid passive AFOs. In this regard,
Amerinatanzi found that some hybrid passive articulate
AFOs can improve vGRF pattern and peaks to near normal condition [4]. In another study, Rogozinski reported

that AFOs with articulation may improve the vGRF vector by altering gait kinematic parameters at the initial
contact [10]. However, some kinds of passive or stainless steel articulated hybrid passive AFOs deteriorated
the pattern of vGRF with an extra peak at the mid-stance
phase [4].
In our earlier studies, we designed and fabricated two
novel AFOs and examined the effects of these AFOs on
spatiotemporal parameters [11], kinetic and kinematic
[1, 2], and balance-related parameters [1]. The purpose
of this study was to investigate the effect of novel designed storing-restoring hybrid passive AFO versus posterior leaf spring AFO on the peak and timing of Vertical Ground Reaction Force (vGRF) in drop foot patients.

2. Patients and Methods
The study sample included ten right foot drop feet patients (7 men and 3 women) and all presented with unilateral drop foot, using PLS AFO as a routine AFO and
ability to walk at least 20 min without assistance. Ethical approval was sought and obtained from the author’s
institute ethical approval board and prior to participation and all the patients filled up and signed an informed
consent form before the study. The mean and Standard
Deviation (SD) of age, weight, height, and body mass
index of participants were 7.6 (1.5) years, 65.18 (12.56)
kg, 161.9 (5.4) cm, and 21.40 (1.60) kg/m2, respectively.
These patients were randomly recruited from the Occupational Therapy Center, Rehabilitation School of Rehabilitation, Iran University of Medical Sciences [12].
Intervention
The spring damper AFO is an AFO with a storing restoring actuator weight of about 400 g. This designed
spring damper AFO composed of two separate carbon

Figure 1. Novel spring damper Ankle Foot Orthosis (AFO)
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composite sections, linked together by a sidebar to establish the attachment for actuator mechanism; however,
other parts, including actuator connection and posterior hinge were made of titanium to decrease total AFO
weight compared with the most existing hybrid passive
AFOs [1, 2, 6, 13, 14]. The extensive description of the
elements and function of this AFO was mentioned in our
earlier studies (Figure 1).

the foot [17, 18]. Immediately, after the initial contact
(within the first 50 ms), the impact force was seen as
a sudden spike, superimposed to the GRF curve. The
stance phase was described as time from initial contact
to toe-off phase [18]. GRFs data were collected using
Qualysis software, transferred into the Excel software,
extracted by MATLAB software, and finally analyzed by
the SPSS v. 19 software, respectively.

Instrument

Statistics:

Force plates (Kistler Holding AG, Winterthur, Switzerland, Model 9286B), embedded into the floor were
employed at a sampling rate of 1000 Hz [2] to determine
the GRF.

SPSS Statistic 19.0 (SPSS, Inc., Chicago, IL, USA)
was used for statistical analysis. The Kolmogorov–
Smirnov test was used to demonstrate the normality of
the variables. For evaluating the significance of GRF
components in the two conditions of AFOs, the independent t-test was used and the significance level of α=0.05.

Procedure
At the beginning of the examination, the process of trials was entirely explained to the participants. Then, they
were asked to walk at a self-selected comfortable speed
in the laboratory environment for at least 20 minutes to
adapt with spring damper AFO prior to testing conditions. Before testing, the weight of each individual was
determined using the force plate and the affected side
data were extracted for the final analysis. Two conditions
were tested: 1) walking with PLS, and 2) walking with
spring damper AFO.
Patients were asked to walk (10 meters) at a self-selected comfortable speed and then rest for 2 minutes between each trial. The speed of walking was measured by a
chronometer and trials of over 5% speed difference were
eliminated [15, 16]. The patients walked two steps before
reaching the force plate. The data were then collected
from the five successful trials in each test condition.
Data processing
The primary variables of interest were as follows: the
impact force at the initial contact (FZ0), the first peak
of vGRF at the loading response (FZ1), the occurrence
time of the first peak vGRF (T1), the minimum force of
vGRF at the mid-stance (FZ2), the occurrence time of
the minimum force vGRF (T2), the second peak of the
vGRF at the pre-swing (FZ3), and the occurrence time of
the second peak of the vGRF (T2).
We normalized the vGRF to the percentage of body
weight and the entire stance cycle. The impact force
was seen as a short spike of force (typically occurring
within the first 50 ms), superimposed on the upslope of
the GRF, immediately following the initial contact of

3. Results
The results of this study are expressed as mean and
standard deviation values of the peak force and timing of
the vGRF in PLS AFO and novel AFO. The findings of
the present study indicated that the novel designed AFO
significantly increased vertical component and timing
peak than the baseline PLS AFO in the first session and
follow-up (P<0.005) (Table 1).

