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The aim of this study was to evaluate various physical parameters and their relationship with shooting velocity in
female rink hockey players. Eight female players (age: 24.8 + 3.88 years, body mass: 62.6 + 4.67 kg, height: 167
+ 0.04 cm) were measured, weighted and tested for thoracic spine range of motion, spine rotational strength,
chop, lift, bench press, and handgrip. Shooting velocity of each participant was measured for both slap and
backhand shots. Results showed a significant correlation between slap shot velocity and body mass (r = 0.76; p =
.02; ICC 0.1338 - 0.9532), spine rotation strength to the right with body weight (r = 0.76; p = .04; ICC 0.0368 -
0.9638) and with 79 % of body weight (r = 0.84; p = .01; 0.2374 - 0.9759). Interestingly, backhand velocity
showed a strong correlation and a close to significant p-value with bench press power at 25 kg (r = 0.70; p =
.054; ICC -0.0141 - 0.9401), 30 kg (r = 0.53; p = .097; ICC - 0.1415 - 0.9233) and 35 kg (r = 0.63; p = .10; ICC
-0,1568 - 0.8596). Similar results were observed with the estimated one repetition maximum for the bench press
(r = 0.67; p = .077; ICC -0.0892 - 0.9307). Results suggested that including exercises to strengthen the torso
rotation muscles and upper extremity strength could improve shooting velocity in female rink hockey players.

Introduction the dominant hand on top and the other hand lower down the stick with
the forearm supinated and the palm facing the target, the torso and

Rink hockey (RH) is an indoor sport played by two teams of four shoulders should rotate towards the dominant hand side.”

players and one goalkeeper on a 40 x 20 m court. Players use a stick to
control, dribble, pass or shot while they are skating on a two pairs of
parallel wheel skates and interact with their teammates and opponents.’
In RH, as in other team sports such as floorball,” ice hockey,3 field
hockey (Prasetyo, E, 2019), the shot is the main technical action used to
score.* The two most commonly used shooting techniques in RH are
the slap shot (SL) and the backhand (BH) shot.*® BH stroke designation
is more appropriate than the drive shot used in previous studies due to
the resemblance of this movement to ice hockey technique of the same
name.

In the SL stroke, as shown in Fig. 1, the stick is held with both hands,

In the BH, the shoulders and torso rotate towards the trailing arm,
which is crossed in front of the body with the forearm pronated and the
back of the hand facing forward (Fig. 2). According to Moreno* twenty
per cent of goals are scored using SL shots, while another ten per cent
result from BH shots. Other technical actions contributing to goal
scoring include first-touch finishes, wrist or snap shots, dribbling,
amongst others.

Studies investigating rotational sports such as the various hockey
shot modalities, including rink, field, floor, and ice hockey, have pri-
marily focused on shooting velocity (SV). The analysis of these sports
involving similar throwing or striking movements revealed that, in order
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to score a goal, the ball must be released with minimal movement,
maximum precision, and high velocity (Michaud-Paquette et al., 2009),
making it difficult for the opposing goalkeeper to react and stop.”*® Ki-
nematic studies have shown that shot or throwing techniques adhere to
the kinetic link principle.” This principle has been described as the
transfer of kinetic energy from one segment to the adjacent segment in a
proximal-to-distal sequence. To achieve maximum angular velocity
when striking the ball, athletes rotate their trunk in an oblique plane
which accelerates the distal end effector.”>” When analysing the different
hockey modalities, the velocity of the ball is influenced by multiple
factors. These include anthropometric characteristics in field and ice
hockey®'%; stick composition in RH and ice hockey,®'"'? and player
strength in RH and ice hockey,>>!%!%1% Additionally, shooting tech-
nique is a key determinant in RH and ice hockey,”>%while trunk rota-
tion and obliquity during the loading phase or backswing are
particularly relevant in floor and ice hockey.>®'®

The interest of the scientific community in rink hockey has increased
over the last decade, as reflected in recent studies exploring various
aspects of the game—such as the role of the goalkeeper,'® contextual
match variables and the influence of set-pieces.!” However, despite this
growing attention, rink hockey remains an under-researched sport,
particularly regarding shooting performance and the female category.
The first aim of the present study was to evaluate the anthropometric
characteristics, spine range of motion, and muscle strength and power in
upper extremities and trunk in elite female hockey players. The second
objective was to examine potential correlations between shooting ball
velocity and the physical parameters measured.

Methodology
Subjects

A descriptive and correlational study was conducted with eight right-
handed caucasian world-class (McKay et al., 2022) female RH players
from Spain (age = 24.8 + 3.88 years, body mass (BM) = 62.6 + 4.67 kg,
height 167 + 0.04 cm) . The study was approved from the Local ethics
committee (210/2022), all subjects participated voluntarily in the
evaluation and signed an informed consent form. These athletes train 8
to 12 h weekly and compete in the main teams of the most prestigious
rink hockey leagues'” and participated with their National Team in the
2022 World Championship in Argentina. Given the nature of the sam-
ple—comprising a predefined and limited group of elite athletes—no
random sampling or sample size calculation (e.g., via G*Power) was
performed. As such, results should be interpreted with consideration to
the specificity and potential lack of generalizability to broader pop-
ulations of RH players.

