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The injury epidemiology of competitive power lifters was inves-
tigated to provide a basis for injury prevention initiatives in
power lifting. Self-reported retrospective injury data for 1 year
and selected biographical and training information were ob-
tained via a 4-page injury survey from 82 men and 19 women
of varying ages (Open and Masters), body masses (lightweight
and heavyweight), and competitive standards (national and in-
ternational). Injury was defined as any physical damage to the
body that caused the lifter to miss or modify one or more train-
ing sessions or miss a competition. A total of 118 injuries, which
equated to 1.2 � 1.1 injuries per lifter per year and 4.4 � 4.8
injuries per 1,000 hours of training, were reported. The most
commonly injured body regions were the shoulder (36%), lower
back (24%), elbow (11%), and knee (9%). More injuries appeared
to be of a sudden (acute) (59%) rather than gradual (chronic)
nature (41%). National competitors had a significantly greater
rate of injury (5.8 � 4.9 per 1,000 hours) than international com-
petitors (3.6 � 3.6 per 1,000 hours). The relative proportion of
injuries at some body regions varied significantly as a function
of competitive standard and gender. No significant differences
in injury profile were seen between Open and Masters or be-
tween lightweight and heavyweight lifters. Power lifting ap-
pears to have a moderately low risk of injury, regardless of the
lifter’s age, body mass, competitive standard, or gender, com-
pared with other sports. Future research should utilize a pro-
spective cohort or case-controlled design to examine the effect of
a range of other intrinsic and extrinsic factors on injury epide-
miology and to assess the effects of various intervention strate-
gies.
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INTRODUCTION

P
ower lifting is a sport conducted in a similar
fashion to Olympic weightlifting, in which the
lifters compete in divisions based on age, body
mass, and gender. Although the exercises per-
formed by power lifters in training and com-

petition are similar to those performed by many other
weight trainers, power lifting training differs consider-
ably from the training of the vast majority of commercial
gym members. Power lifters are continually pushing the
envelope in order to exceed their previous personal record
1 repetition maximums in the squat, bench press, and
deadlift exercises, with the ultimate aim being to lift
greater loads than anyone else in their division. As a re-

sult of their never-ending quest to lift heavier loads in
these 3 exercises, power lifters can be considered the ath-
letic group closest to the edge of the strength potential of
the human race (8, 33). The squat involves placing a load-
ed barbell on the shoulders, flexing at the hip and knee
joints, and descending until the superior surface of the
thigh at the hip joint is lower than the knee joint. The
lifter then attempts to return to the starting position by
extending the knee and hip joints. The bench press re-
quires the lifter to lay supine on a bench, lower a barbell
to the chest (where it is held momentarily), and then ex-
tend the elbows so the bar finishes above the shoulders.
For the deadlift, the lifter starts in a crouched position
over the barbell and by knee and hip extension pulls the
bar (with straight arms) off the ground to a position
across the upper thighs.

Inspection of the current International Powerlifting
Federation (IPF) men’s world records reveals that the
loads lifted in the bench press can exceed 3 times the
lifters’ body mass, while the loads lifted in the squat and
deadlift can be greater than 5 times the lifters’ body mass.
In order to lift such loads, power lifters must generate
exceedingly large internal (musculoskeletal) forces and
torques and may therefore be susceptible to a range of
musculoskeletal injuries (4, 23).

To the authors’ knowledge, only 5 studies (all retro-
spective in design) have investigated the injury epidemi-
ology of power lifting (4, 16, 17, 26, 27). These studies
have focused on Stage I of the van Mechelen injury model
(32), as they sought to characterize the injury profile of
power lifting by determining the rate, location, severity,
or type of injury suffered by power lifters. A summary of
these studies is presented in Table 1.

Based on these studies it appears that power lifting
results in a relatively low number of injuries (�2 per
year), with the majority of these being to the lower back
and shoulder. It is also known that power lifters may suf-
fer a range of injury types, with the majority of these
being symptomatic for moderately short periods of time
(�3 weeks). However, the epidemiology picture for power
lifting injury is still incomplete, with a number of gaps
still present in this literature. Limited data are available
on the nature of the onset of injury, the manner in which
the injuries affect training, the mechanisms underlying
injury, and the rehabilitation procedures used by power
lifters to recover from these injuries. The power lifters
used in the previous studies have typically also been
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young adult (Open) men. As power lifting is a sport that
caters to Junior, Open, and Masters lifters of each gender,
various body masses, and competitive standards, addi-
tional research is required in order to determine the effect
that such intrinsic factors could have on the injury epi-
demiology of power lifting (32). Accordingly, the present
authors asked power lifters of varying ages, body masses,
competitive standards, and genders to complete a retro-
spective injury survey that included questions on the na-
ture of the number, location (body region), onset, and
cause of injury; the manner in which the injuries affected
training; and the rehabilitation procedures used to recov-
er from injuries. This survey was adapted from previously
validated retrospective injury surveys (4, 19, 20).

