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ABSTRACT
Serafini, PR, Feito, Y, and Mangine, GT. Self-reported measures of strength and sport-specific skills distinguish ranking in
an international online fitness competition. J Strength Cond
Res 32(12): 3483–3493, 2018—To determine if self-reported
performance measures could distinguish ranking during the
2016 CrossFit Open, data from 3,000 male (n = 1,500;
27.2 6 8.4 years; 85.2 6 7.9 kg; 177.0 6 6.5 cm) and women
(n = 1500, 28.7 6 4.9 years; 63.7 6 5.8 kg; 163.7 6 6.6 cm)
competitors was used for this study. Competitors were split by
gender and grouped into quintiles (Q1–Q5) based upon their
final ranking. Quintiles were compared for one-repetition maximum (1RM) squat, deadlift, clean and jerk (CJ), snatch, 400 m
sprint, 5,000 m run, and benchmark workouts (Fran, Helen,
Grace, Filthy-50, and Fight-Gone-Bad). Separate one-way
analyses of variance revealed that all competitors in Q1 reported greater (p # 0.05) 1RM loads for squat (men: 201.6
6 19.1 kg; women: 126.1 6 13.0 kg), deadlift (men: 232.4 6
20.5 kg; women: 148.3 6 14.5 kg), CJ (men: 148.9 6 12.1
kg; women: 95.7 6 8.4 kg), and snatch (men: 119.4 6 10.9
kg; women 76.5 6 7.6 kg) compared with other quintiles. In
addition, men in Q1 (59.3 6 5.9 seconds) reported faster (p #
0.05) 400 m times than Q3 only (62.6 6 7.3 seconds), but
were not different from any group in the 5,000 m run. Women
in Q2 (67.5 6 8.8 seconds) reported faster (p # 0.05) 400 m
times than Q3–Q5 (73.5–74.8 seconds), and faster (21.3 6
1.8 minutes, p , 0.02) 5,000 m times than Q4 (22.6 6 2.2 minutes) and Q5 (22.6 6 1.9 minutes). Faster (p # 0.05) Fran
times were reported by Q1 (men: 138.2 6 13.3 seconds;
women: 159.4 6 28.3 seconds) compared with other groups,
while the results of other workouts were variable. These data
indicate that the most successful athletes excel in all areas of
fitness/skill, while lower-ranking athletes should focus on devel-
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oping strength and power after achieving sufficient proficiency
in sport-specific skills.

