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Abstract: The aim of the present study was to determine the level of association of the spatio-tem-
poral gait parameters in subjects with and without plantar fasciopathy. The second objective was to
analyze whether differences in spatio-temporal parameters between both groups exist. Seventy-four
subjects divided in two groups participated in the study, one presenting subjects with plantar fasci-
opathy for more than three months (1 =31), and the other group comprising subjects without plantar
fasciopathy (1 =43). The spatio-temporal parameters were measured using Optogait. Decreased step
length (p < 0.001), increased contact phase (p <0.001), increased double support (p <0.001), increased
load response (p < 0.001), increased pre-swing (p < 0.001), increased gait cycle (p = 0.002), decreased
stride (p <0.001), decreased speed (p <0.001), decreased cadence (p <0.001), decreased phase flatfoot
(p =0.001), and increased propulsion (p < 0.001) in subjects with PF showed statistically significant
differences when compared with the control group.. Furthermore, the level of association between
the spatio-temporal parameters was different when comparing the groups. These findings may help
when assessing potential plantar fascia injuries, and they may serve as a tool that helps with clinical
decision-making, or as a clinical measurement in a treatment and follow-up program.
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1. Introduction

The common clinical presentation of plantar fasciopathy (PF) includes pain and dis-
comfort normally in the inferior heel region; however, it can also be associated with the
radiation of pain along the entire foot as well. Plantar fasciopathy is a clinical manifesta-
tion that is usually accentuated with the first steps in the morning, and with sudden acute
painful episodes in daily life [1-4].

There are no high-quality epidemiological studies that are available on the preva-
lence of PF in the general population. In the US alone, heel pain is seen in 11-15% of pro-
vider visits requiring professional care [5]. The etiopathogenesis of plantar fasciopathy is
mostly due to imbalances in the biomechanics of the subject, such as subtalar hyper pro-
nation, medialized subtalar axes, and the flattening of the medial longitudinal arch [2],
but another series of associated factors such as osteoarthritis, neurological involvement,
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direct microtrauma, and systemic conditioning factors can also promote its appearance
[1].

During the human gait cycle, the length of the plantar aponeurosis suffers alterations
[6]. A significant increase in the length of the plantar aponeurosis occurs in the middle
phase of the gait cycle, while a shortening occurs in the Windlass mechanism, when the
foot leaves the ground [7]. At the end of the final stance phase of the gait cycle, the foot
tries to propel itself off the ground, increasing the dorsiflexion of the metatarsophalangeal
joints [6], thus decreasing the traction branch of the plantar aponeurosis from its point of
origin to its insertion point. Changes in the length and the traction of the plantar fascia
produced during human locomotion increase its mechanical load and tension, and in the
case of pathology, these can cause pain and discomfort [8]. With regard to the biomechan-
ical research on gait analysis, Chen et al. presented a three-dimensional (3-D) foot model
that was able to simulate the biomechanical behavior of the plantar fascia during the
stance phase. They were able to demonstrate an increase in tension and peak stresses in
the fascia during the stance phase, and in the phase from midstance to pre-swing. Based
on these findings, a reduction in the force of the Achilles tendon and adjustments to the
gait pattern, such as walking at a lower speed to reduce heel elevation height, or wearing
rocker bottom shoes, may decrease the plantar fascia load [9].

Recent studies have shown interest in the biomechanics of human gait, reaching the
conclusion that biomechanics should be considered as a risk factor for PF. Equally, plantar
fascia disorders could lead to an alteration in the gait pattern and kinematic changes of
the lower extremity, which may help to prevent PF [10,11].

