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ABSTRACT: The practices of strength and conditioning (S&C) coaches have been reported in various professional
sports. This study aims to comprehensively assess this available evidence to help establish whether theoretical,
practical, and evidence-based guidelines align with the practices employed by these experienced S&C coaches.
Three databases were searched (PubMed, SPORTDiscus, and Cochrane) until November 2020. Studies surveying
the practices of S&C coaches in professional sports using a survey design with common questions, written in
English, and published in peer-reviewed journals were reviewed. Eight studies (n = 318 S&C coaches) were
finally included. All studies adapted a similar survey, providing a strong basis for comparison between sports.
Periodization strategies were widely used (89%), with training volume consistently reduced during the in-season
period. Olympic weightlifting was commonly used across sports, except in baseball (29%). Plyometric exercises
were predominantly prescribed for speed development (74%) and lower body power (68%), which were mostly
programed as complex training (45%) and conducted all year round (52%). Flexibility exercises were mostly
performed before practice (83%) for 610 min (40%). Physical tests were mainly conducted during the pre-
season period (66%), with body composition (86%) being the most used test. S&C coaches generally adhered
to current guidelines and research in S&C concerning training prescription and physical testing. Whereas, inter-
sport differences were also noted and further discussed. Results of this study can be used by S&C coaches to
plan, implement, and review their professional practices. Furthermore, may inform the development of general
and sport-specific guidelines, and future research in S&C.
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Professional sports continue to evolve, and with an exponential
increase in available funds, sports organizations are more com-
monly employing comprehensive multidisciplinary athlete support
teams [1]. The responsibilities of these staff span across technical,
medical, sport science, and physical training sectors [2]. One role
that has become increasingly important, is the strength and con-
ditioning (S&C) coach [3-4], who is interconnected with numerous
aspects of athlete preparation [5]. Accordingly, S&C coaches are
required to possess a broad understanding of other departments
within the multidisciplinary team (e.g., sports scientists and head
coaches) [5]. The main objectives of S&C coaches are to enhance
the physical and sports performance of athletes while reducing the
likelihood of injury [3]. Given the broad roles and responsibilities,

and increasingly high expectations placed on S&C coaches, par-
ticularly at the elite level, it is important to explore their perspectives
and practices [4].

Various studies have previously investigated the practices of S&C
coaches in different professional sports, including American foot-
ball [6], ice hockey [7], baseball [8], basketball [9], wrestling [10],
rugby union [11], soccer [12], and cricket [13]. All the aforemen-
tioned studies adapted a survey originally used in American foot-
ball [6], and although each study further examined alternative areas
of S&C, the original content of the survey was consistently applied.
Each survey addressed the practices of S&C coaches related to
strength, power, speed, plyometric, and flexibility training, in addition
to physical testing.
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The benefits of the aforementioned training methods and use of
physical testing to comprehensively develop athletes have been ex-
tensively researched and integrated into S&C guidelines [14]. Where-
as little is known how S&C guidelines and research are used by S&C
coaches in elite level sport. For example, it is recognized that gen-
eral and sport-specific strength training is commonly integrated into
S&C training programs using periodization strategies, with the aim
of improving elite athletes’ sports performance and resilience to in-
jury [15]. However, given the difficulties in conducting such research
at the elite level and scarcity of available data [15-17], it is proposed
that researchers may need to use alternative methods to explore and
understand the use and efficacy of S&C training methods [15].

Therefore, the objective of this systematic review was to compre-
hensively assess the evidence from prior surveys investigating the
practices of S&C coaches in different professional sports. This will
help identify whether theoretical, practical, and evidence-based
guidelines align with the practices employed by these experienced
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S&C coaches. In turn, providing a basis for further advancing S&C
as a discipline through informing future directions for professional
development and research on this topic.

MATERIALS AND METHODS 15
This study was performed using the Preferred Reporting Items for
Systematic Review and Meta-Analyses Protocol (PRISMA-P) [18],
as presented in Figure 1.

Eligibility Criteria

Studies were eligible if they met the following inclusion criteria:
(a) written in English, (b) published in a peer-reviewed journal,
(c) used a survey design with common questions, and (d) the survey’s
purpose was to investigate the practices of S&C coaches in profes-
sional sports. The lead author (AW) performed a detailed investiga-
tion during the planning stage of the systematic review to ensure the
selected criteria were relevant.

c Records identified through database
2 searching: Additional records identified
§ PubMed (n=176) through other sources
£ SPORTDiscus (n = 335) (n=7)
] Cochrane (n=41)
z
— i A 4
. Records after duplicates removed
(n=424)
o0
=
S
g v
&) Records screened Records excluded based on title or
(n=424) abstract (n =397)
> v Full-text articles excluded with
2 Full-text articles assessed _ reasons (n=19):
i for eligibility - Inconsistent suryey approach (n = 8)
T (n=27) - Non-professional sport (n =5)
- Did not survey strength and
conditioning coaches (n = 5)
— - Replication of data from previous
study (n=1)
A
-] . .
3 Total studies included in
= systematic review
(%}
£ (n=8)
N/

FIG. 1. Preferred Reporting Items for Systemativ review and Meta-Analysis Protocols (PRISMA-P) flowchart illustrating the inclusion

and exclusion criteria used in the systematic review.
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Information Sources and Search Strategy

Searches for studies were conducted by the lead author (AW) from
the 1%t November 2020 until the 12" November 2020, using three
electronic databases considered suitable for systematic reviews
(PubMed, SPORTDiscus, and Cochrane) [19]. Search terms were
modified to the settings and limitations of the respective databases,
with the following keywords combined using Boolean operators:
Practices of strength and conditioning coaches in* OR strength and
conditioning practices in* OR (elite sport* or professional sport* or
national sport* or international sport*). The reference lists of se-
lected studies were searched for additional suitable studies.

Quality Check

An adapted Critical Appraisal Skills Programme (CASP) [20] checklist
for qualitative research, was deemed most appropriate to assess the
reporting quality of included studies in this systematic review. The
CASP checklist consists of three sections, with two initial screening
questions and eight further questions exploring the validity and ap-
plicability of results to the relevant population. Each question is
graded as either: yes, can't tell, or no. Section A evaluates the valid-
ity of the results of each study, including the following questions:
1) Was there a clear statement of the aims of the research?; 2) Was
a qualitative or mixed quantitative and qualitative methodology ap-
propriate?; 3) Was the research design appropriate to address the
aims of the research?; 4) Was the recruitment strategy appropriate
to the aims of the research?; 5) Was the data collected in a way that
addressed the research issue?; and 6) Has the relationship between
researcher and participants been adequately considered?. Section
B evaluates the quality of results, and includes the following questions:
7) Have ethical issues been taken into consideration?; 8) Was the
data analysis sufficiently rigorous?; and 9) Is there a clear statement
of findings?. Section C evaluates whether the results will help locally
and includes the following question: 10) Is the research valuable?.

Any disagreements between the decisions of reviewers (AW and MJD)
were discussed, and if unresolved settled by a third reviewer (AT).

