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Abstract

Winwood, PW, Pritchard, HJ, Wilson, D, Dudson, M, and Keogh, JWL. The competition-day preparation strategies of strongman
athletes. J Strength Cond Res 33(9): 2308-2320, 2019—This study provides the first empirical evidence of the competition-day
preparation strategies used by strongman athletes. Strongman athletes (n = 132) (mean = SD: 33.7 = 8.1 years, 178.2 = 11.1 cm,
107.0 + 28.6 kg, 12.8 = 8.0 years general resistance training, 5.9 + 4.8 years strongman implement training) completed a self-
reported 4-page internet survey on their usual competition-day preparation strategies. Analysis of the overall group and by sex, age,
body mass, and competitive standard was conducted. Ninety-four percent of strongman athletes used warm-ups in competition,
which were generally self-directed. The typical warm-up length was 16.0 = 8.9 minutes, and 8.5 = 4.3 minutes was the perceived
optimal rest time before the start of an event. The main reasons for warming up were injury prevention, to increase activation, and
increase blood flow/circulation, temperature, and heart rate. Athletes generally stated that competition warm-ups were practiced in
training. Dynamic stretching, foam rolling, and myofascial release work were performed during warm-ups. Warm-up intensity was
monitored using the rate of perceived exertion, perceived speed of movement, and training load (as a percentage of 1 repetition
maximum). Cognitive strategies were used to improve competition performance, and psychological arousal levels needed to
increase or be maintained in competition. Electrolyte drinks, caffeine, and preworkout supplements were the commonly used
supplements. These data will provide strongman athletes and coaches some insight into common competition-day preparation
strategies, which may enhance competition performances. Future research could compare different competition-day preparation
strategies in an attempt to further improve strongman competition performance and injury prevention.
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functional strength, endurance, power, and cardiovascular abil-
ity. Such differences in the physiological demands of strongman
compared with the other weightlifting sports suggest that
strongman athletes may use unique competition-day preparation
strategies (i.e., specific warm-up, cognitive, and nutrition strate-
gies, etc.) to help improve competition performance. Currently,
a paucity of information exists on the competition-day prepara-
tion strategies the strength athletes use.

In today’s modern sporting environment, warming up before
competition is widely accepted as a good practice, with athletes
and coaches alike believing that warming up is essential for re-
ducing the risk of injury (6,57) and attaining optimal perfor-
mance (14,34). Over the past decade, extensive research has been

Introduction

In recent years, the sport of strongman has surged in popularity
both as a spectator sport and in the active number of competitors,
catering for women, lightweight, and Masters competitors. The
inclusion of strongman implements and associated strongman
training exercises has also become an area of emphasis in the
training programs of athletes (52,59). Common strongman
exercises use equipment such as loaded frames, stones for lifts and
carrying, loaded sleds, and vehicles for pulling, and logs, tires, and
oversized dumbbells for lifting (55). Strongman is a sport that is
similar to the sports of weightlifting, powerlifting, and Highland
Games, where training is primarily focused on the improvement
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of maximal strength and power to improve competition perfor-
mance (43,44,55). However, unlike the other weightlifting sports,
which have their standard required lifts to be performed in every
competition, strongman competitions are unique in which events
can be ever changing and are designed to challenge the athlete’s
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conducted to better understand the physiological and neural
mechanisms associated with the warm-up and the subsequent
performance changes after different types of warm-ups
(4,5,14,34). The main outcomes associated with warming up
are an increase in muscle temperature (39), muscle metabolism
(19), muscle fiber conduction velocity (37), Vo, kinetics (38), and
increases in muscle contractile performance (40). For detail on the
physiological mechanisms and effects of warming up on perfor-
mance, readers are referred to the review articles by McGowan
et al. (34) and Fradkin et al. (14), respectively.

Two major categories of warm-up have been identified in the
literature, which include passive warm-up and active warm-up.
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Passive warm-ups involve raising muscle or core temperature by
some external means such as hot showers or baths, saunas, and
heating pads without depleting energy substrates (5). Active
warm-up involves exercise and is likely to induce greater meta-
bolic and cardiovascular changes than passive warm-up (4). The
structure, intensity, duration, recovery duration, and specificity
of the active warm-up will depend on many factors, including the
task to be undertaken, the physical capabilities of the athlete, the
environmental conditions, and also the constraints imposed by
the organization of the event (4).

The warm-up period is also an opportunity for athletes to
mentally prepare (“psych-up”) for upcoming events and con-
centrate on the task/s ahead. A number of cognitive strategies
typically used by athletes are preparatory arousal, imagery, goal
setting, attentional focus, and positive self-talk (45,48).
Researchers have found that “psyching up” may increase mus-
cular endurance (20,30), muscular strength (50,51), power
(18,21), and athletes’ task execution (22,25). However, the effects
of psyching up on task execution may be determined by the spe-
cific demands of the task (7). Brody et al. (7) found no significant
differences in isometric elbow flexion force among 15 strength-
trained men when subjected to 3 preparatory conditions (psych-
ing, reading aloud, and mental arithmetic). Given the technical
and tactical complexity of the sport of strongman, it is quite likely
that strongman athletes would use a number of cognitive strate-
gies to improve competition performances.

Technological advances over the past decade have facilitated
the emergence of new types of warm-up strategies. Kilduff et al.
(28) suggested that strategies such as an appropriately designed
warm-up, passive heat maintenance, remote ischemic pre-
conditioning, morning exercise, hormonal priming, and post-
activation potentiation (PAP) could optimize performance of
short-duration high-intensity sports on the competition day.
Kilduff et al. (28) suggested that there is an additional window on
the day of competition where performance can be acutely en-
hanced and proposed a theoretical timeline outlining how each
aforementioned conditioning strategies could be incorporated
into the athlete’s precompetition routine to enhance performance.
Given that strongman athletes may have to compete over several
hours or days it would be of great interest to determine what
competition preparation strategies strongman athletes use during
this time period.

Researchers have investigated the training (55) and tapering
practices (53) of strongman athletes. Although these studies
provide insight into how strongman athletes train and periodize
their training to prepare themselves for the physiological stresses
of competition, no data exist in the scientific literature on the
competition-day preparation strategies these athletes use. Be-
cause strongman athletes may be at a greater risk of injury
during competition than training (54), it is important to de-
termine what preparation strategies are used to minimize injury
and optimize strongman competition performance. The purpose
of this study was to determine (a) what competition-day strat-
egies strongman athletes use and how they are implemented on
the basis of the athletes sex, age, body mass, and competitive
standard and (b) to determine whether competition strategies
differ between common strongman events (i.e., farmers’ walk,
log lift/press, and stone lifts/work). It was hypothesized that
strongman athletes would perform specific warm-ups before
strongman events and use cognitive and nutritional strategies to
improve competition performance, with only relatively minor
differences between athletes of different sex, age, body mass,
and competitive standards.
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Methods

Experimental Approach to the Problem

A comprehensive strongman competition-day preparation survey
(strongman survey) was administered online and aimed at iden-
tifying the competition-day strategies used by strongman athletes.
The research hypothesis was that most strongman athletes
responding to the online survey would perform warm-ups before
strongman events and use cognitive and nutritional strategies to
improve competition performance. The strongman survey cre-
ated for this study was adapted from questions previously used
with strongman athletes’ tapering practices (53), competition-day
preparation strategies of swimmers (33), and the performance
strategies of US Olympians (45). A test-retest reliability study
performed with 64 strongman athletes demonstrated that online
surveys can provide stable and reliable answers for most ques-
tions (56).