(A)
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Data collection

The assessments were carried out on two separate days. On the first
day, the range of motion, strength and power tests were conducted in the
gym facility whereas, on the second day, shooting speed was performed
on the rink. Spine mobility and strength measurements were performed
after a general warm-up with mobility and core activation exercises led
by a strength and conditioning coach. The participants were divided into
four groups for evaluation where an expert trainer assessed each exer-
cise. After completing each exercise, participants moved on to the next
available station, following no fixed sequence.

Thoracic spine range of motion (TSROM) was assessed in a seated
position using a mobile application, Compass app Apple Pty Limited
(United States), a tool with high intra-rater reliability (ICC =
0.96-0.98).'® Measurements were taken with an iPhone 7 ® positioned
at the T1-T2 spinal level. Participants were seated on a stool with their
feet flat on the floor and their knees and hips flexed at a 90-degree angle.
To minimize involvement of the hips and upper limbs, participants held
a ball between their knees and a wooden bar at acromioclavicular level,
with their arms crossed over their chest.'® The degrees of spine rotation
were recorded during three active rotations of the thoracic spine to each
side while maintaining a neutral spine throughout the entire movement.
The starting side of the assessments was alternatively stipulated. The
average value was used for subsequent data analysis.

Spine rotation strength (SRS) and power was evaluated with an
encoder (Chronojump-Boscosystems) attached to a torso rotation ma-
chine (MedX, Kieser Training AG Hamburg, Germany). Participants
were seated with both, lower extremities and pelvis locked, while their
arms held the padded support in order to isolate the movement to the
trunk rotator muscles. Each participant completed three consecutive
repetitions on each side using their body weight (BW) as a resistance.
Following a two-minute recovery period, the participants performed a
second set of three consecutive repetitions on each side with a resistance
equivalent to 79 % of their body weight, which was calculated as their
body weight minus the weight of one leg.'® Participants were instructed
to execute a fast and controlled movement. The average value was used
for subsequent data analysis.

The Chop (CH) and Lift (LF) exercises were used to assess trunk and
upper limb strength in a rotational diagonal pattern. Both exercises
demonstrated high reliability, with intraclass correlation coefficients of
0.87-0.98 for chop and 0.83-0.96 for lift.? These exercises were
employed to assess trunk and upper extremities power in a rotational
diagonal pattern. A Keiser pneumatic Infinity machine (Keiser, Fresno,
CA, USA) was utilized to assess these movements. Participants per-
formed three consecutive repetitions of a half-kneeling chop on the
machine using 15 % of their bodyweight on each side. Following a
two-minutes rest, they performed three repetitions of a half kneeling lift

(B)

Fig. 1. Slap shot (SL) technique, initial (A) and final (B).
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using 12 % of their body weight.?’ The average value of these repetitions
was used for subsequent data analysis.

Upper body strength was measured with handgrip (HG) and the
bench press (BP); both methods were used previously in studies on ice
hockey'® and, more recently, on male RH players.>>? BP was evaluated
with an encoder (Chronojump-Boscosystems) attached to the bar so as to
measure the speed of execution and power output. Participants started
the test with an Olympic bar (20 kg) and completed three full repeti-
tions. After a two-minute rest, the weight was increased by 5 kg for each
subsequent set, as long as the mean speed was < 0.5 (Balsalo-
bre-Fernandez, C.; Torres-Ronda, 2021). The average value was used for
subsequent data analysis. The bench press one repetition maximum
(1IRM) was also estimated using a multi-point lineal equation as pro-
posed by Janicijevic et al. (2021).

Handgrip strength (HGS) was performed using a digital adjustable
handgrip dynamometer (Saehan DHD-3, Saehan Corp. Changwon, South
Korea). Participants held the dynamometer with their forehand in a
neutral position and their arm adducted, without touching their body.
Each hand was measured twice with a two-minute rest period between
attempts. The participants were instructed to squeeze the dynamometer
as tightly as possible. The average value was used for subsequent data
analysis.

Shooting ball velocity was measured with a Stalker ATS II radar
(Plano, Texas, USA) during a training session on a rink. Participants
performed six stationary penalty strokes, three SL shots, and three BH
shots, with a thirty-second rest between each repetition. The rest be-
tween both techniques was of ten minutes. The players were instructed
to shoot as powerfully as possible into the centre of the goal. The radar
was placed 3 m behind the goal. The average value was used for sub-
sequent data analysis.