Retrospective surveys have some limitations for injury
epidemiology research (14, 20, 31), namely, the accurate
recall of injury. For example, Gabbe et al. (14) reported
that when Australian rules footballers completed a ret-
rospective injury survey at the conclusion of a 1-year pro-
spective injury study, they were only able to correctly re-
call 78.6% of the total injuries and injured body regions.
The present study sought to mitigate this effect. A ret-
rospective design was used with the power lifters, as they
are generally meticulous in recording their daily training
sessions in training diaries. We therefore argued that
they would be better able to recall information (in a ret-
rospective manner) relevant to a study of injury epide-
miology than many other athlete groups (including Aus-
tralian rules footballers) who don’t prospectively record
their training sessions. Nevertheless, the validity of de-
termining injury type (e.g., sprain, strain, etc.) in retro-
spective injury surveys has not been shown to be high,
even when assessed by trained medical personnel (14).
Further concerns regarding the validity of injury type
data in retrospective injury surveys for power lifters have
also been expressed (4, 23). As a result of these concerns,
no data on injury type was collected in the present study.

METHODS

Experimental Approach to the Problem

The present study used a retrospective injury survey in-
volving categorical and open-ended questions to further
examine the injury epidemiology of power lifting. In par-
ticular, this study sought to examine how 4 intrinsic fac-
tors (i.e., age, body mass, competitive standard, and gen-
der) would influence the rate, body region, onset, and se-
verity of power lifting injury as well as the exercises af-
fected, causative exercises, and injury treatment options
(32).

Subjects

The majority of the subjects for this study were recruited
at 1 regional-, 1 national-, or 1 international-level power
lifting competition held in New Zealand during 2002. Of
the lifters approached at these competitions, over 50%
agreed to participate. Just under 20% of the total subjects
were recruited by posting notices on local web-based pow-
er lifting forums in late 2002 and early 2003. As a result
of these recruitment strategies, 82 men and 19 women
gave informed consent to participate in the study (see Ta-
ble 2). To be eligible to participate in this study, the lifters
had to have trained specifically for power lifting for at
least 1 year and had to have entered at least 1 power
lifting competition in that time period. As a result of these
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inclusion criteria, there was considerable intersubject
variability in power lifting experience and ability. At one
extreme, some lifters were in their first full year of power
lifting competition, and others were seasoned competi-
tors, having competed (and medaled) in IPF Oceania or
Worlds Championships. Although it could not be stated
categorically that all power lifters were drug free during
the course of this study, the lifters were subject to random
in- and out-of-competition drug testing. No lifters tested
positive to anabolic agents during the course of the study.
All procedures used in this study complied with the
guidelines of the Auckland University of Technology Eth-
ics Committee.

Procedures

For the purposes of this study, an injury was defined as
any physical damage to the body that caused the lifter to
miss or modify one or more training sessions or to miss a
competition (17, 19, 20, 27, 32). Based on this definition,
occurrences such as delayed-onset muscle soreness, blis-
ters, etc., were not considered injuries unless they were
of sufficient magnitude to cause the lifter to miss or mod-
ify his or her regular training program or to miss a com-
petition. The survey contained questions on the anthro-
pometric, demographic (e.g., age, competitive standard,
gender), training (resistance- and power lifting–training
experience, hours of training per week), and injury (rate
per lifter per year, rate per 1,000 hours training, body
region, onset, severity, exercises affected, causative ex-
ercise, and treatment type) characteristics of the lifters.
It was made clear to the power lifters that they were to
complete this survey based on their previous 12 months
of training.