Subjects

Two hundred and fifty-four subjects accessed the online survey,
which included those who observed the survey, partially com-
pleted the survey, and the 132 (52%) who completed the survey.
Subject inclusion criteria were male and female strongman ath-
letes who were between 18 and 60 years old and had competed in
at least 1 strongman competition. The criterion for a completed
survey was that the subjects completed the first 2 sections of the
questionnaire on demographics/background information and
warm-up strategies. The methods and procedures used in this
study were approved by the Institutional Review Board Com-
mittee at ToiOhomai Institute of Technology (TRC 2017.056).

Procedures

Subject Recruitment. Strongmen athletes were recruited through
professional networks and multimedia methods similar to pre-
viously described procedures (53-55). Strongman athletes were
sent a letter through Facebook Messenger, which contained an
invitation to participate in the research and the link to the online
survey. Presidents of the World Strongman Federation and
Strongman Corporation emailed the survey link to their club
members. Strongman clubs in New Zealand, Australia, Europe,
the United States, and the United Kingdom were also contacted
and asked to distribute the survey link to their club members. An
information sheet outlining the objectives and purpose of the
study was situated on the first page of the online survey. Subjects
indicated their consent by filling in the survey. The software used
allowed subjects to exit the survey at any time and complete at
a later date, allowing subjects to provide their data at the time
most suitable to them. Surveygizmo.com was used to launch the
electronic survey on the internet.

Research Instrument. Strongman athletes completed a self-
reported 4-page, 32-item, retrospective strongman survey (Sup-
plemental Digital Content 1 (see http:/links.lww.com/JSCR/
A148) created for this study based on questions previously used
with strongman athletes (53), swimmers (33), and the US
Olympians (45).

The strongman survey consisted of 4 main areas of inquiry: (a)
demographics and background information; (b) warm-up strat-
egies; (c) cognitive strategies; and (d) other competition strategies.
Background information included questions on age, sex, height,
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body mass, resistance training experience, strongman training ex-
perience, and competitive levels. The warm-up strategy section
included questions pertaining to purposes of the warm-up, warm-
up length, training intensity, and rest periods between sets and
whether the warm-up was self-directed or coach-led. Warm-up
strategies were defined as “the physical preparation performed
before the start of a strongman event/competition.” Subjects were
asked to detail their common/typical values for each question. The
cognitive strategies section included questions on psych arousal
and the use of previously defined cognitive strategies (e.g., positive
self-talk, emotional control, automaticity, and goal setting) used in
research (45,48). Cognitive strategies were defined as “self-directed
mental interventions used before or during the execution of
a strongman event to enhance strongman competition perfor-
mance” (49). The other competition strategies section included
questions on other types of strategies performed (e.g., sports mas-
sage, stretching, etc.), supplements and substances used, and nu-
tritional strategies incorporated on the competition day. Closed
questions were used for Sections 1 and 3, with open and closed
questions used for Sections 2 and 4. For Sections 2, 3, and 4,
additional comments could be made by athletes for most questions.

Statistical Analyses

Mean and SDs were calculated for demographics, training, and
warm-up characteristics. Frequencies of responses were collated
for questions related to warm-up practices, cognitive and nutri-
tion strategies, and supplement/substance use of strongman ath-
letes. Categorical and ordinal data were reported as both absolute
numbers and percentage of responses.

Answers to open-ended questions and comments associated with
closed questions were content analyzed by investigators who were
experienced with qualitative methods of sports science research and
content analysis (53). During data analysis, investigators generated
raw data and higher-order themes through independent, inductive
content analysis and compared independently generated themes
until consensus was reached at each level of analysis. At the point of
development of higher-order themes, deductive analysis was used to
confirm that all raw data themes were represented. In some cases,
the subjects provided greater depth of information that represented
more than 1 concept and hence responses contributed to more than
1 higher-order theme.

Demographics and training experience were calculated for all
subjects. The subgroups of sex, age (=30 and >30 years), male
body mass (lightweight <105 kg and heavyweight =105 kg), and
competitive standard (local/regional amateur, high level amateur,
and international level) were calculated based on those previously
reported in strongman research for male athletes (54). The body
mass classes of female subjects (light to middle weight <80 kg and
middle to heavyweight =80 kg) were chosen post hoc to allow for
a similar sample size for group comparisons and reflect the ap-
proximate female body mass class divisions typically seen in
strongman. A 2-tailed unequal variance #-test was used to de-
termine whether any statistical differences (p = 0.01) existed in
the demographics and training experience of the strongman ath-
letes as a function of sex, age, and body mass. A 1-way analysis of
variance (ANOVA) with Games Howell post hoc tests was used
to determine whether statistical differences existed among com-
petitive standards. For data that did not follow normal distribu-
tion, the Mann-Whitney and Kruskal Wallis (with Bonferroni
post hoc pairwise comparisons) nonparametric tests were used
(respectively).

J(L)Timal of Strength and Conditioning Research”

Differences among the subgroups regarding the use of passive
warm-ups, PAP, practising competition warm-ups in training,
and whether the athletes warmed up for every event were ana-
lyzed with a chi-square test. Repeated-measures ANOVA with
Bonferroni pairwise comparisons were used to determine whether
any statistical differences existed among strongman events
(farmers’ walk, log lift/press, and stone lifts/work) in regard to the
number of warm-up sets, distance/repetitions performed, loads
used (as a percentage of 1 repetition maximum [% 1RM]), and
rest periods used between sets. Significance was accepted at the p
= 0.01 level. All statistical analyses were performed using SPSS
22.0 for Windows (SPSS, Inc., Chicago, IL, USA), and higher-
order themes were generated using Microsoft Excel (version 9.0;
Microsoft, Seattle, WA, USA).

Results

Demographics, Training Characteristics, and Warm-
up Length

One hundred and thirty-two strongman athletes from 18 coun-
tries completed the strongman survey. The majority of athletes
were from the United States (61%), Australia (12%), and Canada
(9%). Demographics and training experience of the subjects (7 =
132) are presented in Table 1. The strongman athletes were (mean
+ 8D) 33.7 = 8.1 years, 178.2 = 11.1 cm, 107.0 * 28.6 kg, and
had 12.8 = 8.0 years general resistance training experience. The
average strongman implement training experience and years
competing in strongman among all lifters was 5.9 * 4.8 years and
5.4 * 4.7 years, respectively. Strongman athletes indicated their
typical warm-up length was 16 = 8.9 minutes, and 8.5 = 4.3
minutes was the mean time between the end of competition warm-
up and subsequent strongman event.

Subgroup analyses revealed that males had significantly greater
resistance training experience (years) (14.6 £ 7.5 vs. 7.0 £ 4.9),
strongman training experience (years) (6.4 * 4.7 vs. 3.4 = 2.0),
and years competing in the sport of strongman (5.9 = 4.5 vs. 3.3 =
1.9), than women. Differences were also observed among local/
regional athletes who had significantly less (p = 0.01) strongman
training experience (3.6 * 2.4 years vs. 7.2 = 5.4 years) and years
competing in the sport of strongman (3.1 + 4.4 kg vs. 7.2 = 5.3 kg)
than international-level athletes. Male and female athletes in the
heavier body mass classes were significantly heavier than their
lighter counterparts, and heavier male athletes were significantly
taller (186.5 = 8.4 vs. 176.8 = 6.0) than lighter male athletes.