Statistical analysis

Descriptive statistics, mean + standard deviation (SD), maximum
values and percentages (%) were presented for most of the variables.
Shapiro - Wilk tests were applied for data normality. The relationship
between the different shot techniques and every exercise were deter-
minate by using Pearson correlation coefficient. The strength of the
correlations was categorized as 0.00-0.19 very weak; 0.20-0.39 weak;
0.40-0.59, moderate; 0.60-0.79 strong; 0.80-1.0 very strong (Hopkins
et al.,, 2009). To compare the performance between right and left on
unilateral exercises a student t-test for paired variables was used. The
significance level for all the tests was set at p < 0.05. The within-subject
reliability of test measures (intrasession repeated efforts) was analysed
using a two-way random intraclass correlation coefficient (ICC) with 95
% CI and a coefficient of variation (CV). For interpretation, ICC values
were >0.9 excellent, 0.9-0.75 moderate, and >0.5 poor,23 and CV

(A)

Fig. 2. Backhand shot (SL) technique, initial (A) and final (B).

Apunts Sports Medicine xxx (xxxx) xxx

values were considered acceptable if <10 % (Cormack et al. 2018).All
statistics were conducted using Jasp 0.16 (Amsterdam University,
Amsterdam).

Results

The mean values, standard deviation, mode, minimum and
maximum for the anthropometric measurements (weight (BM) and
height (H)), TSROM, power assessments for SRS, CH, LF and BP, along
with the estimated 1RM for the BP and shooting velocity, are presented
in Table 1.

All unilateral exercises results are presented on Table 2. Participants
exhibited a right lateral preference, with slightly higher results to the
right side for TSROM, CH, LT and SRS with BW (percentages 16 %, 12 %,
10 % and 3 % respectively). However, a slight predominance of the left
side was obtained for SRS with 79 % BW (Table 2). One participant was
unable to complete the SRS evaluation due to discomfort, resulting in
the loss of data for that exercise.

Intra-session reliability measures is shown in Table 3. It was

Table 1
Mean and standard deviation, mode, minimum and maximum results for all
measurements’.

Mean SD Mode Minimum Maximum

SL 84,28 5,13 78,2 78,2 90,2
BH 75,83 6,42 62,8 62,8 86
BM (Kg) 62,61 4,69 56 56 69,6
H (m) 1,67 0,04 1,67 1,6 1,73
TSROMR (°) 48,31 2,6 51,6 37,3 52,7
TSROM L (°) 40,63 1,4 39 27,3 45,7
CHR (W) 443,00 13,6 345,7 345,7 544,3
CHL (W) 369,38 27,4 284 284 489
LF R (W) 327,75 2,7 204,7 204,7 433
LFL (W) 302,44 8,8 200,7 200,7 353,7
SRS R BW (W) 237,54 14,5 167,1 167,1 275
SRS R 79 % BW (W) 230,09 16,4 149,7 149,7 281,5
SRS L BW (W) 224,87 20,3 167,4 167,4 269,2
SRS L 79 %BW (W) 234,59 28,1 162,7 162,7 266,2
BP 20 kg (W) 241,26 27,27 199,1 199,1 274,2
BP 25 kg (W) 244,18 41,76 177 177 283
BP 30 kg (W) 221,48 57,25 126,2 126,2 274,8
BP 35 kg (W) 196,96 58,24 106,2 106,2 256,6
BP 40 kg (W) 166,84 80,90 0 0 229,9
BP 45 kg (W) 172,57 12,06 158,9 158,9 181,7
BP 1 RM 50,30 7,67 38,3 38,3 58,7
HG R (Kg) 38,17 0,7 27 27 48,8
HG L (Kg) 38,39 1,0 28,9 28,9 45,4

1 Slap shot (SL), backhand shot (BH), body mass (BM), height (H), thoracic
spine range of motion (TSROM), chop (CH), lift (LF), spine rotation strength
(SRS), bench press (BP) and hand grip (HG).

®)
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Table 2
Paired Samples T-test for all unilateral test.
Measure 1 Measure 2 t df ) Cohen’s d Lower 95 % CI Upper 95 % CI
TSROMR (°) - TSROM L (°) 3702 7 0008 1,3087 0,3211 2,2511
CHR (W) - CHL W) 3692 7 0008 1,3053 0,3189 2,2464
LF R (W) - LFL (W) 2602 7 0035 0,9199 0,0597 1737
SRS R BW (W) - SRS L BW (W) 0612 6 0563 0,2313 —0,5296 0,9739
SRS R 79 % BW (W) - SRS L 79 %BW (W) —0408 6 0697 —0,1542 —0,8937 0,5977
HG R (Kg) - HG L (Kg) —0011 7 0992 —0,0037 —0,6965 0,6894

Thoracic spine range of motion (TSROM), chop (CH), lift (LF), spine rotation strength (SRS) and hand grip (HG).