Injured body regions were categorized as shoulder,
arm, elbow, chest, upper back, lower back, hip and but-
tock, thigh, knee, or other. A sudden (acute) injury was
defined as an injury that occurred at a specific point in
time, whereas gradual-onset (chronic) injuries were de-
fined as any mild pain or discomfort that gradually be-
came worse over time. An estimate of the severity of the
injury was based on the way in which the training pro-
gram or competition had to be modified or discontinued
and the exercises that were modified or discontinued. No
distinction of injury severity was made with regard to
whether the injury affected training or competition per-
formance. A mild modification (effect) meant that the lift-
er had to modify his or her execution of an exercise; a
moderate effect meant that the lifter had to stop perform-
ing an exercise; and a major effect meant that the lifter
had to cancel all training sessions for a period of at least
1 week. A somewhat similar approach has been recently
used to assess injury severity in kickboxing classes (30).
The activities that were believed to cause the injury and
the treatment options used to rehabilitate the injuries
were also recorded. Injury-causing activities were divided
into weight training, cross-training, and unknown cate-
gories. Weight training injuries were further categorized
as occurring as a result of each of the 3 individual power
lifts or as a result of other weight training exercises.
These other weight training exercises will be referred to
as assistance exercises in the remainder of the text, as
this term is commonly used by power lifters. Cross-train-
ing injuries were defined as those resulting from any oth-
er recreational (non power lifting) pursuits. Rehabilita-
tion options included no treatment (rest); self-treatment
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(e.g., ice, strapping, and massage), and medical treatment
(e.g., physician, physiotherapist, chiropractor).

Statistical Analyses

Means and standard deviations were calculated for the
subject characteristics and injury rates. Injury rates were
quantified in 2 ways: the number of injuries per lifter per
year and the number of injuries per 1,000 hours of train-
ing. In order to calculate the number of injuries per 1,000
hours of training, annual exposure (training) time was
estimated by multiplying each lifter’s reported average
weekly training time by the number of weeks in a year
(27). For all other dependent variables (e.g., onset of in-
jury and causative activity), the number and percentage
of total occurrences were calculated. Results were calcu-
lated for the entire sample, as well as for the various sub-
groups of age (Open: �40 years and Masters: �40 years),
body mass (lightweight and heavyweight), competitive
standard (National and International), and gender (men
or women). International lifters were defined as those
who had competed in IPF Oceania or World Champion-
ships, with all remaining lifters described as being of Na-
tional level. As men and women compete in 11 and 10
body mass (bodyweight) classes, respectively, in IPF
events, arbitrary body mass cut-offs were selected for the
present study in order to categorize lifters as lightweight
or heavyweight. Lifters were assigned to these groups
based on their normal competition body weight class, with
lightweight men and women being defined as �90 kg and
�67.5 kg, respectively. All lifters who competed at greater
bodyweights were defined as being heavyweights.

A 2-tailed unequal variance t-test was used to deter-
mine if any significant differences existed in the demo-
graphics or injury epidemiology of the power lifters as a
function of age, body mass, competitive standard, or gen-
der. Statistical significance was set at p � 0.05. All anal-
yses were performed using Microsoft Excel (version 9.0;
Microsoft, Seattle, WA).

RESULTS

The main finding of the present study was that power
lifting resulted in a relatively low rate of injuries and that
the severity of the majority of these injuries, as estimated
by the effect on training, was not that high. While some
significant differences in injury epidemiology existed be-
tween national and international level lifters, as well as
between men and women, no significant differences were
observed as a function of age or body mass.

A summary of these results is presented in Tables 3
and 4. Each table includes data for the entire sample of
101 power lifters as well as for the subgroups represent-
ing age, body mass, competitive standard, and gender. A
portion of this data has been previously presented in ab-
stract form (18).

Power lifter injury rates, proportion of injuries at var-
ious body regions, and onset of injury data are presented
in Table 3. Table 3 indicated that on average, each power
lifter obtained just over 1 injury per year (4 injuries per
1,000 hours of training), with the most frequently injured
body regions being the shoulder (36%) and lower back
(24%). National lifters had a significantly greater number
of injuries per 1,000 hours of training than international
lifters. A number of significant differences were also ob-
served in the relative injury rate at different body regions
between national and international lifters, as well as be-

tween men and women. National lifters had a signifi-
cantly greater rate of shoulder and chest injuries, but
fewer thigh injuries, than international lifters. Men had
a significantly higher rate of chest and thigh injuries than
women.

The severity of injuries, as estimated by the effect of
the injuries on training, the injury-causing activities,
and, to some extent, the injury treatment options, are
presented in Table 4. Most injuries had a mild (39%) to
moderate (39%) effect (severity) on training, meaning
that the lifters only had to make relatively minor modi-
fications to the prescribed training program. No one par-
ticular power lifting exercise was found to be affected by
injury to a greater extent than the others, with each in-
jury having a 33–41% chance of affecting the training of
each of the 3 power lifts. The majority of the injuries were
caused by the 3 power lifts (52%) or assistance exercises
(20%), although some injuries were attributed to cross-
training activities (13%) or were of unknown origin (15%).
The power lifters utilized self-treatment (31%) or medical
professionals (57%) for the majority of their injuries.