Warm-up Characteristics

Ninety-four percent of strongman athletes indicated that they
used a warm-up in strongman competitions with 6% (n = 8) of
athletes indicating that they only sometimes warm up. Of the 132
strongman athletes in this study, 90% (n = 119) indicated that
their warm-ups were self-directed, whereas 8% (7 = 10) indicated
their warm-ups were coach-led. The main reasons and purposes
reported by strongman athletes for warming up are presented in
Table 2. The 3 main themes emerging from the data were injury
prevention, increase activation, and increase blood flow/
circulation, temperature, and heart rate.

The competition warm-up characteristics of strongman ath-
letes are reported in Table 3. Eighty-one percent of athletes in-
dicated that they warmed up or sometimes warmed up for every
strongman event during a single competition. The most common
reason stated for warming up for every event were as follows: the
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Demographics, training experience, and warm-up length (mean = SD) for strongman athletes (n = 132).

Sex Body mass Age Competitive standard
All strongman Male (n = 98) Female (n = 34) Local/regional  High-level
athletes Male Female <105 kg >105 kg <80 kg >80 kg <30y >30y amateur amateur International
(n=132) (n = 98) (n= 34) (n=43) (n = 55) (n=17) (n=17) (n = 51) (n=81) (n=34) (n=61) level (n = 37)
Demographics
Age (yrs) 33.7 = 8.1 332+78 34.0 £ 71 31.8+62 347 +97 351+75 339+70 26.2 + 3.0 37.8 £ 6.0* 31.3+55 339 +83 348 +79
Height (cm) 1782 =111 1824 +88 166.4 * 8.6 1768 = 6.0 1865 +84* 1634 £6.5 1682+ 6.2 178.0 =112 1784 =113 180.2 = 10.1 1765 = 11.3  179.3 = 12.1
Body mass (kg) 1070 =286 1156 +253 821 = 16.0* 925 +83 1320198 70558 942 +137* 1068 293 107.1 =265 1075+ 243 103.0 = 26.8 1135+ 31.0
Training experience
Resistance 13.0 = 8.0 146 =75 70+ 49" 136 = 5.8 158 = 9.2 7345 6.6 = 4.9 8.4+ 44 15.3 = 8.0 126 =58 125 7.7 13.0 £ 9.3
training
experience (yrs)
Strongman 59+ 48 6.4 =47 3.4 =20 58 =36 7.3 *6.0 41 *25 29*+14 3620 6.9 = 4.9 3.6 = 2.41%4 59 = 4.1 72+54
experience (yrs)
Years competing 54+ 47 59+ 45 3.3 & 1.9+002 53*34 71*+64 38+22 28*+15 33+20 6.4 = 47" 3.1 = 4.4% 54 +37 72 +53
(yrs)
Warm-up
Warm-up length 16.9 = 8.9 171+ 89 16.3 £ 9.2 15.3 = 8.7 18.4 = 8.8 156 = 9.3 171 +£92 16.9 = 9.4 169 £ 8.7 137 £ 6.4 17.8 = 91 18.4 =101
(min)
Optimal time 85+ 43 8.7+ 45 7.7 x37 9.0 =55 10.0 =59 8.4 + 3.8 78 =32 8.1+ 43 87 +t44 76 +39 82 + 4.6 97 + 42

between warm-
up and event
(min)

*Significantly different to another level of variable p = =0.001 unless specified.
tlLocal/regional amateur significantly different (o = = 0.001; unless specified) to the international level.
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Main reasons and purposes of the warm-up reported by strongman athletes (n = 132).*

Higher-order themes Responses Selected raw data representing responses to this question
Injury prevention 57 “To prevent injury, and a good warm-up helps me actually lift more.”
“| feel less likely to injure myself on deadlift and overhead events if |
“grease the groove” a bit.”
“Warm up muscles and get blood flow to prevent injury.”
Increase activationt 51 “Getting the body ready to move and the nervous system primed to
perform.”
“Fire up the muscles used for the lift and to get a feel for the weight/
implement.”
“Main focus is to activate muscles and get blood flow.”
Increase blood flow/circulation, temperaturet and heart rate 50 “Mainly, | perform warm-ups to get my blood flowing, joints and muscles
warm, and to feel the weight of the implement.”
“Increase blood flow and lubrication to the muscles and joints, to prepare
them for the work ahead.”
“Warm up muscles, joints, tendons, etc. and elevate heart rate.”
Increase mobility/flexibility 46 “Mobility/flexibility to keep everything ready to perform.”
“Loosening of muscles and increased ROM of joints.”
“Flexibility/stretching and working through tough range of motions.”
§Movement familiarization 40 “Loosen up, get a feel for the weight, practice the general movements.”
“Warm up the muscles, work up to the weight of the event, and get use to
the piece of equipment.”
“Get a feel for specific implement I'll be using.”
“All equipment is different and has a different feel to it.”
Psychological factors 21 “Gain confidence with the feel of the implements and blood flow.”
“To prepare internal environment, behavior, and decision-making
strategies related to event.”
“...Reduce competition stress and mentally prepare for the lifts to come”
“Loosen up and get mentally in the zone.”
Improve performance 14 “Better performance in event competition.”
“To successfully set myself up to perform at my very best while reducing
the risk of injury.”
Miscellaneous 5 “Routine helps me ground myself in unknown situations.”

“To determine if | have anything going on in the body which seems
abnormal and may need additional time/work.”
“Depends on events, weather.”

*N.B. In some cases, the subject provided information that represented more than 1 concept and their response contributed to more than 1 higher-order theme.

tincludes CNS and muscle activation.

Fincludes muscle and body temperature.

§Includes strongman implement familiarization and load familiarization.
ROM = range of motion.

long rest times between events (athletes had to get warm again),
injury prevention, and the technical aspect and loads associated
with the events require practicing the specific movement patterns.
Significant differences were observed between female body mass
classes (x> = 9.47, degrees of freedom = 2, p < 0.009) with
a higher percentage of lighter women (94 vs. 47%) warming up
for every event than heavier women.

The majority of athletes (71%, 7 = 94) practiced their competition
warm-ups as part of their normal training. Differences that
approached significance were observed for competition standard with
a higher percentage of high-level amateur athletes practicing compe-
tition warm-ups (84%) as part of their normal training than local/
regional-level athletes (65%) and international-level athletes (57%).

Athletes generally reported not using PAP (64%, n = 84) or
passive warm-up techniques (77%, n = 101) as part of their
warm-up. Athletes (23%, n = 31) that stated they used passive
warm-up techniques on the competition day or before competi-
tion provided information on the type of strategies they used. The
most common strategies used were as follows: warm-up creams,
saunas or spas, hot baths or showers, heated pads or heated car
seats, car heaters, and clothing (e.g., compression garments and
warm clothing).

Strategies Used in the Warm-up

Strongman athletes reported what types of strategies they used to
monitor exercise intensity during the warm-up. A summary of these
responses is presented in Figure 1. The rate of perceived exertion
(RPE), perceived speed of movement, and training load (as a %
1RM) were the most common types of monitoring of exercise in-
tensity during the warm-up. “Other” types of strategies included
answers associated with warming up by feel (e.g., mobility/range of
motion, ease of movement, and energetic preparedness).
Strongman athletes reported what types of strategies they used in
their warm-up. The strategies reported by strongman athletes were as
follows: dynamic stretching (78%), foam rolling (68%), myofascial
release work (62%), static stretching (52%), sports massage (27%),
and other (13%). “Other” types of strategies included the following:
muscle activation drills, breathing techniques, soft tissue mobilization
tools, and traction. Note: As the athletes were able to list multiple types
of strategies to this question, the sum of the percentages exceeds 100%.

