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Abstract: The aim of this study was to compare muscle architecture and performance between male
and female elite Field Hockey players and to investigate the relationships between echo intensity
and performance. Twenty-one male (24.3 ± 3.6 y; 75.1 ± 8.5 kg; 176.8 ± 6.4 cm) and nineteen female
players (27.4 ± 3.9 y; 61.2 ± 7.4 kg; 164.4 ± 4.9 cm) were tested for muscle thickness (MT) and
echo intensity (EI) of trapezius (Trap) and vastus lateralis (VL) muscles. Participants were also
assessed for bench press power, and 30 m sprint. Results showed a higher VLMT and TrapMT in
male players compared to female players (+22.1%; p = 0.004 and +25.8%; p = 0.001 for VLMT and
TrapMT, respectively). A lower VLEI was detected in male players compared to female players
(−20.7%; p = 0.001), while no significant differences were detected for TrapEI. Male players were
faster than female players in a 30 m sprint and more powerful at the bench press (p < 0.001). Significant
correlations were detected between VLEI and 30 m sprint (r = 0.74) in female players only. Results
indicate that differences exist between male and female elite Field Hockey players in the EI of lower
body muscles, while these differences are not present in the upper body muscles. EI, together
with other sprint and power assessments, may represent an important parameter for elite Field
Hockey players.

Keywords: muscle architecture; team sport; sprint; echo intensity

1. Introduction

Field Hockey is a fast moving, territorial game in which power and sprint capabilities
represent key factors to support the success of players at the international level [1]. Al-
though a relevant variability exists between the different field positions and sexes, strength
and power of both the upper and the lower body have been indicated as important contrib-
utors for essential skills such as the drag flick and sprint [2].

Differences in strength and power between men and women have been widely in-
vestigated in both trained [3,4] and untrained individuals [5]. Women are known to be
less strong and powerful than men, especially in the upper body [4,5]. However, these
disparities become less evident when strength is considered in relation to lean body mass
or muscle architecture [6]. Recently, muscle ultrasound has been used to investigate the
relationships between muscle architecture and performance in male Field Hockey players
competing at the national level [7]. Significant correlations between muscle architecture
of vastus lateralis and sprint and change of direction capabilities were reported by these
authors (r = 0.5; p = 0.034 and r = 0.62; p = 0.006, between fascicle length and sprint and
change of direction, respectively). Unfortunately, in that study, echo intensity (EI) was
not considered. This parameter, calculated by the darkness of the ultrasound image [8],
has been recently indicated as a strong predictor of muscle quality [9,10]. Hirsch and col-
leagues [11] reported significant correlations between EI, sprint performance, and strength,

Appl. Sci. 2023, 13, 11314. https://doi.org/10.3390/app132011314 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app132011314
https://doi.org/10.3390/app132011314
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-0053-397X
https://orcid.org/0000-0003-1518-8221
https://doi.org/10.3390/app132011314
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app132011314?type=check_update&version=1


Appl. Sci. 2023, 13, 11314 2 of 9

in track and field athletes. EI is influenced by the characteristics of both contractile and
noncontractile components of muscles [12] and by the training status. Although aging has
been associated with increased EI levels [13], training tends to reduce this parameter at any
age [14]. An elevation in EI in trained athletes has been associated with reduced functional-
ity and may increase the chance of muscle injuries [15]. Some studies have reported higher
values of EI (indicating a lower muscle quality) of the vastus lateralis in women compared
to men (71.2 ± 12.8 and 60.4 ± 12.6 in women and men, respectively) [10]. However, other
studies conducted on middle-aged and old individuals did not find significant differences
in EI between the sexes [16].

Although some studies have investigated the differences in muscle architecture and
EI between men and women, only a few considered highly trained individuals [3,7] and,
to the best of our knowledge, none have been conducted on elite Field Hockey players
of both sexes. Thus, the first aim of the present study was to compare male and female
elite Field Hockey players for muscle architecture, EI, strength and power, and sprint and
change of direction performance. A second aim of the present study was to investigate the
relationships between muscle architecture and performance in elite Field Hockey players.
Since sex is known to influence muscle adaptations to sport training and muscle quality, the
authors hypothesize that significant differences may also exist in EI between male and fe-
male elite Field Hockey players. The authors also hypothesized that EI may be significantly
correlated with strength and power performance in both male and female players.

