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Resumen
Objetivos: Comprobar los cambios producidos en las presiones plantares del primer radio tras un programa de ejercicios de forta-

lecimiento del músculo peroneo largo.

Pacientes y métodos: En 24 sujetos con un primer radio dorsalflexionado flexible, se valoró la dorsalflexión y plantarflexión del primer 
radio, la extensión de la 1.ª articulación metatarsofalángica, la fuerza del peroneo largo, el FPI, y las presiones plantares de la cabeza 
del primer metatarsiano en dinámica. La muestra se dividió aleatoriamente en dos grupos. El grupo experimental realizó ejercicios para 
potenciar el peroneo largo con bandas elásticas durante 4 semanas.

Resultados: En el grupo de estudio se obtuvieron diferencias estadísticamente significativas con un aumento en la plantarflexión 
del primer radio (p = 0.016), una disminución del porcentaje del tiempo de carga de la cabeza del primer metatarsiano (p = 0.036) y un 
aumento en el porcentaje del intervalo de tiempo en el que se produce su presión máxima (p = 0.008). Comparando ambos grupos, se 
encontraron diferencias significativas en la dorsalflexión (p = 0.022) y plantarflexión del primer radio (p = 0.027) y en el valor máximo 
de presión de toda la fase de apoyo (p = 0.031).

Conclusiones: Los sujetos que realizaron el programa de ejercicios con bandas elásticas para potenciar el peroneo largo tras cuatro 
semanas, presentaron un aumento del rango de movimiento de la plantarflexión del primer radio, de la presión de la cabeza del primer 
metatarsiano durante la fase de apoyo y de su presión máxima en dinámica.
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Abstract
Objectives: To analyze the changes produced in the plantar pressures of the first ray after an exercise program to strengthen the 

peroneus longus muscle.

Patients and methods: In 24 subjects with a flexible dorsiflexed first ray, the dorsiflexion and plantarflexion of the first ray, the dor-
siflexion of the 1st metatarsophalangeal joint, the strength of peroneus longus, the FPI, and the plantar pressures under first metatarsal 
head were assessed. The sample was randomly divided into two groups. The experimental group performed exercises to strengthen 
the peroneus longus with elastic bands for 4 weeks.

Results: In the study group, statistically significant differences were obtained with an increase in plantarflexion of the first ray (p = 
0.016); a percentage decrease in first metatarsal head loading time (p = 0.036); and an increase in the percentage of the time interval in 
which their maximum pressure occurs (p = 0.008). Comparing both groups, significant differences were found in dorsiflexion (p = 0.022) 
and plantarflexion of the first ray (p = 0.027); and in the maximum pressure value of the entire stance phase (p = 0.031).

Conclusion: The subjects who performed the exercise program with elastic bands to strengthen the peroneus longus after four 
weeks, presented an increase in the plantarflexion of the first ray, in the first metatarsal head pressure during the stance phase and in 
its maximum pressure in dynamics.
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Introduction

The first ray is a functional unit formed by the first metatarsal and 
the medial cuneiform bone1, and has an important component in the 
stability and structural integrity of the foot2. It plays a fundamental 
role in the gait cycle, as it results from a balance between the reac-
tive forces of the ground and the support structures that stabilize the 
medial column of the foot3.

In the propulsive phase of gait, the first ray must plantarflex so 
that the first metatarsal head presses firmly on the ground4. This 
movement is due to the contraction of the peroneus longus mus-
cle1,5-7 (PL), which works synergistically with the tibialis posterior, 
generating a compressive force that favors the stability1,7,8. In this 
way, the PL plays a significant role in the support and stability of the 
foot in dynamics9, and together with the windlass mechanism, it 
allows correct propulsion to develop8,10.

Because of its anatomy, the PL has a mechanical advantage for 
plantarflexing the first ray. An alteration in its function can cause 
the distance of its insertion to approach the plane of the floor, thus 
decreasing the stability of the foot4,11, and can cause the tibialis ante-
rior to gradually elevate the first ray12. This situation of instability is 
defined as hypermobility of the first ray4, which will imply biomechan-
ical changes in the foot and will be responsible of pathologies such 
as metatarsalgia , stress fractures of the second metatarsal, hallux 
abductus valgus (HAV), flat feet, or plantar fasciitis3,13,14. Furthermore, 
dorsiflexion of the first raywill decrease the range of motion of the first 
metatarsophalangeal joint (1st MTPJ) and may cause hallux limitus 
or hallux rigidus1.