Data Collection Process

The characteristics of all studies included in the review were manu-
ally extracted into a customized Excel workbook (Microsoft Excel
2019, Microsoft Corporation, Redmond, Washington, USA). The data
extracted included: (1) study identification information, (2) study
appraisal rating, (3) sample size, (4) sport, (5) league, (6) level of
sport, (7) country, (8) frequency and duration of off-season and in-
season strength and power training sessions, (9) most important
exercises, (10) use of Olympic weightlifting, (11) use of periodization
strategies, (12) methods for determining set loads, (13) speed de-
velopment exercises (e.g., types of exercise), (14) plyometric exer-
cises (e.g., types of exercises and purpose), (15) flexibility exercises
(e.g., types of exercise and when performed), (16) physical testing
(e.g., types of tests and when implemented), and (17) mean values
for each included variable. If data were missing for an included vari-
able, all authors reviewed the manuscript and confirmed whether
not attainable (n/a) should be used.

RIS U L TS 15
Studly Selection

Overall 559 studies were identified using the search strategy outlined
in Figure 1. Following the removal of duplicates and articles dis-
carded based on the review of titles and abstracts by two reviewers
(AW and MJD), 27 articles were determined relevant for further
analysis. Thereafter, two reviewers (AW and MJD) read the full texts
of selected studies, compared results, and reached a consensus on
which studies to be included in the systematic review. Finally, 8 stud-
ies were selected, checked for quality, and agreed by all reviewers
to be used for data synthesis. General information regarding the eli-
gible studies is presented in Table 1.

TABLE 1. Characteristics of reviewed studies on the practices of strength and conditioning coaches in professional sports.

Sample Response

Study Size Rate Sport League Level of sport Country
Ebben et al. [6] 26 87% AF National Football League Professional Team USA
Ebben et al. [7] 23 76.6% Ice Hockey National Hockey League Professional Team USA
Ebben et al. [8] 21 70% Baseball Major League Baseball Professional Team USA
Simenz et al. [9] 20 68.9%  Basketball National Basketball Association Professional Team USA
Far Saeed et al. [10] 100  88.5% Wrestling Iran Wrestling League Professional Team Iran
Jones et al. [11] 43 83%  Rugby Union Various Leagues Professional Team Global
Weldon et al. [12] 52 ND Soccer Various Leagues Professional and International Teams Global
Weldon et al. [13] 33 ND Cricket Various Leagues Professional and International Teams Global

AF: American Football; ND: Not determined; USA: United States of America.
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TABLE 2. Critical appraisal using The Critical Appraisal Skills Programme (CASP) checklist for qualitative research.

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9o Q10
Ebben et al. [6] Y Y Y Y Y CT CT Y Y Y
Ebben et al. [7] Y Y Y Y Y CT Y Y Y Y
Ebben et al. [8] Y Y Y Y Y CT CT Y Y Y
Simenz et al. [9] Y Y Y Y Y CT CT Y Y Y
Far Saeed et al. [10] Y Y Y Y Y CT CT Y Y Y
Jones et al. [11] Y Y Y Y Y CT Y Y Y Y
Weldon et al. [12] Y Y Y Y Y CT Y Y Y
Weldon et al. [13] Y Y Y Y Y CT Y Y Y Y

Y: Yes, CT: Can't tell.

Quality Check
The results from the CASP checklist are presented in Table 2.

Muscular Strength and Power

The frequency and duration of strength and power sessions (off-
season and in-season), use of periodization strategies, and prescrip-
tion of Olympic weightlifting exercises (including derivatives) among
S&C coaches are presented in Table 3. Methods used to determine
set loads were not included in this review, due to 10 out of 11 meth-
ods being inconsistently reported across studies. One consistently
reported method was the use of a percentage of repetition maximum
tests, which was included in this review, and the percentage of S&C
coaches using this method is presented in Table 3. The most impor-
tant resistance exercise programmed by S&C coaches in all studies
was the squat (including variations) (e.g., back squat, front squat,
and overhead squat) [6-13]. The second most important resistance
exercise was Olympic weightlifting (including derivatives) in five stud-
ies (e.g., hang clean, power clean) [6-7, 9-11], deadlift (including
variations) in two studies [12-13], and lunge (including variations)
in the remaining study [8]. The third most important resistance ex-
ercise was the bench press (including variations) in two stud-
ies [6, 111, lunges (including variations) in two studies [7, 121, and
lat pull-down [8], leg press [10], and Olympic weightlifting (includ-
ing derivatives) [13] in the remaining studies.

Speed

In six studies, 100% of S&C coaches used speed development ex-
ercises [6, 8-10, 12-131, with 96% [7] and 93% [111], in the
other two studies. The main exercises used for speed development
and the percentage of S&C coaches prescribing each exercise are
presented in Table 3.

Plyometrics
In four studies, 100% of S&C coaches used plyometric exercis-
es [9-10, 12-131, 95% in two studies [8, 111, and 91% [7] and
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73% [6] in the remaining two studies. Table 3 presents the type of
exercises, purpose, method of integration, and period of the season
that S&C coaches usually prescribe plyometric exercises.

Flexibility

In five studies, 100% of S&C coaches used flexibility development
exercises [6, 8-9, 12-13], with 96% [7]1, 95% [11] and 86% [10]
in the remaining three studies. Table 3 presents the type of exer-
cises, time of integration, and duration of sessions that S&C coach-
es use to prescribe flexibility exercises.

Physical Testing

In six studies, 100% of S&C coaches used physical testing with their
athletes [7-10, 12-13], with 98% [11] and 92% [6] in the remain-
ing two studies. The most commonly used physical tests and the
time of year where these tests are mostly conducted are presented
in Table 3.

DISCU'S S 1O /N 15—
The findings of this review revealed that S&C coaches across profes-
sional sports mostly apply practices in line with S&C guidelines and
research. For some practices differences were observed, suggesting
preferential practices, sport-specific exercises, or external constraints
may influence S&C programs in certain sports. The reasons and
implications of these findings and potential limitations are discussed
hereafter.

Muscular strength and power

Periodization strategies were widely used by S&C coaches across all
sports in this review. This is logical given periodization provides the
ability to systematically and sequentially integrate training interven-
tions to maximize performance (e.g., strength) at specific time-points
(e.g., competition) [21]. But within athletic populations, there is
a need for further research to elucidate the usage and long-term
effects of periodization, particularly when implementing tapering and
unloading strategies [16, 22-23]. In fact, in elite sport relatively
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TABLE 3. Comparison of results from surveys investigating the practices of strength and conditioning coaches in professional sports.
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Sample Size 26 23 21 20 100 43 52 33 40

Percentage of coaches who use periodization

) 69% 91% 86% 85% 100% 88% 98% 97% 89%
strategies to structure programs.

