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Abstract: Sports activity is extremely important in the health context, with a clear motivation for
its practice. One of the sports that involve more athletes is basketball, where the human body
undergoes rapid reactions, emphasizing the contact of the foot with the ground. The main goal
of the present study is to evaluate the distribution of plantar pressure in five different basketball
movements. Supported by a group of nine volunteer female athletes from a senior basketball team,
a data acquisition protocol was defined to identify the changes that occur throughout the sports
season. In this study, the maximum values of plantar pressure were evaluated for both feet. The five
movements that were defined and studied are all movements that might be performed during the
basketball practice period. To guarantee the necessary conditions of data reliability and repeatability,
at least seven repetitions were performed for each movement, which occurred at two different
moments of the sports season: at the beginning of the competition in November, and at season peak,
four months later, in March. Overall, the results obtained did not present statistically significant
changes between the two seasons in this study. However, a slight decrease was observed throughout
the sporting season for all movements, except for the rebound, where there was a contrary evaluation.
Additionally, athletes with a higher level of experience show higher values of plantar pressure than
less experienced athletes.

Keywords: basketball; plantar pressure; sports season; sports biomechanics

1. Introduction

In recent years, sports have become important in society, and basketball is no exception. Taking into
consideration both the professional players and those who play for leisure, the number of basketball
players in recent years has increased significantly. With this rise in popularity, competitiveness and
intensity during training and games have also increased, and this can mean a higher possibility of
getting injured. In basketball, the body parts with a greater risk of getting injured are the lower limbs,
especially in female athletes [1]. According to Baker et al. [2], ankle injuries were one of the most
frequent injuries in basketball players, and McCarthy et al. [3] concluded that female athletes suffer
greater rates of injury compared with male athletes. As basketball is an intermittent sport, with long
periods of moderate and recovery activity, there is a great propensity for injuries [4]. Hence, to avoid
serious injuries in women’s basketball, the intensity and frequency of training need to follow the
chronological and biological age of each player [5]. Razak et al. [6] concluded that plantar pressure
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measurements are important for diagnosing lower limb problems, sports biomechanics, and injury
prevention. Plantar pressure is not only used in sports but is also used to follow pathological conditions,
for instance, in diabetes, to evaluate plantar ulcer prediction [7–9]. Plantar pressure assessment
may also be useful to optimize basketball footwear designs, orthosis use, or training strategies to
reduce injuries during a basketball game [10]. According to Serrano et al. [11], the human body
comes into contact with the floor via the landing surface, and that means the lower limbs have a
further likelihood of getting injured in high-contact sports, like basketball. Basketball is considered a
sport of quick changes in velocity and intensity, and, for females, the rate of injuries per 1000 athlete
exposures in the game is 4.2 and in practice is 2.24, with an overall rate of injury of 2.86 per 1000
athlete exposures [12]. The list of technical and tactical arguments that can be used by a basketball
player is extensive [13]. Using the plantar pressure measurement to relate foot pressure and the
biomechanics function of the lower limbs to the increased training sessions along the season [14], it can
be seen that the athletes’ shoes begin to deteriorate, which can influence the athletes’ performance [15].
This evaluation helps us to understand foot injuries, especially in people with pathological problems
like Parkinson’s, diabetes, and rheumatic arthritis, and we can also identify the areas of the foot that
are most susceptible to skin injuries [16–21]. Plantar pressure may be evaluated by several methods;
one of them is shoe systems, which are more flexible than other methods like pressure distribution
platforms and are positioned inside the shoes, allowing for a better adjustment to the athlete [22,23].
Usually, the parameters of interest when evaluating plantar pressure are peak pressure (PP; considered
the maximum plantar pressure), pressure time integral (PTI; commonly defined as the area under
the peak pressure-time curve), and mean peak pressure (mPP) [15,24–27]. Nevertheless, Waaijman
and Bus [27] and Melai et al. [28] have concluded that mPP and PTI values are highly interdependent,
and it is not necessary to evaluate both.