KEY WORDS CrossFit, muscle strength and power, anaerobic
performance, WOD

INTRODUCTION

W

inners of the Reebok CrossFit Games (i.e., the
sport of fitness) are awarded the title “Fittest
on Earth.” The format of this competition is
designed to narrow the initial participant
pool (.200,000 athletes) down to the top CrossFit athletes
within each category (i.e., 40 adult men, 40 adult women, 40
teenagers, and 200 Masters). The first stage of this competition is the CrossFit Open (CFO), a 5-week, 5-workout,
online competition, which is open to anyone in the world.
Its purpose is to identify the top 10–30 individuals from each
of the 17 worldwide regions who will then vie for a final
position in The Games. To accomplish this goal, the competitors are presented with a workout challenge each week.
They are given 4 days to complete the challenge to the best
of their ability before submitting their results. Although individual CFO workouts have been repeated from year to year,
generally each week’s workout is unique and unknown to
the participants until its release. Nevertheless, it is expected
that each workout will require some combination of
strength, power, endurance, and/or sport-specific skill (13).
Athletes who possess a strong foundation in each of these
abilities would appear to be best equipped to rank high each
week of the CFO and progress to the regional qualifier.
However, it is not clear whether competitors should focus
on all physiological components related to the CFO challenges, or if proficiency in specific components is more common in higher-ranking competitors.
Physiological adaptations and improvements in performance are thought to be specific to the characteristics of
training (i.e., modality, volume load, intensity load, rest
intervals, etc.) (14,15). Although leading strength and conditioning authorities such as the National Strength and Conditioning Association recommend a linear approach (i.e.,
focusing on a specific goal during each training phase) to
maximize adaptations (14), evidence suggests that targeting
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several physiological systems within the same phase of training (i.e., nonlinear periodization model) may be equally (or
more) beneficial for trained athletes (4,17,24). Regardless of
training status, CrossFit training follows a nonlinear model
by combining traditional strength/power movements (e.g.,
squats, deadlifts, cleans, presses, and snatch), continuous
exercise (e.g., running and rowing), and CrossFit-specific
skills (e.g., rope jumping and climbing, gymnastic movements, and the use of nontraditional implements). Workouts
are commonly structured so that the prescribed exercises are
completed (or as many repetitions as possible (AMRAP) are
performed) within a certain time frame, while the specific
characteristics of each workout (i.e., volume and intensity
load, exercise duration, and tempo, etc.) vary from day to
day to shift the emphasis between anaerobic and aerobic
energy system pathways. Interestingly, anecdotal evidence
suggests that elite CrossFit competitors design their training
regimen instead of following what is planned for the general
public (20,25).
The details regarding elite-competitor programing are not
publicly available, and typically vary between athletes.
However, it may be possible to identify and target important
training outcomes based upon the performance measures in
which they excel. CrossFit athletes monitor their training
progress via traditional measures of strength and power,
muscular endurance, anaerobic endurance, aerobic endurance, and several benchmark workouts. Proficiency in these
measures appears to be related (5,10), and may be useful for
distinguishing competitive level within this sport. For
instance, aerobic capacity and anaerobic power have been
observed to influence total repetitions completed during
a 12-minute AMRAP (i.e., 12-minute AMRAP that included
medicine ball throws, kettlebell swings, and burpee pullups)
(5), while strength in the CrossFit Total (overhead press,
squat, deadlift) and aerobic fitness (i.e., V_ O2 at anaerobic
threshold) have been related (r = 20.53 to 20.65) to specific
benchmark workouts (i.e., Fran and Grace) (10). Though
these data appear to suggest that CFO success might be
explained by performance in these measures, a study of the
top 30 competitors of the 2013 CrossFit did not observe
differences amongst these competitors in several performance measures (6). Nevertheless, these findings only
appear to be applicable to a limited sample of elite CrossFit
athletes (6) or they are indicative of performance in a predetermined, controlled setting (5,10). Since CFO workouts are
unknown prior to the contest, athletes have little time to
prepare for a specific event. Thus, it is unclear how proficiency in traditional measures of athletic fitness or common
benchmark workouts is different across a larger spectrum of
CrossFit athletes competing in the CFO.
Identifying the key physiological and athletic characteristics that distinguish performance in more traditional sports
(e.g., football, baseball, basketball, etc.) is a common
endeavor (16,18,19,21). Such information allows strength
and conditioning professionals to develop more effective
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and specific training programs that may better translate to
optimal in-game performance. However, the sport of fitness
is relatively new and few studies have attempted to describe
the characteristics that distinguish performance (5,6,10).
While those studies have focused on small random samples
or elite athletes, no study has attempted to examine these
characteristics in a larger sample of elite CFO competitors.
On the CrossFit website, CFO athletes have the option of
creating a profile where they can upload individual scores
and monitor their progress throughout the competition,
which includes several traditional and sport-specific performance measures. Therefore, the purpose of this study was to
determine if these self-reported performance measures could
distinguish ranking during the 2016 CFO. Additionally, our
secondary goal was to determine if these performance measures (i.e., muscular strength and power, muscular endurance,
aerobic and anaerobic endurance, sport-specific measures)
were greater in higher-ranking competitors. Since workouts
are unknown before competition, and the sport of fitness
requires proficiency in several fitness areas, we hypothesize
that the highest-ranking competitors will report the best
performance scores in all self-reported measures, and that
performance scores will decrease along with ranking.

METHODS
Experimental Approach to the Problem

Self-reported performance scores, located on a publicly
available website (1), were collected from the individual
competitor profiles of the top 1,500 male and top 1,500
female competitors of the 2016 CFO. Performance scores
included measures of muscle strength, power and endurance,
aerobic and anaerobic endurance, and sport-specific skill. To
answer our research questions, competitors were split into
quintiles (Q1–Q5) based upon their final ranking within each
sex, and comparisons in each performance score measure
were made between quintiles. All data were collected immediately following the conclusion of the 2016 CFO competition (28 March 2016–18 April 2016).
Subjects

Men (n = 1,500; 27.3 6 4.3 years (range: 17.0–46.0 years); 85.2
6 7.9 kg; 177.0 6 6.5 cm), and women (n = 1500, 28.7 6 4.9
years (range: 17.0–46.0 years); 63.7 6 5.8 kg; 163.7 6 6.6 cm)
competitors of the 2016 CFO were included in this study. All
characteristic were expressed as mean 6 SD. All participants
were selected in ranked order and possessed a profile on the
CrossFit Games website (1) where their self-reported performance data was located. Since these data were preexisting and
publicly available, the Kennesaw State University’s Institutional Review Board classified this study as exempt, and participants did not have to provide their informed consent. All
data were downloaded from The Games website and decoded so that no identifiable information (i.e., name) was
available from any of the athletes. Descriptive characteristics
of competitors within each quintile are presented in Table 1.
VOLUME 32 | NUMBER 12 | DECEMBER 2018 |
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TABLE 1. Individual quintile characteristics for male and female competitors.