It is difficult to fully understand the causes and prognosis of pain in PF patients,
based only on a few biomechanical human gait parameters. Because of this, several stud-
ies have been carried out to identify not only the biomechanics, but also the parameters that
can be measured, such as evaluating the geometry, phase, and time of gait with an intelligent
gait analysis system [11]. In this regard, previous studies have suggested that minor
changes in the angle (sagittal plane) of foot motion might lead to a higher magnitude of
fascial strain, and they may lead to other injuries of the lower limbs [10,12]. Foot pronation
could be a cause of plantar fascia tension when people walk, which facilitates the center
of pressure shifting from the lateral to the medial side of the foot, thus inhibiting the sag-
ittal movement of the foot and inducing the early tension of the plantar fascia [13]. In
addition, previous research suggested that being overweight could add stress to the plan-
tar fascia during walking [14]. Most of the plantar fascia research is carried out in subjects
with unilateral plantar fasciopathy, or in studies that do not specify whether both feet are
affected or not [9,12,13]. Only Seung et al. reported on this condition in subjects with bi-
lateral plantar fasciopathy [11]. On the other hand, the assessment of the plantar fascia is
mainly studied using sensors placed on specific points of the foot and ankle, which regis-
ter the data through different analysis systems [9,12,15]. Seung et al. did not use these
tools, but the gait assessment was measured using Zebris with data such as unilateral step
length (41.13 cm and 41.40 cm), load response (18.1 cm and 17.05 cm), pre-swing (18.09
and 17.65 cm), swing (31.92 cm and 33.21 cm), and step time (0.34 s and 0.46 s) being
reported [11]. On the other hand, the Optogait system is frequently used in the current
literature, and its validity has been shown when compared to other gait assessment tools
[16-18]. Its use in foot and ankle joint studies is limited. However, Requelo et al. used the
Optogait system to study the protonated foot instead of the plantar fascia [19].

Only a few studies have researched changes in the spatio-temporal gait parameters
in subjects suffering from PF [11,15]. Nowadays, the majority of the studies refer to
healthy people when assessing gait [16,17]. In addition, the study of the spatiotemporal
parameters of human gait can be studied with different measurements and technologies.
On the one hand, there are measurements that analyze human gait with pressures sensors,
for example Gait Rite, an instrumental treadmill, or the Tekscan Walkway System [18].
On the other hand, there are Vicon or Gait Real-time Analysis Interactive Lab (GRAIL)
[19], optical sensors in anatomical references that report data on human gait movement
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and trajectory. In addition, there are also photoelectric sensors such as Optogait [20],
which is a single layer pressure sensitive walkway measuring temporal and spatial pa-
rameters, and providing the easy identification of gait anomalies [20].

To shed light on the differences in spatio-temporal gait parameters between subjects
with and without PF would be of great clinical interest since it may be useful in the detec-
tion of potential or existing PF, it may be used as an improvement indicator after receiving
a treatment program, and it may be used in clinical settings to lead the re-education of the
gait of people with PF. Our hypothesis is that the spatio-temporal gait parameters in sub-
jects with PF are altered when compared to control subjects. These differences can be
quantitatively measured, and thus, they serve as both a preventive and a diagnostic meas-
urement when the treatment program and follow-up are carried out. Furthermore, we
hypothesize that subjects with PF present a different relationship in spatio-temporal pa-
rameters than those with PF.

The aim of the present study was to determine the level of association of the spatio-
temporal gait parameters present in both subjects suffering from PF, and subjects without
PE. The secondary aim was to study differences in the spatio-temporal parameters be-
tween both groups.

2. Materials and Methods
2.1. Design

This was a cross-sectional, observational study, conducted according to the Declara-
tion of Helsinki. Ethical approval was obtained by the Ethics committee of the University
of Malaga (ref: 49-2022-H). The study has been reported following the recommendations
of the STROBE statement for observational studies [21].

2.2. Participants

The clinic in the Faculty of Sciences at the University of Malaga, Malaga (Spain),
where patients with different pathologies are seen, was used to carry out this study. The
inclusion criteria for the injury group were participants older than 18 years of age suffer-
ing from bilateral plantar fasciopathy of 6 months evolution, with a low level of physical
activity and without eventual asymmetries when evaluated. The plantar fascia is consid-
ered to be thickened when it is greater than 4.5 mm [22], showing a disorganization of the
normal structure and a loss of the normal organized ligament architecture. Additionally,
the diagnosis of plantar fasciopathy was based on the patient’s history (previously heel
pain), the location of the pain (heel and rearfoot), clinical examination, ultrasound study,
and passive dorsiflexion of the toes, which tightens the windlass mechanism and exacer-
bates the symptoms [23]. If this does not increase the symptoms, it is not a prognostic
factor.

The control group were healthy subjects aged between 40 and 60 years old without
any pathology at the time of the study.