This study aims to evaluate plantar pressure in five different basketball movements—four with
running and only one without running—and compare them at two different moments of the sports
season: at the beginning and at the peak of the competition season. It also aims to verify if the athletes’
level of experience could influence the mean peak plantar pressure. To assess the effect of the athletes’
experience level, they were divided into two groups: one included the least experienced players and
the other the most experienced, according to the number of games played. In this group division, it was
also considered whether or not the athlete belonged to the elite regional basketball team. Additionally,
a comparison between plantar pressure for the left foot and the right foot was made. The presence of
asymmetry between the feet can be an indication that there has been a negative impact on normal foot
function and unequal loading of the two feet during the movements. Hence, the symmetry index of all
five basketball movements was analyzed.

2. Materials and Methods

2.1. Participants

Before participation in this study, all the athletes were fully informed of the nature of the
investigation and gave written informed consent. The study was approved by the ethical committee of
the Polytechnic of Coimbra (CEPC 26/2018) and performed according to the Declaration of Helsinki;
all the participants’ data have been registered and stored anonymously.

The group was initially formed by eleven female basketball athletes, with ages between 18 and
23 years and at least six years of experience in this sport. During the season, one of the athletes was
injured, and another, for family reasons, gave up the sport. Therefore, the final group constituted of
nine athletes. Table 1 shows the age, height, body mass index, favorite hand, and years of practice of
each athlete. The mean age was 19.9 years, and the years of practice were around 11.
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Table 1. Volunteers’ relevant characteristics.

Athlete ID Age (Years) Height (m) Body Mass Index (kg·m−2) Years of Practice

1 19 1.79 22.8 7
2 19 1.66 24.3 12
3 19 1.71 18.8 11
4 22 1.64 26.2 17
5 23 1.69 25.3 17
6 21 1.58 28.0 7
7 18 1.62 19.8 11
8 19 1.60 24.0 6
9 19 1.66 19.2 11
10 21 1.63 20.7 15
11 21 1.61 23.1 8

Mean ± SD (initial sample) 20.1 ± 1.6 1.65 ± 0.06 23.0 ± 3.1 11 ± 4
Mean ± SD (final sample) 19.9 ± 1.7 1.66 ± 0.06 23.2 ± 3.3 11 ± 4

2.2. Setup

To evaluate the differences during the season, acquisitions were made at two different moments of
the sports season: November (at the beginning of the competitive season; T1) and March (corresponding
to the peak of the competition; T2), usually when 20 to 25 games have been played. Before the first
acquisition, a ten-meter walk test (10 MWT) was performed to provide a walking characterization
of each volunteer athlete. In the first session they attended, athletes were familiarized with all the
study procedures and completed one exercise under each test condition. Later, following the test
familiarization, all athletes performed at least seven quality acquisitions under each movement at both
season moments, a total of 630 valid data points. The sequence of the movements was randomized
(Table 2) for the players in order to minimize external factors like fatigue and routines and to avoid a
learning bias. Between movements, the volunteers had one minute to rest, while between repetitions
of the same movement, they had 30 s of rest.

Table 2. Movement randomization.

Athlete ID 1st mov. 2nd mov. 3rd mov. 4th mov. 5th mov.

1 RNB LR R RB LL
2 LL RNB LR R RB
3 LR R RB LL RNB
4 RNB LR R RB LL
5 LL RNB LR R RB
6 RB LL RNB LR R
7 R RB LL RNB LR
8 LR R RB LL RNB
9 RNB LR R RB LL

RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left
side; R—rebound.

The five movements or test conditions considered can be described as follows: RB—running with
the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left side;
R—rebound. Each one of these five basketball maneuvers needs the activation of the lower limbs,
and their efficiency depends on the leg’s strength, mobility, and coordination. Hence, for basketball
players, their legs are undeniably important.

Data were acquired during team training, always in the same basketball gym, using a game ball
with the recommended pressure of 0.62 bar. All players used their normal basketball shoes, and no one
changed their shoes between the two acquisitions.



Appl. Sci. 2020, 10, 8691 4 of 14

2.3. Instruments

In-shoe plantar pressure was measured using the Pedar-x system (Novel®, Munich, Germany).
Before and after data collection, the insoles were checked using the Trublu® calibrating system
(novel gmbh, Munich, Germany) to verify that all sensors were functioning accurately. This system
contains 99 piezoresistive sensors, with a thickness of 1.9 mm and a pressure range of 637.5 kPa,
7% hysteresis, and a resolution of 2.5 kPa. The system allows the performance of the acquisition with a
frequency of 50 or 100 Hz. The insoles have different sizes; dimensions of 8/9 were used according to
the participants’ foot size and were comfortably placed between the socks and the basketball shoes.
The connection between the signal amplifier and the computer was made via Bluetooth. A belt was
used to lock the data logger to the waist of each basketballer for data storage. Pedar® software
(novel gmbh, Munich, Germany) was used to record and process the evolution of plantar pressure for
each foot in real-time. Considering all the sensors, each foot was divided into three different zones
(Figure 1), the forefoot, midfoot, and rearfoot, being analyzed separately. The result includes all parts
of the foot.