1 p.wk 4% 4% 0% 5% 0% 0% 8% 0% 3%

2 p.wk 4% 0% 0% 0% 22% 7% 44% 27% 13%

Number of strength/power development 3 p.wk 27% 22% 24% 50% 70% 26% 62% 64% 43%
sessions de""eredoziregss;(p'Wk) during the 4 p.wk 73% 52% 71% 70% 0% 58% 27% 30% 48%

5 p.wk 8% 26% 5% 25% 0% 23% 12% 9% 13%

6 p.wk 0% 0% 0% 0% 0% 9% 4% 9% 3%

1 p.wk 4% n/a 0% 0% n/a 2% 35% 52% 15%

Number of strength/power development 2 p.wk 46% nfa 62% 70% nfa 33% 62% 67% 57%

5 sessions delivered per week (p.wk) during the 3 p.wk 46% nfa 29% 65% nfa 8l1% 40% 42% 51%
n%_ in-season. 4 p.wk 27% nfa  10% 20% n/a 9% 15% 12% 16%
- 5 p.wk 0% n/a 5% 10% n/a 2% 4% 0% 4%
s 0-15m n/a 0% 0% 0% 12% 0% 4% 0% 2%
®  Duration (minutes) of strength/power 16-30 m nfa 0% 0% 5% 14% 5% 17% 3% 6%
g development sessions delivered per week 31-45m nfa 13% 24% 20% 23% 9% 54% 30% 25%
» during the off-season. 46-60 m na 78% 76% 40% 42% 51% 37% 57% 54%
> 60 m n/a 9% 0% 40% 9% 30% 27% 54% 24%

0-15m 0% 0% 10% n/a n/a n/a 4% 3% 3%

Duration (minutes) of strength/power 16-30 m 15% 0% 76% n/a 24% 5% 42% 46% 30%
development sessions delivered per week 31-45m 58% 13% 14% nla 27% 28% 58% 70% 38%
during the in-season. 46-60 m 15% 78% 0% nfa 47% 60% 30% 42% 39%

> 60 m 12% 9% 0% n/a 2% 16% 10% 15% 9%

Percentage of coaches who prescribe Olympic
weightlifting exercises.
Percentage of coaches who use percentage of
repetition maximum to determine set loads.

88% 91% 29% 95% 83% 88% 67% 88% 79%

42% 35% 19% 30% 37% 72% 29% 33% 37%

Speed na 83% nfa 100% 78% 58% 83% 88% 82%
Plyometrics 65% 83% 81% 90% 92% 30% 87% 88% 77%
§ Exercises used for speed development Form Running 77% 43% 100% 80% 69% 30% 38% 64% 63%
& ' Resisted Running 65% 65% 52% 70% 24% 30% 52% 55% 52%
Speed Endurance 81% 78% 86% 90% 33% 0% 33% 45% 56%
Over-Speed Running 58% 43% 19% 35% 71% 0% 19% 15% 33%
Multiple 65% 78% 67% 85% 68% 74% 89% 85% 76%

Hops/Jumps/Lunges
Box Drills 58% 91% 71% 85% 61% 74% 79% 73% 74%
. . Jumps in Place 46% 83% 86% 80% 82% 74% 54% 79% 73%
Exercises used for plyometrics. Bounding 65% 70% 62% 80% nfa  72% 79% 79% 72%
Upper Body 46% 87% 76% 100% 65% 63% 12% 48% 62%
Standing Jump 46% 39% 33% 50% 74% 70% 63% 82% 57%
" Depth Jumps 27% 22% 10% 40% 66% 63% 56% 67% 44%
-§ Speed Development 62% 70% 71% 80% 80% nfa 8l% 75% 74%
g Lower Body Power 50% 74% 81% 90% 54% 37% 87% 70% 68%
n‘% Purpose for using plyometric exercises. Upper Body Power 42% 70% 48% 85% 64% n/a 2% 36% 50%
Improve Jumps n/a na  10% 90% 34% n/a 63% 36% 47%
Total Body Training 46% 70% 52% 85% 31% n/a 8% 30% 46%
Year Round 15% 57% 38% 45% 64% 56% 71% 73% 52%
Pre-Season 27% 35% nfa  40% 48% 42% 23% 24% 34%
Stage of season that coaches use plyometric Pre-Training Camp 19% 26% 43% 40% 52% 12% n/a na 32%
exercises. In-Season 12% 30% 33% 15% 16% 47% 25% 15% 24%
Training Camp 4% 30% 33% 10% 40% 5% 4% 6% 17%

Post Season/Off-Season  23% 22% 10% 35% 16% 1% 2% 9% 15%
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Complex Training/Within 2o 570, 439 60% 14% 58% 52% 52% 45%
. . . Weight Training

Meg:;‘iissssse\si:ﬁirn”t‘rt:iriant;”irs'g‘:‘;x.t”c Before Weights 35% 39% 48% 45% 16% 0% 37% 55% 33%
Separate Days 15% 43% 29% 45% 35% 0% 33% 42% 30%
After Weight Training 23% 17% 10% 10% 35% 0% 27% 9% 16%
Static 85% 87% 100% 100% 93% 70% 92% 91% 90%
Types o flexibility exercises used. Dynamic 54% 61% 81% 90% 30% 86% 96% 100% 75%
PNF 69% 65% 71% 75% 13% 60% 68% 88% 64%
Ballistic 31% 17% 19% 25% n/a nfa 69% 61% 37%
Before Practice 92% 78% 95% 90% 72% 79% 79% 76% 83%
After Practice 58% 83% 62% 65% 70% 63% 58% 38% 62%
- Before Workout 69% 52% 67% 65% 72% 72% 31% 42% 59%
% When coaches prescribe flexibility exercises. After Workout 54% 70% 71% 65% 69% 58% 40% 33% 58%
E, Independently 42% 43% 48% 30% 39% 60% 54% 48% 46%
v During Workout 8% 17% 19% 30% 2% 37% 8% 10% 16%
During Practice 15% 39% 10% 25% 2% 9% 10% 10% 15%
0-5m 4% 13% 5% 0% 10% 7% 33% 30% 13%
6-10 m 46% 26% 14% 15% 43% 35% 67% 70% 40%
Duration (minutes) of flexibility sessions. 11-15m 42% 22% 52% 40% 36% 23% 46% 55% 39%
16-20 m 4% 17% 24% 25% 7% 16% 25% 27% 18%
>20m 0% 4% 5% 15% 4% 9% 10% 15% 8%
Body Composition 77% 87% 100% 95% 50% 93% 87% 97% 86%
Muscular Strength 50% 100% 33% 75% 97% 81% 81% 82% 75%
Muscular Power 35% 83% 33% 85% 97% 86% 62% 76% 70%
Cardiovascular Endurance 42% 78% 24% 60% 52% 81% 92% 97% 66%
- Speed 35% 7% 19% 80% 100% 86% 81% 91% 62%
% Types of physical tests used. Flexibility 31% 70% 33% 75% 86% 63% 48% 52% 57%
E’ Anaerobic Capacity 35% 83% 43% 50% 91% 72% 31% 36% 55%
S Acceleration 77% 35% 5% 4% 67% 8l% 56% 67% 49%
_% Agility 35% 30% 33% 70% 71% 33% 40% 61% 47%
o Muscular Endurance 19% 70% 5% 50% 97% 40% 8% 61% 44%
Anthropometry 19% 35% 14% 60% 38% nfa 63% 76% 44%
Stage of season when physical testing is Pre-season 42% 70% 81% 75% 75% 95% 58% 33% 66%
conducted. In-season 31% 52% 62% 60% 46% 88% 42% 24% 51%
Post/Off-Season 23% 30% 33% 70% 32% 53% 4% 27% 34%

n/a: Data was not attainable from the results of the study. PNF: Proprioceptive neuromuscular facilitation

little is known regarding the use of periodization, where it is believed
that sports and S&C coaches may anecdotally employ periodization
strategies based on their philosophies, coaching experience, and
available data [16-171. In this review, American football S&C coach-
es used periodization the least [6]. Some S&C coaches within this
study reported that they started physical training conservatively, and
gradually increased the intensity while providing adequate recovery,
and challenging athletes when they are fit and healthy [6]. It may
be argued that this is a form of periodization, using a less strategic
and more dynamic approach. However, there is currently no existing
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data on the periodization strategies used in professional American
football (e.g., National Football League), therefore it is difficult to
infer whether such practices are representative of other S&C coach-
es in this sport [24].