The exclusion criteria for both groups were presenting any inflammatory or neuro-
logical disease which can alter balance, hearing and vision, or cognitive impairment,
which might impact the ability to walk. A final convenience sample of 74 subjects partici-
pated in the study.

2.3. Training Phase

Prior to the study of the subjects’ spatio-temporal parameters, the participants
walked in a predetermined program on a treadmill at a constant speed of 4 km per hour
for 10 min to adapt to the environment and to obtain more reliable measurements. The
participants stood on the treadmill and were asked to walk at a comfortable speed (4
km/h). Once the participants had become used to the environment, the measurements be-
gan. In addition, all the measurement tools used in the study were calibrated prior to per-
forming the definitive tests.
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2.4. Instrumentation

Weight was measured using the SECA 804, which is a precise portable electronic
scale. The participants’ gaits were analyzed on a ProForm 500 ZLT motorized 2.0 CV
treadmill with a 0% incline, using the predetermined treadmill program at a constant
speed of 4 km per hour for 30 s. The Optogait © photoelectric cell system was used to
collect the spatio-temporal gait parameters. Optogait © is composed of photoelectric cells
sited along transmitting receiving bars of 1 m in length that can be extended to 100 m with
a maximum distance of 6 m between them. The transmitting—receiving bars contain infra-
red LED diodes, which enable communication between the two bars. When a subject
passes between the transmitting bar and the receiving bar, the system automatically cal-
culates the spatio-temporal parameters by sensing interruptions in communication. This
tool has optical sensors that operate at a frequency of 1000 Hz to detect the spatio-tem-
poral parameters that are related to walking, running, and other movements. The software
used was Optogait v.1.11.1.0. The intraclass correlation coefficients of this instrument
were from 0.933 to 0.999, including all of its space-time variables [20].

2.5. Procedures

A researcher collected all the relevant data. Weight was measured using a precision
portable electronic scale, which was calibrated before taking the SECA 804 measurements.
All the measurement tools were calibrated by using the mean value of 3 analyses carried
out prior to the trials. The BMIs of the subjects were calculated from their weight and
height, by applying the following mathematical formula: (BMI = weight (kg)/height (m?)).

The participants’ gaits were analyzed on a ProForm 500 ZLT motorised 2.0 CV tread-
mill with a 0% incline using the predetermined treadmill program at a constant speed of
4 km per hour for 30 s according to the protocol [24]. One test per subject was performed
after the adaptation period. Three sets of 10 gait cycles were analyzed to obtain the aver-
age results (Figure 1). The Optogait © photoelectric cell system was used to collect the
spatio-temporal gait parameters, with the aforementioned calibration process being fol-
lowed [25]. The bars of the Optogait © were positioned on each side of the treadmill Pro-
Form 500 ZLT, in such a way that they did not produce any movement caused by the
vibration when walking. The treadmill was placed on a flat level surface.

Figure 1. Assessment of the gait cycle using Optogait ©.
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The Optogait © system provided a comprehensive method of reliable measurement
of the spatio-temporal gait parameters which was divided into two phases, contact and
swing [24]. The spatio-temporal gait parameters are directly obtained from the system
Optogait. This aspect has been added in the manuscript. The human gait cycle and step
definition in the human gait is explained in Figure 2.

Step length was defined as the distance between the point of initial contact of the
ipsilateral foot and the point of initial contact of the contralateral foot, with measurements
in centimeters. Stride length was defined as the distance between the successive ground
contact of the same foot, with measurements in centimeters. Speed was defined as the time
needed for one foot to move from its initial contact point and to complete a step cycle,
with measurements in seconds [20,26].
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Figure 2. The human gait cycle [27] and step definition (step length, step time, stride length, and
cadence) [28]. The spatio-temporal gait parameters were initially double support, that is, both feet
on the floor. Unipedal support begins when the opposite foot is lifted for the swing phase. During
the unipedal support interval, the body’s entire weight is resting on that one extremity. Terminal
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double support was the third subdivision. It begins with floor contact by the other foot (contralateral
initial contact) and continues until the original contact limb is lifted for swing (ipsilateral toe-off).

2.6. Statistical Analysis

The relationships between the independent (gait phases) and dependent variables
(plantar fasciopathy) were analyzed using Rcomander statical analysis (version 4.2.1). The
Kolmogorov Smirnov test was used to verify data distribution normality.