DISCUSSION

Power lifting is a sport in which the stresses applied to
the musculoskeletal system of the body when the lifter is
performing the squat, bench press, and deadlift exercises
can be immense (7, 12, 13). Some members of the public,
sporting, medical, and scientific communities may believe
that power lifting is an inherently dangerous sport that
would result in numerous serious or long-term injuries.
The results of this study indicated that power lifters suf-
fer a relatively low number of injuries during the course
of a year and that the majority of these injuries were of
minor or moderate severity in terms of their effect on sub-
sequent training.

The rate of injury observed in the present study for
the Oceania power lifters appeared relatively low, possi-
bly much lower than what many sections of the commu-
nity would have expected. This relatively low rate of in-
jury appeared consistent with the results described in the
power lifting literature, in which 1–2 injuries per year (1–
4 injuries per 1,000 hours of training) have been reported
for American, Canadian, German, and Swedish power
lifters (4, 16, 17, 26, 27). On the basis of these retrospec-
tive studies, it would appear that power lifters suffer a
substantially lower rate of injuries than the 15–161 in-
juries per 1,000 hours reported for ice hockey (25), rugby
league (15), and rugby union players (1), but power lifters
suffer a comparable number of injuries (2–4 injuries per
1,000 hours) to those observed for field hockey (31), gym-
nastics (19), and track and field athletes (31). However,
such comparisons must be made with some degree of cau-
tion, as it was somewhat unclear whether or not the pre-
vious studies included training as well as competition in-
juries. Interstudy differences in the injury definition and
data collection procedures could also make comparisons
between the present study and those of the literature dif-
ficult. The latter point is particularly important, as ret-
rospective studies may underestimate the true rate of in-
jury (14, 20, 31).

Although epidemiological research is generally con-
cerned with the average response of a sample of the pop-
ulation, the present study was also interested in the de-
gree of interindividual variability in injury rate. Consid-
erable interlifter variation was observed, with 34 of the



676 KEOGH, HUME, AND PEARSON

T
A

B
L

E
3.

R
at

e,
bo

dy
re

gi
on

,
an

d
on

se
t

of
in

ju
ry

in
po

w
er

li
ft

er
s.

In
ju

ry
ra

te
s

ar
e

pr
es

en
te

d
as

m
ea

n
�

S
D

.
T

h
e

re
su

lt
s

fo
r

bo
dy

re
gi

on
in

ju
re

d
an

d
in

ju
ry

on
se

t
ar

e
ex

pr
es

se
d

in
2

w
ay

s,
w

it
h

th
e

fi
rs

t
va

lu
e

be
in

g
th

e
to

ta
l

n
u

m
be

r
of

oc
cu

rr
en

ce
s

an
d

th
e

se
co

n
d

n
u

m
be

r
(i

n
pa

re
n

th
es

es
)

th
e

pe
rc

en
ta

ge
of

to
ta

l
oc

cu
rr

en
ce

s.

A
ll

li
ft

er
s

(n
�

10
1)

A
ge

O
pe

n
(n

�
59

)
M

as
te

rs
(n

�
42

)

B
od

y
m

as
s

L
ig

h
tw

ei
gh

t
(n

�
59

)
H

ea
vy

w
ei

gh
t

(n
�

42
)

C
om

pe
ti

ti
ve

st
an

da
rd

N
at

io
n

al
(n

�
36

)
In

te
rn

at
io

n
al

(n
�

65
)

G
en

de
r

M
en

(n
�

82
)

W
om

en
(n

�
19

)

In
ju

ry
ra

te
In

ju
ri

es
·li

ft
er

�
1
·y

�
1

In
ju

ri
es

·1
,0

00
h

�
1

tr
ai

n
in

g
an

d
co

m
pe

ti
ti

on

1.
2

�
1.

1

4.
4

�
4.

8

1.
1

�
1.

0

4.
0

�
4.

7

1.
3

�
1.

1

4.
7

�
4.

7

1.
1

�
1.

0

4.
3

�
5.

3

1.
3

�
1.

2

4.
4

�
4.

1

1.
4

�
1.

1

5.
8

�
4.

9

1.
0

�
1.

1

3.
6

�
3.

6*

1.
2

�
1.

1

4.
7

�
5.

1

1.
1

�
1.

1

3.
1

�
3.