There are different types of corrective or compensatory treat-
ments for instability or insufficiency of the first ray, such as surgical 
and orthopedic. In theory, in those cases in which there is a flexible 
dorsiflexed first ray, if the action that the PL exerts on the first ray 
is enhanced, the stability and load capacity will improve. Muscular 
strength can be improved by performing resistance or strength train-
ing15 , using exercises with elastic bands15-18. This has the advantage 
that the patient could develop it at home, it implies very low risk and 
does not have any type of side effects. The main drawback would 
be the lack of consistency and adherence to treatment without the 
supervision of the clinician.

To our knowledge, there are no studies in the literature that report 
on whether strengthening the main plantarflexor muscle of the first 
ray, the PL, contributes to improving its stability and reestablishing its 
load capacity in the final stance phase of. Therefore, the main objec-
tive of this study is to determine whether training through an exercise 
program with elastic bands in subjects with a flexible dorsiflexed first 
ray for 4 weeks can improve its function, evaluating the changes pro-
duced in both statics and dynamics.

Patients and methods

This study consists of a randomized, controlled clinical trial, which 
was carried out in accordance with CONSORT recommendations19.

Participants

The sample of this study was made up of adult subjects who 

attended the Podiatry Clinical Area of the University of Seville, as 
long as they met the selection criteria and agreed to participate in 
the study voluntarily.

This work was carried out between the months of September 
2022 and July 2023. The inclusion criterion was: to present flexible 
dorsiflexed first ray20. The exclusion criteria were: having suffered 
from trauma that could affect the mobility of the first ray; first ray 
surgery; present HAV; under going some orthopedic or orthopedic 
treatment; and/or having suffered systemic, degenerative or neuro-
muscular diseases that affect the feet.

Data collect

Clinical examination

The clinical examination of all subjects was performed by a podi-
atrist with more than 10 years of experience. First, to determine 
whether participants had the study condition, i.e., flexible dorsiflexed 
first ray, maximum dorsiflexion / plantarflexion of the first ray was 
assessed. To do this, the subject was placed on a examination table 
in a supine position with the ankle relaxed and the subtalar joint in 
a neutral position. Afterwards, the mobility of the first ray was mea-
sured with a measuring instrument20 to register the range of motion 
in millimeters of maximum dorsiflexion , following the protocol pre-
viously described in other research works20-22 . The head of the first 
metatarsal was moved upward to its maximum range in dorsiflexion 
(Figure 1A) and was subsequently moved downward to its maximum 
range in plantarflexion (Figure 1B). The range of motion was deter-
mined by observing on the instrument‘s ruler how many millimeters 
it moved in both positions.

Subjects who met the inclusion criteria were eligible for the study, 
and the other parameters were explored. The following protocol was 
developed:

a) First metatarsophalangeal joint dorsiflexion: the hallux 
was hold together with the distal branch of the goniometer 
towards maximum extension, allowing the first ray to plantar-
flex so that the extension movement occurred completely1.

b) Foot PostureIndex (FPI): FPI was measured following the pro-
tocol described by Redmond et al.23 with which a score would 
be obtained for each foot. Normal values are set in the range 
from 0 to +5.

c) Force exerted by the first metatarsal: a specific muscle exam-
ination of the PL was performed with a dynamometer (Activ-
Force® 2 Digital. Activbody. San Diego CA, USA) to quantify 
the force in Newtons. With the participant in a supine posi-
tion, performing eversion and plantar flexion of the foot, 
they had to press the active surface of the dynamometer 
with the head of the first metatarsal while the researcher 
exerted resistance.

d) Plantar pressure of the first ray: the plantar pressures of the 
first ray were measured using Footscan9 (RsScanLab, Ltd. 
United Kingdom) 43 cm wide by 205 cm long. A dynamic anal-
ysis was performed, in which the subject was placed standing 
on the ground in a straight forward line. They were instructed 
to take a few steps on the platform in order to normalize their 
walking pattern and then the footprints were recorded. Five 
steps were recorded24.25 with the study foot. The purpose of 
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this step was to record and compare the maximum pressure 
under the head of the first metatarsal. We chose the 3 most 
representative footprints, discarding the first one and the last 
one, the following variables were registered using the mean 
data of the 3 selected footprints: the average value of the 
pressure of the first metatarsal head during the stance phase 
of gait (N/cm2); the percentage of loading time of the first 
metatarsal head during the stance phase of gait; the maxi-
mum pressure value of the whole stance phase (N/cm2); and 
the percentage of the time interval in which this maximum 
pressure occurred during the stance phase. 