Table 3
Intra-session reliability measures and coeficient of variation (CV).
Test Extremity Average SD Ccv ICC Lower 95 % CI Upper 95 % CI
TSROM (°) Right 48,3 2,6 5,3 % 0,94 0,73 0,99
Left 40,6 1,4 3,4 % 0,96 0,81 0,99
Chop (W) Right 443,0 13,6 3,2% 0,86 0,44 0,97
Left 396,4 27,4 7,3 % 0,84 0,38 0,96
Lift (W) Right 327,8 2,7 1,2% 0,99 0,94 0,99
Left 302,4 8,8 2,9% 0,89 0,54 0,98
Handgrip (kg) Right 38,2 0,7 2,1% 0,99 0,96 0,99
Left 38,4 1,0 2,9 % 0,98 0,92 0,99
MEDX BW (W) Right 237,5 14,5 7,1 % 0,93 0,64 0,99
Left 2249 20,3 8,5 % 0,72 0,04 0,95
MEDX 79 %BW (W) Right 230,1 16,4 6,7 % 0,95 0,72 0,99
Left 234,6 28,1 10,9 % 0,67 —0,08 0,93
Shot (km/h) Slap shot (SL) 84,28 5,1 1,9% 0,89 0,55 0,98
Backhand shot (BH) 75,83 6,4 2,7 % 0,97 0,84 0,99

Thoracic spine range of motion (TSROM), chop (CH), lift (LF), spine rotation strength (SRS) and hand grip (HG).

excellent or good for most of the variables showing ICC>0.84 and CV < SL mean velocity was 84.28 km/h (SD £5.13) and the highest SL
5 %, except for the non-dominant arm (left) in the MEDX tests that recorded velocity was 90.2 km/h. BH mean, and maximum speed were
showed moderate ICCs and a bit higher CVs (7 %—11 %). lower, 75.85 km/h (SD +6.42) and 86 km/h respectively.
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Correlations plots between SL and BH shot velocity and the most
significant physical performances measurements are displayed on Fig. 3
and 4 respectively.

Strong and significant correlations were found between the SL shot
and BM (r = 0.76; p = .02; ICC 0.1338 - 0.9552) and SRS rotation to the
right with body weight (r = 0.76; p = .04; ICC 0,0368 - 0,9638). The
correlation between SRS 79 % BW and SL velocity was very strong and
significant (r = 0.84; p = .01; 0.2374 - 0.9759) (Fig. 3).

Moderate correlations were observed between the SL and TSROM (r
= 0.49; p = .21; ICC —0.3265 - 0.8884) and CH (r = 0.56; p = .26; ICC
(—0.2281 - 0.9088) to the right.

On the other hand, moderate correlations were observed between BH
shooting and BM (r = 0.42; p = .29; ICC (—0.4026 - 0.8683), as well as
left side CH (r = 0.40; p = .32; ICC (—0.4233 - 0.8645) and SRS with 79
BW (r = 0.56; p = .56; ICC —0.3294 - 0.9243).

The BP power measures exhibited a strong correlation with the BH
shot speed, with the 25 kg power (r = 0.69; p = 0.05; ICC (—0.0141 -
0.9401), 30 kg (r=0.62; p = .09; ICC (—0.1415 - 0.9233) and 35 kg (r =
0.69; p =.1; ICC —0.1568 - 0.9209) (Fig. 4). Additionally, the estimated
1RM also demonstrated a strong correlation with BH (r = 0.65; p = .07;
ICC —0.0892 - 0.9307) (Fig. 4).

Discussion

The aim of this study was to examine the relationship between
physical attributes and anthropometric characteristics and muscular
performance in relation to ball velocity in slap (SL) and backhand (BH)
shooting techniques. The aforementioned lack of research in RH has led
us to compare with other rotational sports. The movement pattern and
grip of a right-handed SL shot in RH is consistent with a right-handed
backhand tennis stroke or a left-handed slap shot in ice hockey, as
well as a left-handed golf swing or a baseball/softball/cricket bat
swing.>* No studies have been conducted on BH strokes in sports other
than tennis, making comparisons difficult.

85 -
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The shooting mean speed results obtained from this study of female
elite players were 84.28 km/h for SL and 75.85 for BH. As expected, the
speed achieved with the SL was higher than with the BH, since the SL is
the most commonly used shooting technique.”>%*> These results are
lower than those reported in previous studies with elite male players,
where the average ball speed for the SL ranged from 90.3 to 109.0 km/h,
and for the BH ranged from 84.33 to 107.0 km/h.>'%?° Differences in
shooting speed were also found between male and female players in ice
hockey® and field hockey.”® These differences could be attributed pri-
marly to variations in body size,>?° strength,” and gender characteris-
tics.”® The disparity in shot speed can be ascribed to variations in
technical execution observed between males and females.?”*

The correlation values obtained between SL shot speed and BM (r =
0.76) were similar to those reported for a slap shot in elite female ice
hockey players (r = 0.72)> and were higher than a most recent study for
a slap shot in male professionals’ ice hockey players (r = 0.26).'® Baiget
et al.?? also reported a strong correlation between body mass and tennis
serve speed.

