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Abstract: This study aimed to analyze the relationship between ball impact point, type of stroke,
and shot direction in high-performance padel. A total of 8363 strokes from nine matches of three
national tournaments involving a total of 24 male players were subjected to systematic observation.
The variables analyzed were type of stroke, shot direction, and ball impact. A descriptive analysis
was conducted for each study variable, with a comparison of the variables performed using Pearson’s
Chi-Square test, column proportions determined using a Z test according to Bonferroni (p < 0.05),
an association established by corrected standardized residuals, and an effect size calculated using
Crammer’s V. The results showed that the most-used stroke types were volleys, serves, groundstrokes,
and backwall shots (67.6%). The cross-court direction stood out over down-the-line and inside-out
directions. Finally, almost two-thirds of the impact point locations were forward. In addition, the
type of stroke determined shot direction and ball impact location. Moreover, the ball’s impact
location significantly determined shot direction. In conclusion, these results suggest that the ball
impact location and the type of stroke provide information from which padel shot direction can
be anticipated. Such knowledge may constitute a very important factor affecting performance and
success among padel players.

Keywords: racket sports; performance analysis; biomechanics; game actions; paddle tennis

1. Introduction

Padel is a relatively new sport [1], played on a 20 × 10 m court [2], whose player
base has recently increased worldwide [3,4]. Similar studies have been undertaken on this
sport, with the main topic being performance indicators [5,6], especially in regard to three
fundamental aspects: temporal structure [7–10], players’ movements and distance covered
on the court [11–13], and game actions, such as technical or tactical parameters [6,14–16].
The main aim of research on this topic has been to try to identify game actions to explain
the tactical behavior of players during competitions [10], providing objective information
on real game situations [17]. This research information can help coaches and players to
enhance performance through effective competition-based training [18]. It enables them to
devise strategies for better performance and improve decision-making and feedback based
on players’ behavior during a match [15].

Performance parameters have been analyzed in relation to padel, providing important
information about game patterns and energy requirements during competitions [7,18].
Regarding the characteristics of the game, it has been reported that there are 9–10 strokes
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per point in high-level padel [19,20]. The shots with the highest frequency are volleys,
smash, serve and groundstrokes [6,11]. In addition, two tactical positions in padel have
been described: the net position, where the pair plays close to the net, and the background
position, where the pair plays at the baseline of the court [21,22]. Previous studies have
confirmed that there is a greater likelihood of winning a point (pertaining to more than
80% of the points), when spending more time in the net position [6,13], using strokes such
as bandejas, smashes (12–16%), and forehand and backhand volleys (20–25%) [11,23,24].
However, players in background positions use other types of strokes (with lobs serving
as the most frequent type of hit), with the aim of reaching the net position and forcing the
opponents to hit the ball away from the net, forcing them to go back to the background
position [25].

However, it is important to know the distribution of points and errors in the different
strokes because it allows one to characterize players’ performance and predict a match’s
outcome and success in a game [10,17,26]. Regarding scoring strategies, players’ locations
(i.e., net or baseline, right or left side, etc.) or players’ techniques (i.e., hitting the ball at a
good location) have been reported to have notable implications in padel [16,27,28]. Thus,
it appears that two fundamental tactical principles for achieving success in racket sports
are varying the direction of shots and hitting the ball to the corners of the court [25,29,30].
In tennis, hitting the ball earlier or later in a stroke can generate changes in ball direc-
tion [31] and serve velocity [32]. Some studies have analyzed impact points and joint
angle changes [33]. In this regard, where the ball impacts the racket face (string bed) has
a direct effect on racket/arm motion in tennis strokes [33]. The relationship between the
location of the ball’s impact and shot direction could provide valuable information for
developing the ability to anticipate an opponent’s shots [33]. This information could help
players move more efficiently and productively on the court [31,34,35]. However, there
is a concerning lack of research investigating ball impact points in padel. Therefore, the
aim of this study was to analyze the relationship between ball impact point, type of stroke,
and shot direction in high-performance padel. This information could assist coaches in
comprehending players’ strategies and their effectiveness in padel games.

2. Materials and Methods
2.1. Sample and Variables

A total of 8363 shots from nine matches (six semi-finals and three finals) across three top
national tournaments (First National Category) were analyzed via systematic observation.
The matches were performed by 24 male padel players with a mean (SD) age of 31.18 (7.27)
years and a height of 181.3 (4.1) centimeters. The matches were conducted in accordance
with the established regulations of the game [2]. These players also compete in professional
World Padel Tours and Premier Padel circuits, but these tournaments were selected because
it is easier to obtain permission to include cameras on the court in these competitions.
However, as it was necessary to attach a specific structure on the roof to support the
cameras, only 3 tournaments could be included in this research. The study was approved
by the ethics board of the local university (ethic code; 154/2020). The following variables
were analyzed:

• Type of stroke: The strokes analyzed in this study, following the classification proposed
by Courel-Ibáñez et al. [6], included the serve (first and second serves), ground strokes,
backwall strokes, double-wall strokes, lateral wall shots, lobs, volleys, tray shots, and
smashes. All strokes were executed using a player’s forehand and backhand, except
for the tray shots and smashes, which were performed only on the dominant side.