Group training and randomization

The sample was randomly divided into two groups: experimen-
tal or study group and control group. The study group consisted of 
subjects who completed the training program. And the control group 
wasmade up of subjects who did not perform any type of exercise.

To perform the randomization, the Excel macro AleatorMetod.
xls was used, freely available at www4.ujaen.es/~mramos/EPIP/
AleatorMetod.xls. 

PL strengthening program

The intervention for the experimental group consisted of per-
forming a series of exercises with elastic bands to strengthen the PL 
muscle, based on the rehabilitation program described by Cain et 
al.26 in 2020, which consisted of performing exercises of 3 sets of 10 
repetitions, 3 times a week for 4 weeks.

To perform this, the subject was placed in a sitting position with 
the knees flexed at 90degrees. The band was placed on the study foot 
and its two ends were held by one hand to generate slight tension 
(Figure 2A). From here, they performed the eversion movement of 
the foot with depression of the first metatarsal head and slight plantar 
flexion (Figure 2B).

During the follow-upperiod, to control that the exercises were 
carried out, the study group participants were phone contacted to 
remind them to do the exercises.

Data analysis

The statistical analysis of the data was carried out using the 
IBM® SPSS®Statistics program (IBM, Armonk, NY, USA). As descrip-
tive data, the absolute frequency (N), relative frequency (%), mean 
values, standard deviation, median and interquartile range were 
provided. Normality tests were used to determine whether the data 
followed a normal distribution, and to know if comparisons should 
be made using parametric tests (Student ‘s t test for independent 
samples for inter-group comparisons, and Student ‘s T test for related 
samples). for pre-post intra -group comparisons) or non-parametric 
(Mann-Whitney U test for inter-group comparisons, and Wilcoxon 
test for pre-post intra -group comparisons). The Chi square test was 
used for comparisons of categorical variables in the previous explor-
atory analysis. p-values lowerthan 0.05 was considered statistically 
significant. To determine the magnitude of the statistically significant 
differences, the effect size was calculated. This was obtained from 
the Cohen d. Effect size was considered low when it was less than or 

Figure 2. Exercise for peroneus longus potentiation.

Figure 1. Measurement of First Ray range of motion.

A
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equal to 0,2, moderate when it was from 0,3 to 0,8, and large when 
it was greater than 0,827.

Results

The sample for this study consisted of 32 feet of 24 subjects, 
16 inthe study group and 16 in the control group. Twenty-one left 
feet and 11 right feet were included. The distribution by laterality 
between the two groups wasnot significant (p = 0.063). In the study 
group, 9 were men and 7 were women. In the control group, 8 were 
men and 8 were women. The sex distribution was not statistically 
significant between the two groups (p = 0.956). The age in the study 
group was 23.44 ± 1.15 years (range 21-25) and in the control group 
it was 23.56 ± 1.63 years (range 21-27) (p = 0.956). The BMI in the 
study group was 22.44 ± 2.89 (normal weight) and in the control 
group was 23.52 ± 2.81 (normal weight) (p = 0.293).

Intraobserver reliability was determined in a previous study28 in 
which one of the authors(PTV) measured dorsiflexion and plantarflex-
ion of the first ray using the aforementioned measuring instrument 
twice in 24 subjects with a separation period between 10 and 30 days 
between measurements. The intraclass correlation coefficient was 
calculated (two-factor mixed model) and the results suggested that 
the reproducibility of the measurement procedure was good29 (ICC 
= 0.885 in dorsiflexion; ICC = 0.884 in plantarflexion).

Dorsiflexion and plantarflexion of the first ray; the total move-
ment of halluxextension; The FPI and PL strength measured with the 
dynamometer in both groups are shown in Table I. We compared the 
variables before and after the follow-up periodwithin each group. In 
the study group, statistically significant differences were obtained 
in plantarflexion of the first ray (p = 0.016) in which we observed an 
increase in the range of motion from 3.81 mm to 4.50 mm. In the 
control group, significant differences were obtained in hallux exten-
sion in which the value increased from 47.81° to 53.44° (p = 0.001).