Figure 1. Plantar anatomic region divided into three zones.

2.4. Data Processing

The maximum value of mean peak pressure (mPP) was analyzed with the same method for
all the acquisitions. First of all, we identified the feet zone with higher values; then, we measured
the highest values for each acquisition; after this, the average value was calculated. The statistical
package IBM SPSS Statistics 25.0 (IBM Corporation, New York, NY, USA) was used for statistical
analyses [29]. The Wilcoxon test was considered to compare the two evaluated session moments
(November and March), and the Friedman test was used for multiple nonparametric comparisons,
like the comparison between experience level, foot, and movement. A significance level of 0.05 was
defined to identify differences.

To evaluate the effect of plantar pressure on feet lateralization, the symmetry index (SI) [30–33]
was considered, defined by

SI [%] =
2 ×
∣∣∣(X1 − X2)

∣∣∣
(X1 + X2)

× 100 (1)

where X1 and X2 are the values of plantar pressure for the right foot and the left foot, respectively.
According to Viteckova et al. [31] and Wu et al. [32], if SI is zero, the landing is symmetrical;

when SI is less than 10%, the symmetry is considered to be acceptable; however, higher values of SI
can promote loss of bone mass density of one limb versus the other, as well as higher dynamic loads
on the contralateral limb and joints.
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3. Results and Discussion

From the gait analysis performed during the 10 m walk test, it was possible to assess if athletes
had similar plantar pressure distributions: seven athletes had a plantar pressure distribution with the
pattern in Figure 2a, and only two athletes presented the pattern shown in Figure 2b. Comparing both
distributions, it is possible to see that in Figure 2b, there was almost an absence of black color over
the midfoot, while in Figure 2a, there is a large black-colored area. Hence, the pattern distribution of
Figure 2b makes the feet appear completely flat, with no space in the middle foot. However, after the
first moment of acquisition, in November (T1), it was possible to conclude that the zones with higher
pressures were practically the same for both types of feet, meaning that the nine athletes can be
considered a group. In Figure 3, it is possible to qualitatively compare the zones with higher pressure
for the two types of feet during the five movements evaluated.

Figure 2. Plantar pressure distribution of athletes: (a) regular pattern; (b) flat pattern.

Table 3 shows the mPP for both feet at the two moments of the season, considering the five different
movements. The higher standard deviation of these results could be the result of variability that is related
to different physical and morphological characteristics. This table shows that there are no statistically
significant differences in any of the comparisons. Despite that, minimum differences between both
moments of acquisition can be observed, with higher values at the first moment of acquisition (T1).
One of the factors that can influence this variation is the shoe insole, which could be damaged by
use (getting stiffer); the saturation of the airbox that most shoes have can also influence the athlete’s
performance [15,34]. Harder shoes/insoles tend to increase plantar pressure values; however, in this
study, the athletes always wore their normal shoes/insoles and, therefore, the actualized perceptual
comfort of the shoes/insoles allowed, to some extent, the self-adjustment of movement intensity.
Moreover, the variation in athletic performance indexes (APIs) between the two seasons may also be
another factor that may well have contributed to these differences.
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Figure 3. (A) Athlete with regular pattern; (B) athlete with flat pattern.

Table 3. mPP—(X) and standard deviation (SD). Comparison between the two season moments (T1, T2)
and, in each season, between feet.