SL and BH shots require a backswing phase, during which the torso
and arms rotate away from the ball to prepare the shot. This movement
is followed by a downswing phase to hit the ball. The relationship be-
tween trunk rotation and pelvic rotation during the backswing has been
identified as a contributor to wrist shots in ice hockey and floorball
strokes.”'® The initial rotation away from the target (backswing) in-
creases the eccentric load on the trunk muscles. Muscle energy gener-
ated during the backswing is transferred through the kinetic chain
during the downswing to generate distal implement velocity.'® The
amplitude of rotation between the trunk and pelvis, known as X-factor,
was the most important predictor of ball speed in golf and floorball. >
TSROM results showed a 16 % of difference (p = .008) between the right
and the left side, 46.72° vs. 39.7°. Krzykala et al®! also found a 6 %
asymmetry in thoracic rotation to the dominant side in field hockey
players. This author believes that the cause of such asymmetries is the
playing posture, the way the stick is held and the predominance of one
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Fig. 4. Correlations plots between backhand shot velocity (BH) and bench press (BP). Bench press with 25 kg (BP 25 kg), bench press with 30 kg (BP 30 kg), bench
press with 35 kg (BP 35 kg), and the estimated bench press one-repetition maximum (BP 1 RM).
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technical action over the other. A moderate correlation (r = 0.41) was
observed between TSROM to the right the side of FH rotation, also
known as dominant side. A non-significant correlation was found be-
tween TSROM to the left side and BH.

The downswing phase, which can improve stick velocity, has been
linked to the strength of spinal rotation muscles and arms.”'* Assess-
ments of spinal rotation strength have been carried out using specialized
machines such as Cybex,”> Biodex,>* and Medex.>® The SRS power
measured was 3 % higher on the right rotation with the BW, whereas the
rotation with 79 % of BW was 2 % higher to the left. The values obtained
in previous studies were higher on the dominant side as it has been
observed with the rotation with the BW. However, in female tennis
players registers were better on the non-dominant side,>” as it has been
found in this study with 79 % BW. Rotation to the right exhibited a
significant correlation with the SL in both the BW (r = 0.77; p = .04; ICC
0.0368 - 0.9638) and with 79 % of the BW (r = 0.84; p = .01; 0.2374 -
0.9759). However, Torres - Ronda and Soler (2010) did not find any
correlation between rotational spine strength with MedX and swing
velocity in professional male and female golfers, despite obtaining
higher power measurements. Caution must be used when interpreting
and using those MedX testing, since changes over time may not be
present and just noise or variation. Another option would be to have
greater familiarisation sessions for that test should be used.

The CH and LF have been used as a training and evaluation tools in
golf, tennis, and cricket due to the resemblance of the movement pat-
terns to those observed in these sports.>"*>%® The power obtained by the
female hockey players in the CH were comparable to those observed in
professional cricket players, 429 w vs. 419 w, while the LF scores were
slightly higher in this study than in the cricket study, 320 w vs. 290 w.?!
These findings revealed moderate correlation between SL and right CH
(r = 0.56), as well as moderated correlation between BH and LF to the
left (r = 0.52) without significant p-values.

Handgrip strength HGS is considered important for implement sports
because the hand provides direct physical contact with the stick during
all technical skills.>! Wu et al.? analysed the relationship between HGS
and SV in ice hockey for females whereas Bezak and Piidal'® conducted
the same analysis with males, both found a correlation between HGS and
SV. Kryzykala et al*! study revealed slightly greater grip strength of the
right hand that the left (3.1 %). However, the present study revealed no
significant difference between the grip strength between both hands and
no correlation between HGS strength and the SV despite obtaining
comparable values (37.6 kg vs. 40 kg) to those obtained by Wu et al.®
Previous studies conducted on male elite RH players have reported
slightly higher mean values for handgrip with the right hand measuring
50.9 + 6.26 kg and the left hand 50.3 + 6.23 kg.”

The BP exercise is commonly used to evaluate upper limb strength,
specifically targeting the pectoralis major, which is activated during the
slap shot in ice hockey®” and the golf swing.>® Previous research has
found correlations between BP and SL in RH male players® and in male
and female ice hockey players.>'® Despite these results and the common
belief that the SL technique in RH requires more upper limb involvement
than the BH, which requires greater rotational movement,® the current
study found no correlation between BP and SL. Conversely, strong cor-
relations values were found with a close to p-value significance level
between the BH technique and BP with 25 kg (r = 0.7; p = .05; ICC
—0.0141 - 0.9401), with 30 kg (r=0.63; p = .09; ICC —0.1415 - 0.9233),
and the estimated 1RM (r = 0.67; p = .07; ICC —0.0892 - 0.9307). Such
difference between these findings and the preceding results obtained on
male RH players,” may well stem from higher level of professionalism in
male teams, in comparison to the female teams, as well as to the
aforementioned differences in terms of strength and gender qualities.
The correlation between BH and BP may be attributed to the restricted
spinal rotation caused by the hand position on the stick, reducing the
backswing range of motion. According to Bulbulian (2001), a shorter
backswing in golf leads to increased activation of the shoulder muscles
and reduced forces on the spine without compromising speed. Neither
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BM nor TSROM appeared to have a significant correlation with BH shot.