Plantar pressure variablesare shown in Table II. We compared the 
variables before and after the follow-up periodwithin each group. In 
the study group, we obtained significant differences in the variables 
of the percentage of loading time of the first metatarsal head during 
the stance phase of gait (p = 0.036), in which a decrease from 79.24 
to 76.30 % was observed; and in the variable percentage of the time 
interval in which this maximum pressure occurs during the support 
phase (p = 0.008), in which an increase from 77.96 to 79.76 % was 
observed. In the variables of the average value of pressure under 
the head of the first metatarsal during the stance phase of gait and 
the maximum pressure value of the wholestance phase, we did not 
obtain significant differences (p = 0.061 and 0.070 respectively), but 
We did observe an increase in pressure under the head of the first 
metatarsal after carrying out the PL exercise program (pressure in the 
stancephase: from 7.64 to 11.55 N/cm2 and maximum pressure: from 
22.07 to 31 .32 N/cm2). As for the control group, significant differ-

Table I. First ray mobility in sagittal plane (mm), dorsiflexion of the first metatarsophalangeal (MTP) joint (°), FPI and 
peroneus longus strength (N) in both groups.

Study group Pre Post p value d Cohen

Dorsiflexion of first ray 7.13 ± 0.95 7.13 ± 1.02 1.00 -

Plantarflexion of first ray 3.81 ± 0.83 4.50 ± 0.96 0.016 0.76

Dorsiflexion of MTP joint 50.63 ± 12.89 53.13 ± 12.23 0.333 -

FPI 4.88 ± 2.68 4.38 ± 3.26 0.309 -

Maximum PL strength 75.61 ± 14.87 71.28 ± 11.54 0.650 -

Average PL strength 63.35 ± 13.25 59.10 ± 9.19 0.096 -

Control group Pre Post p value d Cohen

Dorsiflexion of first ray 5.87 ± 1.02 6.13 ± 1.20 0.271 -

Plantarflexion of first ray 3.38 ± 1.08 3.63 ± 1.14 0.300 -

Dorsiflexion of MTP joint 47.81 ± 12.64 53.44 ± 12.34 0.001 0.45

FPI 4.13 ± 3.42 4.56 ± 2.87 0.312 -

Maximum PL strength 67.84 ± 15.24 69.93 ± 10.25 0.910 -

Average PL strength 55.53 ± 11.77 57.62 ±7.46 0.611 -

MTP: metatarsophalangeal joint. FPI: foot posture index. PL: peroneus longus.



26 Távara Vidalón P, et al.

[Rev Esp Podol. 2024;35(1):22-29]

ences were obtained both in the average value of pressure underthe 
first metatarsal head during the stance phase (p = 0.010) and in its 
maximum pressure (p = 0.011), but in both cases, the variables have 
decreased their value.

Finally, we compared the variables obtained before and after the 
follow-up period between groups. The comparison of the dorsiflexion 
of the first ray and maximum pressure value of the whole stancephase 
already showed significant differences before starting the strength-
ening program (p = 0.002 and p = 0.026 respectively). After 4 weeks 
of exercises, significant differences were also found in dorsiflexion 
of the first ray (p = 0.022); in plantarflexion of the first ray, in which 
the value of the study group was 4.50 mm compared to 3.63 mm of 
the control group (p = 0.027); and in the maximum pressure value 
of the whole stancephase in which the value of the study group was 
31.32 N/cm2 compared to 21.01 N/cm2 of the control group (p = 
0.031).

Discussion

The main objective of this investigation was to determine wheth-
er PL training using an elastic band exercise program for 4 weeks can 
improve first ray function in subjects with a flexible dorsiflexed first 
ray. To do this, we carried out a pre and post comparison of differ-
ent variables measured in a non-weight bearing position and during 
gaitwith the use of a pressure platform.

The results indicate that the plantarflexion of the first ray 
improved, and as a result, the load-bearing functionof the first ray 
in the stance phase. We think that this increase in plantarflexion of 
the first ray, as well as the increase in pressure of the head of the first 
metatarsal during gait, may be due to the fact that these exercises 
performed with elastic bands helped to enhance the PL and that 

it exerts a plantarflexor effect of the first ray that can contribute to 
increase this movement and, consequently, to increasethe pressure-
under the first metatarsal head in the stance phase of gait 30,31 .

Regarding the methodology selected for this study, we opted 
for exercises with elastic bands. Although there are no studies that 
demonstrate effectiveness in the peroneus longus muscle, some 
authors obtained good results when used to strengthen other mus-
cles and to improve ankle stability15,16,18,26,32 .

