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ABSTRACT

The primary purpose of this study was to investigate whether

the athlete who has high performance in hang power clean, a

common weightlifting exercise, has high performances in

sprinting, jumping, and changing of direction (COD). As the

secondary purpose, relationships between hang power clean

performance, maximum strength, power and performance of

jumping, sprinting, and COD also were investigated. Twenty-

nine semiprofessional Australian Rules football players (age,

height, and body mass [mean 6 SD]: 21.3 6 2.7 years, 1.8 6

0.1 m, and 83.6 6 8.2 kg) were tested for one repetition max-

imum (1RM) hang power clean, 1RM front squat, power output

during countermovement jump with 40-kg barbell and without

external load (CMJ), height of CMJ, 20-m sprint time, and 5–5

COD time. The subjects were divided into top and bottom half

groups (n = 14 for each group) based on their 1RM hang power

clean score relative to body mass, then measures from all other

tests were compared with one-way analyses of variance. In

addition, Pearson’s product moment correlations between

measurements were calculated among all subjects (n = 29).

The top half group possessed higher maximum strength (P ,

0.01), power (P , 0.01), performance of jumping (P , 0.05),

and sprinting (P , 0.01). However, there was no significant

difference between groups in 5–5 COD time, possibly because

of important contributing factors other than strength and power.

There were significant correlations between most of, but not all,

combinations of performances of hang power clean, jumping,

sprinting, COD, maximum strength, and power. Therefore, it

seems likely there are underlying strength qualities that are

common to the hang power clean, jumping, and sprinting.
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power, maximum strength, athletic performance

INTRODUCTION

P
erformance of jumping, sprinting, and changing of
direction (COD) impacts considerably on success
in team sports such as American football, Austra-
lian Rules football, volleyball, and basketball

(11,12,17,37). It has been well documented that power is
one of the important factors in the athletic performance
(1,5,6,23,37). Power is the mechanical quantity that expresses
the rate of doing work (10) and is largely dependant on the
ability to exert the highest possible force (i.e., maximum
strength) (25,29,30). Thus, how maximum strength and
power are effectively developed are important issues for
athletes and coaches in those sports. To optimize the athletes’
performance in competition, it is important to develop
maximum strength during the early phase of long-term
training and transfer maximum strength to power effectively
as the competition becomes closer (16,24). There is agree-
ment among researchers and practitioners (16,24,33) that the
use of training exercises involving heavy resistance such as
the squat is an effective method to develop maximum
strength. On the other hand, training exercises should involve
rapid acceleration extended through the entire movement to
develop power, and weightlifting exercises are commonly
prescribed for this purpose (19).

Weightlifting exercises include 2 competition lifts in the
sport of weightlifting (i.e., ‘‘snatch’’ and ‘‘clean and jerk’’) and
the variation of these exercises, such as hang power clean. The
weightlifting exercises involve exerting high forces against the
ground and applying these forces rapidly, so that it appears an
ideal form of exercise to exhibit high power output (19). For
example, Garhammer (14) reported that snatch and clean-
and-jerk exhibit much greater power outputs compared with
squat and deadlift. The movement of weightlifting exer-
cises allows an athlete to accelerate the barbell through the
entire range of pulling or driving movement and does not
require the athlete to decelerate the barbell velocity actively.
Once the athlete completes the acceleration of the barbell,
the barbell’s upward movement is controlled by the influ-
ence of gravity (19). Because of these characteristics, it has
been speculated that weightlifting exercises are beneficial
to improve an athlete’s capability of power production
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(4,19,23). As a result, many strength and conditioning pro-
grams incorporate weightlifting exercises for their athletes. For
example, most of the strength and conditioning coaches in the
National Football League (88%), National Basketball Associ-
ation (95%), and National Hockey League (100%) in North
America report having used weightlifting exercises in their
programs (8,9,26).

