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ABSTRACT

Faigenbaum, AD, McFarland, JE, Herman, RE, Naclerio, F,
Ratamess, NA, Kang, J, and Myer, GD. Reliability of the one
repetition-maximum power clean test in adolescent athletes.
J Strength Cond Res 26(2): 432-437, 2012-Although the
power clean test is routinely used to assess strength and power
performance in adult athletes, the reliability of this measure in
younger populations has not been examined. Therefore, the
purpose of this study was to determine the reliability of the
1-repetition maximum (1RM) power clean in adolescent
athletes. Thirty-six male athletes (age 15.9 = 1.1 years, body
mass 79.1 + 20.3 kg, height 175.1 £7.4 cm) who had >1 year
of training experience in weightlifting exercises performed
a 1RM power clean on 2 nonconsecutive days in the afternoon
following standardized procedures. All test procedures were
supervised by a senior level weightlifting coach and consisted
of a systematic progression in test load until the maximum
resistance that could be lifted for 1 repetition using proper
exercise technique was determined. Data were analyzed using
an intraclass correlation coefficient (ICC[2,k]), Pearson corre-
lation coefficient (r), repeated measures analysis of variance,
Bland-Altman plot, and typical error analyses. Analysis of the
data revealed that the test measures were highly reliable
demonstrating a test-retest ICC of 0.98 (95% confidence
interval = 0.96-0.99). Testing also demonstrated a strong
relationship between 1RM measures in trials 1 and 2 (r=0.98,
p < 0.0001) with no significant difference in power clean
performance between trials (70.6 = 19.8 vs. 69.8 + 19.8 kg).
Bland-Altman plots confirmed no systematic shift in 1RM
between trials 1 and 2. The typical error to be expected
between 1RM power clean trials is 2.9 kg, and a change of at
least 8.0 kg is indicated to determine a real change in lifting

Address correspondence to Avery D. Faigenbaum, faigenba@tcnj.edu.
26(2)/432-437

Journal of Strength and Conditioning Research
© 2012 National Strength and Conditioning Association

432  Journal of Strength and Conditioning Research

performance between tests in young lifters. No injuries
occurred during the study period, and the testing protocol
was well tolerated by all the subjects. These findings indicate
that 1RM power clean testing has a high degree of
reproducibility in trained male adolescent athletes when
standardized testing procedures are followed and qualified
instruction is present.

Key WoORDS weightlifting, strength training, children, youth,
fitness testing

INTRODUCTION

esistance training has consistently demonstrated

to be a safe and effective mode of exercise for

children and adolescents provided that age-

appropriate training guidelines are followed, and
qualified instruction is available (10,25). Current public health
objectives now aim to increase the number of school-age
youth who participate in muscle strengthening activities, and
the qualified acceptance of youth resistance training by medical
and fitness organizations is becoming universal (3,9,23,29).
However, methods for evaluating strength and power in youn-
ger populations remain controversial. Although 1-repetition
maximum (1IRM) testing is supported by the National Strength
and Conditioning Association (NSCA) and has been used by
researchers to assess muscular fitness in healthy children and
adolescents (7,9,15,31), some observers remain opposed to
maximal lifting in younger populations because of the pre-
sumption that high-intensity loading may cause structural
damage (2). These differing views reported in the literature have
resulted in ambiguity surrounding the issue of strength and
power testing in youth. Moreover, little is known about the
reliability of muscular fitness testing in young lifters.

In adult athletes, test criteria such as the 1RM power clean
are routinely used to develop individualized programs and
assess the effectiveness of a training cycle (16,20). The 1RM
power clean assessment is unique because it can be used to
test strength and power. Unlike traditional resistance
exercises such as the bench press and back squat that are
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performed at a relatively low movement speed, the power
clean is an explosive but highly controlled movement that is
performed at a maximal movement speed. In the power clean
exercise, a barbell is lifted from the platform to the shoulders
in a single, continuous, forceful movement. Success with the
power clean exercise involves complex and synchronized
neural recruitment patterns and may provide a better
impression of an athlete’s whole body power relative to
other resistance exercises. Accordingly, some experts
hypothesize that power clean performance may be directly
associated with sport-related power (7,19). In adult athletes,
the power clean test provides a highly reliable measure of
maximum muscular power (21,33). To our knowledge, no
similar data exist that evaluate the reliability, validity, or
safety of such testing with power clean movements in
adolescent athletes. Given the link between power training
and sports performance, it is paramount that pediatric
researchers and youth coaches establish the reliability of
power testing in youth.