Comparisons between the affected group and the controls were calculated using in-
dependent sample t-tests. A p-value < 0.05 was considered as statistically significant. In
addition, the Pearson or Spearman’s correlation test was used to study the relationship of
the spatio-temporal gait parameters in people with plantar fasciopathy, and in the control
group, based on normality distribution. A strong correlation was defined as values greater
than 0.7; between 0.5 and 0.7, the correlation was considered moderate; between 0.3 and
0.5, it was considered a weak correlation. In addition to a linear multiple regression, scat-
ter plots were carried out on the variables with the most significant results, and a logistic
regression for the categorization of the results of both groups. A p-value < 0.05 was con-
sidered as statistically significant.

3. Results

The sample size of this study was composed of 74 subjects separated into two differ-
ent population groups. One group comprised subjects with plantar fasciopathy with more
than six months evolution (n = 31) and a mean age of 47.58 years (SD: 6.23). The control
group comprised healthy subjects without any lower limb pathology at the time of the
study (n=43), and a mean age of 50.03 (SD: 7.69). The mean BMI was 23.76 kg/m? (SD:4.16)
for the injury group, and 26.31 kg/m? (SD: 3.98) for the control group. The mean foot size
for the whole group was 40.29 (SD: 3.3); the mean for the injury group was 40.04 (SD: 2.84,
and for the control group, it was 40 (SD: 3.62). (Table 1).

Table 1. Anthropometric characteristics of both sample groups.

Total (SD) Injured (SD) Healthy Control Kolmogorov

_ _ (SD) Smirnov (p-
N=74 N=31 N=43 Value)
Age (years)  48.52 (7.01) 47.58 (6.23) 50.03 (7.69) 0.006
Height (em)  170.55 (9.2) 170 (8) 171 (9) 0.305
Body mass (kg) 73.32(17.13)  69.5 (16.45) 78 (16.24) 0.426
BMI (kg/m?)  24.99 (4.27) 23.76 (4.16) 26.31(3.98) 0.352
Foot size 40.29 (3.3) 40.04 (2.84) 40 (3.62) 0.015

kg: kilogram; m: meter; cm: centimeter; SD = standard deviation.

The spatio-temporal gait parameters in people with plantar fasciopathy that had sta-
tistical significance (p <0.001) when compared to the control group were step length, con-
tact phase, double support, response to load, pre-swing, gait cycle, stride, speed, cadence,
and propulsion phase (Table 2).

Table 2. Values of the spatio-temporal gait parameters, and mean differences between groups.

Total (SD) Injured (SD) Healtlgl;:)ontrol p Mean differences p
N=74 N=31 N =43 (95% CI)
Gait cycle [s] 1.14 (0.19) 1.23 (0.26) 1.07 (0.06) <0.001 0.16 (0.06-0.26) 0.0029

Cadence [gait cycle/s] 99.29 (20.95)  83.30 (20.31)  110.81(11.99)  <0.001  27.51(19.29-35.73)  <0.0001

Stride [cm]

112.05 (13.63)  104.2 (14.84) 117.7 (9.34) <0.001 13.5 (7.42-19.58)  <0.0001

Step time [s]

0.55 (0.11) 0.57 (0.16) 0.53 (0.04) 0.002 0.06 (0.02-0.10) 0.133
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Step lenght [cm]  56.03 (6.8) 52.1(7.37) 58.85 (4.67) <0.001 6.75(3.72-9.78)  <0.0001
Double support [s]  0.49 (0.13) 0.58 (0.14) 0.42 (0.07) <0.001 0.16 (0.10-0.22)  <0.0001
Unipodal support [s]  0.34 (0.09)  0.33 (0.013) 0.35 (0.02) 0.28 0.05 (0.02-0.08) 0.262
Speed [m/s] 0.94 (0.26) 0.73 (0.25) 1.08 (0.12) <0.001 0.35(0.25-0.45)  <0.0001
Acceleration [m/s?]  0.0003 (0.004) 0.00032 (0.004)  0.00023 (0.002) 1.0 0.0019 (0.0020-0.0018) 0.925
Contact phase [s]  0.81 (0.13) 0.88 (0.15) 0.74 (0.05) <0.001 0.14 (0.08-0.20)  <0.0001
Load response [s] 0.25 (0.06) 0.29 (0.06) 0.21 (0.03) <0.001 0.08 (0.05-0.11) <0.0001
Phase flatfoot [s] 0.39 (0.13) 0.33 (0.16) 0.44 (0.09) 0.0023 0.11 (0.05-0.17) 0.0011
Preswing [s] 0.24 (0.06) 0.29 (0.06) 0.21 (0.03) <0.001 0.08 (0.05-0.11)  <0.0001
Propulsion [s] 0.31 (0.17) 0.45 (0.15) 0.21 (0.1) <0.001 0.23(0.17-0.29)  <0.0001
Swing phase [s] 0.34 (0.09) 0.35 (0.13) 0.32 (0.02) 0.28 0.05 (0.02-0.08) 0.262