The purpose of this study was to investigate whether the
athlete who has high performance in hang power clean has high
performances in sprinting, jumping, and COD. The hang power
clean is a common weightlifting exercise among athletes, and
the technique of this exercise is relatively easy to learn compared
with other weightlifting exercises. This was the rationale for
using the hang power clean in this study. If the athletes who has
high performance in hang power clean has high performance in
jumping, sprinting, and COD, it could be speculated that the
strength qualities required for high performance in such a
weightlifting exercise are the same strength qualities critical for
high performance in jumping, sprinting, and COD. At present,
scientific research to support the efficacy of the weightlifting
exercises is scarce. Although several studies (2,3,13,15,18,21,28,
31) have examined the relationships between the biomechan-
ical characteristics of weightlifting exercise and jumping, there
is limited information available about the relationships between
the performance of weightlifting exercises, sprinting and COD
(1,18,31). It was envisaged that the findings of this investigation
would help elucidate why the weightlifting exercises have been
so popular. Second, the study would help determine whether
the weightlifting exercises share common strength qualities
with jumping, sprinting, and COD. Finally, the results would
allow us to speculate on the efficacy of the HPC for developing
maximum strength, power and performance of jumping,
sprinting, and COD.

METHODS

Experimental Approach to the Problem

Twenty-nine semiprofessional Australian Rules football
players participated in the present study. We tested 7 mea-
surements consisting of one repetition maximum (1RM) hang
power clean to evaluate performance of weightlifting exercise;
1RM front squat to evaluate maximum strength; power
output during the counter movement jump with a 40-kg
barbell (CMJ 40), and without external load (CMJ) to evaluate
maximal power; jump height of CMJ to evaluate jump
performance; 20-m sprint time to evaluate sprint performance;
and 5–5 COD (Figure 1) time to evaluate COD performance.
The subjects were then divided into 2 groups based on
whether they were above or below the median score for 1RM
hang power clean. Values obtained from all other tests were
then compared between these 2 groups. In addition,
correlations between measurements among all subjects were
calculated to examine the strength of relationships.

Subjects

Twenty-nine male semi-professional Australian Rules football
players were recruited. Their age, height, and body mass

(mean 6 SD) were, 21.3 6 2.7 years, 1.8 6 0.1 m, and 83.6 6

8.2 kg. The present study was conducted during January and
February 2006. All subjects were familiar with basic resistance
exercises such as bench press and back squat from their
previous seasons. During their off season strength and
conditioning program (October 2005 to January 2006), the
subjects performed hang power clean and front squat 2–3
times per week under the supervision of their club’s coaching
staff. At the time of data collection, all subjects were able to
perform hang power clean and front squat appropriately and
none of them had any illness or injuries which would affect
the test results. After the data collection of the present study,
the subjects’ strength and conditioning program moved to the
specific preparation phase to prepare their 2006 season in
which the first match was held in April 2006. This study was
approved by Edith Cowan University Human Research
Ethics Committee. All subjects read the information letter
explaining the procedure of the study, and signed the
informed consent document.

Tests and the Order

The testing was administered over 3 different days, and each
test day was separated by at least 48 hours to minimize the
effects of fatigue. Each test day consisted of the following
measurements:
� Day 1: 20 m sprint and 5–5 COD
� Day 2: CMJ and CMJ 40
� Day 3: 1RM hang power clean and 1RM front squat

Before the start of each test day, subjects were instructed to
warm-up with several minutes of aerobic exercises (jogging,
biking, or rowing) and dynamic stretching.

Test Procedure

1 RM Hang Power Clean. Hang power clean began from
a position such that the subjects stood and held the barbell in
front of his body. The subject started the movement by
lowering the barbell to above his knee. From above the knee,
the subject moved the barbell upward explosively, and
received the barbell at his shoulder height (21). The

Figure 1. Weighted jump squat.