4

B
od

y
re

gi
on

S
h

ou
ld

er
in

ju
ry

43
(3

6.
1%

)
21

(3
3.

9%
)

22
(3

9.
3%

)
24

(3
8.

7%
)

19
(3

9.
0%

)
21

(4
2.

0%
)

22
(3

2.
4%

)*
34

(3
4.

3%
)

9
(4

5.
0%

)
A

rm
in

ju
ry

E
lb

ow
in

ju
ry

C
h

es
t

in
ju

ry
U

pp
er

ba
ck

in
ju

ry
L

ow
er

ba
ck

in
ju

ry

3
(2

.5
%

)
13

(1
1.

0%
)

4
(3

.4
%

)
2

(1
.7

%
)

28
(2

3.
7%

)

0
(0

.0
%

)
8

(1
2.

9%
)

3
(4

.8
%

)
2

(3
.2

%
)

15
(2

4.
2%

)

3
(5

.4
%

)
5

(8
.9

%
)

1
(1

.8
%

)
0

(0
.0

%
)

13
(2

3.
2%

)

3
(4

.8
%

)
6

(9
.7

%
)

3
(4

.8
%

)
1

(1
.6

%
)

11
(1

7.
7%

)

0
(0

.0
%

)
7

(1
2.

5%
)

1
(1

.8
%

)
1

(1
.8

%
)

17
(3

0.
4%

)

0
(0

.0
%

)
5

(1
0.

0%
)

4
(8

.0
%

)
2

(4
.0

%
)

10
(2

0.
0%

)

3
(4

.4
%

)
8

(1
1.

8%
)

0
(0

.0
%

)*
0

(0
.0

%
)

18
(2

6.
5%

)

3
(3

.0
%

)
9

(9
.1

%
)

4
(4

.1
%

)
2

(2
.0

%
)

24
(2

4.
2%

)

0
(0

.0
%

)
4

(2
0.

0%
)

0
(0

.0
%

)*
0

(0
.0

%
)

4
(2

0.
0%

)
H

ip
or

bu
tt

oc
k

in
ju

ry
T

h
ig

h
in

ju
ry

K
n

ee
in

ju
ry

O
th

er
bo

dy
re

gi
on

in
ju

ry

2
(1

.7
%

)
7

(5
.9

%
)

11
(9

.3
%

)

5
(4

.2
%

)

1
(1

.6
%

)
3

(4
.8

%
)

5
(8

.1
%

)

4
(6

.5
%

)

1
(1

.8
%

)
4

(7
.1

%
)

6
(1

0.
7%

)

1
(1

.8
%

)

2
(3

.2
%

)
4

(6
.5

%
)

6
(9

.7
%

)

2
(3

.2
%

)

0
(0

.0
%

)
3

(5
.4

%
)

5
(8

.9
%

)

3
(5

.4
%

)

1
(2

.0
%

)
0

(0
.0

%
)

5
(1

0.
0%

)

2
(4

.0
%

)

1
(1

.5
%

)
7

(1
0.

3%
)*

6
(8

.8
%

)

3
(4

.4
%

)

1
(1

.0
%

)
7

(7
.1

%
)

10
(1

0.
1%

)

4
(4

.1
%

)

1
(5

.0
%

)
0

(0
.0

%
)*

1
(5

.0
%

)
1

(5
.0

%
)

In
ju

ry
on

se
t

A
cu

te
on

se
t

C
h

ro
n

ic
on

se
t

70
(5

9.
3%

)
48

(4
0.

7%
)

35
(5

6.
5%

)
27

(4
3.

5%
)

35
(6

2.
5%

)
21

(3
7.

5%
)

37
(5

9.
7%

)
25

(4
0.

3%
)

33
(5

8.
9%

)
23

(4
1.

1%
)

36
(7

2.
0%

)
14

(2
8.

0%
)

34
(5

0.
0%

)
34

(5
0.

0%
)

60
(6

1.
2%

)
38

(3
8.

8%
)

10
(5

0.
0%

)
10

(5
0.

0%
)

*
S

ig
n

ifi
ca

n
tl

y
di

ff
er

en
t

(p
�

0.
05

)
to

ot
h

er
le

ve
l

of
va

ri
ab

le
.



POWER LIFTING INJURIES 677

T
A

B
L

E
4.

E
ff

ec
t

of
in

ju
ry

on
tr

ai
n

in
g,

ca
u

sa
ti

ve
ac

ti
vi

ti
es

,a
n

d
in

ju
ry

tr
ea

tm
en

t
pr

oc
ed

u
re

s
fo

r
th

e
po

w
er

li
ft

er
s.