The assessment of maximal muscular power is one of the
most important determinants of athletic performance
(7,11,19). Although field tests such as the standing long
jump and vertical jump are typically used to assess anaerobic
power in younger populations (6,22,28), weightlifting move-
ments, such as the power clean, are perhaps the best measure
of combined whole-body strength and power (14,19). During
the performance of the power clean, the lifter must initially
exert high forces to accelerate the barbell through the entire
range of pulling without actively decelerating the barbell.

Although our laboratory has examined the safety, efficacy,
and reliability of 1RM strength testing in children (12,13,22),
an assessment of maximal power clean testing remains
unexplored in younger populations. For the 1RM power
clean to provide meaningful information to youth coaches
and pediatric researchers, it is important to perform
a reliability assessment of this measure in young lifters.
Information pertaining to the reliability of 1RM testing in
younger populations is vital for the accurate assessment of
training outcomes and the replication of research experi-
ments. This information is particularly important relative to
the updated NSCA position statement article on youth
resistance training that supports maximal lifting in younger
populations provided age-appropriate guidelines are fol-
lowed (9). Hence, the aim of this investigation was to assess
the reliability of the 1RM power clean in a group of
adolescent athletes.

METHODS

Experimental Approach to the Problem

In this study, we assessed the reliability of the 1RM power
clean in trained adolescents who had experience performing
weightlifting exercises. Subject performed the 1RM power
clean on 2 nonconsecutive test sessions (3-7 days apart) at the
same time of the day (late afternoon). Test procedures were
administered by a USA weightlifting senior level coach and

consisted of a systematic progression in test load until the
maximum resistance that could be lifted for 1 repetition using
proper exercise technique was determined. This approach
allowed us to carefully monitor the response of each subject to
the testing protocol, individually evaluate 1IRM performance,
and assess the reliability of power clean testing in young lifters.

Subjects

The methods and procedures used in this study were approved
by the Institutional Review Board for use of human subjects at
the College, and informed consent was obtained from all
parents and assent was obtained from each subject before
participation. Thirty-six male athletes (age 15.9 = 1.1 years,
body mass 79.1 * 20.3 kg, height 175.1 = 74 cm) volunteered
to participate in this study. All the subjects participated in
interscholastic sports (primarily American football, basketball,
and lacrosse) and were recruited from an after-school strength
and conditioning program.

In this after-school program, the participants received daily
instructions on weightlifting movements, resistance training,
plyometric exercises, and speed and agility from Certified
Strength and Conditioning Specialists and weightlifting
coaches. As per the guidelines from USA Weightlifting (30),
the participants learned how to perform the front squat;
Romanian deadlift; and modified cleans, pulls, and presses
with a wooden dowel before attempting to perform more
advanced exercises. Progression was based on actual motor
skill competence and technical proficiency. Proper exercise
technique and lifting procedures that included instructions
on how to safely “miss” a lift were reinforced during
movement preparation activities and training sessions.

Training loads and exercises were progressed over time by
members of the coaching staff as confidence and competence
to perform advanced multijoint exercises improved. If an ex-
ercise was performed incorrectly, the lifters” performance was
reassessed by a member of the coaching staffand, if appropriate,
the training load was reduced. Only lifters who demonstrated
proper exercise technique during training sessions participated
in 1RM testing procedures to evaluate progress and determine
appropriate training loads. On average, the subjects in this
investigation had 16.5 = 1.1 months of experience in per-
forming various weightlifting movements, including the power
clean and snatch exercises.

Both the subjects and their parents were informed about
the objectives and scope of this project, and they completed
a health history and physical activity questionnaire. The
exclusionary criteria used were (a) subjects with a chronic
pediatric disease and (b) subjects with an orthopedic
limitation. All the volunteers were accepted for participation.

Procedures

A USA Weightlifting Senior Level coach who trained several
young athletes at the National School-Age Weightlifting
Championships evaluated performance on all 1RM lifts.
Certified Strength and Conditioning Specialists who had
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experience testing and training school-age youth assisted with
testing protocols. All study procedures took place after school
(3:00-5:00 pv) during the Spring semester in a public high
school strength and conditioning facility using competition-
caliber Olympic barbells and plates. All the subjects were
familiar with 1RM testing procedures and were evaluated
individually by qualified professionals. Before testing, all the
subjects participated in a 10-minute warm-up session, which
included dynamic movement activities for the ankles, hips,
shoulders, and wrists.