Almost all S&C coaches in soccer [12] and cricket [13] reported
using periodization strategies. However, within these studies, S&C
coaches also acknowledged that the implementation of periodization
strategies was one of their biggest issues, due to limited time, con-
densed schedule/fixtures, and training volume. Particularly in profes-
sional cricket, applying periodization strategies is problematic due




Practices of Strength and Conditioning Coaches

to the possibility of players participating for their country, club, and
franchise teams, across short and long game formats [13]. Further-
more, with the increased popularity of shorter game formats (i.e.,
Twenty20), the physical demands players are exposed to in regards
to match intensity and number of fixtures played has considerably
increased [25]. Therefore, it is encouraging to see the extensive use
of periodization strategies in cricket, with the perceived aim of mon-
itoring and manipulating training volume to optimize players’ perfor-
mance and reduce the likelihood of injuries.

A trend was observed across studies for reducing training volume
(e.g., frequency and duration) of strength and power development
sessions during the in-season compared to the off-season period.
Generally, the competitive or in-season period consists of a combina-
tion of peaking and maintenance, which manipulates training loads
and volume, to ensure players are in optimal performance for com-
petition and adequate recovery is provided post-competition [21, 26].
Similarly, S&C coaches in rugby union [111, soccer [12], and crick-
et [13] suggested that training volume should intentionally be reduced
during the in-season to adopt a maintenance approach. Furthermore,
it has been deemed important by S&C coaches to provide adequate
recovery between strength and power development sessions and
competition, with 48 hours being the most commonly em-
ployed [4, 12-13, 26]. However, outside of competition, strength
and power development sessions in soccer [12] and cricket [13]
were most commonly held on the same day as sports training ses-
sions. This suggests a more condensed nature of training in-season
with less time available for S&C, which is coherent with research
recommendations to have a greater emphasis on sport-specific train-
ing while in-season [27]. Whereas, during the off-season, S&C
coaches can more comprehensively develop the physical capacities
of players without negatively impacting sports performance or increas-
ing the likelihood of injury [12, 28].

Various methods were used for determining set loads across re-
viewed studies, which highlighted inter-and intra-sport differences,
suggesting the methods used may be based on the preference of S&C
coaches. More recently, studies reporting the practices of S&C coach-
es have included alternative methods for determining set loads, such
as velocity-based training [4, 12], which has also gained increasing
popularity in S&C research [29]. Therefore, in this case, it may be
considered that contemporary research is potentially driving the di-
versification of S&C practices. Nevertheless, one consistent method
used in all studies was percentages of repetition maximum tests,
which is known to be effective in improving strength and power-re-
lated capacities in different populations [30]. Furthermore, this
method allows S&C coaches to easily prescribe lighter and heavier
loads across a week, helping manage athletes’ residual fatigue and
preventing over-reaching [30]. This is important in professional sports
to ensure athletes remain able to conduct sport-specific training at
the required intensity [30]. Across the reviewed sports, S&C coach-
es in baseball reported testing strength, power, and using percent-
ages of repetition maximum tests the least [8]. This is unexpected

given the importance of prescribing adequate training loads to ef-
fectively develop strength and power, and the underpinning impor-
tance of these physical attributes for batting and pitching perfor-
mance [31-32]. However, the extensive demands of a long season
and intensive playing schedule may limit the time available for test-
ing [8, 33].

The most important resistance training exercise prescribed across
sports was the squat (including variations) (e.g., back squat, front
squat, and overhead squat) [6-13]. This is unsurprising given the
squat provides numerous benefits, including the development of
lower body strength and power [34], which can transfer positively
to athletic performance (e.g., sprinting) [35]. For example, in Amer-
ican football athletes, one-repetition maximum back squat strength
was moderately correlated with sprinting capabilities over 0-5 yds
(r =-0.45), 0-10 yds (r = -0.54), and 0-40 yds (r = -60) [36],
and strongly correlated in elite soccer athletes over 0-10 m (r = 0.94)
and 0-30 m (r = 0.71) [37]. Additionally, back squat performance
in conjunction with a wider battery of tests (e.g., squat jump) has
been suggested as an indirect measure and reliable predictor
(r = 0.75) of sprint performance in rugby union athletes over
0-30 m [38]. Research suggests that variations of the barbell back
squat, such as the safety bar back squat provide similar improvements
in lower body strength, power, and sprinting performance in baseball
players, with the additional benefit of reducing stress on the shoulders
and elbow joints [39]. Whereas, in wrestling it has been proposed
that back squat strength may also be used to differentiate athletes
between levels, with elite wrestlers demonstrating 8-25% greater
one-repetition maximum squat values compared to sub-elite wrestlers
across weight categories [40]. Therefore, given the overwhelming
evidence of the benefits of the squat (including variations), it is
logical that S&C coaches extensively prescribe this exercise within
their programs.

The second most important exercise reported was Olympic weight-
lifting (including derivatives) in five out of eight sports [6-7, 9-111.
Olympic weightlifting is widely used to provide a stimulus that ef-
fectively trains the whole body, and importantly emphasizes triple
extension, a key movement pattern in many sporting actions [41].
Research suggests integrating Olympic weightlifting within an S&C
program can improve jumping, sprinting, and change of direction
performance [41-43]. However, in baseball, although the aforemen-
tioned attributes are required, few S&C coaches used Olympic weight-
lifting or derivative lifts within their programs [8]. Whereas, S&C
coaches seemed to use alternative and highly-specific exercises, such
as plyometrics to develop jumping and form running for sprinting [8].
A purported reason for the lack of integration of Olympic weightlifting
in baseball is due to the possibility of injuring the shoulders and
wrists [44], but this may not be the case when effectively and progres-
sively coached. Consequently, a feasible explanation is that Olympic
weightlifting movements can take time to teach and learn [45], and
time availability is scarce in baseball given its long and intensive
season [8, 33]. Therefore, it is suggested that S&C coaches may
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implement less complex Olympic weightlifting derivative movements,
which are quicker and easier to learn and can provide similar improve-
ments across the force-velocity (power) curve [45].

Speed

Speed training was extensively used across all reviewed studies, with
speed-specific and plyometric training being the most common meth-
ods to enhance speed capacity. Improving linear, multi-directional,
single, and repeated-bout sprint ability is essential in numerous sports.
For example, in field sport athletes, the use of traditional sprint train-
ing improved 0-5 and 0-10 m sprint performance, power production,
and reactive strength [46]. In the same study, a plyometric training
strategy similarly improved 0-5 and 0-10 m sprint performance and
reactive strength, while also increasing step length [46]. A review of
different sprint training methods on sprint performance over different
distances suggested that sprint training is more applicable to improve
speed performance over specific distances, while plyometric training
primarily improves acceleration (i.e., 0-10 m) [47]. Therefore, com-
bining sprinting and plyometric training strategies seems advanta-
geous for S&C coaches to simultaneously develop acceleration and
speed qualities in athletes.