T1
¯
X ± SD (kPa) T2

¯
X ± SD (kPa) p

RB
Right Foot 401.6 ± 71.66 393.0 ± 103.5 0.314
Left Foot 419.7 ± 61.2 396.6 ± 88.3 0.173

p 0.374 0.953

RNB
Right Foot 426.2 ± 74.6 381.1 ± 105.2 0.066
Left Foot 416.9 ± 50.5 397.2 ± 85.7 0.374

p 0.859 0.515

LR
Right Foot 383.6 ± 46.4 375.4 ± 70.6 0.484
Left Foot 357.1 ± 59.6 360.5 ± 85.2 0.263

p 0.314 0.484

LL
Right Foot 383.9 ± 71.5 351.0 ± 77.7 0.139
Left Foot 372.3 ± 37.3 348.0 ± 77.6 0.086

p 0.678 0.859

R
Right Foot 295.0 ± 52.7 297.7 ± 102.4 0.575
Left Foot 300.6 ± 61.1 350.7 ± 87.6 0.069

p 0.767 0.123

RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left
side; R—rebound.

The basketball movement with the lowest plantar pressure values is related to the rebound
(R) movement, i.e., the only movement that is not related to running in the majority of scenarios,
except, for example, after a missed free throw, where R can be associated with a short run to the jump
movement. On the other hand, the highest plantar pressures appear in the movements that include
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running tasks and especially in those at the beginning of the movement, RB and RNB, which present a
race over a greater distance. This behavior can be one of the reasons why the distribution of plantar
pressures related to sports studies is mostly related to dynamic movements rather than static ones [35].

Moreover, comparisons between right and left feet for the five basketball movements also did
not present statistically significant differences. Small differences between right and left feet T1 and T2
were observed, and mPP at T2 was lower than at T1. Although the technique is improved and the
movements performed more correctly with the increase in the number of training sessions, wear on
the shoe begins to be observed, which can influence the athlete’s performance [15]. Hence, sports shoe
conditions, with the increasing number of training sessions, can be softer and allow a reduction in
plantar pressure value induced during sports practice. According to Ke et al. [34], the type of sole and
its condition is very important, not only for the comfort of the athlete but also to relieve the induced
pressure and, thus, decrease the probability of the athlete suffering injuries.

Figure 4 illustrates the distribution of plantar pressure represented by zones and with 3D responses,
which allows the assessment of the magnitude of the observed plantar pressure value. This figure
shows the results for an athlete performing the five movements at T1 and T2 and is representative of
the results obtained for all athletes with the flat foot type.

Figure 4. Examples of plantar pressure distributions: comparison between the two assessment times,
T1 (November) and T2 (March).
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Figure 4 shows that there is a similarity between the acquisitions concerning the most solicited
zones of the foot, with the hallux and rearfoot having higher values. These results follow those
obtained by Sterzing et al. [36], who reported that the most requested areas of the foot during running
are identified in the rearfoot. After the distribution of plantar pressure is known, it is possible to
identify the plantar areas where the highest pressure is exerted in order to help coaches to apply
corrective training measures, if necessary. High values of plantar pressure can originate injuries, and
athletes are advised to wear appropriate insoles and/or to adapt their work plan during practice [36,37].
However, in this investigation, the highest values observed for all the athletes were lower than those
identified by Elis et al. [37], who noted that the foot values that can cause injuries are around 600 kPA
for the hindfoot (rearfoot) and forefoot and 500 kPa for the hallux. In Figure 4, it is possible to see that
basketball movements that include running (LPD, LPE, ACB, and ASB) are the movements that show
higher values of plantar pressure, mainly in the forefoot; these results agree with those reported by
Kong et al. [10].

Table 4 illustrates the results of Friedman’s test for the comparison of all the movements performed
by the athletes. The test was separately performed for both feet using the data from all movements at
the two assessment times (T1 and T2). Regarding the results of Table 4, it is possible to conclude that
there are statistically significant differences between the movements at both times.

Table 4. Friedman test results for individual comparison of each foot and time in all movements.

T1 T2

mPP mPP

Right foot <0.05 0.014
Left foot <0.05 0.013

To correctly identify the movements where more significant differences occur, a statistical analysis
comparing the five movements was performed for each evaluation moment (T1 and T2; see Table 5).

Table 5. Friedman test results comparing the five movements at T1 and T2, individually.