In regard to other types of exercises to increase PL activity, Bavdek 
et al.33 evaluated the muscular activity of the PL and PC using electro-
myography, during gaiton different surfaces. Their results showed 
greater activation of the peroneal muscles when walking on a 30° 
inclined ramp compared to a flat surface. These authors suggest 
that walking on an inclined surface may be a useful type of exercise 
to strengthen the peroneal muscles. Although they obtained good 
results in isometric muscle contractions, walking on an inclined sur-
face can cause injuries if the inversion angle exceeds 35° degrees34. 
Additionally, one of the limitations of this study was that after per-
forming several steps, muscle habituation occurred that led to a 
decrease in its activity over time, making this activity less effective 
in strengthening muscles. For this reason, we believe that opting to 
strengthen the PL with elastic bands can be more effective when it 
comes to strengthening this muscle.

Regarding the results obtained, the plantarflexion of the first ray 
increased and also its load function during the stance phase of gait, 
showed improvement. Regarding this, Dullaert et al.10 carried out a 
study with 8 cadaver legs in which CT images were taken in a neu-
tral position without load (75 N), with load (700 N) and with 15 kg 
weights hanging from the PL tendon, simulating its contraction. One 
of the measurements they calculated was the Meary angle, whose 
normal value is less than 10° degrees. Their results indicated that this 
angle increased with loading from 75 to 700N (from 6.84° degrees to 

Table II. The average value of pressure under the head of the first metatarsal during the stance phase of gait (N/cm2), 
loading time of the first metatarsal head during the stance phase of gait (%), the maximum pressure value of the whole 
stance phase (N/cm2), time interval in which the maximum pressure occurs during the support phase (%).

Study group Pre Post p value d Cohen

Pressure during the stance phase 7.64 ± 3.70 11.55 ± 7.16 0.061 -

Loading time stance phase 79.24 ± 5.51 76.30 ± 5.57 0.036 0.53

Maximum pressure stance phase 22.07 ± 13.18 31.32 ± 17.09 0.070 -

Time interval maximum pressure 77.96 ± 4.64 79.76 ± 3.99 0.008 0.41

Control group Pre Post p value d Cohen

Pressure during the stance phase 11.12 ± 4.88 7.76 ± 2.32 0.010 0.87

Loading time stance phase 77.36 ± 4.87 75.81 ± 4.51 0.181 -

Maximum pressure stance phase 30.00 ± 15.32 21.01 ± 6.31 0.011 0.76

Time interval maximum pressure 77.87 ± 4.56 77.77 ± 4.06 0.895 -
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9.16° degrees; p > 0.01). This could be transferred to our study in that 
just by standing up, the first metatarsal decreases its verticality and 
therefore its plantarflexion. This may be a possible explanation for 
the fact that we only obtained significant differences in the unload-
ing measurements with an increase in plantarflexion of the first ray, 
despite the fact that the loading measurements were also increased 
when the PL was enhanced. Furthermore, in this study the results 
were obtained that when applying a 15kg load to the PL tendon there 
was also an increase in the Meary angle from 9.16° to 10.45°; p = 
0.52). Although the increase was small, what was expected was that 
the PL traction would decrease this angle. We think that, unlike our 
study, performing an in vitro studymay be a disadvantage compared 
to performing it in vivo,sincemuscles can be trained and their power 
increased following a training plan, as demonstrated by other studies 
that use elastic bandsto strengthen the muscles of the upper and 
lower limbs15,16,18,26,35–39.

On the other hand, we obtained significant differences in the 
variables of the percentage of loading time of the first metatarsal 
head during the stance phase of gait (p = 0.036), in which a decrease 
was observed; and in the variable percentage of the time interval in 
which this maximum pressure occurs during the stancephase (p = 
0.008), in which an increase was observed. We believe that this may 
be because performing the exercises and strengthening the PL helps 
improve the functionality of the first ray. This is why a decrease in the 
loading period of the metatarsal during the stance phase has been 
observed (from 79.24 to 76.30 %) since, if the first ray is dorsiflexed, it 
is possible that this time is longer because at the same time Pronating 
the foot shifts ground reaction forces toward the medial forefoot for 
longer periods of time.

The time interval in which this maximum pressure occurs, 
increased. We think this is because with the strengthening of the 
muscle and its improvement in the loading of the first ray, it is possible 
that it began to load less time in the support phase because it began 
to load later and more efficiently. Hence, the moment in which the 
maximum load occurred was closer to takeoff after the monitoring 
period (from 77.96 % to 79.76 %).

Regarding the comparative analysis at the beginning and at the 
end of the follow-up, in the control group only statistically significant 
differences were obtained in the metatarsophalangeal dorsiflexion, in 
which, although an increase from 47.81 to 53.44° was observed, We 
think that this difference of 5.6° is low, because this measurement is 
obtained with the two-branch goniometer and the values are marked 
each 10 degreesand therefore does not present clinical significance.