To perform the power clean exercise, the subjects placed
their hands on the barbell slightly wider than shoulder width,
with their hips lower than the shoulders and the barbell about
3 cm in front of the lower leg region (shank) with their feet
about hip width apart. The subjects were reminded to “set the
back” in the proper position with “chest up,” elbows rotated
outward, and eyes looking forward. The subjects initiated the
power clean by deliberately lifting the barbell off the floor
with a forceful extension of their knees and hips while keeping
their shoulders directly over the barbell. During this phase
of the lift, the arms and chest were “tight” and the barbell
remained close to the body.

As the barbell rose above the knees, each subject
explosively transitioned into the second pulling phase by
extending their hips, knees, and ankles as if jumping into the
air. When their lower body reached full extension, the subjects
forcefully shrugged their shoulders with both elbows fully
extended. The subjects avoided the temptation to bend their
elbows during this phase of the lift, which is a common error
in inexperienced lifters.

As the barbell continued to rise, the subjects quickly flexed
their elbows, hips, knees, and ankles to pull their bodies under
the barbell to catch the weight in a quarter-squat position with
feet about shoulder width apart. By relaxing their grip during
the catch phase of the lift, the subjects were able to receive the
barbell across their shoulders with both elbows pointing
forward. The subjects performed a quarter squat to the
standing position once the barbell was located across the front
of the clavicles and anterior deltoids. Although the power
clean exercise consists of different phases, this movement
requires the lifter to quickly and forcefully lift the barbell from
the floor to the front of the shoulders in one continuous
movement without interruption. Details of the power clean
exercise have been previously described (14,26).

In our investigation, the 1RM was recorded as the
maximum resistance that could be lifted using proper exercise
technique for one repetition. Before attempting a 1RM, the
subjects performed a progressive series of 5 submaximal sets
of 1-2 reps with moderate to heavy loads (~50-90% of the
estimated 1RM). Weights prescribed for warm-up sets and
testing were based on a subject’s previous weightlifting
experience or prior 1RM test results, which were noted on
a “testing helper” data sheet. If a weight was lifted with proper
form during a 1RM trial, the subsequent 1RM weight attempt
was increased by approximately 2.5-7 kg and the subject
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attempted another 1RM trial after approximately 3 minutes of
rest. The increments in weight were dependent on the effort
required for the lift and became progressively smaller as the
subject approached the 1RM.

Appropriate progression of loading during 1RM trials was
determined by a senior level weightlifting coach who trained
all the subjects in this investigation. In the case of a failed
1RM lift, the subjects who attempted to maintain proper
exercise technique without any major technical flaw in
performance were permitted a second attempt at the same
weight. Each subject’s 1RM was determined within 3-5
trials. Qualified strength and conditioning professionals
provided encouragement and reinforced the importance of
proper exercise technique throughout all testing sessions
with appropriate coaching cues. Three to seven days after
the first 1IRM trial, the subjects returned to the center in the
afternoon and performed the second 1RM trial following
the same testing protocol with the same instructors. The
subjects were instructed to avoid heavy lifting for 48 hours
before each testing session and observe proper nutrition
practices, including adequate hydration. Throughout the
study period, the subjects were questioned by test admin-
istrators for the occurrence of an injury or complaints of
muscle soreness.

Statistical Analyses

Statistical procedures were performed using SPSS version
17.0 for windows (Chicago, IL, USA) and SAS version 9.1
(SAS Institute, Cary, NC, USA). Descriptive statistics were
calculated for all variables. The relative reliability of the data
was determined using a 2-way random effects model
ICC(2,%), and Pearson correlation coefficient was calculated
over the 2 test sessions. A repeated measures analysis of
variance was used to evaluate any potential difference
between test days, and the significance was set at p < 0.05.
Bland-Altman plots, linear regression analysis, and typical
error analyses (square root of mean square error) were also
used to evaluate reliability. Accordingly, minimal differ-
ences (MDs) needed to be considered real were calculated
(typical error X 1.96 X square root of 2) to provide
a measure of the clinical significance of the observed
changes in power clean performance. Data are reported as
means and SDs.

REsuLTS

All the subjects completed the study according to the
aforementioned methodology. The 1RM power clean was
70.6 = 19.8 and 69.8 * 19.8 kg on the first and second test
session, respectively, with an intraclass correlation coef-
ficient (ICC) of 0.98 (95% confidence interval = 0.96-0.99)
and no significant difference in 1RM power clean perfor-
mance between trials (» > 0.05). The Pearson correlation
coefficient demonstrated a strong relationship between
1RM captured between test sessions (7= 0.98; p < 0.0001;
Figure 1). The Bland-Altman plot is presented in Figure 2,
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Figure 1. Scatterplot depicting the relationship between 1 repetition
maximum (1RM) trials. The 95% confidence interval about the slope
coefficient was 0.91-1.1.