Activities Performed After Warm-up

Strongman athletes reported what types of activities they per-
formed after completion of the warm-up. Walk around (79%),
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Competition warm-up characteristics of strongman athletes (n = 132).*t

Body mass Age Competitive standard
Males (n = 98) Females (n = 34)
All strongman Male Female <105 kg >105 kg <80 kg 280kg <30y >30y Local/regional High-level International
athletes (n = 132) (n=98) (n=34) (n=43) (n = 55) (n=17) (n=17) (n=51) (n=81) amateur (n = 34) amateur (n = 61) level (n = 37)
Warm-up for every event
Yes 73 (55%) 49 (50%) 24 (71%) 19 (44%) 30 (55%) 16 (94%) 8 (47%) 27 (53%) 46 (57%) 14 (41%) 35 (57%) 24 (65%)
Sometimes 34 (26%) 29 (30%) 5 (15%) 13 (30%) 16 (29%) 1 (6%) 4 (24%) 13 (25%) 21 (26%) 14 (41%) 15 (25%) 5 (14%)
No 24 (18%) 19 (19%) 5 (15%) 10 (23%) 9 (16%) 0 (0%) 5 (29%) 10 (20%) 14 (17%) 6 (18%) 11 (18%) 7 (19%)
9.471 2§ p = 0.009|
Use PAP
Yes 46 (35%) 36 (37%) 10 (29%) 19 (44%) 17 (31%) 6 (35%) 4 (24%) 20 (39%) 26 (32%) 11 (32%) 21 (34%) 14 (38%)
No 84 (64%) 61 (62%) 23 (68%) 23 (53%) 38 (69%) 10 (59%) 13 (76%) 30 (63%) 54 (67%) 23 (68%) 40 (66%) 21 (57%)
Use passive warm-ups
Yes 28 (21%) 24 (24%) 4 (12%) 8 (19%) 16 (29%) 3 (18%) 1 (6%) 15 (29%) 13 (16%) 6 (18%) 15 (25%) 7 (19%)
No 101 (77%) 71 (72%) 30 (88%) 32 (60%) 39 (71%) 14 (82%) 16 (94%) 34 (67%) 67 (83%) 27 (79%) 46 (75%) 28 (76%)
Practice competition
warm-ups
Yes 94 (71%) 71 (72%) 23 (68%) 28 (65%) 43 (78%) 10 (59%) 13 (76%) 34 (67%) 60 (74%) 22 (65%) 51 (84%) 21 (57%)
No 34 (26%) 25 (26%) 9 (26%) 13 (30%) 12 (22%) 5 (29%) 4 (24%) 15 (29%) 19 (23%) 12 (35%) 9 (15%) 13 (35%)

12.50% 4§ p = 0.014|

*PAP = postactivation potentiation.

1The results are expressed in 2 ways, with the first value being the total number of occurrences and the second number (in parentheses) the percentage of total occurrence. Discrepancies appear for subject numbers when data were not reported by strongman athletes.

FChi-square value.
§Degrees of freedom.
lIp value.
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Figure 1. Types of strategies used by strongman athletes to monitor exercise intensity during
the warm-up. As the athletes were able to list multiple types of strategies to this question, the

sum of the percentages exceeds 100%.

listen to music (46 %), sit down (44 %), put on a tracksuit (18 %),
and other (9%) were the types of activities performed. “Other”
types of activities included visualization of events, eat food and
drink fluids, lie down, keep warm and mobile, and talk to
people. Note: As the athletes were able to list multiple types of
activities to this question, the sum of the percentages
exceeds 100%.

Event-Specific Warm-up

Strongman athletes reported average warm-up information for
the farmers’ walk, log lift/press, and stone lifts/'work events
(Table 4). Significance between exercise differences (p < 0.001)
was observed among the 3 strongman events for the number of
warm-up sets performed. A significant difference (p < 0.001) was
also observed between the log lift/press and stone lift/work with
a higher number of repetitions typically performed in the log lift
(2.8 = 1.1 vs. 1.9 + 1.4). No statistical differences were observed
between loads used (% 1RM) and rest periods used between sets.

Why Warm-ups Have Not Worked

Strongman athletes were asked to specify when warm-ups
have not worked, what went wrong, and why. A summary of
their responses is presented in Table 5. Lack of time or time
warming up, time between warm-up, and event and logistical
issues were the most common themes reported by strongman
athletes.

Recovery Between Warm-up and Event

Strongman athletes were asked had there been any circumstances
that affected their recovery time between the end of their warm-up
and the start of their event/s. Almost half of the strongman athletes
(46%) reported that there were circumstances that affected their
recovery time. The most common issues reported were unexpected
changes (i.e., the event started earlier or later than expected), lo-
gistical issues (i.e., number of competitors, order of competitors,
and event planning issues), temperature (i.e., extreme hot or cold),
dehydration, and mental stress/distractions.

Cognitive Strategies

Strongman athletes reported what they felt they needed to do re-
garding psych arousal level to improve strongman competition
performance. Athletes generally reported that they needed to in-
crease (56%) or maintain (36%) psych arousal levels. The most
common themes reported by strongman athletes were immediately
increase psych arousal before lifting and stay calm and collected
when not lifting to conserve energy. Athletes who chose “other”
reported that they increased and reduced psych arousal levels
throughout the day and psych arousal levels depended on the event.

Strongman athletes reported numbers on a psych-up level scale
(with 1 being totally relaxed to 10 being totally psyched-up),
which they believed was best for their optimal strongman com-
petition performance. Most athletes reported numbers at the
higher end of the scale, with “8” being the most commonly
reported number. Athletes provided comments on their psych

Strongman athletes reported average warm-up information for the farmers’ walk, log lift/press, and stone lifts/work events.*

Farmers’ walk (n = 100)

Log lift/press (n = 100) Stone lifts/work (n = 100)

No. of warm-up sets 2.7 = 1.0t
Distance (m)§ or repetitions per set 94+73m
Load used (as a%1RM) 66.6 = 11.1
Rest period between sets (min) 34+15

3.8 =12t 22*13

28 = 1.1¢ 19+14
68.8 = 10.0 68.8 £ 10.0

3313 35*x24

*%1RM = percentage of 1 repetition maximum.
tSignificantly (p < 0.001) different to log lift/press.
$Significantly (p < 0.001) different to tone lifts/work.

§For the farmers’ walk, a number of athletes (n = 37) did not specify an actual distance covered in a set. Instead, most of these athletes stated their warm-up distances were half of the specified competition
distance (60%, n = 22). Eleven athletes stated their warm-up distance was the full length of the specified farmers walk event.
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Why warm-ups have not worked (n = 81).*

Higher-order themes Responses

Selected raw data representing responses to this question

Lack of time or time warming up 33

Time between warm-up and event 18

Logistical issues’ 17

Over exertion 13

Technique/Injury 10

Mental preparedness 8

Cold weather 2
Miscellaneous 14

“Not enough notice to start warming up. Not enough sets done.”

“Not enough time to warm-up due to time and number of people that need to
warm-up.”

“Distractions can cut warm-ups short or make them otherwise incomplete.”
“Too much time between warm-up and event starting.”

“I'was either cooled down or not recovered by the event start because | started
either too early or too late on warm-ups.”

“Contest warm-ups are very limited, and often we don’t have sufficient time to
be fully prepared, or we have to share the same log for warm-ups with many
other athletes.”

“There are some competitions that do not allow the exact implement to be
used in the warm-up.”