Note: SD = standard deviation; 95% CI = 95% confidence interval; cm: centimeter; m: meter; s: sec-
ond.

The analysis of the correlation levels between the spatio-temporal parameters in both
the injury group and the control group are shown in Tables S1 and S2 (Supplementary
Files). Swing phase, and response to load and step length in the injury group presented a
strong positive correlation (1), with unipedal support, pre-swing, and the stride of the
control group. The regression model coefficients are significant (p < 0.001), except for the
acceleration variable (p 0.925. This indicates that the lesion is linearly related to the spatio-
temporal parameters, with the exception of acceleration. The R-squared determination in-
dicates a 0.6154 goodness of fit; consequently, the regression explains 61.54% of the injury
variable variability, which is a moderately high value.

The most significant results when analyzing the relationships of the spatio-temporal
parameters in both groups were shown using scatter plots (see Figure 3). Logistic regres-
sion is represented by a dashed line in the screen plots. This regression shows the catego-
rization of the results obtained in both groups. With regard to cadence, and step and
speed, the healthy subjects had a higher number of steps and speed when walking. Addi-
tionally, gait cycle, contact phase, and propulsion presented lower values than the healthy
controls.



Appl. Sci. 2023, 13, 2133

8 of 13

° o

+— -

c f=

o o

o b o ]

> >

e e

= 2

© B © T

Q [}

T L

- °

o g

= =

£ S

60 80 100 120
Cadence (gait cycle/s)

- = _

o o o8 i o

e o °l, ° 9 ; k=

o ° N © o s

o i o/ 009 o 8 |

>

£ z

= =

[} b 3 1

T T

= - _
Eel

g °e ]

= 3

£ — g 1

80 90 100 110 120 130

s — ]

= o

c Rt

o c

o A S

- o
>

= =

© ~1 TU 2

:C'l:) ]
T

s 1 i
el

g g

3 | 3

IS g

Contact phase (s) Propulsion (s)

Figure 3. Scatter plots on the variables with the most significant results. Constant line is the linear
regression and spot line is the logistic regression of the variables.

4. Discussion

The aim of the present study was to determine the level of association of the spatio-
temporal gait parameters in both subjects with and without plantar fasciopathy. The sec-
ond objective was to analyze whether differences in the spatio-temporal gait parameters
exist between groups.

The spatio-temporal gait parameters in people with bilateral plantar fasciopathy that
had statistical significance when compared to the control group were: decreased step
length (p <0.001), increased contact phase (p < 0.001), increased double support (p <0.001),
increased response to load (p <0.001), increased pre-swing (p < 0.001), increased gait cycle
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(p <0.001), decreased stride (p < 0.001), decreased speed (p < 0.001), decreased cadence (p
<0.001), and increased propulsion phase (p < 0.001).