R
es

u
lt

s
ar

e
pr

es
en

te
d

in
2

w
ay

s,
th

e
fi

rs
t

va
lu

e
be

in
g

th
e

to
ta

l
n

u
m

be
r

of
oc

cu
rr

en
ce

s
an

d
th

e
se

co
n

d
n

u
m

be
r

(i
n

pa
re

n
th

es
es

)
th

e
pe

rc
en

ta
ge

of
to

ta
l

oc
cu

rr
en

ce
s.

A
ll

li
ft

er
s

(n
�

10
1)

A
ge

O
pe

n
(n

�
59

)
M

as
te

rs
(n

�
42

)

B
od

y
m

as
s

L
ig

h
tw

ei
gh

t
(n

�
59

)
H

ea
vy

w
ei

gh
t

(n
�

42
)

C
om

pe
ti

ti
ve

st
an

da
rd

N
at

io
n

al
(n

�
36

)
In

te
rn

at
io

n
al

(n
�

65
)

G
en

de
r

M
en

(n
�

82
)

W
om

en
(n

�
19

)

E
ff

ec
t

on
po

w
er

li
ft

in
g

tr
ai

n
in

g
an

d
co

m
pe

ti
ti

on
M

il
d

M
od

er
at

e
M

aj
or

46
(3

9.
0%

)
46

(3
9.

0%
)

26
(2

2.
0%

)

22
(3

5.
5%

)
26

(4
1.

9%
)

14
(2

2.
6%

)

24
(4

2.
9%

)
20

(3
5.

7%
)

12
(2

1.
4%

)

21
(3

3.
9%

)
28

(4
5.

2%
)

13
(2

1.
0%

)

25
(4

4.
6%

)
18

(3
2.

1%
)

13
(2

3.
2%

)

20
(4

0.
0%

)
21

(4
2.

0%
)

9
(1

8.
0%

)

26
(3

8.
2%

)
25

(3
6.

8%
)

17
(2

5.
0%

)

36
(3

6.
4%

)
38

(3
8.

4%
)

24
(2

4.
2%

)

10
(5

0.
0%

)
8

(4
0.

0%
)

2
(1

0.
0%

)

E
xe

rc
is

e
af

fe
ct

ed
S

qu
at

s
B

en
ch

pr
es

s
D

ea
dl

if
t

A
ss

is
ta

n
ce

ex
er

ci
se

s

39
(3

3.
1%

)
48

(4
0.

7%
)

41
(3

4.
7%

)

54
(4

5.
8%

)

25
(4

0.
3%

)
24

(3
8.

7%
)

24
(3

8.
7%

)

33
(5

3.
2%

)

14
(2

5.
0%

)
24

(4
2.

9%
)

17
(3

0.
4%

)

21
(3

7.
5%

)

24
(3

8.
7%

)
27

(4
3.

5%
)

23
(3

7.
1%

)

30
(4

8.
4%

)

15
(2

6.
8%

)
21

(3
7.

5%
)

18
(3

2.
1%

)

24
(4

2.
9%

)

16
(3

2.
0%

)
24

(4
8.

0%
)

15
(3

0.
0%

)

24
(4

8.
0%

)

23
(3

3.
8%

)
24

(3
5.

3%
)

26
(3

8.
2%

)

30
(4

4.
1%

)

36
(3

6.
4%

)
43

(4
3.

4%
)

38
(3

8.
4%

)

42
(4

2.
4%

)

3
(1

5.
0%

)
5

(2
5.

0%
)

3
(1

5.
0%

)

12
(6

0.
0%

)

C
au

sa
ti

ve
ac

ti
vi

ty
S

qu
at

s
B

en
ch

pr
es

s
21

(1
7.

8%
)

26
(2

2.
0%

)
7

(1
1.

3%
)

13
(2

1.
0%

)
14

(2
5.

0%
)

13
(2

3.
2%

)
10

(1
6.

1%
)

15
(2

4.
2%

)
11

(1
9.

6%
)

11
(1

9.
6%

)
5

(1
0.

0%
)

14
(2

8.
0%

)
16

(2
3.

5%
)

12
(1

7.
6%

)
18

(1
8.

2%
)

23
(2

3.
2%

)
3

(1
5.