“If the space for the competition is so limited that there is nowhere and no
equipment to warm-up, as happens sometimes in big convention centers like
at the Olympia.

“No adjustable implements.”

“Tired myself out with too much in my warm-up.”

“Went too heavy and too long.”

“Jumps too big weight wise.”

“Lack of equipment, space or time—Ied to body being poorly prepared and
injured my back.”

“I have had warm-ups on deadlifts go wrong. Usually I am forgetting to focus
on an important cue like bracing.”

“Did warm rear delts and tore bicep on axle clean.”

“In the cases where warm-ups haven't worked, there may have been an
underlying injury, or the mind wasn't in the right state (not focused, worried
about other competitors, feeling sick).”

“As long as there is time, space, and equipment available, most often a lack of
focus caused by a suboptimal emotional state is the culprit in my experience.”
“If very cold outside, no adjustable implements, not enough time.”

“Buildup of fatigue from weeks prior.”

“I choose wrong exercises.”

“To be honest | barely warm up. | make it realistic to competition. The truth is
you don’t know if a warm-up is guaranteed.”

*N.B. In some cases, the subject provided information that represented more than 1 concept and their response contributed to more than 1 higher-order theme.
tlLogistical issues refer to equipment availability and access, warm-up space, and the number of athletes competing.

arousal levels. The most common themes reported by athletes
were as follows: psych arousal was vitally important for suc-
cessful competition performance, but too much psych arousal can
lead to losing focus, poor technique, and increased risk of injury.

Strongman athletes were asked to indicate their use of each
cognitive strategies (i.e., always use, sometimes use, or never use)
before strongman competition events. A summary of these
responses is reported in Figure 2. The most common cognitive
strategies always used by most strongman athletes were atten-
tional control, goal setting, mental imagery, preparatory arousal,
emotional control, and positive self-talk.

Nutritional Strategies

Strongman athletes were asked to indicate their use of nutritional
strategies associated with the competition day. A summary of
these responses is reported in Table 6. The most common nutri-
tion strategies used by strongman athletes included a focus on
carbohydrate intake (i.e., the use of simple sugars, fruit, high
carbohydrate meals/snacks, glucose tablets, and pre-event car-
bohydrate loading), specific meal characteristics (i.e., easily
digested foods, high energy foods, eating between events, eat
when hungry, preloading, liquid form, small and regular, and pre-
prepared snacks/meals), protein intake (i.e., protein bars, protein
shakes, and high protein intake), and fluid and electrolyte intake.

Supplements and Substance Use

Strongman athletes were asked to indicate which supplements/
substances they generally use on the competition day. A summary
of their responses is reported in Figure 3. Electrolyte drinks, caf-
feine, and preworkout supplements were used by most athletes.
Athletes who chose “other” reported using glucose drinks, tablets
or powder, whey protein drinks or powder, and intraworkout
supplements.

Additional Information Given by Strongman Athletes

Strongman athletes were asked whether there was any addi-
tional information on their competition-day preparation that
they would like to add. A summary of their responses is
presented in Table 7. Other strategies, nutrition/hydration/
supplements, and equipment/clothing were the most common
themes reported.

Discussion

The literature on competition-day preparation strategies used by
strength athletes is limited. The current study is the first to doc-
ument the competition-day preparation strategies used by
strongman athletes. Most strongman athletes indicated that they
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Figure 2. Indication of the types of cognitive strategies used by strongman athletes before strongman competition

events.

used a warm-up (average length 16.9 * 8.9 minutes) in strong-
man competitions and that their warm-ups were self-directed.
The 3 main reasons for warming up were injury prevention, to
increase activation, and increase blood flow/circulation, temper-
ature, and heart rate. Most athletes practiced their competition
warm-ups as part of their normal training, and warm-ups were
event-specific. RPE, speed of movement, and training load (as a %
1RM) were the most common methods used to monitor warm-up
intensity, and dynamic stretching, foam rolling, and myofascial
release work were common types of strategies used in the warm-
up. Most strongman athletes reported that they needed to in-
crease or maintain psych arousal levels for competition and used
a range of cognitive strategies with attentional control, goal set-
ting, mental imagery, preparatory arousal, and emotional con-
trol, being the most common. Nutritional and supplement
strategies were used by the most strongman athletes. The findings
support the initial hypothesis that most strongman athletes
responding to the online survey performed specific warm-ups
before strongman events and used cognitive and nutritional
strategies to improve competition performance.

Ninety-four percent of strongman athletes indicated that
they used a warm-up in strongman competitions, and the typ-
ical warm-up length was 16 * 8.9 minutes. Researchers have
suggested that a warm-up for improving short-term perfor-
mance in aerobic (running, cycling, and swimming) and team
sports (football and rugby) should be approximately 10-20
minutes with an exercise intensity below 60% Vo,max (4), or if
less than 15-minutes, the warm-up should have an aerobic
portion with the inclusion of 4-5 activation race/event pace
efforts (33). Such warm-ups are likely to cause minimal phos-
phate depletion, maximize the increase in muscle temperature,
and significantly improve short-term performance (4). Further
research is needed to investigate the effectiveness of different
types of strength-specific warm-ups for the strength sports and
how these may differ to the recommendations for aerobic and
team sports.

The main reasons strongman athletes reported for warming up
were injury prevention, to increase activation, and to increase
blood flow/circulation, temperature, and heart rate. Researchers

have demonstrated that warm-ups can reduce the risk of injury
(6,57), increase muscle temperature (36), and neuromuscular
function (39,40) and stimulate changes in the mechanisms un-
derlying both anaerobic and aerobic metabolism (8,26). Muscle
temperature-related mechanisms associated with the warm-up
may have the strongest associations with performance improve-
ments. Researchers have demonstrated that a 1° C increase in
muscle temperature enhances subsequent performance by 2-5%,
depending on the type and velocity of contractions (3,39,42),
with the magnitude of muscle temperature response being posi-
tively related to movement velocity (42). However, if central
temperature increases too high, this positive relation ceases and
performance becomes impaired (42). The potential for over-
heating may be a particular concern in strongman, especially for
competitors in the heavyweight classes when competing in hot
and humid conditions (1).

In the current study, only 23% (n = 31) of strongman ath-
letes used passive warm-up techniques. Such a result is sur-
prising considering that passive warm-up techniques have been
shown to improve dynamic force of short to intermediate du-
ration (<10 seconds—5 minutes) (5). It may be that some pas-
sive warm-up techniques (i.e., hot showers, baths, and saunas)
may be impractical for most of these athletes (5). Passive warm-
up techniques such as warm-up creams and heating pads may
be more useful especially in colder competition environments
to help athletes better prepare for the active warm-up. It may be
useful for strongman athletes to use heating pads between the
end of the warm-up and the competition event (i.e., recovery
duration). Researchers have shown significant improvements
in sprint cycling peak (increased 9.6%) and relative power
output (increased 9.1%) compared with the control group
when heating pads were worn during the recovery dura-
tion (12).