• Shot direction: The court was divided into five areas, and the players’ hitting positions
and the ball’s position on the other side of the court were recorded. Shot direc-
tions included inside-out (Figure 1, #1), down the line (Figure 1, #2), and cross-court
(Figure 1, #3).

• Ball impact point: This term is used to describe the point of impact in relation to
the center of mass of the human body. It was calculated with respect to the distance
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between the coordinates of the ball and a player’s center of gravity. Impact points
were classified into forward (in which the impact of the ball is in front of the player’s
center of gravity) (Figure 2, #1) and backward (wherein the impact of the ball is behind
the player’s center of gravity) points (Figure 2, #1).
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2.2. Procedure

Informed consent was requested from tournament organizers and players for the
recording of matches. A computerized motion-tracking system (Sagit/Squash) was used to
analyze player and ball coordinates, following a procedure used in previous studies [36].
Two Bosch Dinion video cameras were used to record the matches. The cameras were
placed in a sagittal direction over the courts, one at a distance of 6 m from the center
and the other over the service line. The frame rate was 25 frames per second. This
camera and procedure have been used in previous racket studies [37]. Similarly, the
reliability of the resulting calculations of player and ball position on the court has been
deemed acceptable for analytical purposes [38]. To analyze the matches through systematic
observation, two software programs were used. Video analysis was conducted using
LINCE software v2.1.0. [39], and shot direction was determined by overlaying a visual grid
on the images from the video with Kinovea software (V.08.26, www.kinovea.org, Bordeaux,
France, accessed on 13 February 2024) (see Figure 1). To analyze the intra-observer and
inter-observer reliability, two physical activity and sport sciences graduates, who also have
over 10 years of experience as padel coaches, participated in the process. Firstly, a specific
training process was employed to identify the study variables. Secondly, at the end of
the training process, each observer analyzed the same two sets to calculate inter-observer
reliability using the Multirater Kappa Free program [40]. Intra-observer reliability was also
evaluated at the end of the observation process, with minimum values of 0.80 obtained
to ensure data consistency. The obtained values were above 0.80, indicating a very high
degree of agreement [41].

2.3. Data Analysis

Firstly, Microsoft Excel spreadsheets were used for processing the data collected
through visual analysis of the nine matches. Here, IBM SPSS 25.0 (IBM Corp: Armonk,
NY, USA) was used to perform the statistical analysis of the data collected. To analyze the
data, first, a descriptive analysis of the data was carried out to determine the frequency
(n) and percentage (%) of each study variable. To determine the normality of the variables,
Kolmogorov–Smirnov tests were conducted. Additionally, to assess the homogeneity
of variances, Levene’s test was performed. The statistics on the types of strokes were
compared based on ball impact point and direction using Pearson’s Chi-Squared test.
Column proportions were compared using Z tests, with p-values adjusted to p < 0.05
according to Bonferroni. Associations among variable categories were analyzed using
corrected standardized residuals (CSRs). The effect size was calculated using Crammer’s
V [42]. The effect size of Crammer’s V was interpreted as small (V < 0.10), medium
(0.10 < V < 0.30), or large (V > 0.30) based on the degrees of freedom [43]. A significance
level of p < 0.05 was set.

3. Results

A total of 8363 stroke-by-stroke actions were registered regarding type of stroke,
ball impact point, and shot direction, distributed as shown in Figure 3. Volleys, serves,
groundstrokes, and backwall shots (67.6%) were the most common strokes. Lobs accounted
for less than two out of ten strokes. Interestingly, almost two-thirds of the impact point
locations were forward. Regarding shot trajectories, the cross-court direction stood out
among down-the-line and inside-out directions.

Table 1 shows the distribution of stroke types according to ball impact point. As
may be observed, the type of stroke determined the ball impact location (χ2 = 1267.39;
gl = 8; p = 0.000; V = 0.392). The ball impact points in serves, volleys, tray shots, and
backwall shots were significantly more likely to be forward impacts. However, ground
strokes, lateral-wall shots, and lobs were significantly more likely to have backward impacts.
No significant differences were found for smashes and double-wall shots regarding ball
impact point.

www.kinovea.org
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Figure 3. Descriptive analysis of types of strokes, ball impact points, and shot directions.

Table 1. Type of stroke according to ball impact point.