Men
Age (y)
Height (cm)
Mass (kg)
Women
Age (y)
Height (cm)
Mass (kg)

Q1

Q2

Q3

Q4

Q5

25.9 6 3.2
176.5 6 5.6
86.3 6 8.0

27.2 6 4.4
176.8 6 6.1
86.0 6 7.7

27.5 6 4.6
177.3 6 7.1
85.5 6 7.5

27.3 6 4.1
177.3 6 6.6
84.9 6 8.1

27.9 6 4.8
177.3 6 7.0
84.9 6 8.0

28.3 6 4.3
163.2 6 6.2
63.7 6 5.1

28.5 6 4.7
163.8 6 6.9
64.1 6 5.5

28.8 6 5.1
164.0 6 6.9
63.6 6 6.5

28.9 6 5.0
163.7 6 6.6
63.3 6 5.9

29.1 6 5.2
164.0 6 6.4
63.5 6 5.8

Performance Ranking. The CFO consisted of 5, previously
unknown (to the competitors) challenges that were individually released on each Thursday at 5:00 PM pacific time (PT),
of the 5-week competition. Competitors were not limited by
the number of attempts they could take to achieve the best
score possible, but scores had to be submitted to competition
officials by the following Monday at 5:00 PM PT. To progress
to the regional competition, all submitted attempts had to
have been completed at a CrossFit affiliate in front of a judge
who passed the online Judges Course. Alternatively, an
attempt could be filmed using standardized filming criteria
and submitted online to competition officials for review. All
workout descriptions, standards, and scoring criteria are
located on the competition website (20). At each week’s
conclusion, competitors with valid attempts were ranked
within their sex and competitive class by competition officials. A competitor’s final CFO ranking was calculated as the
sum of his/her rank during each week. In this way, a competitor who ranks well each week will have a lower final
ranking score than competitors who do not rank well. The
specific events of the 2016 CFO are presented in Table 2.

deadlift (DL) exercises were recorded for muscle strength,
while 1RM performance in the clean and jerk (CJ) and the
snatch (SN) exercises were recorded for muscle power. The
total number of continuous pull-ups (PU), defined as hanging from a bar with both arms extended and pulling the body
up to a point where the chin is higher than the bar, and then
lowering the body back to full arm extension, was recorded
for muscle endurance.
Anaerobic and Aerobic Endurance. The fastest time running
400 m (60.01 seconds) and 5,000 m (60.1 minutes) were
recorded for anaerobic and aerobic endurance, respectively.
Sport-Specific Skills. Details of the common benchmark
workouts used as measures of sport-specific skills are
described in Table 3. Briefly, 4 of the recorded events (i.e.,
Fran, Filthy 50, Helen, and Grace) were scored by time-tocompletion (60.1 minutes), while Fight-Gone-Bad was
scored as the total number of repetitions completed within
the set time frame.
Statistical Analyses

Procedures

Performance Measures. The CrossFit Games website provides
an athlete profile section where competitors can upload their
individual performance scores for measures of muscle
strength, power and endurance, anaerobic and aerobic
endurance, and sport-specific skill. All available and continuous data from each profile were included in the present
analysis. For this investigation, it was assumed that all
performance scores were completed as per the criteria
described by the competitive organization (7), and that all
scores were current.
Muscle Strength, Power and Endurance. Absolute (60.1 kg)
and relative (60.1 kg$body mass21) performance using commonly accepted technical requirements (7) were recorded
for all measures of muscle strength and power. Onerepetition maximum (1RM) in the back squat (SQ) and the
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To control for accuracy, all performance scores exceeding 6
standard deviations from the mean were removed prior to
any statistical analysis (27). Subsequently, statistical comparisons between quintiles were accomplished using separate one-way analyses of variance on each measure of
performance. In the event of a significant F-ratio, Tukey
post-hoc tests were used for pair-wise comparisons. All
data are reported as mean 6 standard deviations (SD) with
significance set at (p # 0.05). SPSS statistical software (V.
22.0, SPSS Inc., Chicago, IL, USA) was used for all
analyses.

RESULTS
Muscular Strength, Power, and Endurance

Quintile comparisons for all absolute measures of muscle
strength, power, and endurance for male and female athletes
are illustrated in Tables 4 and 5, respectively. Significant
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TABLE 2. Events of the 2016 CrossFit open.*
16.1 (Week 1)
Scoring
Workout

20-min AMRAP Total repetitions and
time-to-completion
Walking
5 consecutive and
overhead
continuous 4 min
lunge for 25 ft
rounds.

8 bar-over
burpees

Walking
overhead
lunge for 25 ft

Resistance
load

16.2 (Week 2)

8 chest-to-bar
pull-ups
Overhead lunge:
men = 43.1
kg; women =
29.5 kg

16.3 (Week 3)

16.4 (Week 4)

16.5 (Week 5)

7-min AMRAP

13-min AMRAP

Time-to-completion

55 Dead lifts

Thrusters (i.e., squat
to shoulder press)
followed by barover burpees for
21, 18, 15, 12, 9,
6, and 3
repetitions.