Movement Foot RNB LR LL R

T1

RB
Right >0.05 >0.05 >0.05 0.046
Left >0.05 0.113 0.736 0.001

RNB
Right >0.05 0.526 <0.05
Left 0.113 0.736 0.001

LR
Right >0.05 0.006
Left >0.05 >0.05

LL
Right 0.253
Left 0.369

T2

RB
Right >0.05 0.820 0.398 0.005
Left >0.05 0.177 0.177 0.820

RNB
Right >0.05 >0.05 0.398
Left 0.114 0.114 0.578

LR
Right >0.05 0.820
Left >0.05 >0.05

LL
Right >0.05
Left >0.05

RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left
side; R—rebound.
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The results from Table 5 show that the R movement has the greatest discrepancy to the others.
It is also verified that from T1 to T2, the values become more uniform with each other, and the only
basketball movements that revealed statistically significant differences are RB and R. This information
could be important for medical diagnostics, rehabilitation, coaches, and athletes to improve sports
performance and reduce injury occurrence. If coaches knew which movements induced higher plantar
pressure values at what stage of the season, they could develop training plans to prevent injuries.
The coaches could promote specific training that is capable of responding to the effort required for
certain movements, for example, through adequate muscle strengthening.

To verify if the level of experience could influence these results, the mPP values of the group with
more experienced athletes (1) were compared with those of the less experienced (2) group (see Table 6
and Figure 5).

Table 6. Results considering the two experience levels for the five movements (Mov) at T1 and T2.

Mov. Exp. Level
Right Foot Left Foot

T1
¯
X ± SD (kPa) T2

¯
X ± SD (kPa) p T1

¯
X ± SD (kPa) T2

¯
X ± SD (kPa) p

RB
1 447.04 ± 62.31 463.22 ± 76.57 0.5 449.00 ± 49.34 442.85 ± 85.43 0.686
2 344.94 ± 28.34 305.25 ± 47.81 0.068 383.08 ± 59.29 383.08 ± 59.29 0.068
p 0.068 0.068 0.068 0.068

RNB
1 473.89 ± 42.13 450.08 ± 89.31 0.345 445.57 ± 23.37 429.64 ± 91.27 0.893
2 366.50 ± 42.76 294.79 ± 32.14 0.144 381.02 ± 54.64 356.57 ± 56.20 0.144
p 0.068 0.068 0.068 0.068

LR
1 409.47 ± 42.13 401.54 ± 76.70 0.893 368.40 ± 52.51 397.60 ± 74.30 0.043
2 351.24 ± 29.32 331.71 ± 33.18 0.285 343.04 ± 72.96 298.58 ± 71.83 0.593
p 0.144 0.109 0.144 0.109

LL
1 426.80 ± 66.47 397.37 ± 74.24 0.500 397.16 ± 25.31 396.25 ± 63.12 0.500
2 330.37 ± 29.14 293.09 ± 26.36 0.068 341.16 ± 23.09 287.69 ± 45.07 0.068
p 0.068 0.068 0.068 0.068

R
1 328.56 ± 44.01 355.69 ± 82.20 0.686 312.18 ± 69.91 388.56 ± 92.00 0.043
2 252.97 ± 24.55 200.94 ± 26.56 0.109 286.22 ± 54.06 287.68 ± 18.90 <0.05
p 0.068 0.109 0.273 0.109

RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left
side; R—rebound.

No statistical differences were found between levels of experience (Table 6). Nevertheless, it appears
that the more experienced players always have higher values of mPP than the less experienced ones but
also less symmetry concerning the right and left feet, with the right foot showing higher values of mPP.
In less experienced athletes, a greater discrepancy of values was identified, and it was not possible to
recognize which foot is dominant. In terms of the type of movement, the lowest mPP corresponded
to R but with no significant difference between the other movements. Once more, this behavior can
be justified by the fact that R is the only movement that does not have associated running; according
to Kong et al. [10], running induces higher plantar pressure values. Less experienced athletes can
perform all movements more defensively, so such high plantar pressure values are not induced.

Table 7 shows the values obtained by Equation (1) concerning all the test conditions, movements,
moments of the season, and athlete levels. From Table 7, it can be observed that the less experienced
athletes showed higher SI values than the athletes with higher experience. Moreover, the highest value
of SI at both times appears for the rebound movement. According to Wafai et al. [21], the presence of
asymmetry between feet can be an indication that there has been a negative impact on normal foot
function and unequal loading of the two feet during the movements because the run and jump are
frequently assumed to be symmetrical. Athletes tend to obtain a more identical response between
limbs with an increase in the number of years of experience [38].
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Figure 5. Mean peak pressure (mPP): (a) Level 1; (b) Level 2. RB—running with the ball;
RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left side; R—rebound.