Ball Impact Point
Sig.Backward Forward

N % CSRs N % CSRs

Type of stroke
Serve 537 a 41.4 −6.4 761 b 58.6 6.4

0.000

Ground stroke 680 a 53.3 16.1 595 b 46.7 −16.1
Volley 256 a 12.4 −23.7 1811 b 87.6 23.7

Tray shot 18 a 3.1 −16.1 560 b 96.9 16.1
Smash 135 a 33.8 0.1 264 a 66.2 −0.1

Backwall shot 307 a 30.0 −2.7 717 b 70.0 2.7
Lateral-wall shot 394 a 53.4 11.8 344 b 46.6 −11.8

Lob 321 a 65.0 15.2 173 b 35.0 −15.2
Double-wall shot 129 a 35.4 0.7 235 a 64.6 −0.7

Note: N = frequency; % = percentage; CSRs = corrected standardized residuals; a and b = significant differences in
the Z tests for the comparison of column proportions, with p < 0.05, adjusted according to Bonferroni.

Table 2 shows the descriptive results regarding stroke distribution according to shot
direction. As may be observed, the type of stroke determined shot direction (χ2 = 583.54;
gl = 16; p = 0.000; V = 0.266). Down-the-line shots were significantly more frequent than
inside-out or cross-court directions for ground strokes, volleys, lobs, and double-wall shots.
Cross-court directions were significantly more frequent than down-the-line or inside-out
shots for serves, backwall shots, and lateral-wall shots. Finally, inside-out directions were
significantly more likely than down-the-line or cross-court shots for tray shots and smashes.

Table 2. Type of stroke according to shot direction.

Shot Direction
Sig.Down the Line Cross-Court Inside-Out

N % CRSs N % CSRs N % CSRs

Type of stroke
Serve 402 a 31.0 −5.5 465 b 35.8 −0.2 431 c 33.2 6.3

0.000

Ground stroke 558 a 43.8 4.8 489 a 38.4 1.8 228 b 17.9 −7.3
Volley 850 a 41.1 3.6 714 b 34.5 −1.7 503 b 24.3 −2.1
Tray 194 a 33.6 −2.2 112 b 19.4 −8.7 272 c 47.1 11.9

Smash 85 a 21.3 −7.0 156 b 39.1 1.3 158 c 39.6 6.3
Backwall 299 a 29.2 −6.0 414 b 40.4 3.1 311 b 30.4 3.3

Lateral-wall 238 a 32.2 −3.2 323 b 43.8 4.5 177 a 24.0 −1.4
Lob 324 a 65.7 13.2 161 b 32.7 −1.7 8 c 1.6 −12.8

Double-wall 160 a 44.0 2.5 141 a 38.7 1.1 63 b 17.3 −3.9

Note: N = frequency; % = percentage; CSRs = corrected standardized residuals; a, b, and c = significant differences
in the Z tests for the comparison of column proportions, with p < 0.05, adjusted according to Bonferroni.

Table 3 shows how ball impact location significantly determined shot direction
(χ2 = 883.993; gl = 2; p = 0.000; V = 0.328). As may be observed, when players hit the ball
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behind their center of gravity (backward), the shot would be down the line almost 50%
of the time. However, when a player hit the ball in front his center of gravity (forward),
the direction of the shot was significantly more likely to be cross-court and inside-out
than down the line.

Table 3. Shot direction according to ball impact point.

Ball Impact Point
Sig.Forward (a) Backward (b)

N % CSRs N % CSRs

Shot direction
Down-the-line 1533 28.1 −25.4 1578 a 50.7 25.4

0.000Cross-court 2022 b 37.0 2.4 954 32.1 −2.4
Inside-out 1905 b 34.9 25.4 246 11.4 −25.4

Note: N = frequency; % = percentage; CSRs = corrected standardized residuals; a and b = significant differences in
the Z tests for comparison of column proportions, with p < 0.05, adjusted according to Bonferroni.

4. Discussion

This study aimed to analyze the relationship between ball impact point, type of
stroke, and shot direction in high-performance padel. The results showed that the most-
used strokes in padel were volleys (24.7%), serves (15.5%), groundstrokes (15.2%), and
backwall shots (12.2%). Previous studies have reported similar results when quantifying the
distribution of padel strokes [6,19,27]. Therefore, the distribution of strokes is the decisive
parameter in this regard. It appears that this factor may be directly related to alterations in
the depth and width of the court space [6,44]. A recent study’s data show that the winning
pair used more smashes and volley shots, while the losing pair used more ground strokes
(wall strokes and lobs) [27]. The data presented in this study also show a high percentage of
serves (15%). These data seem consistent due to the point at which this shot is made; thus,
coaches may consider including exercises with a serve–volley sequence. This is important
because the serving pair has a significant advantage in rallies, which typically last until the
7th shot in women’s matches and the 12th shot in men’s matches [16].