10 Power
snatches
followed by 3
bar muscleups

55 wall-ball shots

Each round
included: 25 Toesto-bar, followed by
50 double-unders,
and then squat
cleans
Competitors were
required to
complete all
repetitions within
a round with 4 min
in order to
progress to the
next round.

55 calorie row

55 handstand push-ups
Squat clean: R-1 =
15 repetitions at
(men = 61.2 kg;
women = 38.6
kg): R-2 = 13
repetitions at (men
= 83.9 kg; women
= 52.2 kg): R-3 =
11 repetitions at
(men = 102.1 kg;
women = 65.8): R4 = 9 repetitions at
(men = 124.7 kg;
women = 79.4
kg): R-5 = 7
repetitions at
(men = 142.9 kg;
women = 93.0 kg)

Power snatch:
men = 34.0
kg; women =
24.9 kg

Deadlift: men = 102.1
kg; women = 70.3 kg;
wall-ball shots: men =
9.1 kg to 3 m height;
women: 6.4 kg to
2.4 m height

Thrusters: men =
43.1 kg; women
= 29.5 kg

*AMRAP = as many repetitions as possible; R = round.

(p , 0.001) quintile differences were observed for all absolute
and relative measures of muscle strength, power, and endurance for men (Table 4) and women (Table 5). With some
exceptions, competitors in Q1 reported greater loads (p #
0.05) compared with all other successive quintiles. Beyond
Q1, no differences were observed between Q2 and Q3 in any
of these measures. Both Q2 and Q3 reported strength and
power scores that exceeded (p # 0.05) those reported by Q4
and Q5. No differences between Q2–Q5 were observed in

reported PU repetitions except for women in Q2 and Q5
(p , 0.001).
Aerobic and Anaerobic Endurance

Significant quintile differences existed in the reported 400 m
sprint time for both men (p , 0.001) and women (p = 0.003).
For men, similar sprint times (p = 0.998) were reported by
Q1 (59.3 6 5.9 seconds) and Q2 (59.0 6 6.1 seconds), who
both reported faster times (p # 0.05) compared with Q3
(62.6 6 7.3 seconds). Additionally, men in Q2 reported
VOLUME 32 | NUMBER 12 | DECEMBER 2018 |
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TABLE 3. Common benchmark workouts-of-the-day reported by competitors.
Fran
Scoring

Workout

Three rounds
scored by time
to completion.

Filthy 50

Helen

Scored by time to
completion

21/15/9

50 3 box jumps
(0.6 m box)

Thrusters (men:
43.1 kg

50 3 jumping pull-ups

women: 24.5 kg)

50 3 kettlebell swings
(16.4 kg)
50 (steps) 3 walking
lunges
50 3 kees-to-elbows
50 3 push press (men:
20.4 kg; women:
13.6 kg)
50 3 back extensions
50 3 wall-ball shots
(men: 9.1 kg, 3 m
target; women: 6.4 kg,
2.7 m Target)
50 3 burpees
50 3 double-unders

Pull-ups

significantly faster times than Q5 (62.3 6 7.0 seconds,
p = 0.033). No differences were observed between men in
Q4 (61.8 6 10.2 seconds) and any other quintile. For
women, no differences existed between Q1 (71.0 6 9.2
seconds) and Q2 (67.5 6 8.8 seconds). However, compared
with Q2, significantly slower 400 m sprint times were reported in Q3 (74.8 6 10.1 seconds, p = 0.004), Q4 (73.5 6
9.7 seconds, p = 0.033), and Q5 (74.2 6 11.3 seconds, p =
0.022). No other differences were observed in 400 m sprint
performance.
For 5,000 m run performance, significant quintile differences were observed for women (p = 0.004) but not men
(p = 0.372). Compared with women in Q1 (21.3 6 1.8 minutes), significantly slower run times were reported by Q4
(22.6 6 2.2 minutes, p = 0.008) and Q5 (22.6 6 1.9 minutes,
p = 0.016). No significant performance differences were
observed between all other groups and women in Q2
(22.1 6 2.6 minutes) and Q3 (22.3 6 2.1 minutes).
Sport-Specific Skills

The performance differences between quintiles for common
benchmark workouts are illustrated in Figures 1 and 2 for
men and women, respectively.
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Grace