and it confirmed no systematic shift between 1RM test
sessions or association between difference and average with
a calculated Pearson correlation of average vs. between
method difference of 7= —0.10 (=0.978). Linear regression
(between the difference and the average) indicated an
rsquare of 0.00003, further confirming no association
between difference and average measures. The degree of
agreement between tests 1 and 2 was also evaluated by the
mean difference and the 95% confidence limits. The average
difference between the 2 testing trials was —0.751 kg, with
a 95% confidence limit (—8.912 to 7.412), which indicates
that the mean difference or error between test sessions was
about 1% of the overall test measure in this population. The
typical error to be expected with 1RM power clean between
test measures is 2.9 kg. The MD = 8.0 kg indicates that
changes >8.0 kg would be reflective of a real change in
power performance with a retest or posttraining assessment.
No injuries occurred throughout the study, and no
complaints of muscle soreness were reported.

Power Clean 1RM Test
7.088 s

5.088

. . e .
3.088
1.088

.0.912 20 40 60 80 100 120

-2.912

*e se o ..

-4.912 ¢ e

1RM Test 1 - 1RM test 2 (kg)

-6.912 ¢ ¢

-8.912

Average Power Clean 1RM (kg)

Figure 2. Bland-Altman plot of 1 repetition maximum (1RM) power clean
performance. The solid line represents the mean difference between RM
trials. The dotted line represents the 95% confidence limits for the
measured difference.

DiscussIoN

To our knowledge, no other study has examined the reliability
of 1IRM power clean testing in young lifters. The results of this
investigation indicate that 1RM power clean testing has
a high degree of reliability in trained male adolescent athletes
when standardized testing procedures are followed and
qualified instruction is given. No untoward responses or injury
occurred from 1RM testing procedures. Despite previous
concerns associated with 1RM power testing in youth (2), our
findings support the updated NSCA article on youth
resistance training and indicate that the maximal muscular
power of healthy trained adolescences can be assessed with
the 1RM power clean (9). However, it must be underscored
that the subjects in this study were trained adolescent athletes
who had experience in performing weightlifting exercises
and that all procedures were administered by qualified
professionals who were knowledgeable of pediatric re-
sistance training guidelines and the pedagogical aspects of
teaching weightlifting to school-age youth. The findings of
this study may not be generalizable to untrained youth or to
cases in which test protocols are administered by in-
experienced professionals.

Although data on 1RM test-retest reliability in younger
populations are limited, our data are consistent with those of
previous reliability assessments performed on adult athletes.
For example, McGuigan and Winchester reported an ICC of
0.98 for 1IRM power clean testing in American football players
(21). Because the ICC is a measure of relative reliability that
examines the consistency of individual scores (32), the
observed ICC of 0.99 in this investigation indicates that
power clean testing is a highly reliable measure in trained
adolescents. We have previously reported ICCs of 0.93-0.98
for the 1RM chest press and leg press tests in children
(8-12 years) (12), and others have reported high ICCs on
a variety of upper and lower body 1RM strength tests in
adults (20). Of potential relevance, ICCs = 0.90 have been
found in children who performed sports-related tests of
speed and agility and in adolescents who performed the drop
vertical jump (1,31). Researchers have used the 1RM power
clean to assess performance in adolescents, and a recent
survey of high school coaches revealed that “Olympic style
lifts” and its variations were the most important exercises
these coaches prescribed for their athletes (6,8). Of note, data
indicate that the risk of sustaining an injury during the
performance of weightlifting movements during training or
competition is relatively low provided that qualified in-
struction is available and safety measures are in place
(5,10,15).

The Bland-Altman plots presented in Figure 2 show that
the limits of agreement are small, suggesting that individual
variability between 1RM trials was negligible in our subject
population. The Bland-Altman plot also confirmed that there
was no systematic shift (i.e., learned effect) between 1RM test
sessions. The lack of association between difference and
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average also confirms that these methods do not provide
systematic error. Moreover, linear regression (between the
difference and the average) indicated an 7~square of 0.00003,
which represents cumulative and strong evidence that the
1RM test methods employed in the current population yield
highly reliable outcome measures. From a practical perspec-
tive, highly reliable tests are able to detect small but
significant changes in limited sample sizes and provide
meaningful information to coaches and sport scientists
regarding changes in physical performance (18). These
findings indicate that the methods employed in this study
would be appropriate to assess the effects of interventions on
weightlifting performance in adolescent athletes.