Conclusions

The findings of the present study suggested that slap shot perfor-
mance in elite rink hockey players is significantly influenced by body
mass with additional contributions from trunk rotation and upper limb
power, particularly through exercises combining both such the chop.
Additionally, the backhand stroke showed a potential association with
upper extremity strength, underlining the relevance of targeted strength
training for both shooting techniques. Training should included exer-
cises targeting the core and upper limbs, as well as specific movements
that replicate the diagonal pattern used in shooting, such the chop,
without leaving aside the optimisation of technical training.

The value of these results lies in the exceptional level of the partic-
ipants, who are among the world’s top female rink hockey players.
Although the small sample size represents a limitation, the elite status of
the athletes provides valuable insights into the physical determinants of
performance at the highest competitive level. Further studies involving a
larger cohort of similarly skilled players are needed to confirm these
findings, while recognizing the limited pool of world-class female
athletes.

Future research should incorporate electromyography (EMG) to
analyse muscle activation patterns during shooting actions, along with
3D biomechanical analyses to better understand the kinematic contri-
butions of each body segment to shot execution. Such information would
be useful for coaches and practitioners in designing training programs
that not only enhance performance but also contribute to injury pre-
vention in elite rink hockey players.

Conflicts of interest

The authors declare no conflicts of interest relevant to the content of
this manuscript. This research received no specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

1. Hernandez Mendo, A., & Anguera Argilaga, M.T. (.2002). Behavioral structure in
sociomotor sports: roller-hockey. Qual Quant, 36(4), 347-378. https://doi.org/10
.1023/A:1020905411739.

2. Lazzeri M, Kayser B, Armand S. Kinematic predictors of wrist shot success in
floorball/unihockey from two different feet positions. J Sports Sci. 2016;34(21):
2087-2094. https://doi.org/10.1080/02640414.2016.1151919.

3. Wu T-C, Pearsall D, Hodges A, Turcotte R, Lefebvre R, Montgomery D, Bateni H. The
performance of the ice hockey slap and wrist shots: the effects of stick construction
and player skill. Sports Eng. 2003;6(1):31-39. https://doi.org/10.1007/bf02844158.

4. Moreno, D. (2019). Analisi dels gols en hoquei patins a les lligues espanyola, italiana
i portuguesa. In TDX (Tesis Doctorals en Xarxa). http://tdx.cat/handle/10803/
669739.

5. Arboix-Alié J, Busca B, Trabal G, Moreno-Galceran D, Sarmento H. Relationship
between upper limb muscle power and shooting velocity in elite applied sciences
Relationship between upper limb muscle power and shooting velocity in elite male
youth rink hockey players. Appl Sci. 2024;(20):14. https://doi.org/10.3390/
app14209368.

6. Arboix-Alié J, Trabal G, Moreno-Galceran D. Assessing the shooting velocity
according to the shooting technique in elite youth rink hockey players. Biomechanics.
2023;3(4):469-476. https://doi.org/10.3390/biomechanics3040038.

7. Ibrahim R, Faber GS, Kingma I, van Dieén JH. Kinematic analysis of the drag flick in
field hockey. Sports Biomech. 2017;16(1):45-57. https://doi.org/10.1080/
14763141.2016.1182207.

8. Lomond KV, Turcotte RA, Pearsall DJ. Three-dimensional analysis of blade contact
in an ice hockey slap shot, in relation to player skill. Sports Eng. 2007;10(2):87-100.
https://doi.org/10.1007/bf02844206.

9. Earp JE, Kraemer WJ. Medicine ball training implications for rotational power
sports. Strength Cond J. 2010;32(4):20-25. https://doi.org/10.1519/
SSC.0b013e3181e92911.

10. Sharma A, Tripathi V, Koley S. Correlations of anthropometric characteristics with
physical fitness tests in Indian professional hockey players. J Hum Sport Exerc. 2012;
7(3):698-705. https://doi.org/10.4100/jhse.2012.73.09.

11. Pearsall D, Turcotte RA, Murphy SD. Biomechanics of ice hockey. In:

Garrett Jr William E, Kirkendall Donald T, eds. Exercise and spots science. Lippincott
Williams & Wilkins; 2000:675-692.


https://doi.org/10.1023/A:1020905411739
https://doi.org/10.1023/A:1020905411739
https://doi.org/10.1080/02640414.2016.1151919
https://doi.org/10.1007/bf02844158
http://tdx.cat/handle/10803/669739
http://tdx.cat/handle/10803/669739
https://doi.org/10.3390/app14209368
https://doi.org/10.3390/app14209368
https://doi.org/10.3390/biomechanics3040038
https://doi.org/10.1080/14763141.2016.1182207
https://doi.org/10.1080/14763141.2016.1182207
https://doi.org/10.1007/bf02844206
https://doi.org/10.1519/SSC.0b013e3181e92911
https://doi.org/10.1519/SSC.0b013e3181e92911
https://doi.org/10.4100/jhse.2012.73.09
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0031
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0031
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0031

R. Rosanas-Orra et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Vaz MAP, Ramos N, Abrantes J, Melo FQD, Conceicao F. Biomechanics of the
penalty stroke in roller hockey. Port J Sport Sci. 2011;11:129-132.