Regarding shot trajectories, recent research has shown that the cross-court direction is
more significant than the down-the-line and inside-out directions. The winning pair tends
to use cross-court trajectories more often than the losing pair [27]. Therefore, it is important
to emphasize the significance of cross-court trajectories in professional padel [27,29]. The
utilization of cross-court shots can direct the ball towards the court’s side, leading to a
rebound off the metal fence, side wall, or the corner between the back wall and the side
wall. This can increase the opponent’s uncertainty and the likelihood that they will make
mistakes [27]. Moreover, the cross-court direction seems to be more effective in positions
close to the net, especially in the central area of the court, since the angle for striking is
greater [6] A novel contribution of this study is its description of the inside-out direction in
padel. This concept has been widely used in tennis [45,46]. Our results show that the inside-
out directions were significantly more frequent than down-the-line and cross-court shots for
tray shots and smashes. This could be due to the fact that a higher percentage of left-handed
players made these shots [44], so coaches and players could use this information to adapt
strategies and tactics in competitions when playing against left-handed players.

This study’s main contribution is its analysis of the impact location of the ball in
high-performance padel and its relationship with hitting directions. Interestingly, our
results showed that almost two-thirds of the impact point locations were in front of the
players’ center of gravity. Regarding type of shot, forward impact locations were more
frequently observed in serves, volleys, tray shots, and backwall shots. However, ground
strokes, lateral-wall shots, and lobs were significantly more associated with backward
impacts. Considering that ball impact points in tennis are predominantly forward [31],
these differences could be produced by the singular characteristics of padel courts, with
the use of lateral and back walls, which could affect impacts points. Thus, the comparison
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between ball impacts and shot direction showed that the shot was down the line almost 50%
of the time when a player hit the ball behind his center of gravity (backward). However,
when a player hit the ball in front his center of gravity (forward), the direction of the shot
was significantly more likely to be cross-court and inside-out than down the line. These
results enable the optimization of players’ performance by allowing them to anticipate
their opponent’s shots [34], enabling more efficient and productive actions or movements
on the court [31,34,35].

The present study provides new insights into the expanding field of padel training and
assessment. It includes an analysis of ball impact point and its correlation with stroke type
and shot direction, which may have significant implications for improving the quality and
precision of training drills based on specific match activity and technical–tactical demands.
However, it is important to note some limitations of this study. Firstly, we did not take into
account the height of the ball in players’ impacts. This parameter could be very interesting
with respect to knowing a shot’s effectiveness or the speed of a smash. Secondly, the
zone of the court where the players hit the ball was not analyzed. Some studies have
shown how the distance to the net could affect shot effectiveness and direction [26,27,47].
Winning pairs execute more attacking actions for 85% of the points they score, spend more
time in net zones, and perform more smashes. As future lines of research, it would be
of interest to conduct a similar study with professional players in order to gain insight
into these dynamics among higher-level players. Furthermore, it would be beneficial
to analyze these variables in women’s padel, as the analysis of ball impact point and
trajectories for women would allow for individualization based on their characteristics, as
well as for a comparison between both genders. Finally, future research should address the
aforementioned limitations. In addition, an analysis of the player’s hitting zone should be
conducted, with the effectiveness of the stroke being taken into account. This may explain
the tactical component of some strokes and their effectiveness.

5. Conclusions

This study provides new contributions to game analysis indicators in national-level
padel. The most common stroke types were volleys, serves, groundstrokes, and backwall
shots. The results showed different ball impact points regarding the type and direction of
strokes. In this regard, serves, volleys, tray shots, and backwall shots were significantly
more likely to have forward impacts, and ground strokes, lateral-wall shots, and lobs were
significantly more likely to have backward impacts. In addition, when players hit the
ball backward, the shot would be down the line almost 50% of the time. However, when
players hit the ball forward, the direction of the shot was significantly more likely to be
cross-court or inside-out than down the line. The findings of this study will allow padel
coaches to design anticipation and movement exercises in relation to type of stroke and
ball impact point. For instance, given the high frequency of use of specific strokes, coaches
should plan training sessions with an emphasis on these strokes, given their high frequency
of use in competitions. Additionally, knowing the impact position and direction of the
ball facilitates a more comprehensive understanding of the tactical characteristics of these
strokes. For instance, the results indicate that groundstrokes are predominantly executed
with backward impacts. Consequently, positioning oneself too far away from the glass may
increase the probability of an error being made. Similarly, it will permit a more accurate
anticipation of the opponent’s next move, given the predominant direction of a specific
hit. Consequently, the high practical applicability of these findings makes it of interest to
other racket sport competitors to be aware of the characteristics of the specific strokes of
each sport in order to be able to plan strategies in competitions and training sessions from
a tactical and technical point of view.
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