VOLUME 22 | NUMBER 2 | MARCH 2008 | 413

Journal of Strength and Conditioning Research
the TM

| www.nsca-jscr.org



investigator estimated the subject’s 1RM from his recent
training log, and planned the weights to be lifted during
a series of warm-up sets. In each set, the subject performed
one to three repetitions, and the weight was increased every
set. The subject started the warm-up with the set using bar
only (20 kg), added 20–40 kg each set until the load was
about 60% of estimated 1RM and then added 5–10 kg until
the load was 90% of estimated 1RM. After these sets were
completed, the weight was increased by 2.5 or 5 kg after each
set until their 1RM was determined. The absolute value and
the value divided by the subject’s body mass were used for
the statistical analysis.

1 RM Front Squat. The subject’s feet position and grip width
were self selected. The subject placed the barbell on his
anterior part of deltoid muscles and clavicles. Then, he
squatted until his posterior surface of thigh became parallel to
the floor, and stood up to his starting position. The movement
was observed by the investigator to ensure test compliance.
Prior to the test, the subject completed a few warm-up sets as
explained in the 1RM hang power clean. The absolute value
and the value divided by the subject’s body mass were used for
the statistical analysis.

Counter Movement Jump With 40-kg Weight. The subject’s feet
position, barbell position and grip width were self selected. He
squatted down to his comfortable depth, and then jumped
vertically as high as possible. The CMJ 40 was performed on
a force platform (Performance Plate, Fitness Technology,
Adelaide, Australia) so as to record ground reaction force
(GRF, Figure 1). Vertical component of ground reaction force
was sampled at 200 Hz for 5 seconds using the computer
software (Ballistic Measurement System, Innervations, Perth,
Australia), and the vertical component of peak power output
was obtained using the following process; velocity of the
center of gravity (COG) of the system was calculated from
GRF-time data based on the relationship between impulse
and momentum in which impulse is equal to the changes in
momentum, and power applied to the COG of the system

was calculated as the product of velocity of the COG of the
system and GRF at each time point (7,20). The subjects
performed the CMJ 40 twice, and the intraclass correlation
coefficient (ICC) obtained from the 2 repetitions was 0.97.
The higher peak power value of the 2 repetitions (absolute
value and the value divided by the subject’s body mass) was
used for the statistical analysis.

Counter Movement Jump. Peak power during CMJ was
also calculated using the force platform and computer
software described previously. In addition, the peak displace-
ment (jump height) was estimated from changes in the
velocity of the COG of the system. The subject squatted to his
comfortable depth, and then without pausing, jumped as high
as possible. The subject placed a light fiberglass stick on their
shoulders, and kept holding the stick throughout the tests to
eliminate the effects of arm swing and isolate force production
by the lower extremities (37). The subject performed the CMJ
twice, and the ICC was obtained from the two repetitions
(0.95 for peak power and 0.85 for jump height). The peak
power value (absolute value and the value divided by the
subjects’ body mass) and jump height during the trial which
exerted higher peak power value were used for statistical
analysis.

20-m Sprint. The 20-m sprint performance was measured by
using the 2 pairs of timing gates (Kinematic Measurement
System, Fitness Technology, Adelaide, Australia). Timing
gates were placed 0 m and 20 m from start line. Details about
this equipment have been published elsewhere (6). The
subject started in a standing position with the toes of the

Figure 2. Description of 5–5 change of direction.

TABLE 1. Comparison between top 50% and bottom
50% in the 1RM hang power clean.

Top 50%
(mean 6 SD)

Bottom 50%
(mean 6 SD)

HPC 1RM† 80.2 6 8.6 70.2 6 5.9
HPC 1RM/BM† 1.0 6 0.1 0.8 6 0.1
FS 1RM* 105.4 6 7.2 96.6 6 13.7
FS 1RM/BM† 1.3 6 0.1 1.1 6 0.2
CMJ 40 kg PP (W) 3952 6 522 3752 6 375
CMJ 40 kg PP

(W/kg)† 49.9 6 4.8 43.8 6 3.4
CMJ PP (W) 3910 6 318 3984 6 555
CMJ PP (W/kg)† 50.3 6 4.9 45.0 6 3.1
CMJ height (cm)* 43.1 6 4.1 39.9 6 3.2
Sprint (s)† 3.11 6 0.04 3.22 6 0.09
COD (s) 2.58 6 0.09 2.65 6 0.11

HPC = hang power clean; PP = peak power; FS =
front squat; CMJ = counter movement jump with
40-kg barbell; CMJ = counter movement jump without
external load.