2. Materials and Methods
2.1. Study Design

This study consisted of a cross-sectional experimental design in which all the assess-
ments were performed in the same visit at the Human Performance Laboratory. Testing
protocol and approximate duration of each measurement are reported in Figure 1. Partici-
pants were assessed for anthropometric measures, body composition, muscle architecture,
agility, sprint, 1 repetition maximum (1-RM), and power at the bench press. All the assess-
ments were performed before the beginning of the European Cup. Based upon previous
investigations of our research group [3], the estimated sample size was 20 to ensure a
between-group difference of 200 w and of 30 kg in upper body power and strength, respec-
tively. The best performances registered in each test were then analyzed.
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2.2. Subjects

Participants were elite Field Hockey players who had participated in regular re-
sistance training a minimum of 3 times per week in the last 2 years prior to the study.
Participants included twenty-one men (n = 21; 24.3 ± 3.6 years; body mass: 75.1 ± 8.5 kg;
height: 176.8 ± 6.4 cm) and nineteen female players (n = 19; 27.4 ± 3.9 years; body mass:
61.2 ± 7.4 kg; height: 164.4 ± 4.9 cm) that were recruited from the Italian Senior National
Teams. Players were tested at the end of the in-season period, at least 1 week following the
last official game and 72 h following the last training session. All subjects were between
the ages of 18 and 35 years and signed an informed consent document after the risks and
benefits of the study were explained. Exclusion criteria included injuries that occurred in
the year before the investigation. Subjects were regularly tested for performance-enhancing
drugs. Participants were asked to abstain from caffeine, alcohol, and any intense physical
activity in the 24 h previous to the tests. Participants were also asked to maintain their
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habitual nutritional behaviors before the tests and were allowed to eat ad libitum. The
study was approved by the local University Review Board. Two participants of the Female
group were taking oral contraceptives.

2.3. Body Composition and Muscle Architecture Assessments

Body composition, anthropometric, and muscle architecture assessments were per-
formed at the beginning of the assessment session. Body measurements included body
mass, body fat, and height. Body mass was measured to the nearest 0.1 kg (Seca 769, Seca
Scale Corp., Munich, Germany). The percentage of fat mass (%FM) was estimated by
skinfold caliper (Harpenden skinfold caliper, CMS Instruments, London, UK) measures
using the equation of Evans et al. [17].

Skeletal muscle ultrasound images were collected from each participant’s right side.
Before image collection, all anatomical locations of interest were identified using standard-
ized landmarks for the vastus lateralis muscle (VL) and trapezius muscle (Trap). The VLMT
was measured along its longitudinal distance midway between the superior margin of the
patella and the most prominent point of the great trochanter of the femur, with the knee
bent 10◦ [18]. The probe was positioned on the skin surface without depressing the dermal
layer (gain = 50 dB; image depth = 5 cm). Muscle thickness of the Trap was measured at
the midpoint of the muscle belly between T1 and the posterior acromial edge, where the
muscle borders were parallel [19].

Participants were asked to lie on a physical therapy table for a minimum of 10 min
before images were collected. The same qualified investigator performed all landmark
measurements for each participant. A 12 MHz linear probe scanning head (Mindray MD20,
Mindray Bio-Medical Electronics Co., Ltd., Shenzhen, China) was coated with water-soluble
transmission gel to optimize spatial resolution and used to collect all ultrasound images.
All ultrasound images were taken and analyzed by the same investigator. MT measures
were obtained using a longitudinal B-mode image, and three consecutive MT images were
captured and analyzed for each muscle. For each image, MT was measured with a single
perpendicular line from the superficial aponeurosis to the deep aponeurosis.

Echo intensity (EI) was assessed by computer-aided grey-scale analysis using ImageJ
(National Institute of Health, Bethesda, MD, USA, Version 1.45). The raw EI values were
determined for the VL and Trap muscles as the corresponding index of muscle quality
ranging between 0 and 255 a.u. (black = 0; white = 255). Thickness of subcutaneous adipose
tissue was quantified with ImageJ’s straight line function as the distance between the
skin–muscle interface and the superior border of the muscle’s aponeurosis [20]. The mean
of three subcutaneous thickness values from each image was utilized. The raw EI values
were then corrected for subcutaneous adipose thickness using the equation previously
published by Young et al. [21]:

Corrected EI (cEI) = RawEI + (subcutaneous fat thickness in cm × 40.5278)

This correction was applied to VL and Trap muscles. The average of the 3 MT and
EI measures was used for statistical analyses. Intraclass correlation coefficients were 0.96
(SEM = 0.63 mm), CI: 0.841; 0.983 and 0.97 (SEM = 0.55) CI: 0.853; 0.992 for TrapMT and
VLMT, respectively. Intraclass correlation coefficients were 0.94 (SEM = 1.21 a.u.), CI: 0.838;
0.960 and 0.95 (SEM = 1.05 a.u.) CI: 0.855; 0.963 for TrapEI and VLEI, respectively.