Gait analysis has been shown to be an objective tool for assessing PF and the changes
obtained after a treatment program [29]; however, the effect that bilateral PF has on the
gait has not been frequently reported in the literature [30]. Thus, increasing knowledge
about gait parameters and the clinical usefulness that it has in patients with bilateral PF is
of clinical importance. Our results showed a strong correlation (0.671) between step length
(mean 52.1 s) and cadence (mean 83.30 gait cycle/s) in the injured group; however, this
correlation did not exist (0.173) in the healthy group (58.85 s-110.81 gait cycle/s). Differ-
ences may be explained, since patients suffering from PF have a different step length
which affects the normal cadence of the human gait, probably because they suffer from
pain when they are walking. This fact is also true with the stride and the propulsive phase
in the injured group. Both spatio-temporal gait parameters have a moderate and negative
correlation between them (-0.506); when the stride increases, the propulsive phase de-
creases; however, this is not the case for the healthy group. Stride (mean 104.2 cm) also
has a strong correlation (0.671) with cadence (mean 83.3 gait cycle/s) for patients with PF;
however, this correlation does not exist (0.172) in the healthy group (117.7 cm-110.81 gait
cycle/s). This may also be explained due to the absence of pain in healthy subjects during
walking, which allows them to take longer strides in order to walk faster, thus producing
a shorter propulsion phase. In addition, patients with PF have a longer propulsion phase
than the control group; for the injured group, 0.45 s; and for the control group, 0.21 s. This
condition is produced when the plantar fascia is altered, resulting in the windlass mecha-
nism being activated with greater difficulty, and this produces a late lifting of the foot.
Thus, our results may explain the posture and the motion adopted during walking that
are shown in subjects with bilateral PF, which may also present similar symptoms to those
suffering from low back pain, with a greater amplitude of activation in the paraspinal
muscles [31]. Furthermore, the aforementioned adopted posture and motion may be ex-
plained by the decreased velocity of the transversus, with the counter-rotation between
the thorax and the pelvis, and that it globally affects the mean erector spinae function [31].
These findings are in line with previous studies that have been carried out on patients
with unilateral PF [29,32].

In each scatter plot, the difference of each variable between the two groups studied
can be observed. It is observed that in the group of patients without pathology, all of the
subjects have similar values, as in the distance, they perform in the cadence and the step,
unlike the subjects with FP, who obtain results with a greater variability of data between
them, which may be due to the influence of the degree of pain on the gait cycle.

Seung et al. [11] reported similar spatio-temporal gait parameters as for the use of
both bilateral and unilateral PF: step length (41.13 cm and 41.40 cm), load response (18.1
cm and 17.05), pre-swing (18.09 and 17.65 cm), swing (31.92 cm and 33.21 cm), and step
time (0.34 s and 0.46 s). These units of measurement are different to those found in this
study; they reported using centimeters, whereas we used seconds and/or centimeters for
the spatio-temporal parameters. Seung et al. used the Zebris system as a gait study tool,
which allowed data on kinetic and kinematic gait parameters to be obtained through a
pressure platform on the treadmill. This prioritized the baropodometric pressure data
over the kinematic numeral and kinetic data. The difference with our study is that a sci-
entifically validated human gait analysis was used [18] which provides a deeper and more
complete understanding of all the spatio-temporal gait parameters (step length, contact
phase, swing phase, unipedal support, double support, step time, load response, pre-
swing, gait cycle, stride, speed, acceleration, cadence, phase flatfoot, and propulsion) and
not just a few of them, as in the Zebris system. Additionally, they did not provide any
information on how they diagnosed plantar fasciopathy in their subjects, nor the criteria
that they followed to differentiate an injured planar fascia from a healthy one, nor did
they correlate the data obtained from the healthy control group and the study subjects.
Furthermore, our study had a larger population group.
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Other studies show that PF negatively affects the static balance parameters measured
with the TYMO® system, and the gait parameters measured with the G-Walk System [30].
Kelly et al. evaluated dynamic stability in runners with PF, runners with resolved PF, and
healthy runners, showing that the contact phase values were shorter in the PF subjects
when compared to the healthy control groups during the mid-contact phase. However,
the contact phase during pre-swing was significantly greater in subjects with PF com-
pared to subjects with resolved PF [31]. These results are in line with this study, and they
are supported by Gefen et al. [32], who reported changes in the elastic properties of the
healthy plantar fascia during the walking contact phase, which showed a rapid elongation
of the fascia, with a strain rate of 0.9 +/- 0.1 s, before and immediately after midstance. In
addition, a significantly slower elongation occurred (with a strain rate of 0.2 +/- 0.1 s)
during pre-swing and toe-off. Therefore, the elastic, morphological, and histological af-
fected properties of the plantar fascia, together with the parameters assessed during the
human gait cycle, should be further studied.