*P , 0.05.
†P , 0.01.
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preferred foot just inside the starting line. The subject was
instructed to start in his own time without any starting signal.
Each subject performed the sprinting twice, and the better
time was used for further statistical analysis. ICC obtained
from the two repetitions was 0.80.

5–5 COD. Two lines (start line and 5-m line) were marked on
the ground, 5-m apart (Figure 2). The pair of aforementioned
timing gates was placed at the start line. The subject sprinted
from the start line, then turned 180� on a line 5-m distant, and
sprinted until the subject passed the start line again. The
subject started as described for the 20-m sprint. When he
turned, he was asked to either step on or step across the 5-m
line. The time taken was obtained electronically from the
timing gate system. This test was performed twice each with
changing direction by right and left feet, and the best time of
4 trials (i.e., 2 of right foot and 2 of left foot) was used for
statistical analysis. ICC obtained from the two best scores
was 0.80.

Statistical Analyses

The subjects were divided into top half group (n = 14) and
bottom half group (n = 14) based on 1RM hang power clean
relative to the subject’s body mass. The 1RM value relative to
the subject’s body mass was used because Baker and Nance
(1) reported that the value relative to the body mass was
more meaningful than the absolute value to examine the
relationships between maximum strength, power and athletic
performance. Since the present study had recruited an odd
number of subjects, the middle of all 29 subjects was excluded
from this statistical analysis (i.e., 1st to 14th subjects: top half
group, 15th subject: excluded from this analysis, and 16th–29th

subjects: bottom half group). The values obtained from each

test were compared between these 2 groups with the use of
one-way analyses of variance. The independent variable was
group, and dependent variables were 1RM hang power clean
(absolute value and value relative to the subjects’ body mass),
1RM front squat (absolute value and value relative to the
subjects’ body mass), peak power in CMJ 40-kg and CMJ
(absolute value and value relative to the subjects’ body mass),
jump height in CMJ (centimeters), time in 20-m sprint
(seconds), and time in 5–5 COD (seconds). In addition,
correlations between all measurements among all subjects
were calculated by Pearson’s product moment correlation
coefficient (n = 29). The criterion for statistical significance
was set at P # 0.05 for all analyses.

RESULTS

The results for the different groups in the 1RM hang power
clean relative to the subjects’ body masses are shown in Table 1,
and correlations between each measurement among all
subjects are presented in Table 2. As can be observed from
Table 1, the top half group exhibited significantly greater
values than the bottom half group except for absolute peak
power in CMJ and CMJ 40, and time in 5–5 COD. In
addition, there were significant correlations found between
most of, but not all combination of hang power clean
performance and measurements of maximum strength,
power, and jump, sprint, and COD performance (Table 2).

DISCUSSION

In this study, we attempted to reveal whether an athlete who
possesses higher performance in hang power clean perform
better in jumping, sprinting, and COD than athlete who
possesses lower performance in this exercise. To gain a better

TABLE 2. Relationships between each measurement (Pearson’s r).

HPC
1RM

HPC
1RM/BM

FS
1RM

FS
1RM/BM

CMJ
40 PP

CMJ
40 PP/BM

CMJ
PP

CMJ
PP/BM

CMJ
Height Sprint COD

HPC 1RM
HPC 1RM/BM 0.68†
FS 1RM 0.39* 0.25
FS 1RM/BM 0.08 0.55† 0.70†
CMJ 40 PP 0.58† 0.13 0.32† 20.11
CMJ 40 PP/BM 0.38* 0.60† 0.26 0.45* 0.63†
CMJ PP 0.21 0.13 20.15 20.21 20.01 20.09
CMJ PP/BM 0.30 0.58† 0.11 0.38 0.50† 0.92† 20.26
CMJ height 0.41* 0.51† 0.29 0.34 0.54† 0.75† 20.12 0.81†
Sprint 20.58† 20.57† 20.60† 20.51† 20.49† 20.62† 0.19 20.58† 20.69†
COD 20.41* 20.34 20.51† 20.37* 20.39* 20.38* 20.13 20.27 20.42* 0.52†

HPC = hang power clean; /BM, relative to body mass; FS = front squat; CMJ 40, counter movement jump with 40-kg barbell;
PP = peak power; CMJ = counter movement jump without the external load.