2.4. Change of Direction Speed and Sprint Testing

Prior to each testing session, participants performed a standardized warm-up con-
sisting of five min on a cycle ergometer against a light resistance, 10 body weight squats,
10 body weight walking lunges, 10 dynamic walking hamstring stretches, and 10 dynamic
walking quadriceps stretches [22]. Following the anthropometric assessments and the
warm-up, participants were tested for agility and sprint, and for maximum strength and
power at the bench press.
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A pro-agility test was performed as previously described by Foster et al. [23]. Briefly,
for the pro-agility run, the participants sprinted 4.57 m to the left, then 9.14 m to the right,
and 4.57 m back to finish the test as they crossed the centerline. Participants were asked
to start from a 3-point stance with the left foot 30 cm behind the start/finish line and
to touch the lateral lines with the respective hand. Timing started when the participant
turned 90 degrees to the left and ran through timing gate. Each participant was asked to
perform one familiarization attempt and two attempts with a 2 min recovery time between
each one. Sprint performance was tested using a 30 m sprint with a self-selected start.
Participants were asked to sprint as fast as possible from 30 cm behind the starting line,
starting from a standing position using the preferred foot and a 3-point stance. They
performed 2 successive attempts with a recovery time of 2 min. In both pro-agility and
30 m sprint tests, time was measured using an electronic timing system to the nearest 0.01 s
(Microgate Witty Timing, Microgate Corporation, Bolzano, Italy) and the best performance
was recorded. In the 30 m sprint, timing gates were placed at the starting line and at 30 m,
using a tripod at a height of 60 cm. Both assessments were conducted on a Field Hockey
specific surface with the same clothing and footwears. Intraclass correlation coefficients
were 0.92 (SEM = 0.21 s), CI: 0.808; 0.948 and 0.94 (SEM = 0.14 s) CI: 0.835; 0.953 for
pro-agility and 30 m sprint, respectively.

2.5. Strength and Power Testing

Following the 30 m sprint test, participants performed a bench press maximal strength
and power test (BPP). Bench press testing was performed in the standard supine position
using a free barbell. The participant lowered the bar to mid-chest, then pressed the weight
until their arms were fully extended. The 1-RM test was performed using an incremental
method beginning from a baseline of 20 kg and continued until failure in 10 kg incre-
ments [24]. Participants were required to perform one repetition with each load, observing
a rest time of 2 min between attempts. During each repetition, the power produced was
measured and a force–power curve was constructed after attainment of the 1-RM. Area
under the curve (AUC) was calculated using a standard trapezoidal technique. An optical
encoder (Tendo Unit model V104, Tendo Sports Machines, Trencin, Slovak Republic) was
used for power assessment. The peak power was also registered. In addition, the maxi-
mum strength and power relative to body mass were also calculated (Rel 1-RM and Rel
Pow, respectively).

2.6. Statistical Analyses

A Shapiro–Wilk test was used to test the normal distribution of the data. Data of the
two groups were compared using independent sample t tests. The partial eta squared
statistic was also reported as the effect size (ES), and 0.01, 0.06, and 0.14 represent small,
medium, and large effect sizes, respectively, according to Stevens [25].

Pearson’s correlation coefficients were used to examine selected bivariate relationships.
According to Mukkaka [26], correlation coefficients (r) of 0.3, 0.5, 0.7, and 0.9 were inter-
preted as low, moderate, high, and very high relationship, respectively. Where appropriate,
percent differences were calculated as follows: ((M mean − F mean)/M mean) × 100. All
data were analyzed using SPSS 20 for Windows (SPSS Inc., Chicago, IL, USA) and are re-
ported in the text as mean ± SD. The reliability of all measurements was determined and the
intra-class correlation coefficient, confidence intervals, and standard error of measurement
(SEM) were reported. Significance level was set for p ≤ 0.05.

3. Results
3.1. Body Composition and Muscle Architecture

All the results of body composition and muscle architecture assessments are reported
in Table 1. A significantly lower %FM was registered in male players compared to female
players (p < 0.001; η2 = 0.673; CI: −12.622; −8.989). Significant differences between the
groups were detected for VLMT (p = 0.007; η2 = 0.182; CI: 0.811; 0.469) and TrapMT
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(p = 0.001; η2 = 0.284; CI: 0.104; 0.342). Both values were more elevated in male players
compared to female players, by 22.1% and 25.8% for VL and TRAP muscles, respectively.
VLEI was significantly lower in male players compared to female players (−20.7%; p < 0.001;
η2 = 0.361; CI: −15.575; −6.011), but not in Trap (p = 0.375; η2 = 0.021; CI: −4.612; 1.778).
When EI was corrected for subcutaneous fat (cEI), significant differences were detected
between male and female players in VL (p < 0.001; η2 = 0.370; CI: 18.008; 33.172), but not in
Trap (p = 0.798; η2 = 0.002; CI: −5.420; 5.070). Figure 2 shows ultrasound images of the VL
collected from a typical participant in both the male and female group.