Bezak J, Pridal V. Upper body strength and power are associated with shot speed in
men’s ice hockey. Acta Gymnica. 2017;47(2):78-83. https://doi.org/10.5507/
ag.2017.007.

Michaud-Paquette Y, Magee P, Pearsall D, Turcotte R. Whole-body predictors of
wrist shot accuracy in ice hockey: a kinematic analysis. Sports Biomech. 2011;10(1):
12-21. https://doi.org/10.1080/14763141.2011.557085.

Robbins SM, Renaud PJ, MacInnis N, Pearsall DJ. The relationship between trunk
rotation and shot speed when performing ice hockey wrist shots. J Sports Sci. 2021;
39(9):1001-1009. https://doi.org/10.1080/02640414.2020.1853336.

Trabal G, Daza G, Riera J. Goalkeeper effectiveness in the direct free hit of rink
hockey. Apunts Educ Fis Deportes. 2020;139:56-64. https://doi.org/10.5672/
APUNTS.2014-0983.ES.(2020/1).139.08.

Arboix-Ali6 J, Trabal G, Valente-Dos-Santos J, Aguilera-Castells J, Fort-
Vanmeerhaeghe A, Busca B. The influence of contextual variables on individual set-
pieces in elite rink hockey. Int J Perform Anal Sport. 2021;21(3):336-347, 10.1080:
24748668.2021.1890525.

Furness J, Schram B, Cox AJ, Anderson SL, Keogh J. Reliability and concurrent
validity of the iPhone® Compass application to measure thoracic rotation range of
motion (ROM) in healthy participants. PeerJ. 2018;2018(3):1-18. https://doi.org/
10.7717/peerj.4431.

de Leva P. Adjustments to Zatsiorsky-Seluyanov’s segment inertia parameters.

J Biomech. 1996;29(9):1223-1230. https://doi.org/10.1016/0021-9290(95)00178-
6.

Palmer TG, Uhl TL. Interday reliability of peak muscular power outputs on an
isotonic dynamometer and assessment of active trunk control using the chop and lift
tests. J Athl Train. 2011;46(2):150-159. https://doi.org/10.4085/1062-6050-
46.2.150.

Talukdar K, Cronin J, Zois J, Sharp AP. The role of rotational mobility and power on
throwing velocity. J Strength Cond Res. 2015;29(4):905-911. https://doi.org/
10.1519/JSC.0000000000000749.

Ferraz A, Valente-Dos-Santos J, Duarte-Mendes P, Nunes C, Victorino S, Coelho-E-
Silva MJ, Travassos B. Body composition and grip strength constraints in elite male
rink-hockey players of contrasting ethnicity. PLoS ONE. 2022;17:1-14. https://doi.
org/10.1371/journal.pone.0274894 (9 September).

Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J Chiropr Med. 2016;15(2):155-163. https://doi.
0rg/10.1016/j.jcm.2016.02.012.

Puterman J, Schorer J, Baker J. Laterality differences in elite ice hockey: an
investigation of shooting and catching orientations. J Sports Sci. 2010;28(14):
1581-1593. https://doi.org/10.1080/02640414.2010.514281.

Ballestero Garcia E. El hockey sobre patines: Variables Del Rendimiento En El Disparo a
Porteria. [Universitat de Lleida]; 2017. TDX (Tesis Doctorals en Xarxa) http://www.
tesisenred.net/handle/10803/406039.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Apunts Sports Medicine xxx (xxxx) xxx

Igbal Y. Effect of body size and gender on drag-flick performance In field hockey.
Study Natl Elite Play. 2022;19(3):1234-1241.

Lépez de Subijana C, Judrez Daniel, Mallo J, Navarro E. Biomechanical analysis of
the penalty-corner drag-flick of elite male and female hockey players. Sports
Biomech. 2010;9(2):72-78. https://doi.org/10.1080/14763141.2010.495414.
McErlain-Naylor SA, Peploe C, Grimley J, Deshpande Y, Felton PJ, King MA.
Comparing power hitting kinematics between skilled male and female cricket
batters. J Sports Sci. 2021;39(21):2393-2400. https://doi.org/10.1080/
02640414.2021.1934289.

Baiget E, Corbi F, Lopez JL. Influence of anthropometric, ball impact and landing
location parameters on serve velocity in elite tennis competition. Biol Sport. 2023;40
(1):273-281. https://doi.org/10.5114/biolsport.2023.112095.

Keogh JWL, Marnewick MC, Maulder PS, Nortje JP, Hume PA, Bradshaw EJ. Are
anthropometric, flexibility, muscular strength, and endurance variables related to
clubhead velocity in low-and high- handicap golfers? J Strength Cond Res. 2009;23
(6):1841-1850. https://doi.org/10.1519/JSC.0b013e3181b73cb3.