Fight-Gone-Bad

Scored by time to Three rounds of five 1Three rounds
completion
min stations scored
scored by time
by points. 1 rep = 1
to completion
point. As many reps
as possible
400 m run
30 clean and jerks Wall-ball (men: 9.1 kg,
3 m target; women:
(men: 61.2 kg;
6.4 kg, 2.7 m target)
women:
43.1 kg)
Sumo deadlift high-pull
21 kettlebell
(men: 34.0 kg;
swings (men
women: 24.9 kg)
and women:
24.0 kg)
12 pull-ups
Box jump (0.5 m box)
Push-press (men: 34.0
kg; women: 24.9 kg)
Calorie row
1-min rest

Fran. Significant (p , 0.001) quintile differences were
observed for men and women in their reported Fran time
(Figures 1A and 2A). Specifically, Q1 (males: 2.3 6 0.2 minutes; women: 2.7 6 0.5 minutes) reported faster times compared with all subsequent quintiles for both men (p # 0.05)
and women (p , 0.001), while Q2 reported times (men:
2.4 6 0.3 minutes; women: 3.1 6 0.7 minutes) that were
faster than Q4 (men: 2.6 6 0.4 minutes, p , 0.001; women:
3.3 6 0.8 minutes, p = 0.013) and Q5 (men: 2.5 6 0.3 minutes, p = 0.003; women: 3.5 6 0.7 minutes, p , 0.001) but
similar to Q3 (men: 2.5 6 0.3 minutes, p = 0.460; women:
3.1 6 0.6 minutes, p = 0.979). Differences also existed
amongst Q3–Q5, but were less orderly.
Filthy 50. Although a significant F-ratio was observed
between male quintiles in time to complete Filthy 50 (p =
0.026), no significant pairwise differences were found (Figure
1B). Men in Q1 (17.0 6 3.4 minutes) tended to report faster
times than those in Q3 (18.4 6 2.7 minutes, p = 0.060) and
Q5 (18.4 6 1.9 minutes, p = 0.062). For women (Figure 2B),
Q1 (19.6 6 3.0 minutes) reported times were faster than
those for Q3 (21.5 6 3.5 minutes, p = 0.044) and Q5
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TABLE 4. Means and standard deviations for muscular strength and endurance measures in men.
Q1
Clean and jerk
Absolute (kg)
Relative
(kg$kg21)
Snatch
Absolute (kg)
Relative
(kg$kg21)
Deadlift
Absolute (kg)
Relative
(kg$kg21)
Squat
Absolute (kg)
Relative
(kg$kg21)
Pull-ups (reps)

Q2

Q3

Q4

Q5

148.9 6 12.1*†z§ 142.9 6 13.1kz§
1.72 6 0.15*†z§
1.66 6 0.15k§

139.9 6 12.6 k§ 138.0 6 13.1k*
1.64 6 0.15k
1.63 6 0.23k

119.4 6 10.9*†z§ 114.5 6 10.7kz§
1.39 6 0.12*†z§
1.33 6 0.12k§

112.3 6 12.1k§
1.31 6 0.14k§

110.2 6 12.0k* 108.11 6 12.3k*†
1.30 6 0.17k
1.27 6 0.14k*†

232.4 6 20.5*†z§ 225.1 6 21.7kz§
2.69 6 0.23†z§
2.63 6 0.26

219.7 6 25.0k
2.57 6 0.28k

217.4 6 22.1k*
2.56 6 0.35k

201.6 6 19.1*†z§ 195.2 6 21.5k†z§ 188.6 6 22.4k*
2.33 6 0.24†z§
2.28 6 0.25z§
2.21 6 0.26k
60.1 6 13.3†z§

56.5 6 11.0

55.0 6 13.0k

135.2 6 14.7k*†
1.59 6 0.18k*

217.6 6 25.7k*
2.56 6 0.31k

186.9 6 20.4k* 185.01 6 21.8k*
2.21 6 0.32k*
2.18 6 0.27k*
52.9 6 11.9k

53.1 6 10.0k

*Significantly (p # 0.05) different from Q2.
†Significantly (p # 0.05) different from Q3.
zSignificantly (p # 0.05) different from Q4.
§Significantly (p # 0.05) different from Q5.
kSignificantly (p # 0.05) different from Q1.

(21.9 6 3.0 minutes, p = 0.010), but not Q2 (21.1 6 3.7
minutes, p = 0.255) or Q4 (21.3 6 3.0 minutes, p = 0.106).
No other differences were observed between quintiles.

Helen. Significant quintile differences in time to complete
Helen were observed for men (p = 0.002) and women
(p , 0.001), but specific differences varied by gender. For

TABLE 5. Means and standard deviations for muscular strength and endurance measures in women.