The length of the recovery duration is important to optimize
competition performance. The recovery duration needs to be long
enough (>5 minutes) for the resysnthesis of PCr stores (9) and
short enough (<15 minutes) so that muscle temperature does not
drop significantly (41). Strongman athletes in this study fell
within this optimal duration, reporting that 8.5 = 4.3 minutes
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Nutritional strategies used throughout strongman competition (n = 107).*

Higher-order themes Responses Select raw data representing responses to this question

Carbohydrate intake 83 “Eat some simple sugars between events (i.e., gummy worms/sugary candy or
fruit).”
“Fruit is my go-to on day of competition.”
“Focus on a steady supply of small, easily digested doses of simple and complex
carbs.”
“Glucose tablets after every event.”
“Carb loading the night before.”
“Easy digesting carbs and protein.”
Meal characteristics 83 “During a long contest | will snack on light, easily digestible foods.”
“Lots of food.”
“Hydrate with water, consume small quantities of protein (usually whey isolate)
and carbs (banana, granola bar, powder, etc.) between events if time allows and
my stomach is agreeable.”
“Generally just aim to eat whatever keeps hunger at bay”
“I can't stand the feeling of food in my stomach when | train or compete, so |
make sure to have liquid calories with me.”
“Eat regularly small amounts.”
Protein intake 61 “Protein bar if | feel hungry.”
“I like easy to digest foods and my protein drink.”
“I go with a high carb, high protein meals on comp days.”

Fluid and electrolyte intake 32 “Lots of sodium and fluids.”
“Electrolytes, such as sodium, will help keep nervous system and muscles
firing.”
“I sip on an electrolyte/carbohydrate drink throughout the day.”

Fat intake 16 “Avoid fatty foods that will sit heavy in your stomach (I often have eggs for

breakfast, but never on contest day, as | always throw them up).”
“Usually a high carb, moderate protein and low-fat meal”
“Keep my fats and carbs high.”
Miscellaneous 29 “I struggle to keep food down”
“My normal daily meals are the same”
“This varies for each event. Some events can happen on a full stomach and some
would make a mess.”

*N.B. In some cases, the subject provided information that represented more than 1 concept and their response contributed to more than 1 higher-order theme.

was the optimal mean time between the end of competition Interestingly, the majority of strongman athletes (64%)
warm-up and subsequent strongman event. This time period may  reported not using PAP techniques as part of their warm-up.
likely provide the greatest ergogenic effect on their strongman  Postactivation potentiation refers to the phenomena in which

performance. muscle characteristics are acutely enhanced as a result of previous
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Figure 3. Types of supplements/substances strongman athletes generally use on the competition day. As the
athletes were able to list multiple types of strategies to this question, the sum of the percentages exceeds 100%.
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Additional information given by strongman athletes (n = 37).*

Higher-order themes Responses

Selected raw data representing responses to this question

Other strategies 10

Nutrition/hydration/supplements 8

Equipment/clothing 6

Sleep 4
Energy conservation 4

Sun protection 2

Miscellaneous 10

“At larger events | use noise-cancelling headphones to relax and regroup. It is
a great break from all the loud cheering and event noise.”

“A comfy fold up chair could be useful. Having a crappy place to sit between
events could be detrimental physically and mentally.”

“Bring a friend, coach or family member to keep you in the game. Someone that
will tell you what it is up and not what you want to hear.”

“Always have a physio handy, it is good to strap up any tender or sore muscles
before events.”

“I have a decent sized breakfast that focuses on protein and fat with some carbs
as well to keep me satiated throughout the first event.”

“I make sure | drink an extra gallon of water the day before. With electrolyte
powder mixed in to ensure I'm well hydrated.”

“I never drink coffee, but the competition day this is the first. My breakfast is
ham or bacon.”

“Coffee right up to the beginning of the show...pre-workout after 1-2 events.”
“It's very important to have all your equipment and support gear ready and
prepped and know right where it is and when you'll need it. Stress and rushing
on event day is toxic.”

“Clothing is usually loose fitting and a number of layers. Usually a compression
type base layer on bottoms, with shorts and track bottoms over the top.”
“Early night and have a min of 8 h sleep before comp.”

“Save your energy for the competition.”

“I minimize my energy expenditure between events”

“Sun protection is important for outdoor events, | like to have glasses, hat, and
sunblock ready.”

“I think everyone is different, there is no cookie cutter method to be successful.
Use trial and error to you find a method that works for you that allows you to
obtain your goals.”

“The biggest barriers on the day include: Long wait times between events, the
length of a competition day performing maximally - weaker as the day goes
on.”

“Most of this at a high level is dictated by the needs of the competitor at that
moment.”

*N.B. In some cases, the subject provided information that represented more than 1 concept and their response contributed to more than 1 higher-order theme.

voluntary contractions (47). Although research has demonstrated
that it is possible to enhance mechanical power and performance
of an explosive activity using PAP (47), research is needed to
establish how the mechanisms of PAP and fatigue interact under
different conditions before athletes can effectively apply PAP to
improving acute strongman competitive performance.

Strongman athletes reported that they used RPE, speed of
movement, and training load (as a % 1RM) as ways of moni-
toring their exercise intensity during the warm-up. Researchers
have demonstrated that RPE is a reliable method to quantify
various intensities of resistance training (10). Interestingly, rel-
atively few athletes (18%) reported using heart rate as a way of
monitoring warm-up intensity. Although heart rate isa common
method of monitoring exercise intensities during endurance
training (16), heart rate has been described as a relatively poor
method of evaluating high-intensity exercise such as resistance
training (13). Rate of perceived exertion, speed of movement,
and training load may be more valid strategies for strongman
athletes for quantitating warm-up intensity for various strong-
man events.

Most strongman athletes reported using dynamic stretching,
foam rolling, and myofascial release work as part of their
warm-up strategy. Researchers have demonstrated that these
strategies are effective for improving range of motion and joint
mobility (2,35), which may be beneficial for strongman events
such as the log lift and stone lift. Although the effect of these
strategies on performance is not clear, such strategies may help

reduce the feeling of postexercise fatigue (23) and relieve acute
sensations of muscle tightness, which may be beneficial for
strongman athletes competing in a number of events over long
time periods.

In the current study, 81% of strongman athletes reported that
they warmed up, or sometimes warmed up, for every strongman
event during a single competition. Although no literature has
investigated repeated competition warm-ups among the strength
sports (i.e., strongman, Highland Games, weightlifting, and
powerlifting), the use of half-time re—~warm-up strategies has been
shown to enhance performance parameters in soccer players
(11,60). Given the longer rest times between events and the
technical aspects and loads associated with strongman competi-
tion events, re~warming up and practicing the specific movement
patterns of each event may provide further ergogenic benefits by
priming neural pathways and increasing neuromuscular activa-
tion (15).

Differences in warm-up were observed among the farmers’ walk
(2.7 = 1.0), log lift/press (3.8 = 1.2), and stone lift/'work (2.2 * 1.3)
for the number of sets performed and between the log lift/press and
stone lift/work (2.8 * 1.1 vs. 1.9 = 1.4) for the number of repeti-
tions performed. Such differences may give insight into the unique
technical and physiological demands of each strongman event (58)
and the preparation needed for each event. Strongman athletes
reported that warm-ups can also be influenced by a number of
factors including the amount of time given to warm-up, logistics
(i.e., number of competitors, space/venue, how the competition and
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events are planned, and implement types i.e., adjustable/
nonadjustable), and temperature (i.e., extreme hot or cold).

Although warm-ups physiologically prepare athletes, they also
provide valuable time for athletes to mentally prepare (psych-up)
for competition and allow athletes to obtain the appropriate ac-
tivation state (5). Psyching up has been defined as the use of self-
directed cognitive strategies designed to enhance physical per-
formance (49). Most strongman athletes in this study reported
that they needed to increase or maintain psych arousal levels.
Athletes reported that psych arousal was vital for successful
competition performance and needed to be immediately increased
before lifting and decreased when not lifting to conserve energy.
Conversely, athletes reported that too much psych arousal can
lead to losing focus, poor technique, and increased risk of injury.