*P , 0.05.
†P , 0.01.
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understanding, we also examined whether there were any
underlying strength qualities that were common to the hang
power clean and jumping, sprinting and COD. The major
outcome was that the top half group in the 1RM hang power
clean relative to the subjects’ body mass had higher per-
formance of jumping and sprinting, and demonstrated higher
maximum strength measured by the 1RM front squat (both
absolute and relative to the subject’s body mass) and higher
power measured by peak power output in the CMJ 40
(relative to the subject’s body mass) and CMJ (relative to the
subject’s body mass). Thus, it seems that the individual who
can perform well in the 1RM hang power clean possesses
high maximum strength and power that is essential for peak
performance of jumping and sprinting. One RM hang power
clean relative to the subject’s body mass, 1RM front squat
relative to the subject’s body mass, power output relative to
the subject’s body mass in CMJ 40 and CMJ, jump height in
CMJ, and time in the 20-m sprint were significantly correlated
each other (r = 0.51–0.60). From these significant correla-
tions, it seems reasonable to assume that the 1RM hang
power clean was sharing similar strength qualities required for
jumping and sprinting. Previous studies (27,32) have reported
the ability to apply high force and power in the vertical
direction is related to performance of sprinting, so that it has
been suggested that the activity exerting high force and
power rapidly in vertical direction such as the weightlifting
exercises would help to develop sprint performance (1,34).
Also, the present study is in agreement with the previous
studies (3,28) reporting that the subject who can exhibit
higher 1RM in the weightlifting exercises was able to jump
higher and exert higher power output during vertical jump
movement.

However, there was no significant difference in perfor-
mance of 5–5 COD between the groups. Interestingly, there
was no significant correlation between the 5–5 COD time and
the 1RM hang power clean relative to the subject’s body mass
(r = 20.34), but there was a significant correlation between
the 5–5 COD time and the absolute value of 1RM hang power
clean (r = 20.41). It was hypothesized that the value relative
to the subject’s body mass would be more related to the 5–5
COD performance than the absolute value (1), and we cannot
propose any explanation of this unexpected result. In our
opinion, the 5–5 COD can be divided into 2 phases: (1) start
line to 5-m line, and (2) 5-m line to start line. The ability to
accelerate quickly at the start line is an important part of 5–5
COD. However, when the athlete changes his direction, the
higher the velocity before the COD, the greater is the momen-
tum that he needs to overcome. Perhaps it is counter-
productive if the athlete accelerates his velocity more than
necessary prior to the COD. Therefore, it is speculated that
the optimal decision making about how much the athlete
accelerates his velocity and when he starts to decelerate
during the first 5 m is the other factor determining the
performance of 5–5 COD. The 1RM front squat (both
absolute and body mass relative) and CMJ 40 power (both

absolute and body weight relative) were significantly
correlated with 5–5 COD (r = 0.37–0.51), so that maximum
strength and power are still factors contributing the
performance of 5–5 COD. However, it appears likely that
other factors influence COD performance such as the ability
of optimal decision making. Possibly, it may be the reason
why the present study did not show any significant difference
between 5–5 COD time in the two groups. Further, the
importance of the ability to accelerate/decelerate his velocity
in performance of COD may be varied dependent on the
pattern of running such as distance of sprint and angle of
COD (22,35,36).