In our investigation, the difference between 1RM testing
trials was 0.8 kg (1.1%), and the subjects completed the 1RM
tests with a mean of 3.1 and 3.4 trials, respectively, on days 1
and 2. In addition, the typical error to be expected between
1IRM power clean trials was 2.9 kg, and it appears that
a change of at least 8.0 kg is needed to identify real changes in
power clean performance over time. The high reproducibility
of 1RM power clean testing and acceptable measurement
error in this study was likely because of a number of factors.
Our population of adolescents had, on average, 16 months of
experience in performing a variety of weightlifting move-
ments in a structured strength and conditioning program. The
subjects progressed from basic movements (e.g., front squat)
to more complex movements (e.g., power clean) as
competence and confidence improved. Although training
frequency varied throughout the year depending on sport
participation and school vacations, most of the subjects
participated in strength and conditioning activities at least
twice per week and received constructive feedback on proper
form and technique from weightlifting coaches. As previously
noted by Kraemer et al. (20), the process of increasing the
weight to a true 1RM can be enhanced by prior
familiarization with the testing exercise and the expertise
of investigators who evaluate the performance of each lift. Of
interest, Blazevich and Gill found significantly reduced
reliability in an unfamiliar squat strength test in healthy
adults who had at least 1 year of resistance training
experience (4).

Despite the growing popularity of weightlifting by high
school athletes and their coaches in the United States (8,27),
only limited normative data are available on the power clean
exercise for comparison. In the present investigation, the
subjects lifted approximately 70 kg on the 1RM power clean,
whereas the reported 50th percentile for this lift in 14- to
15-year-old high school American football players is 79 kg
(17). Factors including training experience, testing proce-
dures, quality of performance, and body mass may have
influenced the observed differences in performance. Also, the
subjects in our investigation participated in a variety of sports
including American football, lacrosse, and basketball.

The results of this investigation indicate that 1RM testing of
the power clean exercise can be used to track progress,
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develop personalized programs, and assess the effectiveness
of youth strength and conditioning programs. In addition,
1RM testing can provide motivation during yearly training
cycles. However, the proper administration of maximal
strength and power testing procedures requires qualified
instruction and consistent feedback on technical movements
and desired intensity progression. Although these tests can be
used by pediatric researchers and youth strength and
conditioning professionals to assess training-induced gains
in strength and power, field tests such as the standing long
jump or vertical jump may be more appropriate in physical
education classes as a general index of muscular fitness in
youth.

This study attempted to determine the reliability of the
1RM power clean in trained adolescent athletes. Our
substantive findings are consistent with those of similar tests
measured in adults (21,33) and are supportive of previous
investigations that examined 1RM strength testing in
children (12,13). We found that technique-driven 1RM
power clean testing has a high degree of reproducibility in
trained adolescents and can be safely evaluated in young
athletes provided that standard testing procedures are
followed. However, no conclusions can be made regarding
the reliability of power clean testing in inexperienced young
lifters. Future research might focus on establishing normative
1RM power clean data for male and female high school
athletes for comparative evaluations of maximal muscular
power to age- and gender-matched peers.

PRACTICAL APPLICATIONS

Muscular power is a key component to athletic ability in
many sports, and there is growing interest in strength and
conditioning in schools and youth sport training centers. The
key finding from this study is that the 1RM power clean
demonstrates excellent test-retest reliability and acceptable
measurement error in trained adolescent male athletes.
Because it is paramount for youth coaches to assess
performance with tests that are reliable, the 1RM power
clean can be added to protocols available to qualified
professionals to monitor training-induced changes in strength
and power and determine whether a real change in
performance has occurred. It is also important for youth
coaches to be able to reliably determine if gains in
performance after a training program are real or an artifact
of the measurement error associated with the test used to
assess changes in performance. Our findings indicate that
a difference in 1RM power clean performance of <2.9 kg
between tests is an expected variation for this exercise. In
addition, it appears that a change of at least 8.0 kg is needed to
identify a real change in 1RM power clean performance as
a result of strength and conditioning program in this young
population.

Although administering 1RM power clean tests according
to the procedures outlined in this study may yield reliable
data, unsupervised testing procedures or poorly performed
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exercises are not recommended under any circumstances
because of the potential for injury and reduced validity of test
measures (24). Substantive and consistent instruction from
qualified professionals is an integral component for achieving
highly reliable test measures in young athletes who need to
develop the coordination and skill technique to perform
these lifts correctly. Because of the high degree of
reproducibility demonstrated in this study, the 1RM power
clean can be considered a useful and meaningful test in high
school strength and conditioning programs provided criteria-
based testing guidelines are followed and practitioners have
experience measuring parameters of weightlifting perfor-
mance in young lifters.
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