Strongman athletes identified the most common cognitive
strategies always used were attentional control, goal setting, mental
imagery, preparatory arousal, emotional control, and positive self-
talk. These cognitive strategies were reported to be used by the US
Olympians in practice and competition and were reported to en-
hance the display of muscular strength (45). Such findings suggest
that strongman athletes use a number of effective cognitive strat-
egies to optimize strongman competition performance.

Nutritional strategies were also used by strongman athletes to
optimize strongman competition performance. One of the most im-
portant factors to optimize competition performance through nutri-
tion is to ensure caloric intake offsets energy expenditure (31).
Meeting caloric needs may be difficult for strongman athletes who are
engaged in intense physical activities over prolonged periods. It has
been recommended that athletes who are involved in high-volume
intense training need greater amounts of carbohydrate (complex
carbohydrates and concentrated carbohydrate drinks/supplements)
and protein in their diet to meet macronutrient needs (29). The use of
carbohydrates before, during, and in-between events may enhance
carbohydrate availability (46), whereas protein can be beneficial for
increasing the rates of protein synthesis, decreasing the rate of protein
degradation, and improve recovery from exercise (29).

In addition to ensuring appropriate carbohydrate availability
throughout the day (46), it is also critical that athletes consume
a sufficient amount of water or sports drinks (containing glucose
and electrolytes) during exercise to maintain hydration status
(29). The amount of hydration needed can be influenced by
temperature, humidity, exercise intensity, and the athletes’ sweat
response to exercise (32). Based on the high body mass and body
mass to surface area ratio of heavier strongman athletes, strong-
man competitors may require large intakes of water or sports
drinks when competing in hot and humid environments.

Stimulants such as caffeine and pre-orkout drinks were
reported to be commonly used supplements by strongman ath-
letes. Preworkout drinks contain a combination of key ingre-
dients such as creatine monohydrate, amino acids, betaine,
selected botanicals and plant extracts, carbohydrates, and caf-
feine, which may elicit a synergistic effect on acute exercise per-
formance and subsequent training adaptations compared with
single ingredients alone (24). A review of caffeine and sports
performance by Goldstein et al. (17) found that caffeine enhanced
several different modes of exercise performance including en-
durance, high-intensity team-sport activity, and strength-power
performance; however, its effect on sport performance can be
influenced by the condition of the athlete and the intensity, du-
ration, and mode of exercise. Caffeine is also commonly used and
accepted among athletes for its ability to promote wakefulness,
enhance focus and concentration, and to prevent the central
perception of fatigue (27). Given the unique and physiological

th -
Joﬁrnal of Strength and Condiﬁoning Research™ | www.nsca.com

demands strongman athletes endure on the competition days, it is
quite likely strongman athletes use these supplements as strategies
to positively affect cognitive and physical performances.

Practical Applications

This article serves as the first comprehensive description of the
competition-day preparation strategies strongman athletes
use. The information in the current study will serve to help
strongman athletes, strength athletes, coaches, and sports
scientists in achieving the optimum physiological and cogni-
tive states for competition.

To warm-up successfully, strongman athletes should per-
form event-specific warm-ups between 15 and 20 minutes to
increase blood flow, temperature, heart rate, and muscular
activation. The use of dynamic stretching, foam rolling, and
myofascial release work can be included in the warm-up to
assist mobility. Strongman athletes should also complete
a number of progressively heavier sets of the upcoming
strongman event to practice the specific techniques required in
the upcoming event and to have the appropriate level of psych
arousal. Rate of perceived exertion, perceived speed of
movement, and training load (as a %1RM) can be used to
monitor warm-up intensity.

It is recommended that athletes use a number of cognitive
strategies including attentional control, goal setting, mental
imagery, preparatory arousal, emotional control, and positive
self-talk to enhance strength performance. The use of caffeine
or preworkout drinks may help improve cognitive function
and exercise performance.

Caloric intake needs to offset energy expenditure and eating
carbohydrates and proteins before, during, and in-between
events may enhance carbohydrate availability and assist in the
improved recovery from exercise. Temperature, humidity,
exercise intensity, and sweat response to exercise will in-
fluence an athlete’s hydration status and, consuming sufficient
amounts of water or sports drinks throughout the competition
day may help to maintain hydration status.

Acknowledgments

The authors thank all the strongman athletes who participated in
this study and the World Strongman Federation for their support
of this research.

References

1. Anderson GS. Human morphology and temperature regulation. Int |
Biometeorol 43: 99-109, 1999.

2. Behara B, Jacobson BH. Acute effects of deep tissue foam rolling and
dynamic stretching on muscular strength, power, and flexibility in
Division I linemen. | Strength Cond Res 31: 888-892,2017.

3. Bergh U, Ekblom B. Influence of muscle temperature on maximal muscle
strength and power output in human skeletal muscles. Acta Physiol Scand
107: 33-37,1979.

4. Bishop D. Warm up II: Performance changes following active warm up
and how to structure the warm up. Sports Med 33: 483-498, 2003.

5. Bishop D. Warm up I: Potential mechanisms and the effects of passive
warm up on exercise performance. Sports Med 33: 439-454, 2003.

6. Bizzini M, Dvorak J. FIFA 11+: An effective programme to prevent
football injuries in various player groups worldwide—A narrative review.
Br ] Sports Med 49: 577-579, 20135.

7. Brody EB, Hatfield BD, Spalding TW, Frazer MB, Caherty F]. The effect of
a psyching strategy on neuromuscular activation and force production in
strength-trained men. Res Q Exerc Sport 71: 162-170, 2000.

2319

Copyright © 2019 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.


www.nsca.com

Strongman Competition Strategies (2019) 33:9

10.
11.
12.

13.

14.

16.

17.
18.

19.

20.

21.

22.
23.
24.

25.

26.
27.
28.

29.
30.

31.

32.

Copyright © 2019 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

. Burnley M, Jones AM. Oxygen uptake kinetics as a determinant of sports

performance. Europ | Sport Sci 7: 63-79, 2007.

. Dawson B, Goodman C, Lawrence S, et al. Muscle phosphocreatine re-

pletion following single and repeated short sprint efforts. Scand | Med Sci
Sport 7: 206-213, 1997.

Day ML, McGuigan MR, Brice G, Foster C. Monitoring exercise intensity
during resistance training using the session RPE scale. | Strength Cond Res
18: 353-358, 2004.

Edholm P, Krustrup P, Randers MB. Half-time re-warm up increases
performance capacity in male elite soccer players. Scand | Med Sci Sport
25: e40-e49, 2015.

Faulkner SH, Ferguson RA, Gerrett N, et al. Reducing muscle temperature
drop post warm-up improves sprint cycling performance. Med Sci Sports
Exerc 45: 359-365, 2013.

Foster C, Florhaug JA, Franklin J, et al. A new approach to monitoring
exercise training. | Strength Cond Res 15: 109-115, 2001.

Fradkin AJ, Zazryn TR, Smoliga JM. Effects of warming-up on physical
performance: A systematic review with meta-analysis. | Strength Cond

Res 24: 140-148, 2010.

. Gabbett TJ. Do skill-based conditioning games offer a specific training

stimulus for junior elite volleyball players? | Strength Cond Res 22:
509-517, 2008.

Gilman MB. The use of heart rate to monitor the intensity of endurance
training. Sports Med 21: 73-79, 1996.

Goldstein ER, Ziegenfuss T, Kalman D, et al. International society of
sports nutrition position stand: Caffeine and performance. J Int Soc Sports
Nutri 7: 5, 2010.