According to Yu et al. [39], identifying the distribution of plantar pressure can help athletes and
their coaches to prevent injuries. These injuries can be caused by the high number of repetitions of
the exercises but can also be due to poorly performed exercises. Kong et al. [10] reported that normal
running and sprinting are the most repeated movements in basketball, which can lead to pressures
in the order of 360 kPa. Note that, today, there are several studies on the development of footwear
for basketball players to create greater cushioning in the rearfoot, a highly requested area during
basketball practice. The value of 360 kPa is observed in almost all the movements with running,
principally for the more experienced athletes. The intensity imposed during basketball training by
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the most experienced athletes could be greater than that imposed by the remaining athletes. On the
other hand, less experienced athletes are more careful in performing the exercises, as they are not as
confident in the way they perform them; hence, the plantar pressure could be lower.

Table 7. Symmetry index for the athletes under all test conditions.

Mov Exp. Level
SI (%) SI (%)

T1 T2

RB
1 0.4 4,5
2 10.5 22.6

RNB
1 6.2 4.6
2 3.9 18.9

LR
1 10.6 0.98
2 2.4 10.5

LL
1 7.2 0.28
2 3.2 1.9

R
1 5.1 8.8
2 12.3 35.5

RB—running with the ball; RNB—running without the ball; LR—lay-up on the right side; LL—lay-up on the left
side; R—rebound.

This study was developed at the academy under normal training conditions and not highly
controlled laboratory conditions. The experimental setup was carried out by considering the pressure
sensitivity of the foot, the impacts of the external load, and the duration of the test. However, individual
factors of the athletes, such as foot morphology and body mass, were not included as experimental
parameters. Additionally, the number of athletes (nine at the end) may not have been enough to
extrapolate the results. It is important to emphasize that the study protocol did not specify that the
athletes needed to wearing shoes/insoles of the same brand and model, but nearly all shoes were of the
same brand. As suggested by several studies [15], the pattern of plantar pressure distribution and their
maximum values may be affected by the type of shoes. Nevertheless, the main goal of the present
study was not to study the influence of the hardness effect of the shoes/insoles on plantar pressure
but to evaluate the distribution of plantar pressure in five different basketball movements and if there
were statistical differences among the maximum values of mean peak pressure of each movement.
Notice that because each athlete was always wearing the same shoes, it is expected that the data effects
of the shoes will be the same over all movements and over the two seasons. On a normal training
day, the athletes do not change their preferred shoes/insoles and, therefore, to perform this study,
it was not necessary to ensure similar shoes/insoles for each athlete. Moreover, in addition to meeting
the functional requirements of specific sporting events and strengthening foot protection, the most
important element in specialized sports shoes is comfort. Hence, if the normal shoes/insoles of each
athlete were changed, we might also have changed the athlete’s comfort perception and, therefore,
changed their performance of the five basketball movements.

Despite these limitations, the results provided useful information that can help coaches and
athletes develop training methodologies to avoid the occurrence of injuries.

4. Conclusions

In the present study, no significant statistical differences were found between the two moments of
the season. At the beginning of the competitive season, plantar pressure values were higher for all the
movements except the rebound movement, where the results are higher at the peak of competition.
After the comparison between movements, there were only differences for RNB and LL with R at T1 and
RB with R at T1 and T2, which confirm that the rebound (R) movement is the movement with different
values, in this case, the lowest value. This movement is the only one of the five performed that does
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not have running associated with it, which may be a factor of differentiation. The comparison between
the two groups, with different levels of experience, showed no statistical difference, but, generally,
the group of the most experienced players performed at higher values. The more experienced athletes
showed an acceptable degree of symmetry in mPP values, but the mean SI value of athletes had the
tendency to grow for the less experienced players, especially for the second moment of the season.
The results obtained can be a great help to coaches for developing training methodologies that can
reduce the occurrence of injuries. With the knowledge of which movement is most conducive to
injuries, coaches will reduce, if possible, the number of repetitions of that movement during training.
Moreover, the athletes, having verified that the differences observed in the two phases of the season
may be associated with the wear of the soles of their shoes, should try to evaluate the condition of
their shoe soles more frequently and also choose a shoe adapted to basketball, with reinforcement in
the rearfoot.
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