Clean and jerk
Absolute (kg)
Relative
(kg$kg21)
Snatch
Absolute (kg)
Relative
(kg$kg21)
Deadlift
Absolute (kg)
Relative
(kg$kg21)
Squat
Absolute (kg)
Relative
(kg$kg21)
Pull-ups (reps)

Q1

Q2

Q3

Q4

Q5

95.7 6 8.4*†z§
1.51 6 0.14*†z§

91.2 6 10.2kz§
1.43 6 0.14kz§

88.9 6 8.5kz§
1.40 6 0.13kz§

85.2 6 9.6k*†
1.35 6 0.15k*†

85.4 6 9.5k*†
1.34 6 0.14k*†

76.5 6 7.6*†z§
1.21 6 0.12 *†z§

72.5 6 8.5kz§
1.13 6 0.12kz§

71.0 6 8.0kz§
1.11 6 0.12kz§

67.5 6 9.0k*†
1.07 6 0.13k*†

66.6 6 8.2k*†
1.04 6 0.12k*†

148.3 6 14.5*†z§
2.35 6 0.25 *†z§

143.6 6 16.7k§
2.25 6 0.25k§

139.7 6 21.3k
2.19 6 0.31k

139.3 6 16.6k
2.20 6 0.23k

137.4 6 16.6k*
2.16 6 0.23k*

126.1 6 13.0*†z§
2.00 6 0.22 *†z§

122.1 6 15.4kz§
1.91 6 0.23kz§

119.5 6 15.8k
1.88 6 0.24k

115.8 6 13.0k*
1.83 6 0.22k*

116.4 6 14.6k*
1.83 6 0.21k*

46.1 6 12.4 *†z§

39.7 6 10.5k§

35.9 6 11.4k

37.4 6 11.2k

32.3 6 10.1k§

*Significantly (p # 0.05) different from Q2.
†Significantly (p # 0.05) different from Q3.
zSignificantly (p # 0.05) different from Q4.
§Significantly (p # 0.05) different from Q5.
kSignificantly (p # 0.05) different from Q1.
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Figure 1. Quintile performance comparisons for men in measures of sport-specific skill (A. Fran, (B) Filthy 50, (C) Helen, (D) Grace, (E) Fight-Gone-Bad). a,
Significantly (p # 0.05) different from Q1. b, Significantly (p # 0.05) different from Q2. c, Significantly (p # 0.05) different from Q3. d, Significantly (p # 0.05)
different from Q4. e, Significantly (p # 0.05) different from Q5.

men, similar completion times were reported by Q1 (7.6 6
0.6 minutes), Q2 (7.6 6 0.8 minutes), Q3 (7.6 6 0.6 minutes), and Q5 (7.8 6 0.7 minutes). However, only Q1 (p =
0.007) and Q2 (p = 0.023) reported faster times than competitors in Q4 (7.9 6 0.7 minutes). For women, competitors in Q1 (8.6 6 0.8 minutes, p , 0.001), Q2 (8.8 6
0.8 minutes, p = 0.015), and Q3 (8.9 6 1.5 minutes, p =
0.039) reported faster times than Q5 (9.4 6 1.2 minutes).
Although competitors in Q4 (9.0 6 0.8 minutes, p = 0.374)
reported similar times to Q5 (p = 0.374), their reported
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completion times were only significantly slower than
Q1 (p = 0.047). No other quintile differences were
observed for men (Figure 1C) or women (Figure 2C) in
Helen time.
Grace. Significant (p , 0.001) differences were observed in
time to complete Grace for men and women. For men, Q1
(1.7 6 0.4 minutes) reported faster (p , 0.001) times than Q3
(1.9 6 0.5 minutes), Q4 (1.9 6 0.4 minutes), and Q5 (1.9 6
0.4 minutes), but did not differ from Q2 (1.8 6 0.4 minutes,
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Figure 2. Quintile performance comparisons for women in measures of sport-specific skill (A. Fran, (B) Filthy 50, (C) Helen, (D) Grace, (E) Fight-Gone-Bad). a,
Significantly (p # 0.05) different from Q1. b, Significantly (p # 0.05) different from Q2. c, Significantly (p # 0.05) different from Q3. d, Significantly (p # 0.05)
different from Q4. e, Significantly (p # 0.05) different from Q5.

p = 0.285). The times reported by Q2 only tended to differ
from those reported by Q4 (p = 0.052). For women, Q1
(1.9 6 0.5 minutes) also reported faster times than Q3
(2.2 6 0.5 minutes, p = 0.005), Q4 (2.4 6 0.7 minutes,
p , 0.001), and Q5 (2.6 6 0.8 minutes, p , 0.001) and were
similar to Q2 (2.1 6 0.5 minutes, p = 0.179). Q2 reported
faster times than Q4 (p = 0.006) and Q5 (p , 0.001), while
Q3 reported faster times than Q5 (p , 0.001). No other
quintile differences were observed for men (Figure 1D) or
women (Figure 2D) in Grace time.