Goodwin JE. A comparison of massage and sub-maximal exercise as
warm-up protocols combined with a stretch for vertical jump perfor-
mance. | Sports Sci 20: 48-49, 2002.

Gray SR, Soderlund K, Watson M, Ferguson RA. Skeletal muscle ATP
turnover and single fibre ATP and PCr content during intense exercise at
different muscle temperatures in humans. Pflug Arch Eur | Phy 462:
885-893, 2011.

Hall HK, Weinberg MS, Jackson A. Effects of goal specificity, goal diffi-
culty, and information feedback on endurance performance. | Sport
Psychol 9: 43-54, 1987.

Hammoudi-Nassib S, Nassib S, Chtara M, et al. Effects of psyching-up on
sprint performance. | Strength Cond Res 31: 2066-2074, 2017.
Hatzigeorgiadis A, Theodorakis Y, Zourbanos N. Self-talk in the swim-
ming pool: The effects of self-talk on thought content and performance on
water-polo tasks. | Appli Sport Psychol 16: 138-150, 2004.

Healey KC, Hatfield DL, Blanpied P, Dorfman LR, Riebe D. The effects of
myofascial release with foam rolling on performance. | Strength Cond Res
28: 61-68,2014.

Jagim AR, Jones MT, Wright GA, et al. The acute effects of multi-
ingredient pre-workout ingestion on strength performance, lower body
power, and anaerobic capacity. | Int Soc Sports Nutri 13: 11, 2016.
Johnson JJM, Hrycaiko DW, Johnson GV, Halas JM. Self-talk and female
youth soccer performance. Sport Psychol 18: 44-59, 2004.

Jones AM, DiMenna F, Lothian F, et al. “Priming” exercise and O2 up-
take kinetics during treadmill running. Resp Physiol Neurobi 161:
182-188,2008.

Kedia AW, Hofheins JE, Habowski SM, et al. Effects of a pre-workout
supplement on lean mass, muscular performance, subjective workout
experience and biomarkers of safety. Int | Med Sci 11: 116-126, 2014.
Kilduff LP, Finn CV, Baker ]S, Cook CJ, West DJ. Preconditioning
strategies to enhance physical performance on the day of competition. Int |
Sport Physiol Perf 8: 677-681, 2013.

Kreider RB, Wilborn CD, Taylor L, et al. ISSN exercise & sport nutrition
review: Research & recommendations. | Int Soc Sport Nutri 7: 7,2010.
Lee C. Psyching up for a muscular endurance task: Effects of image content
on performance and mood state. | Sport Exerc Psych 12: 66-73, 1990.
Leutholtz B, Kreider RB. Optimizing nutrition for exercise and sport. In:
Nutrition Health. T. Wilson and N.J. Temple, eds. Totowa, NJ: Humana
Press, 2001. pp. 207-235.

Maughan R]J. Fluid replacement and exercise stress: A brief review of
studies on fluid replacement and some guidelines for the athelete. Sports

Med 12: 16-31, 1991.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

S6.

57.

58.

59.

60.

2320

Jgfimal of Strength and Condiﬁoning Research”

McGowan CJ. Competition day preparation strategies to enhance per-
formance in swimmers. Doctoral dissertation, University of Canberra,
2016.

McGowan CJ, Pyne DB, Thompson KG, Rattray B. Warm-up strategies
for sport and exercise: Mechanisms and applications. Sports Med 45:
1523-1546, 2015.

Mohr AR, Long BC, Goad CL. Effect of foam rolling and static stretching on
passive hip-flexion range of motion. | Sport Rebabil 23: 296-299, 2014.
O’Brien B, Payne W, Gastin P, Burge C. A comparison of active and
passive warm ups on energy system contribution and performance in
moderate heat. Aust | Sci Med Sport 29: 106-109, 1997.

Pearce AJ, Rowe GS, Whyte DG. Neural conduction and excitability
following a simple warm up. | Sci Med Sport 15: 164-168, 2012.

Poole DC, Jones AM. Oxygen uptake kinetics. Compr Physiol 2:
933-996, 2011.

Racinais S, Oksa J. Temperature and neuromuscular function. Scand |
Med Sci Sports 20: 1-18, 2010.

Sale DG. Postactivation potentiation: Role in human performance. Exerc
Sport Sci Rev 30: 138-143, 2002.

Saltin B, Gagge APt, Stolwijk JA. Muscle temperature during submaximal
exercise in man. | Appl Physiol 25: 679-688, 1968.

Sargeant AJ. Effect of muscle temperature on leg extension force and
short-term power output in humans. Eur | Appl Physiol Occup Physiol
56:693-698, 1987.

Stone MH, Pierce KC, Sands WA, Stone ME. Weightlifting: Program
design. Strength Cond J 28: 10-17, 2006.

Swinton PA, Lloyd R, Agouris I, Stewart A. Contemporary training
practices in elite British powerlifters: Survey results from an international
competition. | Strength Cond Res 23: 380-384, 2009.

Taylor MK, Gould D, Rolo C. Performance strategies of US Olympians in
practice and competition. High Abil Stud 19: 19-36, 2008.

Thomas DT, Erdman KA, Burke LM. American College of Sports Medi-
cine joint position statement: Nutrition and athletic performance. Med Sci
Sports Exer 48: 543-568, 2016.

Tillin NA, Bishop D. Factors modulating post-activation potentiation and
its effect on performance of subsequent explosive activities. Sports Med
39: 147-166, 2009.

Tod D, Edwards C, McGuigan M, Lovell G. A systematic review of the
effect of cognitive strategies on strength performance. Sports Med 45:
1589-1602, 2015.

Tod D, Iredale F, Gill N. “Psyching-up” and muscular force production.
Sports Med 33: 47-58, 2003.

Tod DA, Iredale KF, McGuigan MR, Strange DEO, Gill N. “Psyching-up”
enhances force production during the bench press exercise. | Strength
Cond Res 19: 599, 2005.

Tynes LL, McFatter RM. The efficacy of “psyching” strategies on
a weight-lifting task. Cog Ther Res 11: 327-336, 1987.

Winwood PW, Cronin JB, Dudson MK, Gill ND, Keogh JWL. How
coaches use strongman implements in strength and conditioning practice.
Int | Sports Sci Coach 9: 1107-1125, 2014.

Winwood PW, Dudson MK, Wilson D, et al. The tapering practices of
strongman athletes. | Strength Cond Res 32: 1181-1896, 2018.
Winwood PW, Hume PA, Cronin JB, Keogh JW. Retrospective injury epi-
demiology of strongman athletes. | Strength Cond Res 28: 28-42, 2014.
Winwood PW, Keogh JW, Harris NK. The strength and conditioning prac-
tices of strongman competitors. | Strength Cond Res 25: 3118-3128, 2011.
Winwood PW, Pritchard HJ, Keogh JW. The tapering practices of
strongman athletes; a test-retest reliability study. | Med Internet Res Pro 6:
e211,2017.

Woods K, Bishop P, Jones E. Warm-up and stretching in the prevention of
muscular injury. Sports Med 37: 1089-1099, 2007.

Woulfe C, Harris N, Keogh J, Wood M. The physiology of strongman
training. Strength Cond | 36: 79-95, 2014.

Zemke B, Wright G. The use of strongman type implements and training
to increase sport performance in collegiate athletes. Strength Cond | 33:
1-7,2011.

Zois ], Bishop D, Fairweather I, Ball K, Aughey R]. High-intensity re-
warm-ups enhance soccer performance. Int | Sports Med 34: 800-805,
2013.