0%
)

3
(1

5.
0%

)
D

ea
dl

if
t

A
ss

is
ta

n
ce

ex
er

ci
se

s

14
(1

1.
9%

)

24
(2

0.
3%

)

10
(1

6.
1%

)

14
(2

2.
6%

)

4
(7

.1
%

)

10
(1

7.
9%

)

5
(8

.1
%

)

13
(2

1.
0%

)

9
(1

6.
1%

)

11
(1

9.
6%

)

7
(1

4.
0%

)

10
(2

0.
0%

)

7
(1

0.
3%

)

14
(2

0.
6%

)

12
(1

2.
1%

)

20
(2

0.
2%

)

2
(1

0.
0%

)

4
(2

0.
0%

)
C

ro
ss

tr
ai

n
in

g
15

(1
2.

7%
)

8
(1

2.
9%

)
7

(1
2.

5%
)

10
(1

6.
1%

)
5

(8
.5

%
)

10
(2

0.
0%

)
5

(7
.4

%
)

12
(1

2.
1%

)
3

(1
5.

0%
)

U
n

kn
ow

n
18

(1
5.

3%
)

10
(1

6.
1%

)
8

(1
4.

3%
)

9
(1

4.
5%

)
9

(1
6.

1%
)

4
(8

.0
%

)
14

(2
0.

6%
)

13
(1

3.
1%

)
5

(2
5.

0%
)

In
ju

ry
tr

ea
tm

en
t

N
on

e
S

el
f

M
ed

ic
al

15
(1

2.
7%

)
36

(3
0.

5%
)

67
(5

6.
8%

)

11
(1

7.
7%

)
20

(3
2.

3%
)

31
(5

0.
0%

)

4
(7

.1
%

)
16

(2
8.

6%
)

36
(6

4.
3%

)

8
(1

2.
9%

)
19

(3
0.

6%
)

35
(5

6.
5%

)

7
(1

2.
5%

)
17

(3
0.

4%
)

32
(5

7.
1%

)

5
(1

0.
0%

)
22

(4
4.

0%
)

23
(4

6.
0%

)

10
(1

4.
7%

)
14

(2
0.

6%
)

44
(6

4.
7%

)

13
(1

3.
1%

)
31

(3
1.

3%
)

54
(5

4.
5)

2
(1

0.
0%

)
5

(2
5.

0%
)

13
(6

5.
0%

)



678 KEOGH, HUME, AND PEARSON

101 power lifters reporting no injuries over the course of
the year, while 12 lifters received 3 or more injuries dur-
ing the same time period. This variability in injury rate
did not appear to be related to the age, body mass, com-
petitive standard, gender, hours of training per week, or
training–power lifting experience of the lifters. Thus, oth-
er intrinsic factors, such as the lifter’s anthropometric
profile, previous injury history, muscle balance, flexibili-
ty, and training practices as well as extrinsic factors such
as use of safety equipment, time of day in which training
is performed, and environmental conditions, may have
contributed to these differences (32).

Consistent with the general findings of the literature
(4, 16, 17, 26, 27), the shoulder and lower back were the
most commonly injured body regions. The proportionally
high rate of shoulder injuries may be a result of the large
stresses that the bench press applies to the shoulder (9,
34), particularly the rotator cuff, acromioclavicular joint,
and shoulder capsule (12, 28). Similarly, the majority of
the lower-back injuries appeared to be associated with the
performance of the squat and deadlift. This may be a con-
sequence of the exceedingly large hip extensor torques (3,
7, 11) and compressive or shear lumbar forces (7, 13) re-
ported for these exercises.

A greater proportion of injuries were reported to be
acute (59.3%) than chronic in nature (40.7%). It is, how-
ever, acknowledged that some injuries may appear acute-
ly but may actually reflect chronic degeneration (5). Un-
fortunately, the retrospective design and the lack of med-
ical confirmation of each injury did not easily allow for
determination of this third type of injury onset. The true
rate of acute injuries may therefore be somewhat less
than that reported. While little research has quantified
injury onset in power lifting, Raske and Norlin (27) re-
ported that 25% of injuries were overuse (chronic) tendon
injuries and 20% of injuries were acute muscle injuries.
In conjunction with the results of the present study, this
indicates that power lifters are likely to suffer both acute
and chronic injuries.