However, it was observed within this review that some S&C
coaches prescribed training exercises to develop acceleration and
speed but did not specifically test athletes to ascertain their rate of
improvement. For example, in ice hockey, 83% of S&C coaches used
speed and plyometrics training, but only 7% tested speed and 35%
tested acceleration. With research demonstrating high correlations
between on-ice acceleration and jump height, and on-ice acceleration
and overall speed [48-51], it would be suggested S&C coaches in
ice hockey frequently assess such physical capabilities. However,
from the available data, it was unclear the reasons why there was
such a disparity between training and testing.

Plyometrics
Plyometric training was commonly prescribed in all reviewed sports.
The extensive use of plyometrics is expected with its numerous ben-
efits for improving athletic performance, including speed over different
distances (0-40 m), muscle strength and power, landing mechanics,
and resilience to injury [5, 52-53]. In this review, S&C coaches
mostly prescribed a combination of slow stretch-shortening cycle (e.g.,
box drills and jumps in place) and fast stretch-shortening cycle exer-
cises (e.g., multiple hops, jumps, lunges, and bounding). This suitably
prepares athletes for the various demands of their respective sports,
such as slow stretch-shortening cycle exercises (> 250 milliseconds)
for acceleration and standing jumps, and fast stretch-shortening cycle
exercises (< 250 milliseconds) for top-speed sprinting and take-off
phase in locomotive jumps [54]. This also aligns with S&C coaches
declaring the main purposes of using plyometric exercises were for
speed development and lower body power [6-13].

In American football plyometric exercises were prescribed the least,
but still widely used by three out of four S&C coaches [6]. In this
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study, S&C coaches provided further explanations as to why they
limited plyometric exercises: “no skipping, hopping”, “caution re-
injury to the athlete”, and “fewer depth jumps with the larger
guys” [6]. However, it is recommended that plyometric exercises are
not eradicated from a training program but adjusted to the specific
needs and demands of the sport and athlete. For example, it is advised
that athletes over 100 kg, which American footballers often exceed
this weight [55-571], limit high-volume, high-intensity plyometric ex-
ercises, and depth jumps > 18 inches high [53]. Results from the
reviewed American football study [6] indicated that S&C coaches did
just this, with depth jumps programed the least and alternative plyo-
metric exercises such as multiple hops, jumps, lunges, and bounds
used more frequently. Research suggests the use of plyometric train-
ing in conjunction with a resistance training program in collegiate
American football athletes over eight weeks, demonstrated improve-
ments in speed (0-36.6 m) and agility (T-drill) performance [58].
Furthermore, recommended that providing adequate rest and recovery
when performing plyometric exercises with American football athletes,
will help improve movement quality and exercise performance while
reducing the likelihood of fatigue and injury [58].

In addition to prescribing various lower body plyometric exer-
cises, all basketball S&C coaches reported using upper body plyo-
metric training [9], and to a greater extent than other reviewed
sports [6-8, 10-13]. Research in basketball has demonstrated
that a twice per week in-season complex training program over
10 weeks incorporating the upper body power exercise medicine
ball power drop was able to significantly improve upper body
power performance, determined via medicine ball throw [59]. Fur-
thermore, that when upper body power training was reduced to
one session per week or removed from players’ S&C programs, they
were able to maintain upper body power scores for up to
16 weeks [59]. This may suggest that regular basketball practice
is sufficient in maintaining upper body power performance, given
its explosive characteristics [59]. Other research assessing the
effects of a six-week resistance training and upper body plyometric
program including medicine ball overhead throw, side throw, and
forward chest pass, demonstrated improvements in upper body
strength and jumping performance [60]. Nevertheless, there were
no significant differences observed between the experimental and
control group who conducted basketball training only [60]. There-
fore, this also highlights the potential of basketball training only to
be sufficient in developing certain physical attributes of basketball
players [60]. Nevertheless, the aforementioned studies were con-
ducted with adolescent [59] and recreational [60] athletes, where
there is a lack of research in elite basketball athletes on the ben-
eficial effects of upper body plyometric training and the practices
used by S&C coaches. This may suggest the benefits of such exer-
cises are anecdotal, based on non-published data, or the prefer-
ences of S&C coaches in elite basketball.

The results of this review demonstrated that S&C coaches pre-
dominantly prescribed plyometric exercises all year round. Research
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suggests long-term plyometric training programs over 24 weeks can
be effective in improving lower-body power [61]. Furthermore, it is
recommended in team sports such as soccer that plyometric exer-
cises are integrated within an annual training program [62]. The
post-season/off-season is possibly the least frequent time for prescrib-
ing plyometrics across sports, due to this time being used to reduce
the volume of training and promote recovery [21]. Whereas, during
the pre-season, there should be a gradual increase in plyometric
training, which can be observed from the results of this review.

Plyometrics were mainly integrated as complex training, which
involves the “conduction of maximal or high-intensity dynamic ex-
ercises before performing a lighter-resistance ballistic movement
with similar biomechanical characteristics” [63-64]. Research
suggests complex training provides a time-efficient method to simul-
taneously develop strength and power over a given training cy-
cle [64-65]. Furthermore, it has been recommended that S&C
coaches can make further use of recovery periods during complex
training to prescribe complementary mobility exercises for non-af-
fected limbs [64]. With S&C coaches in certain sports such as soc-
cer [12] and cricket [13], stipulating their biggest difficulty faced
was a lack of time to prepare and develop the physical attributes of
players, the use of complex training seems a viable option to overcome
this issue.

Flexibility

Flexibility exercises were used extensively across all reviewed studies.
Conducting mobility exercises during a training session was the least
preferred time of implementation, with before and after practice being
the most common [6-13]. It has been suggested that performing
dynamic (e.g., reproducing a movement pattern) and static stretching
before resistance training sessions, may reduce the likelihood of in-
jury and optimize performance [66]. Whereas proprioceptive neuro-
muscular facilitation (PNF) stretching can lead to decreased perfor-
mance (e.g., the total number of repetitions completed) [66]. This
was similar to the most common forms of stretching used across
studies, with dynamic and static being the most frequently used, with
PNF and ballistic stretching the least. The duration of flexibility ses-
sions across studies included in this review was relatively short (e.g.,
between 6-15 min). This likely occurred as dynamic flexibility move-
ments can be easily implemented within warm-ups. For instance,
research has suggested warm-up activities including cardiovascular
exercises (e.g., running at a moderate pace) followed by 7 min of
dynamic stretching demonstrated significantly improved flexibility and
lower body power performance compared to no stretching [67]. There-
fore, it appears S&C coaches across sports generally adhere to research-
informed guidelines regarding the prescription of stretching exercises.

Physical esting

In the reviewed studies S&C coaches regularly used physical testing
to assess their athletes’ physical performance, with pre-season the
most common period to conduct testing [6-13]. Physically testing

athletes during the pre-season is important to evaluate their current
training state, ascertain who adhered to off-season training programs,
and determine how subsequent training programs can be designed
and tailored to meet the physical condition of teams and individual
athletes [27, 68-70]. Furthermore, superior pre-season physical test
scores related to different sporting demands, have been associated
with a decreased risk of injury and illness [71].