Fight-Gone-Bad. Significant quintile differences were
observed in the number of completed repetitions during
Fight-Gone-Bad by men (p = 0.021) and women (p ,
0.001). For men, only participants in Q1 (430.3 6 70.1 reps)
reported completing more repetitions than those in Q5
(398 6 72.8 reps, p = 0.010). For women, Q1 (388.0 6
45.0 reps) reported completing more (p , 0.001) repetitions than Q3 (353.5 6 48.2 reps), Q4 (354.4 6 31.2 reps),
and Q5 (347.0 6 56.6 reps), but only tended to be more
than Q2 (364.0 6 45.1 reps, p = 0.057). There were no
VOLUME 32 | NUMBER 12 | DECEMBER 2018 |
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other quintile differences for men (Figure 1E) or women
(Figure 2E).

DISCUSSION
Understanding the physical traits (e.g., muscle strength,
power, endurance, etc.) and sport-specific skills that influence in-game performance is important for evaluating
athletic potential, areas in need of improvement, and
program development (14,15). In many traditional sports,
measurable physical traits are often associated with ingame performance statistics (16,18,19), but are rarely a perfect representation of sport. In contrast, the sport of fitness
incorporates several identifiable and measurable benchmarks into a single competition. However, because the
actual competition consists of several random factors
(e.g., exercise combinations and order, set/round/repetition scheme, time limits, etc.), a perfect portrayal of this
sport is not possible in a controlled setting. Nevertheless,
the inclusion of these measurable components into competition improves the likelihood that proficiency in these
measures translates well to athletic success. Interestingly,
and perhaps due to the variability in actual competitive
event requirements (i.e., tasks are randomly designed each
year), few studies have attempted to evaluate which traits
identify success (5,6,10). Even though these studies identified certain indicators of success (i.e., strength, aerobic fitness, anaerobic power, CrossFit training experience), they
did not consider whether these traits affected actual competitive rankings (i.e., CFO) in a large sample of competitors. To our knowledge, this study appears to be the first to
investigate whether self-reported performance scores could
distinguish actual placement in the CFO competition. Our
data suggests that the highest-ranking competitors excel in
most measures of athletic fitness and sport-specific skill.
Beyond the highest tier, most competitors possess comparable levels of proficiency in anaerobic and aerobic endurance, as well as in sport-specific skill.
Previously, performance during CrosssFit training workouts have been positively related to strength (10) and peak
power (5). Our data supports these findings. Regardless of
sex, the most successful competitors (i.e., Q1) reported
greater values for all measures of strength (DL and SQ)
and power (CJ and SN) compared with lower-ranking competitors. This was also true with relative measures of strength
and power, though second-tier competitors (i.e., Q2) reported similar scores as Q1 for DL (men only), SQ (men
only), and SN (women only). Although CFO events rarely
include single maximal repetitions (2), possessing sufficient
strength and power is still necessary to complete traditional
lifts for several repetitions. For instance, 16.2 (week 2)
required participants to perform 5 rounds of a squat clean
ladder (Table 2) that culminated with 7 repetitions at 142.9
kg for men and 93.0 kg for women. Being capable of completing all repetitions at this final stage would roughly equate
to a 1RM squat clean of 172 kg for men and 112 kg for
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women (9), which would have been greater than the reported CJ values for competitors in Q1 (men: +23.1 kg;
women: +19 kg). Nevertheless, these competitors would
have been most capable of completing this task compared
with lower-ranking competitors. Similarly, the first stage of
16.4 (week 4) required competitors to perform 55 DL repetitions at 102.1 kg for men or at 70.3 kg for women. While it
would appear to be unlikely that any competitor could have
completed all repetitions consecutively (i.e., without breaks),
based upon their reported 1RM DL, competitors in Q1 (men
and women) would have been capable of performing the
most consecutive repetitions (9) resulting in less time spent
within this stage. Although no differences in self-reported
strength/power measures were previously reported within
the top 30 competitors (of 2013) (6), our data suggests that
greater CFO success occurs with stronger and more powerful competitors when considering a much larger sample
population.
Even though many CFO events typically require anaerobic fitness (1,5), differences between higher- and lowerranking competitors were less clear for 400 m sprint times
compared with other anaerobic measures (i.e., strength and
power). For 400 m sprint time, higher-ranking competitors
also reported faster sprint times, but being elite in this task
encompassed only the top 2 quintiles (i.e., Q1 and Q2) for
both genders. Further, similar performances were typically
observed in competitors within the bottom 3 quintiles (i.e.,
Q3–Q5). The lack of clear differences between quintile
groups may be related to the indirect nature of a 400 m
sprint time as an anaerobic performance measure (28).
Although it is well accepted that the 400 m sprint requires
a large contribution of energy production to be derived via
anaerobic pathways (11), it is not clear from sprint time
alone whether the event is truly representative of anaerobic
capacity. Its duration (,2 minutes) is also much shorter than
the duration of most benchmark and CFO workouts (17). It