Table 1. Data of the body composition and muscle architecture assessments. FM = fat mass;
MT = muscle thickness; VL = vastus lateralis; Trap = trapezius; EI = echo intensity; cEI = corrected EI;
a.u. = arbitrary units. * indicates a significant difference (p ≤ 0.05) from the Female group.

Assessment Male Group Female Group Groups Comparison
(p; η2; CI)

%FM 9.69 ± 3.05 * 20.51 ± 3.31 ≤0.001; 0.673; −12.622, −8.989
VLMT (mm) 1.49 ± 0.29 * 1.22 ± 0.31 0.007; 0.182; 0.811, 0.469

TrapMT (mm) 1.12 ± 0.21 * 0.89 ± 0.15 ≤0.001; 0.284; 0.104, 0.342
VLEI (a.u.) 41.22 ± 6.64 * 52.01 ± 7.89 <0.001; 0.361, −15.575

TrapEI (a.u.) 30.75 ± 2.70 32.16 ± 6.19 0.375; 0.021; −4.612, 1.778
VLcEI (a.u.) 52.64 ± 8.8 * 77.35 ± 13.71 ≤0.001; 0.370; 18.008, 33.172

TrapcEI (a.u.) 38.93 ± 2.74 39.58 ± 9.72 0.798; 0.002; −5.420, 5.070
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Figure 2. Ultrasonography image and pixel intensity histogram of the vastus lateralis from a typical
male (a) and female (b) elite Field Hockey player participating in the present study.

3.2. Change of Direction Speed and Sprint Testing

All the results of pro-agility and sprint assessments are reported in Table 2. Per-
formance was significantly lower in female players compared to male players in both
pro-agility (p ≤ 0.001; η2 = 0.390; CI: 0.176; 0.411) and 30 m sprint (p ≤ 0.001; η2 = 0.650;
CI: −0.763; −0.456). The difference between the two groups was an average of 0.29 s and
0.61 s for the pro-agility and 30 m sprint tests, respectively.

Table 2. Data of the performance assessments. * indicates a significant difference (p ≤ 0.05) from the
Female group.

Assessment Male Group Female Group Groups Comparison
(p; η2; CI)

Pro-agility (s) 4.72 ± 0.21 * 5.01 ± 0.16 ≤0.001; 0.390; 0.176, 0.411
30 m sprint (s) 4.19 ± 0.19 * 4.80 ± 0.25 ≤0.001; 0.650; −0.763; −0.456
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3.3. Strength and Power Testing

All the results of strength and power assessments are reported in Table 3. A significant
difference between male and female groups was detected for bench press 1-RM (p ≤ 0.001;
η2 = 0.942; CI: 27.038; 45.689), bench press AUC (p ≤ 0.001; η2 = 0.427; CI: 5244.44; 11,687.43),
and bench press peak power (p = 0.002; η2 = 0.843; CI: 221.96; 297.61). Male players were
superior to female players by an average of 88.4%, 150.6%, and 120.0% for bench press
1-RM, bench press AUC, and bench press peak power, respectively. Male players were also
superior to female players in Rel 1-RM (p ≤ 0.001; η2 = 0.448; CI: 0.78;−0.95) and in Rel
Pow (p ≤ 0.001; η2 = 0.186; CI: 3.98–5.05).

Table 3. Data of the performance assessments. AUC = area under the force–power curve;
a.u. = arbitrary units. * indicates a significant difference (p ≤ 0.05) from the Female group.

Assessment Male Group Female Group Groups Comparison
(p; η2; CI)

Bench Press 1-RM (kg) 77.50 ± 20.48 * 41.13 ± 8.15 ≤0.001; 0.942; 27.038, 45.689
Bench press AUC (a.u.) 5623.63 ± 1960.16 * 1493.57 ± 1381.60 ≤0.001; 0.427; 5244.44, 11,697.43

Bench press peak power (W) 476.26 ± 74.44 * 216.47 ± 34.87 0.002; 0.843; 221.96; 297.61
Rel 1-RM 1.07 ± 0.30 * 0.67 ± 0.10 ≤0.001; 0.448; 0.78,−0.95

Rel Pow (w·kg) 5.26 ± 2.30 * 3.61 ± 0.57 ≤0.001; 0.186; 3.98–5.05

3.4. Correlations between Variables

Significant correlations were detected between 30 m sprint time and VLcEI (r = 0.76;
p ≤ 0.001 in both male and female groups) and %FM (r = 0.89; p ≤ 0.001 and r = 0.56;
p = 0.019 in male and female group, respectively). Significant correlations were found
between TrapMT and bench press peak power, bench press AUC, and bench press 1-RM
in the female group only (r = 0.50, p = 0.0039; r = 0.62; p = 0.007; and r = 0.55, p = 0.014 for
bench press peak power, bench press AUC, and bench press 1-RM, respectively). Significant
correlations were also found between %FM and VLEI in both groups (r = 0.56; p = 0.019
and r = 0.49; p = 0.05 in male and female group, respectively), but not between %FM mass
and TrapEI (r = 0.26; p > 0.05). No other significant correlations were observed.