4. Discussions
In this study, the vertical components of the GRF were
assessed during walking in two conditions of using a
spring-damper and PLS AFO. The vGRF pattern could
be explained by considering the magnitude of the acceleration and applied force, arising from the weight of the
body in the opposite direction of the ground force (Newton’s second law) [19]. Based on this concept, different
types of lower or assistive devices may produce different
vGRF patterns [4].
In this study, while using spring damper AFO, the twopeak pattern of vGRF was near the normal condition.
However, some studies have indicated that PLS or some
conventional articulation AFOs with plantarflexion resistance were unable in restoring the normal pattern of
vGRF [4]. In these AFOs, the peaks of vGRF at the early
and terminal stance were decreased, and an extra peak
was observed during the midstance. The probable cause
of the appearance of this extra peak was structural rigidity or application of stiff elements, which impeded the
normal GRF pattern or generated the high extra force
and impulse [4].
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Table 1. The Mean±SD of the peak force and timing in posterior leaf spring and spring damper Ankle Foot Orthosis
Parameter Description

Mean±SD
Spring Damper AFO

PLS AFO

P

Peak impact force at the initial contact

45.85±5.4

23.14±4.66

0.00

Peak force at the loading response

109.85±5.1

94.63±10.8

0.00

Time of force at the loading response

15.11±0.48

28.44±0.51

0.00

Minimum force at the mid stance

75.1±6.31

104.23±1.32

0.00

Time of force at the mid stance

43.10±2.41

55.36±2.36

0.00

Peak force at the pre-swing

110.24±1.53

95.48±0.39

0.04

Time of force at the pre-swing

51.28±0.49

62.9±0.29

0.02

At initial contact, a significant increase was observed
at the impact force (FZ0) using spring damper AFO than
PLS. This increase was provided somewhat by increasing in the ankle overall Range of Motion (ROM), the
shock absorption, stable foot landing, as well as gradual
accepting the body weight in spring damper AFO [2].
However, it seems using PLS, structural rigidity, poor
gait symmetry, and a decrease in push-off power [1] decreased the initial contact impact force.
During the loading response, a significant increase
was observed in the peak force (FZ1) and a significant
decrease was found in the occurrence time of this force
(FZ1) using spring damper AFO than PLS. It seems that
an adjustable damper element emulated the eccentric
contraction of dorsiflexor muscles and provided controlled plantar flexion, without a remarkable reduction
in plantar flexion ROM [2]. At this time, the entire body
weight is rapidly moved the foot and the ground, the
center of mass is moved downwards with some decelerations, and the inertial force is also added to the vertical component of GRF with the peak of approximately
107% of the body weight [19, 20]. Possibly, the damper
element of spring-damper AFO provided a controlled
plantar flexion, which may help support the body mass
and accelerate the center of mass. However, using PLS,
the reduction in F1 may be the result of the absence of
the eccentric contraction in dorsiflexion and AFO structural rigidity, preventing enough plantar flexion and
leading to foot slap.
During the mid-stance, a significant decrease was observed at the peak FZ2 and the occurrence time of this
force (TZ2) using spring damper AFO than PLS. During
this phase, the posterior hinge as well as the frontal rail
element showed an improvement toward propulsion to
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the dorsiflexion direction and helped the spring element
store energy, which has been confirmed previously [2,
17, 21]. At this phase, the body starts to progress with the
knee extending over the single limb, raising the center of
mass until the highest point. Therefore, the GRF is less
than 85 % of the body weight as a result of a downward
acceleration in the center of mass, which was added to
the upward inertial force [19]. However, using PLS and
some AFOs with stainless steel spring, an extra peak was
observed. This extra peak was the result of structural rigidity or stiff spring leading to a decrease in the ankle
ROM and normal acceleration of the COM [4, 20].
During the pre-swing phase, a significant decrease was
observed at the peak FZ3 and the occurrence time of this
force (TZ3) using spring damper AFO than PLS. At this
time, the co-activation of spring and damper elements
released the stored energy from the mid-stance phases to
generate the push-off power, which is in line with other
studies [2, 17]. In this phase, the heel lifts, and the foot is
pushed down and back into the ground by plantar flexor
muscle and the center of mass falls again. This downward deceleration, accompanied by the limb forward
propulsion complex, caused the second peak of approximately 1.2 times of the person’s body weight [20]. An
increase in the peak GRF typically was associated with
the forward progression of the weight and a raise in the
center of mass [20]. using PLS, structural rigidity may
hinder the forward progression of the tibia over the ankle
foot complex. This drawback may lead to a decrease in
the peak force as well as a poor ability to push off [2].
To our knowledge, no study has yet introduced hybrid
passive AFOs, like spring damper with the ability to provide controlled plantar flexion at the loading response,
free angular movement at the ankle joint during mid-
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stance, and improved push-off power at the pre-swing
phase.
This study had some limitations: firstly, this study focused on the GRF without pay attention to the kinematic
parameters and muscle electromyography; secondly, the
sample size was small; thus, larger sample size and longterm daily use associated with gait training are needed;
and finally, in this study, the immediate biomechanical
effect of spring-damper AFO on vGRF was investigated
and the longer-term effects are unknown.
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