is possible that anaerobic capacity, and thus its importance
to CFO performance, may be more clearly identified by
longer (;3 minutes) maximal assessments (7,26). Another
possibility may be related to the lack of running/sprinting
events in the CFO competition (2) due to standardization
concerns across testing locations. Consequently, developing
proficiency in the 400 m sprint may be important for
improving competitive rank, but only in a much broader
sense compared with strength and power development.
CrossFit training has been reported to improve aerobic
capacity in participants of all fitness levels (24). Nevertheless,
aerobic performance (i.e., 5,000 m run) was only important
in women, and could only distinguish between higherranking competitors and those ranking lower than Q3.
These findings are supported by those reported by Butcher
and colleagues (10), who did not observe an association
between V_ O2max and performance in a CrossFit style workout. It is possible that the redundant nature of a 5,000 m run
is not an accurate portrayal of the energy demands of CFO
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events. Few CFO events or benchmark workouts last more
than 20 minutes, and they require several transitions
between exercises (27), which places a greater demand upon
the cardiovascular and aerobic systems (12). Thus, it is possible that by including CrossFit training into a regimen, an
athlete will experience sufficient aerobic adaptation to be
competitive in the CFO.
Self-reported proficiency in CrossFit-specific workouts
also appeared to distinguish ranking with the clearest
differences between quintiles occurring in Fran and Grace.
In these workouts, the reported completion times progressively increased as rank decreased. Though simple in
their design (Table 3), these short (;1.5–3.5 minutes), moderate, heavy-intensity workouts require sufficient muscle
strength, muscle endurance, anaerobic fitness, and technical
skill to be competitive (3,13). Competency in these events
would appear to be descriptive of an athlete who is proficient
in several areas important to CFO performance. Interestingly, the distinctions between quintiles became less clear
in longer (.3.5 minutes), more complicated benchmark
workouts (i.e., Helen, Filthy 50, and Fight-Gone-Bad),
despite all CFO workouts being similar or longer in duration
(6–20 minutes) (27). Although higher-ranking competitors
generally performed better, no differences were observed
among Q1 through Q3 in any of these measures apart from
female Filthy 50 scores. Meanwhile, compared with the
lowest-ranking competitors (Q5), significantly better performances were limited to Q1, except for female Helen
scores. It is possible that, as explained above, the limited
differences observed in Helen (;7.5–9.5 minutes) scores
were due to its running component (400 m sprint) not being
specific to CFO events. For Filthy 50 and Fight-Gone-Bad, it
is not clear why more specific differences were not observed,
but it could be related to their greater complexity compared
with any CFO workout of 2016. Therefore, it is advisable for
competitors to focus on developing proficiency in short,
simple, benchmark workouts rather than those that are longer and more complicated.
This is the second study to examine self-reported performance measures in relation to competitive ranking. Previously, Bellovary et al. (2014) examined the same measures
of performance, apart from examining relative strength/
power measures and benchmark workouts, in relation to the
ranking of the top 30 athletes of the 2013 CrossFit Games.
The limitation in that study, as well as the present
investigation, is the usage of self-reported performance
measures. These data were collected from user profiles
located on a publicly available website where participants
upload their information at any time. Consequently, the
accuracy and report dates of these data are unknown. While
verifying the accuracy of these data would be difficult and
time-consuming, the variability within such data might be
overcome by a large sample and removing unrealistic scores
(27); here, we removed data scores that exceeded 6 standard
deviations from the mean. Although these precautions do
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not eliminate the possibility that rankings in the 2016 CFO
and self-reported performance measures were not chronologically analogous, it is generally accepted that performance
in elite competitors is not likely to change dramatically from
year to year (8,22).

PRACTICAL APPLICATIONS
The CFO is an increasingly popular competition that in
2016 began with over 200,000 athletes. To identify which
competitors will progress to the regional qualifier, 5 unique
workouts are released each week that challenge several areas
of physical fitness. While success in this competition would
appear to require proficiency in each area, it was previously
unknown which are most important. The self-reported
performance scores of the most successful competitors
indicate that they possess the greatest strength and power
and were most proficient in shorter (,3.5 minutes) CrossFitspecific benchmark workouts. Similarly, higher-ranking
competitors report faster 400 m sprint times and better performances during longer benchmark workouts, but the differences in these measures are less clear. In contrast,
differences amongst competitors in their reported performance in a 5,000 m run were limited to women. Thus, when
training to optimize performance in the CFO, it would be
advisable for lower-ranking competitors to place an emphasis on developing their strength and power once a sufficient
anaerobic/aerobic endurance-base and sport-specific skills
have been established.
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