4. Discussion

The aim of the present study was to compare male and female elite Field Hockey
players on muscle architecture, EI, and performance, and to study the relationships between
these parameters. The main findings were that significant differences exist between male
and female players for EI of the VL muscle while no differences were detected on this pa-
rameter for the Trap muscle. To the best of our knowledge, this is the first study to compare
muscle architecture and performance in male and female elite Field Hockey players.

Since in ultrasound imaging, muscle tissue appears black and adipose tissue white,
EI is mainly influenced by intramuscular adipocytes [27]. However, some authors have
demonstrated that this parameter may be also affected by subcutaneous adipose tissue
that may alter adsorption and reflection of ultrasound waves [21]. Thus, these authors
suggested applying a correction factor for subcutaneous adipose tissue thickness. In the
present study, however, participants were elite Field Hockey players with low %FM (an
average of 9.69% and 20.51% for male and female players, respectively) and subcutaneous
fat may not have a relevant influence on EI. This is supported by the comparison of the EI
corrected for subcutaneous fat (cEI) between male and female players. Studies in which
the correction factor was applied involved untrained participants with a %FM between
8.1 and 46.8% [19]. Thus, the difference between male and female players detected in the
present study on EI of the lower body muscles may be mainly related to intramuscular
adipocytes [26]. The intramuscular fat content may be influenced by the hormonal profile
of women that promotes lipogenesis mostly in the abdomen, glutes, and the upper lateral
part of the thigh [28]. Thus, the present study shows that the difference in muscle quality
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between men and women appears greater in the muscle groups located in the lower limbs
(e.g., the VL) than in the upper body muscles (e.g., the trapezius muscle) in elite athletes.

Curiously, muscle thickness of Trap and VL were similar between the elite female Field
Hockey players evaluated in the present study, and female strength and power athletes
previously tested by our research group (0.89 cm and 0.88 cm for elite female Field Hockey
players and female strength and power athletes, respectively) [3]. On the contrary, the
difference between these athletic populations on VLMT was higher compared to Trap MT
(1.22 cm and 1.49 cm for elite female Field Hockey players and female strength and power
athletes, respectively) [3]. Consistently, the differences between male Field Hockey players
and male strength and power athletes were more evident on VLMT than on Trap MT.

As expected, men were stronger and more powerful than women at the bench press,
and faster in the 30 m sprint and pro-agility tests. Results of the present study showed
that male players were superior to female players in upper body strength and power
by an average of 49.9% and 54.5% for 1-RM bench press and bench press peak power,
respectively. Male players were also superior to female players when upper body strength
and power were adjusted for body mass. This is consistent with previous studies conducted
on strength and power athletes [3].

Elite male players participating in the present study showed a 30 m sprint and a
pro-agility performance similar to what was recently recorded in Division I male Italian
Field Hockey players [7,29] and in elite Chinese players [30]. The average performance was
4.19 s and 4.72 s in 30 m sprint and 4.3 s and 4.7 s in pro-agility in elite Chinese male and
Division I Italian Field Hockey players, respectively. Since sprint and change of direction
are crucial components of Field Hockey, these data may represent normative data for high
level male Field Hockey players. A recent study by Kapteijns et al. [31] reported an average
time of 4.57 s on 30 m sprint in elite Belgian female Field Hockey players. In our study, an
average time of 4.80 s was registered on the same distance. However, in our investigation,
two goalkeepers (with an average time of 5.42 s on 30 m sprint) were tested. The average
time of the female outfield players was 4.74 ± 0.14 s. It is therefore clear that a time below
4.8 s in 30 m sprint appears desirable in high level female Field Hockey players. The lower
performances detected in female players compared to male in sprint and agility may be
partially related to sex differences in strength and power [32]. This, together with the big
gap in upper body strength and power between female and male Field Hockey players,
suggests that the conditioning program of female players should place great emphasis on
strength and power training. In addition, these components may be also important for
shooting speed [2].