Body composition was on average the most reported physical test
used across sports in this review. A possible reason for its frequent
use is that it can be tested quickly at any time, without causing ad-
ditional fatigue to the athlete. Whereas, other tests may be difficult
to implement given the potential to increase athletes’ training volume,
which can be problematic in elite sport given the time constraints
and limited opportunities for recovery [12—-13]. However, measuring
body composition is of high importance as it can impact various
fitness components, such as the contribution of increased lean body
mass towards strength and power improvements [72]. Furthermore,
some sports require athletes to maintain certain levels of body com-
position. For example, linemen in American football and props in
rugby union are required to possess superior bodyweight for addi-
tional inertia that makes it more difficult for opponents to move them,
and higher body fat percentages which support the absorption of
impacts from tackles and collisions [72-73]. Other benefits of mon-
itoring body composition include talent identification and positional
selection [74-75], tracking athletes through long-term athlete de-
velopment [75], and highlighting injury risk factors [76].

Muscular strength was on average the second most reported phys-
ical test used. The improvement and monitoring of maximum strength
is of vital importance, given its relationship with enhanced force-time
characteristics, locomotion, and sport-specific performance, while also
improving athletes’ resilience to injury (e.g., during collisions or con-
tacts) [771. In ice hockey, all S&C coaches tested for muscular strength
(Ebben et al, 2014), which aligns with the aforementioned rationale
of strength underpinning key components of sports performance.
Strength development in ice hockey athletes has demonstrated im-
provements in rate of force development, acceleration, speed, power,
and agility [51]. Furthermore, superior strength levels have been as-
sociated with decreased injury risk in ice hockey players, with players
sustaining a groin injury in-season, possessing approximately 18%
lower hip abduction strength and poor abductor to adductor strength
ratios [51]. In American football, only half of S&C coaches tested for
strength [6], which is surprising given the importance of strength for
playing this sport [78], however one S&C coach reported that all lifts
within training sessions are monitored and recorded. This may suggest
that testing is not run independently but embedded within training
sessions using alternative approaches (e.g., one-repetition maximum
predictions).

On average the third most conducted physical test across sports
was for muscular power. The development and assessment of pow-
er are important to underpin general and sport-specific movements
including throwing, striking, jumping, accelerating, sprinting, and
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changing of direction [79]. Within this review wrestling [10], rug-
by [11], and basketball [9] S&C coaches reported testing power the
most. Research in these respective sports encourage practitioners to
assess power given its relationship with sport-specific movements,
ability to discriminate between higher and lower level players and to
measure the efficacy of S&C programs [80-84]. Furthermore, in
these sports, physical testing was predominantly conducted during
the pre-season which is important to provide baseline normative data
for each player, create a basis for training, and monitor athletes’
physical performance throughout a season [85].

Practical Recommendations

The following recommendations are made from this review, based on
the practices of S&C coaches in different professional sports. Periodiza-
tion strategies can be used to manipulate training volume during
different phases of the season, while set loads can be determined
using percentage of repetition maximum tests. Squats (including
variations) are deemed the most important exercise used by S&C
coaches, irrespective of the specific demands of each sport, therefore
S&C coaches are encouraged to prescribe this exercise to physically
develop athletes. Whereas, to improve acceleration and speed, a com-
bination of speed and plyometric exercises is recommended. Plyo-
metric exercises can be prescribed all year round and implemented
efficiently within programs using complex training. Furthermore, when
programing plyometric exercises, S&C coaches should include slow
(e.g., box drills) and fast (e.g., bounding) stretch-shortening cycle
exercises to prepare athletes for different sporting demands. For the
implementation of flexibility exercises, it is beneficial to perform these
before other training activities (e.g., during warm-up), and to keep
flexibility sessions relatively short (e.g., 6—15 min). Finally, it is recom-
mended that physical testing takes place during the pre-season pe-
riod, to assess a range of general and sport-specific measures, to
support the design of training programs tailored to meet individual
athlete and sporting needs.

Limitations

There are limitations to this review that should be considered when
interpreting the findings. Four out of eight studies were conducted
in the United States of America, which may skew results concerning
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the practices of S&C coaches specific to this region and therefore
may not apply to all coaching populations. As S&C continues to
develop in regards to education, research, and professionalism there
is a continued modernization of practices, therefore it must be con-
sidered that practices may have evolved from the time point of when
each study was published and further cross-sectional and longitudi-
nal research on the practices of S&C coaches is required across
sports. The reviewed studies were restricted to those that used a sur-
vey design with common questions to investigate the practices of
S&C coaches; accordingly, the results are not inclusive of all prac-
tices of S&C coaches in all sports and the results may not be gener-
alizable to other sports, given their specific demands. Lastly, small
sections of data were non-attainable from the reviewed studies, and
not applicable (n/a) has been used to represent this.

CONCLU SO /N S 1550
This systematic review has enabled the identification and quantifica-
tion of practices used by S&C coaches across different professional
sports. In general, findings have revealed the practices of S&C coach-
es are common across sports and adhere to S&C guidelines and re-
search. However, subtle differences were observed in some sports,
with the rate of prescription of some practices differing from that
suggested in the literature and presenting some specific peculiarities.
These particular differences possibly arise from (1) S&C coaches pre-
ferring certain practices, (2) practices were topical at the given time
of when the study was conducted, (3) practices are potentially at-
tributable to the geographical region of where the study was con-
ducted, or (4) practices were specific to the demands or limitations
of different sports. Nonetheless, this review provides valuable informa-
tion for S&C coaches in various areas that could support the planning,
conduction, and review of training programs. Furthermore, can be
used to inform the future direction of general and sport-specific guide-
lines, professional development provisions, and research on S&C practices.

Funding/conflict of interest
Authors declare this manuscript received no funding nor has any
conflict of interest.

REFEE R E N C ES 1500000000

1. Reid C, Stewart E, Thorne G.

Multidisciplinary sport science teams in 4.
elite sport: Comprehensive servicing or

conflict and confusion? The Sports Psych.
2004; 18:204-17.

2. Sousa T. The role of a strength and
conditioning coach. The Sports Med 5.
Phys. 2019; 107-19.

3. Stewart P, Comfort P, Turner A. Strength
and conditioning coach or scientist? In: 6.
Turner A, Comfort P Advanced Strength
and Conditioning: An Evidence-Based

Approach. Oxon: Routledge; 2017.

Weldon A, Duncan MJ, Turner A, et al.
Practices of strength and conditioning 7.
coaches: A snapshot from different

sports, countries and expertise levels.

J Strength Cond Res. 2020a. (In Press).
Gamble P, ‘Strength and conditioning’

theory and practice — A need to know. NZ 8.
J Sports Med. 2015; 42:24-7.

Ebben WP, Blackard, DO. Strength and
conditioning practices of National

Football League strength and conditioning

coaches. J Strength Cond Res. 2001;
15:48-58.

Ebben WP, Carrol RM, Simenz CJ.
Strength and conditioning practices of
National Hockey League strength and
conditioning coaches. J Strength Cond
Res. 2004; 18:889-97.

Ebben WP, Hintz MJ, Simenz CJ.
Strength and conditioning practices of
Major League Baseball strength and
conditioning coaches. J Strength Cond
Res. 2005; 19: 538-46.