Although the present study found that the performance of
1RM hang power clean could differentiate performance of
jumping and sprinting, the design used in the present study
could not explain the cause and effect. For practitioners, it is
important to consider if the training of weightlifting exercises
(e.g., hang power clean) would improve the performance of
jumping, sprinting and COD. At present, only 3 training
studies (18,28,31) have investigated the effects of training
with weightlifting exercises on the performance of jumping,
sprinting and/or COD. Stone et al. (28) reported that 14
weeks training with weightlifting exercises improved jump
performance significantly. However, this study did not exam-
ine the effects of weightlifting exercises on sprinting and
COD performance. Hoffman et al. (18) compared the effects
of 15 weeks of weightlifting exercises versus powerlifting
exercises (i.e., squat, bench press, and deadlift) on jumping,
sprinting, and COD performance, and reported the efficacy
of weightlifting exercises on jumping performance. However,
this study had limitations in their measurements of per-
formance. For example, the pretest values of sprint and COD
were taken during preseason of the previous year, which was
several months before when the training intervention started.
In this manner, the effects of weightlifting exercises on sprint
and COD might not have been assessed appropriately.
Tricoli et al. (31) have reported that the improvement in
jumping and sprinting performance was larger for a weight-
lifting group compared with a vertical jump training group
after an 8-week training intervention performed 3 times
a week. However, the study used physical education students
as subjects who had no lower-body strength training for
three months prior to the investigation. Therefore, it is ques-
tionable if the findings from this study can be applied to
athletes, particularly those who already have an extensive
resistance training background. As a future direction, it is
warranted further investigation involving well controlled
training interventions overcome the weakness of previous
training studies (18,28,31).

In conclusion, the present study found that the group
possessing the greater 1RM hang power clean relative to the
body mass also possessed higher maximum strength, power
and performance of jumping and sprinting. However, the
1RM hang power clean relative to the subject’s body mass
could not differentiate the good and poor performance of
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COD. There were significant correlations between the 1RM
hang power clean relative to the subject’s body mass,
maximum strength, power and performance of jumping
and sprinting, but there was no correlation between the 1RM
hang power clean relative to the subject’s body mass and
COD although there were significant correlations between
absolute value and the performance of COD.

PRACTICAL APPLICATIONS

From the results of this study, it may be speculated the
training of the weightlifting exercises such as the hang power
clean may be effective to improve the athlete’s capability of
power, and subsequently athletic performance which requires
high power for skills such as jumping, sprinting. However,
there was no significant difference between the 5–5 COD time
of top and bottom half groups in the 1RM hang power clean
relative to the subject’s body mass, and the correlation coef-
ficient between the 1RM hang power clean (both absolute
and relative to body mass) and jumping, sprinting, and COD
(r = 0.37–0.58) implied that there was a large amount of
variance that the 1RM hang power clean could not explain.
From the findings of the present study, practitioners may
incorporate the weightlifting exercises into their programs,
but it is also recommended to take a holistic approach to
improve jump, sprint and COD performance which includes
skill practice in addition to development of maximum
strength and power.

In addition to the findings discussed, the present study also
suggests that 1RM hang power clean may be a good bench-
mark test of strength and power. In general, practitioners cannot
conduct the performance measurement test as frequently as
they want because of a number of uncontrollable reasons. For
example, sport teams located in cold environments cannot
conduct sprint performance tests outdoors during the winter.
Further, unless sufficient testing equipment (e.g., force plate,
jump and reach, or timing gates) are available, it is very difficult
to test large numbers of athletes at once. Thus, practitioners
often encounter problems of scheduling especially during the
in-season. Practitioners working in these circumstances may
consider the 1RM hang power clean as a convenient way to
assess the athletes’ neuromuscular performance instead of
actual measurement of jumping height or sprinting time since
the hang power clean can be performed as a part of regular
training. Particularly when the training program is in high
intensity and low volume phase, typically used in-season,
experienced practitioners could easily estimate their athletes’
1RM even if their 1RM were not actually measured. The hang
power clean appears to provide a useful summary measure to
track athlete strength and power for monitoring progression
and training program effectiveness as well as possible declines
attributed to injury, illness, or overtraining.
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