Finally, our data showed significant correlations between muscle architecture, EI, and
performance. Interestingly, VLEI was correlated with %FM while TrapEI did not show
a relevant correlation with %FM. This may be due to a different distribution of fat mass
between men and women. In addition, when VLEI was corrected for subcutaneous fat,
a significant correlation (0.76) with 30 m sprint was detected in both male and female
groups. On the contrary, raw VLEI was only correlated with sprint performance in the
female group (r = 0.62). These finding show that %FM may represent a crucial factor for
sprint performance mainly for female player, while this parameter may be less important
when male players are considered. Differences in the hormonal milieu, physical size, and
social behavior between the sexes may impact muscle quality, size, and performance of the
different muscle groups in male and female athletes [33].

A possible limitation of the present study is that the power of the lower body was
not assessed. Countermovement jump, a test that is usually performed for this purpose,
is not generally used to assess Field Hockey players since vertical jumps are not frequent
during the game. In the present study, female players were not assessed for the phase of
their menstrual cycle at the time of the evaluations. Since performance may be influenced
by the hormonal changes that occur during the menstrual cycle, this may represent another
limitation of the present study.
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5. Conclusions

In conclusion, this is the first study to investigate EI and performance in elite Field
Hockey players of both sexes. Male players were characterized by a more elevated muscle
quality in lower limb muscles, compared to female players. Contrarywise, no significant
differences in EI were detected in upper body muscles. In both male and female players, a
low VLcEI (corrected for adipose tissue) was associated to good sprint performances.

Since strength and power are known to play a key role in sprint and agility, resistance
exercise should be emphasized within the conditioning programs of female Field Hockey
players. The present study also provided useful benchmarks for performance and muscle
architecture of trained athletes. In particular, values of EI measured in this study may
indicate a normal range for healthy players that coaches and therapist may use to guide
the rehabilitation process following injury.

Author Contributions: Conceptualization, S.B. and M.C.; methodology, S.B. and M.C.; software, A.D.;
investigation, S.B., A.D. and F.T.; data curation, M.C. and F.T.; writing—original draft preparation,
S.B.; writing—review and editing, S.P. and S.M.; supervision, S.M.; project administration, S.P. and
S.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of the University of Bologna (protocol
number: 23222; 26 January 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank the Italian Field Hockey Federation and the
players of the Italian Field Hockey National Teams for their participation in the present study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Jennings, D.H.; Stuart, J.C.; Aaron, J.C.; Robert, J.A. International field hockey players perform more high-speed running than

national-level counterparts. J. Strength Cond. Res. 2012, 26, 947–952. [CrossRef] [PubMed]
2. Septianingrum, K.; Sugiyanto, S.; Kristiyanto, A. Physical Condition as a Contribution of Shooting Accuracy with Flick Drag

Technique. ACTIVE J. Phys. Ed. Sport Health Recreat. 2018, 7, 58–62.
3. Bartolomei, S.; Grillone, G.; Di Michele, R.; Cortesi, M. A comparison between male and female athletes in relative strength and

power performances. J. Funct. Morph. Kinesiol. 2021, 6, 17. [CrossRef] [PubMed]
4. Garhammer, J. A comparison of maximal power outputs between elite male and female weightlifters in competition. J. Appl.

Biomech. 1991, 7, 3–11. [CrossRef]
5. Kanehisa, H.; Ikegawa, S.; Fukunaga, T. Comparison of muscle cross-sectional area and strength between untrained women and

men. Eur. J. Appl. Physiol. Occup. Physiol. 1994, 68, 148–154. [CrossRef] [PubMed]
6. Mayhew, J.L.; Hancock, K.; Rollison, L.; Ball, T.E.; Bowen, J.C. Contributions of strength and body composition to the gender

difference in anaerobic power. J. Sports Med. Phys. Fit. 2001, 41, 33.
7. Bartolomei, S.; Nigro, F.; Ciacci, S.; Malagoli Lanzoni, I.; Treno, F.; Cortesi, M. Relationships between Muscle Architecture and

Performance in Division I Male Italian Field Hockey Players. Appl. Sci. 2021, 11, 4394. [CrossRef]
8. Pillen, S.; Scholten, R.R.; Zwarts, M.J.; Verrips, A. Quantitative skeletal muscle ultrasonography in children with suspected

neuromuscular disease. Muscle Nerve 2003, 27, 699–705. [CrossRef]
9. Stock, M.S.; Thompson, B.J. Echo intensity as an indicator of skeletal muscle quality: Applications, methodology, and future

directions. Eur. J. Appl. Physiol. 2021, 121, 369–380. [CrossRef]
10. Mangine, G.T.; Fukuda, D.H.; LaMonica, M.B.; Gonzalez, A.M.; Wells, A.J.; Townsend, J.R.; Jajtner, A.R.; Fragala, M.S.; Stout, J.R.;

Hoffman, J.R. Influence of gender and muscle architecture asymmetry on jump and sprint performance. J. Sports Sci. Med. 2014,
13, 904.