724



Practices of Strength and Conditioning Coaches

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Simenz CJ, Dugan CA, Ebben, WP,
Strength and conditioning practices of
National Basketball Association strength
and conditioning coaches. J Strength
Cond Res. 2005; 495-504.

Far Saeed J, Bahman M, Arsalan D.
Strength and conditioning practices of
Iran wrestling league strength and
conditioning coaches. Pedagogics Psych
Med Biol Problems Phys Train Sports.
2014; 18:34-45.

Jones TW, Smith A, Macnaughton LS,
et al. Strength and conditioning and
concurrent training practices in elite
rugby union. J Strength Cond Res. 2016;
30:3354-66.

Weldon A, Duncan MJ, Turner A, et al.
Contemporary practices of strength and
conditioning coaches in professional
soccer. Biol Sport. 2021;38(3):377-390.
Weldon A, Duncan MJ, Turner A, et al.
Practices of strength and conditioning
coaches in professional cricket. Int

J Sports Sci Coaching. 2020;16:585-
600.

Haff GG, Triplett NT, editors. Essentials of
Strength Training and Conditioning. 4th
ed. Champaign, IL: Human Kinetics;
2016.

McGuigan MR, Wright GA, Fleck SJ.
Strength training for athletes: Does it
really help sports performance? Int

J Sports Physiol Perf. 2012; 7:2-5.
Turner A. The science and practice of
periodization: A brief review. Strength
Cond J. 2011; 33:34-46.

Malone, J, Di Michelle R, Morgans R,
et al. Seasonal training-load
quantification in elite English premier
league soccer players. Int J Sports
Physiol Perf. 2015; 10:489-97.
Shamseer L, Moher D, Clarke M, et al.
Preferred reporting items for systematic
review and meta-analysis protocols
(PRISMA-P) 2015: Elaboration and
explanation. Brit Med J. 2015;
349:g7647.

Gusenbauer M, Haddaway NR. Which
academic search systems are suitable for
systematic reviews or meta-analyses?
Evaluating retrieval qualities of Google
Scholar, PubMed, and 26 other
resources. Res Synth Methods, 2020;
11:181-217.

Critical Appraisal Skills Programme.
CASP (Qualitative) Checklist. 2018.
Available at: https://casp-uk.net/
wp-content/uploads/2018/01/
CASP-Qualitative-Checklist-2018.pdf.
Accessed 14" November 2020.

Haff GG. Periodization. In: Haff GG,
Triplett NT, editors. Essentials of Strength
Training and Conditioning. 4th ed.
Champaign, IL: Human Kinetics; 2016.
pp. 583-604.

Harries SK, Lubans DR, Callister, R.
Systematic review and meta-analysis of
linear and undulating periodized

resistance training programs on muscular
strength. J Strength Cond Res. 2015;
29:1113-25.
Evans JW. Periodized resistance training
for enhancing skeletal muscle
hypertrophy and strength: A mini-review.
Front Physiol. 2019. https://doi.
org/10.3389/fphys.2019.00013
24, Ward P. An evaluation of the physical
demands of American football training in
the NFL (Doctoral dissertation). Available
from http://researchonline.ljmu.ac.
uk/id/eprint/9042/1/2018wardphd.pdf
Herridge R, Turner A, Bishop C.
Monitoring changes in power, speed,
agility and endurance in elite cricketers
during the off-season. J Strength Cond
Res; 34:2285-2293.
Cross R, Siegler J, Marshall P, et al.
Scheduling of training and recovery
during the in-season weekly micro-cycle:
Insights from team sport practitioners.
Eur J Sports Sci. 2019; 19:1287-96.
Herring SA, Bergfeld JA, Boyd JL, et al.
The team physician and conditioning of
athletes for sports: A consensus
statement. 2001. Med Sci Sports Ex;
33:1789-93.
28. Carey DL, Crow J, Kok-Leong O, et al.
Optimizing preseason training loads in
Australian football. Int J Sports Physiol
Perf. 2018; 13:194-9.
Weakley J, Mann B, Banyard HG, et al.
Velocity-based training: From theory to
application. Strength Cond J. 2020;
1-19. doi: 10.1519/SSC.
0000000000000560.
Thompson SW, Rogerson D, Ruddock A,
et al. The effectiveness of two methods of
prescribing load on maximal strength
development: A systematic review. Sports
Med. 2020; 50:919-38.
Nakata H, Tomoyuki N, Takatoshi H,
et al. Relationship between performance
variables and baseball ability in youth
baseball players. J Strength Cond Res.
2013; 27:2887-97.
Spaniol FJ, Paluseo J, Bonnette R, et al.
The relationship between static strength,
rotational strength, rotational power, bat
speed, and batted-ball velocity of NCAA
Division | baseball players. J Strength
Cond Res. 2010; 24.
MLB Standings. 2019. Available at
https://www.mlb.com/standings/2019.
Accessed 23" November 2020.
NSCA (National Strength and
Conditioning Association). Coaches
roundtable: The squat and its application
to athletic performance. NSCA J. 1984;
6:10-23.
Seitz LB, Reyes A, Tran TT, et al.
Increases in lower-body strength transfer
positively to sprint performance:
a systematic review with meta-analysis.
Sports Med. 2014; 44: 1693-702.
. McBride JM, Blow D, Kirby TJ, et al.
Relationship between maximal squat

23.

25.

26.

27.

29.

30.

31.

32.

33.

34.

35.

36

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

strength and five, ten, and forty yard
sprint times. J Strength Cond Res. 2009;
23:1633-6.

Wislgff U, Castagna C, Helgerud J, et al.
Strong correlation of maximal squat
strength with sprint performance and
vertical jump height in elite soccer
players. British J Sports Med. 2004;
38:285-8.

Furlong LAM, Harrison AJ, Jensen RL.
Measures of strength and jump
performance can predict 30-m sprint
time in rugby union players. J Strength
Cond Res. 2019. doi:
10.1519/jsc.0000000000003170
Meldrum R, DeBeliso M. A comparison of
back squat & safety squat bar on
measures of strength, speed, and power
in NCAA Division | baseball players. Int

J Sports Sci. 2018; 8:137-44.

Pallarés J, Lépez-Gullén J, Muriel X, et al.
Physical fitness factors to predict male
Olympic wrestling performance.
European journal of applied physiology.
2011;111:1747-58.

Suchomel TJ, Comfort P, Stone MH.
Weightlifting pulling derivatives: Rationale
for implementation and application. Sports
Med. 2015; 45:823-39.

Hackett D, Davies T, Soomro N, et al.
Olympic weightlifting training improves
vertical jump height in sportspeople:

A systematic review with meta-analysis.
Br J Sports Med. 2016; 50:865-72.
Suchomel TJ, McKeever SM, Comfort P,
Training with weightlifting derivatives:
The effects of force and velocity overload
stimuli. J Strength Cond Res. 2020;
34:1808-18.

Suchomel TJ, Sato K. Baseball resistance
training: Should power clean variations
be incorporated? J Athl Enhancement.
2013; 2:2-4.