Most of the plantar fascia research is carried out in subjects with unilateral plantar
fasciopathy, or in studies that do not specify whether both feet are affected or not [9,12,13].
Those subjects that have plantar fasciopathy in only one foot are considered by us to be
able to alter the data obtained in any of the aforementioned studies through compensation
with the healthy contralateral limb. For this reason, we propose that the pathology being
studied should be present bilaterally, as this gives a greater reliability to the results ob-
tained. In spite of this, the results obtained by these studies are in line with ours and show
that PF alters the spatio-temporal gait parameters, as expected [10,29].

Seung et al. [11] reported that subjects with bilateral PF showed a decreased gait step
length, unipodal support, and antero-posterior position, along with increased lateral sym-
metry. For them, the full length of the foot is reduced as the intrinsic muscles are con-
tracted to build the arch. The pronation associated with patients with plantar PF may ex-
plain this fact [29]. Pronator patients may have a longer support time in the mid- and
forefoot, which generates larger general contact phases, and they may have a greater risk
of PF, as found in our study. The differences may be explained, since patients who suffer
from PF have a different step length that affects the normal cadence of the human gait,
probably because they suffer from pain when they walk.

Additionally, Requelo et al. demonstrated that the pronator foot showed an increase
in the stride time in seconds, and in gait cycle duration and gait cadence [13]. The litera-
ture regarding this idea indicates that 50% of patients with PF have pronated feet [13].
Furthermore, another study showed that in the gait analysis of these patients, the prona-
tion component was up to four times greater than in the healthy control group [13].

The present study provides new evidence of alterations in the gait cycle recorded
with the OptoGait optical sensor system in a group of subjects with plantar fasciopathy
versus control subjects. These findings may have clinical implications, since differences
between the groups may be used to detect a potential dysfunction, an injury, or an altera-
tion in the tissue of plantar fascia, or a mechanical alteration during the gait cycle. Fur-
thermore, the opposite may also be understood, with the gait alteration being responsible
for potential PF; in both cases, the clinical approach should include gate re-education.
Thus, the presented measurements may be used in injury prevention programs, and as an
improvement indicator after a treatment program. Furthermore, the posture adopted dur-
ing walking presented in subjects with bilateral PF may also be used to propose new active
treatment programs, with the aim of using all or some of the parameters, such as modify-
ing step length, contact phase, speed, cadence, and propulsion, among others, to specifi-
cally focus and to define the exercise.

Future studies should focus on postural evaluation, gait re-education, and proprio-
ceptive treatment programs, to assess and to better understand the relationship between
gait behavior and the presence of PF, as well as their clinical importance when assessing
PFE. Furthermore, in relation to chronic pain, studies that analyze psychological factors,
such as kinesiophobia, self-efficacy, or pain catastrophizing, as well as lifestyle and
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intrinsic factors, would be of interest since the perpetuation of the plantar fascia is multi-
factorial.

This study has several strengths, including the similar demographic characteristics
of the different groups, a careful screening for exclusion criteria, which was carried out by
an expert in ultrasound imaging, and the proposal of the presented results as a potential
measurement to assess potential dysfunction or alteration in the plantar fascia. However,
the present study has some limitations that should be recognized. Firstly, the size of the
sample is small, and further studies would be necessary to corroborate our findings. Sec-
ondly, the cross-sectional design of the study means that the results and the conclusions
should be taken with caution. Thirdly, the assessment of the spatio-temporal parameters
can be a limitation; therefore, extrapolation to other populations must be interpreted with
care. Lastly, age differences between groups were presented, and the control group pre-
sented a higher BMI than those with PF.

5. Conclusions

Patients with bilateral plantar fasciopathy showed altered phases in the gait cycle
when compared to people without plantar fasciopathy. Decreased step length, increased
contact phase, increased double support, increased load response, increased pre-swing,
increased gait cycle, decreased stride, decreased speed, decreased cadence, decreased flat-
foot phase, and increased propulsion parameters may be useful in the detection of poten-
tial or existing PF, as well as being used as an improvement indicator after receiving a
treatment program. Furthermore, these parameters may be used in clinical settings when
re-educating the gaits of people with PF. These results may help when leading an active
clinical approach in those with PF, and they may show specifically which parameters may
play a key role in the prognosis of PF. Future longitudinal studies which assess not only
gait parameters, but also the activity of the back muscles, as well as the elastic properties
of the plantar fascia, would be needed.
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