11. Hirsch, K.R.; Smith-Ryan, A.E.; Trexler, E.T.; Roelofs, E.J. Body composition and muscle characteristics of division I track and field
athletes. J. Strength Cond. Res. 2016, 30, 1231. [CrossRef] [PubMed]

12. Scanlon, T.C.; Fragala, M.S.; Stout, J.R.; Emerson, N.S.; Beyer, K.S.; Oliveira, L.P.; Hoffman, J.R. Muscle architecture and strength:
Adaptations to short-term resistance training in older adults. Muscle Nerve 2014, 49, 584–592. [CrossRef] [PubMed]

https://doi.org/10.1519/JSC.0b013e31822e5913
https://www.ncbi.nlm.nih.gov/pubmed/22446668
https://doi.org/10.3390/jfmk6010017
https://www.ncbi.nlm.nih.gov/pubmed/33572280
https://doi.org/10.1123/ijsb.7.1.3
https://doi.org/10.1007/BF00244028
https://www.ncbi.nlm.nih.gov/pubmed/8194544
https://doi.org/10.3390/app11104394
https://doi.org/10.1002/mus.10385
https://doi.org/10.1007/s00421-020-04556-6
https://doi.org/10.1519/JSC.0000000000001203
https://www.ncbi.nlm.nih.gov/pubmed/27100166
https://doi.org/10.1002/mus.23969
https://www.ncbi.nlm.nih.gov/pubmed/23893353


Appl. Sci. 2023, 13, 11314 9 of 9

13. Pillen, S.; Tak, R.O.; Zwarts, M.J.; Lammens, M.M.; Verrijp, K.N.; Arts, I.M.; van der Laak, J.A.; Hoogerbrugge, P.M.;
van Engelen, B.G.; Verrips, A. Skeletal muscle ultrasound: Correlation between fibrous tissue and echo intensity. Ultrasound Med.
Biol. 2009, 35, 443–446. [CrossRef] [PubMed]

14. Wong, V.; Spitz, R.W.; Bell, Z.W.; Viana, R.B.; Chatakondi, R.N.; Abe, T.; Loenneke, J.P. Exercise induced changes in echo intensity
within the muscle: A brief review. J. Ultrasound 2020, 23, 457–472. [CrossRef] [PubMed]

15. Ogawa, M.; Mitsukawa, N.; Bemben, M.G.; Abe, T. Ultrasound assessment of adductor muscle size using muscle thickness of the
thigh. J. Sport Rehabil. 2012, 21, 244–248. [CrossRef] [PubMed]

16. Mirón Mombiela, R.; Facal de Castro, F.; Moreno, P.; Borras, C. Ultrasonic echo intensity as a new noninvasive in vivo biomarker
of frailty. J. Am. Geriatr. Soc. 2017, 65, 2685–2690. [CrossRef] [PubMed]

17. Evans, E.M.; Rowe, D.A.; Misic, M.M.; Prior, B.M.; Arngrímsson, S.A. Skinfold prediction equation for athletes developed using a
four-component model. Med. Sci. Sports Exerc. 2005, 37, 2006. [CrossRef]

18. Bemben, M.G. Use of diagnostic ultrasound for assessing muscle size. J. Strength Cond. Res. 2022, 16, 103–108.
19. O’Sullivan, C.; Meaney, J.; Boyle, G.; Gormley, J.; Stokes, M. The validity of rehabilitative ultrasound imaging for measurement of

trapezius muscle thickness. Man. Ther. 2009, 14, 572–578. [CrossRef]
20. Ryan, E.D.; Shea, N.W.; Gerstner, G.R.; Barnette, T.J.; Tweedell, A.J.; Kleinberg, C.R. The influence of subcutaneous fat on the

relationship between body composition and ultrasound-derived muscle quality. Appl. Physiol. Nutr. Metab. 2016, 41, 1104–1107.
[CrossRef]

21. Young, H.J.; Jenkins, N.T.; Zhao, Q.; Mccully, K.K. Measurement of intramuscular fat by muscle echo intensity. Muscle Nerve 2015,
52, 963–971. [CrossRef] [PubMed]

22. Bartolomei, S.; Nigro, F.; Ruggeri, S.; Lanzoni, I.M.; Ciacci, S.; Merni, F.; Sadres, E.; Hoffman, J.R.; Semprini, G. Comparison
between bench press throw and ballistic push-up tests to assess upper-body power in trained individuals. J. Strength Cond. Res.
2018, 32, 1503–1510. [CrossRef]

23. Forster, J.W.; Uthoff, A.M.; Rumpf, M.C.; Cronin, J.B. Advancing the pro-agility test to provide better change of direction speed
diagnostics. J. Sport Exerc. Sci. 2021, 5, 101–106.