Krzykata M, Leszczynski P, Grzeskowiak M, Podgorski T, WoZniewicz-

Dobrzyniska M, Konarska A, Strzelczyk R, Lewandowski J, Konarski JM. Does field
hockey increase morphofunctional asymmetry? A pilot study. Homo. 2018;69(1-2):
43-49. https://doi.org/10.1016/j.jchb.2018.03.003.

Ellenbecker TS, Roetert EP. An isokinetic profile of trunk rotation strength in elite
tennis players. Med Sci Sports Exerc. 2004;36(11):1959-1963. https://doi.org/
10.1249/01.MSS.0000145469.08559.0E.

Razak RA, Hussain RNJR, Kassim NAM, Saleh MM, Isa KA, Razak F. The relationship
between trunk rotation strength and throwing ball velocity among female collegiate
softball players. J Phys Educ Sport. 2022;22(9):2047-2052. https://doi.org/
10.7752/jpes.2022.09261.

Lephart SM, Smoliga JM, Myers JB, Sell TC, Tsai YS. An eight-week golf-specific
exercise program improves physical characteristics, swing mechanics, and golf
performance in recreational golfers. J Strength Cond Res. 2007;21(3):860-869.
https://doi.org/10.1519/R-20606.1.

Torres-Ronda L, Solé J, Vallejo Cuéllar L, Balius Mata X. Relacion entre la potencia
muscular de extremidades inferiores y tronco con la velocidad de salida de la bola en
el swing de drive en golf. Apunts Educ Fis Deportes. 2010:75-82. September 2010.
Vasudevan JM, Logan A, Shultz R, Koval JJ, Roh EY, Fredericson M. Comparison of
muscle onset activation sequences between a golf or tennis swing and common
training exercises using surface electromyography: a pilot study. J Sports Med. 2016;
2016:1-9. https://doi.org/10.1155/2016/3987486 (June).

Emmert W. The slap shot-strength and conditioning program for hockey at Boston
College. J Strength Cond Res. 1984;6(2):4-9. https://journals.lww.com/nsca-scj/c
itation/1984,/04000/sports_performance_series_the_slap_shot strength.1.aspx.
Bulbulian R, Ball KA, Seaman DR. The short golf backswing: effects on performance
and spinal health implications. J Manip Physiol Ther. 2001;24(9):569-575. https://
doi.org/10.1067/mmt.2001.118982.


http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0040
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0040
https://doi.org/10.5507/ag.2017.007
https://doi.org/10.5507/ag.2017.007
https://doi.org/10.1080/14763141.2011.557085
https://doi.org/10.1080/02640414.2020.1853336
https://doi.org/10.5672/APUNTS.2014-0983.ES.(2020/1).139.08
https://doi.org/10.5672/APUNTS.2014-0983.ES.(2020/1).139.08
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0003
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0003
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0003
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0003
https://doi.org/10.7717/peerj.4431
https://doi.org/10.7717/peerj.4431
https://doi.org/10.1016/0021-9290(95)00178-6
https://doi.org/10.1016/0021-9290(95)00178-6
https://doi.org/10.4085/1062-6050-46.2.150
https://doi.org/10.4085/1062-6050-46.2.150
https://doi.org/10.1519/JSC.0000000000000749
https://doi.org/10.1519/JSC.0000000000000749
https://doi.org/10.1371/journal.pone.0274894
https://doi.org/10.1371/journal.pone.0274894
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1080/02640414.2010.514281
http://www.tesisenred.net/handle/10803/406039
http://www.tesisenred.net/handle/10803/406039
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0019
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0019
https://doi.org/10.1080/14763141.2010.495414
https://doi.org/10.1080/02640414.2021.1934289
https://doi.org/10.1080/02640414.2021.1934289
https://doi.org/10.5114/biolsport.2023.112095
https://doi.org/10.1519/JSC.0b013e3181b73cb3
https://doi.org/10.1016/j.jchb.2018.03.003
https://doi.org/10.1249/01.MSS.0000145469.08559.0E
https://doi.org/10.1249/01.MSS.0000145469.08559.0E
https://doi.org/10.7752/jpes.2022.09261
https://doi.org/10.7752/jpes.2022.09261
https://doi.org/10.1519/R-20606.1
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0037
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0037
http://refhub.elsevier.com/S2666-5069(25)00020-3/sbref0037
https://doi.org/10.1155/2016/3987486
https://journals.lww.com/nsca-scj/citation/1984/04000/sports_performance_series__the_slap_shot_strength.1.aspx
https://journals.lww.com/nsca-scj/citation/1984/04000/sports_performance_series__the_slap_shot_strength.1.aspx
https://doi.org/10.1067/mmt.2001.118982
https://doi.org/10.1067/mmt.2001.118982

	Relationship between physical parameters and shooting velocity in elite female rink hockey players
	Introduction
	Methodology
	Subjects
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Conflicts of interest
	References