Regarding the variables measured with the pressure platform, 
the control group obtained significant differences both in the average 
value of the pressure of the first metatarsal head during the stance 
phase (p = 0.010) and in its maximum pressure (p = 0.011). But, in 
both cases the variables have decreased in value. We think that the 
possible explanation for this inconsistency in the results may be due 
to the small sample size used in this pilot study, since these subjects 
did not undergo any type of treatment that could influence this 
change.

Finally, we compared all the variables at the end of the 4 weeks 
between both groups. The results show that there were significant 
differences in the dorsiflexion of the first ray (p = 0.022), in which 
the value of the study group was 7.13 mm compared to 6.13 mm 
of the control group; in plantarflexion of the first ray (p = 0.027), in 

which the value of the study group was 4.50 mm compared to 3.63 
mm of the control group; and in the maximum pressure value of the 
whole stancephase (p = 0.031), in which the value of the study group 
was 31.32 N/cm2 compared to 21.01 N/cm2 of the control group. 
Regarding dorsiflexion, although the results were statistically signif-
icant, we do not consider them relevant, since at the beginning of 
the study significant differences were also found (p = 0.002). These 
results should be interpreted with caution, since we consider that an 
increase in the sample size would homogenize the groups, in terms 
of this variable.

On the other hand, regarding plantarflexion and maximum pres-
sure of the first metatarsal, the study group obtained a higher value 
compared to the values of the control groupafter 4 weeks of training, 
presenting significant differences. We think that this may be because 
this exercise program may have contributed to the improvement in 
the functionality of the first ray both in its assessment of discharge 
and dynamics.

Previous studies evaluatedthe influence of conservative elements 
on PL activity. Ludwing et al.40 studied the increase in PL activity with 
the use of a lateral pressure element placed in a personalized ortho-
pedic insole. Thirty-four healthy subjects participated and walked 
down a catwalk using the same model of footwear. In addition, two 
types of orthopedic insoles were used, one standard and the other 
sensorimotor (standard insole to which a 35 shoreA piece of EVA was 
added to the lateral edge of the rearfoot in order to stimulate the 
area). Contact with the ground was recorded through two pressure 
sensors under the sole of the shoe. Their results indicated that an 
increase in PL activity occurred during the propulsive phase and the 
mid-support phase when sensorimotor insoles were used. Further-
more, they considered that the pressure point changes the afferent 
information and leads to greater activation of the PL in the time 
interval in which the pressure point exerts pressure on the peroneal 
tendon.

Roca-Dols et al.9 assessed the activity of the PL and peroneus 
brevis in healthy subjects, walking in 6 different situations, with the 
participants barefoot and with the participants wearing 5 different 
types of footwear. Their results indicated that, during the propulsive 
phase of walking, the PL reduced its activity in cases in which the sub-
jects were wearing shoes with an air chamber compared to walking 
barefoot. The authors consider that the cushioning mechanism of 
the shoe could reduce PL activity in this phase. However, during the 
contact phase, footwear with an air chamber increased the activity 
of the PL, and this may be due to the cushioning mechanism of the 
sole, which provides lateral stability. In short, they consider that the 
result of muscular activity could be influenced by the type of material 
of the footwear.

We consider the small sample size as the main limitation of this 
study compared to similar studies20. This could be one of the rea-
sons why a decrease in plantar pressures was obtained in the con-
trol group. As mentioned above, increasing the sample size could 
homogenize the groups and obtain better results. Other limitations 
found was the fact that feet were counted instead of people. In case 
that a participant has not respected the researchers’ instructions to 
perform the exercises, the impact will have been in 2 cases (2 feet) 
instead of one. It would be interesting to include only one foot per 
person in future studies.

In conclusion, in this study it was observed that the subjects who 
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performed an exercise program with elastic bands to strengthen 
the PL muscle after four weeks of training presented an increase in 
plantarflexion of the first ray (from 3.81 to 4 .50 mm; p = 0.016); an 
increase in the pressure of the first metatarsal head during the stance 
phaseof gait (from 7.64 to 11.55 N/cm2) and its maximum pressure 
in dynamics (from 22.07 to 31.32 N /cm2); an increase in the per-
centage of the time interval in which this maximum pressure occurs 
during the stance phase (from 77.96 to 79.76); and a decrease in the 
percentage of loading time during the stance phase (from 79.24 to 
76.30 %).
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