24. Bartolomei, S.; Hoffman, J.R.; Merni, F.; Stout, J.R. A comparison of traditional and block periodized strength training programs
in trained athletes. J. Strength Cond. Res. 2014, 28, 990–997. [CrossRef] [PubMed]

25. Stevens, J.P. Applied Multivariate Statistics for the Social Sciences; Routledge: New York, NY, USA, 2012; Chapter 4; p. 169.
26. Mukkaka, M.M. A guide to appropriate use of correlation coefficient in medical research. Malawi Med. J. 2012, 24, 69–71.
27. Reimers, C.D.; Fleckenstein, J.L.; Witt, T.N.; Müller-Felber, W.; Pongratz, D.E. Muscular ultrasound in idiopathic inflammatory

myopathies of adults. J. Neurol. Sci. 1993, 116, 82–92. [CrossRef] [PubMed]
28. Elbers, J.M.H.; Asscheman, H.; Seidell, J.C.; Gooren, L.J. Effects of sex steroid hormones on regional fat depots as assessed by

magnetic resonance imaging in transsexuals. Am. J. Physiol-Endocrinol. Metab. 1999, 276, E317–E325. [CrossRef]
29. Bartolomei, S.; Nigro, F.; Gubellini, L.; Ciacci, S.; Merni, F.; Treno, F.; Cortesi, M.; Semprini, G. Physiological and sport-specific

comparison between division I and division II Italian male field hockey players. J. Strength Cond. Res. 2019, 33, 3123–3128.
[CrossRef]

30. Lombard, W.P.; Cai, X.; Lambert, M.I.; Chen, X.; Mao, L. Relationships between physiological characteristics and match demands
in elite-level male field hockey players. Int. J. Sports Sci. Coach. 2021, 16, 985–993. [CrossRef]

31. Kapteijns, J.A.; Caen, K.; Lievens, M.; Bourgois, J.G.; Boone, J. Positional match running performance and performance profiles of
elite female field hockey. Int. J. Sports Physiol. Perform. 2021, 16, 1295–1302. [CrossRef]

32. Kramer, T.A.; Sacko, R.S.; Pfeifer, C.E.; Gatens, D.R.; Goins, J.M.; Stodden, D.F. The association between the functional movement
screentm, y-balance test, and physical performance tests in male and female high school athletes. Int. J. Sports Phys. Ther. 2019,
14, 911. [CrossRef] [PubMed]

33. Stephard, R.L. Exercise and training in women, Part I: Influence of gender on performance and training responses. Can. J. Appl.
Physiol. 2000, 25, 19–34. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ultrasmedbio.2008.09.016
https://www.ncbi.nlm.nih.gov/pubmed/19081667
https://doi.org/10.1007/s40477-019-00424-y
https://www.ncbi.nlm.nih.gov/pubmed/31925731
https://doi.org/10.1123/jsr.21.3.244
https://www.ncbi.nlm.nih.gov/pubmed/22713209
https://doi.org/10.1111/jgs.15002
https://www.ncbi.nlm.nih.gov/pubmed/28884787
https://doi.org/10.1249/01.mss.0000176682.54071.5c
https://doi.org/10.1016/j.math.2008.12.005
https://doi.org/10.1139/apnm-2016-0238
https://doi.org/10.1002/mus.24656
https://www.ncbi.nlm.nih.gov/pubmed/25787260
https://doi.org/10.1519/JSC.0000000000002571
https://doi.org/10.1519/JSC.0000000000000366
https://www.ncbi.nlm.nih.gov/pubmed/24476775
https://doi.org/10.1016/0022-510X(93)90093-E
https://www.ncbi.nlm.nih.gov/pubmed/8509807
https://doi.org/10.1152/ajpendo.1999.276.2.E317
https://doi.org/10.1519/JSC.0000000000002503
https://doi.org/10.1177/1747954121998065
https://doi.org/10.1123/ijspp.2020-0337
https://doi.org/10.26603/ijspt20190911
https://www.ncbi.nlm.nih.gov/pubmed/31803523
https://doi.org/10.1139/h00-002
https://www.ncbi.nlm.nih.gov/pubmed/10683598

	Introduction 
	Materials and Methods 
	Study Design 
	Subjects 
	Body Composition and Muscle Architecture Assessments 
	Change of Direction Speed and Sprint Testing 
	Strength and Power Testing 
	Statistical Analyses 

	Results 
	Body Composition and Muscle Architecture 
	Change of Direction Speed and Sprint Testing 
	Strength and Power Testing 
	Correlations between Variables 

	Discussion 
	Conclusions 
	References