Suchomel TJ, Comfort P, Lake J.
Enhancing the force-velocity profile of
athlete using weightlifting derivatives.
Strength and Cond J. 2017; 39:10-20.
Lockie RG, Murphy AJ, Schultz AB, et al.
The effects of different speed training
protocols on sprint acceleration
kinematics and muscle strength and
power in field sport athletes. J Strength
Cond Res. 2012; 26:1539-50.

Rumpf M, Lockie R, Cronin J, et al. Effect
of different sprint training methods on
sprint performance over various
distances. J Strength Cond Res. 2016;
30:1767-85.

Bracko MR, Fellingham GW. Prediction of
ice skating performance with off-ice
testing in youth hockey players. Med Sci
Sports Exerc. 1997; 29.

Bracko MR, George JD. Prediction of ice
skating performance with off-ice testing
in women’s ice hockey players. J Strength
Cond Res. 2001; 15:116-122.
Diakoumis K, Bracko MR. Prediction of
skating performance with off-ice testing

a BioLogy oF SporT, VoL. 39 No3, 2022 725



51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

726 .

in deaf ice hockey players. Med Sci
Sports Exerc. 1998; 30.

Nightingale SC. A strength and
conditioning approach for ice hockey.
Strength Cond J. 2014; 36:28-36.
Booth M, Orr R. Effects of plyometric
training on sports performance. Strength
Cond J. 2016; 38:30-7.

Potach DH, Chu DA. Program design and
technique for plyometric training. In:
Haff GG, Triplett NT, editors. Essentials of
Strength Training and Conditioning. 4th
ed. Champaign, IL: Human Kinetics;
2016. pp. 471-510.

Turner A, Jeffreys |. The stretch-
shortening cycle: Proposed mechanisms
and methods for enhancement. Strength
Cond J. 2010; 32:87-99.

Kraemer WJ, Torine JC, Silvestre R, et al.
Body size and composition of National
Football League players. J Strength Cond
Res. 2005; 19,485-9.

Sierer SP, Battaglini CL, Mihalik JP, et al.
The National Football League Combine:
performance differences between drafted
and nondrafted players entering the
2004 and 2005 drafts. J Strength Cond
Res. 2008; 22,6-12.

Jacobson BH, Conchola EG, Glass RG,
et al. Longitudinal morphological and
performance profiles for American, NCAA
Division | football players. J Strength
Cond Res. 2013; 27:2347-54.

Renfro GJ. Summer plyometric training
for football and its effect on speed and
agility. Strength Cond J. 1999; 21:42-4.
Santos EJAM, Janeira MAAS. Effects of
reduced training and detraining on upper
and lower body explosive strength in
adolescent male basketball players.

J Strength Cond Res. 2009;
23:1737-1744.

Inovero JG, Pagaduan JC. Effects of

a six-week strength training and upper
body plyometrics in male college
basketball physical education students.
Sport Spa; 12:11-16.

Davies G, Riemann BL, Manske R.
Current concepts of plyometric exercise.
Int J Sports Phys Ther. 2015;
10:760-86.

Chelly MS, Ghenem MA, Abid K, et al.
Effects of in-season short-term plyometric
training program on leg power, jump- and
sprint performance of soccer players.

J Strength Cond Res. 2010; 24:2670-6.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Hodgson M, Docherty D, Robbins D.
Post-activation potentiation: Underlying
physiology and implications for motor
performance. Sports Med. 2005;
35:585-95.

Lim JJ, Barley, C. Complex training for
power development: Practical
applications for program design. Strength
Cond J. 2016; 38:33-43.

Carter J, Greenwood M. Complex training
reexamined: Review and recommendations
to improve strength and power. Strength
Cond J. 2014; 36:11-9.

S& MA, Matta TT, Carneiro SP, et al.
Acute effects of different methods of
stretching and specific warm-ups on
muscle architecture and strength
performance. J Strength Cond Res.
2016; 30:2324-9.

Perrier ET, Pavol MJ, Hoffman MA. The
acute effects of a warm-up including
static or dynamic stretching on
countermovement jump height, reaction
time, and flexibility. J Strength Cond Res.
2011, 25:1925-31.

Sayers A, Sayers BE, Binkley H.
Preseason fitness testing in national
collegiate athletic association soccer.
Strength Cond J. 2008; 30:70-5.
McGuigan MR. Principles of test selection
and administration. In: Haff GG,

Triplett NT, editors. Essentials of Strength
Training and Conditioning. 4th ed.
Champaign, IL: Human Kinetics; 2016a.
pp. 249-58.

McGuigan MR. Administration, scoring,
and interpretation of selected tests. In:
Haff GG, Triplett NT, editors. Essentials of
Strength Training and Conditioning. 4th
ed. Champaign, IL: Human Kinetics;
2016b. pp. 259-316.

Watson A, Brickson S, Brooks AM.
Preseason aerobic fitness predicts
in-season injury and illness in female youth
athletes. Orth J Sports Med. 2017; 5.
Ratamess NA. Body composition. In:
Miller TA, editor. NSCA's Guide to Tests
and Assessments. Champaign, IL:
Human Kinetics; 2012. pp. 15-42.
Morehen JC. Routledge, HE, Twist C,

et al. Position specific differences in the
anthropometric characteristics of elite
European Super League rugby players.
Eur J Sport Sci. 2015; 15:523-9.

Cahill S, Jones M. Measurement of body
composition and athletic performance

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Anthony Weldon et al.

during NCAA-Division | women'’s
volleyball and softball seasons. J Strength
Cond Res. 2010; 24:1064. doi:
10.1097/01.JSC.0000367077.30318
Milsom J, Naughton R, O'Boyle A, et al.
Body composition assessment of English
Premier League soccer players:

a comparative DXA analysis of first team,
U21 and U18 squads. J Sports Sci.
2015; 33:1799-1806.

Grant JA, Bedi A, Kurz J, et al. Ability of
preseason body composition and physical
fitness to predict the risk of injury in male
collegiate hockey players. Sports Health.
2015; 7:45-51.

Suchomel TJ, Nimphius S, Stone MH.
The importance of muscular strength in
athletic performance. Sports Med. 2016;
46:1419-49

Hoffman, JR. Physiological demands of
American football. Sports Sci Exchange.
2015; 28:1-6.

Kraemer WJ, Newton RU. Training for
muscular power. Phys Med Rehabil Clin.
2000; 11:341-68.

Kraemer WJ, Vescovi JD, Dixon P. The
physiological basis of wrestling:
Implications for conditioning programs.
Strength Cond J. 2004; 26:10-5.

Argus C, Gill ND, Keogh JWL.
Characterization of the differences in
strength and power between different
levels of competition in rugby union
athletes. J Strength Cond Res. 2012;
26:2698-704.

Cunningham DJ, West DJ, Owen NJ,

et al. Strength and power predictors of
sprinting performance in professional
rugby players. J Sports Med Phys Fitness.
2013; 53:105-11.

Gannon EA, Stokes KA, Trewartcha G.
Strength and power development in
professional rugby union players over

a training and playing season. Int J Sports
Physiol Perform. 2016; 11:381-7.

Wen N, Dalbo V, Burgos B, et al. Power
testing in basketball: Current practice and
future recommendations. J Strength Cond
Res. 2018; 2677-91.

Dawes J, Marshall M, Spiteri T.
Relationship between pre-season testing
performance and playing time among
NCAA DIl basketball players. Sports Ex
Med. 2016; 2:47-54.