By definition, each injury reported in the present
study forced the lifters to modify or discontinue their
training or miss a competition. Only 22% of the injuries
were described as having a major effect (i.e., required a
complete cessation of training for 1 week or more). This
could be interpreted as indicating that the majority of in-
juries seen in the present study were not that severe (dis-
abling). Previous studies have assessed injury severity
and disability by recording the number of days during
which the injury was symptomatic (i.e., affected training).
The majority of these studies reported that the mean time
each injury affected training was 11.5–18.4 days (4, 17,
26). In contrast, Raske and Norlin (27) found that over
80% of all shoulder, lower-back, and knee injuries (3 of
the 4 most commonly injured body regions) were symp-
tomatic for at least 1 month. Thus, it appears that while
the injuries obtained by power lifters may span the spec-
trum of severity or disability, most are not overly severe
or disabling, requiring only minor or moderate modifica-
tions to the regular training program.

As well as quantifying the effect of each injury on the
overall training program, it was also thought to be im-
portant to determine which exercises were affected by
these injuries, as an injury that affects all 3 power lifts
would likely result in a greater performance decrement
than an injury that only affected one of the lifts. The re-

sults showed that all 3 power lifts had a similar likelihood
(33–41%) of being affected by any particular injury. Al-
most half (46%) of all injuries also affected the perfor-
mance of at least one of the assistance exercises. This
indicates that no one particular exercise was affected by
injury more than the other lifts and that each injury gen-
erally disrupted the performance of at least one of the
power lifts and assistance exercises.

The 3 power lifts accounted for 52% of total power
lifting injuries, with the remainder attributed to assis-
tance exercises, cross-training activities, or of unknown
origin. These results indicate that the injuries suffered by
power lifters cannot all be attributed to one particular
exercise. This extends the findings of Raske and Norlin
(27), who found no significant difference in the incidence
of shoulder injuries in power lifters based on the upper-
body exercises they routinely performed in training. The
true rate of injuries attributed to specific power lifting
training may be somewhat lower than that reported in
this study because of the relatively high proportion of
cross-training injuries. These injuries were typically
caused by playing ball sports (e.g., rugby and soccer) or
resulted from cardiovascular training. Even though these
cross-training injuries were not directly caused by specific
power lifting training, they did affect the training of the
power lifters. Further, the mechanism of injury associ-
ated with cross-training may have actually reflected (at
least in part) some chronic degeneration or muscle bal-
ance and range-of-motion imbalances attributable to
long-term power lifting training (5).

The relatively low rate of squatting-related injuries
was an interesting finding, as the effect of heavy full
squats on the knee joint has been hotly debated for some
time (6, 28, 29). If such fears were warranted, the consid-
erable loads and knee range of motion (�111�) used by
power lifters when they are squatting (35) should result
in a high rate of knee injuries. In accordance with the
vast majority of the literature (4, 16, 17, 26, 27), the pres-
ent study found that knee injuries accounted for less than
10% of total power lifting injuries.

Of the 11 knee injuries seen in the present study, only
6 were acute in onset, and only 3 of these occurred during
the performance of squats. This low number of knee in-
juries contrasts with the other 2 weight training sports
that routinely require performance of highly loaded
squat-type exercises (Olympic weightlifting and body-
building). In these 2 sports, knees have generally been
reported to be the most frequently injured body region,
accounting for between 17% and 31% of all injuries (16,
21, 22). The lower rate of knee injuries in power lifters
compared to Olympic weightlifters and bodybuilders may
be a consequence of differences in the manner in which
the squat (and its derivatives) are performed.

When performing the squat, power lifters tend to po-
sition the bar further down the back than do other weight
trainers. This technique, referred to as the low-bar squat,
results in greater forward inclination of the trunk than
the front or high-bar squats more commonly used by
Olympic weightlifters and bodybuilders (35). In order to
maintain the center of mass over the base of support in
the low-bar squat, the lifter will have a greater posterior
excursion of the hips and less dorsiflexion than when per-
forming the high-bar squat (see Figure 1).

As a result of these differences in joint angles and po-
sitions, the power lifting-style low-bar squat reduces the
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FIGURE 1. Power lifter performing the low-bar squat (a) and
high-bar squat (b).

moment arm of the load and the extensor torque about
the knee while increasing the moment arm of the load
and the extensor torque around the hip, in comparison to
the high-bar squat (10, 35). The low-bar squat also pro-
duces significantly lower mean compressive patello-fem-
oral forces than do high-bar squats (35). Therefore, the
mechanical stress applied to the knee is less in the low-
bar than in the high-bar squat. It is proposed that this
reduction in stress to the knee in the low-bar squat is one
of the main contributing factors leading to the relatively
low number of knee injuries in power lifting compared to
the other weight training sports.

Once an injury occurs, the athlete will commence a
rehabilitation program so that he or she can return to

training and competition as soon as possible. The power
lifters in the present study appeared to be relatively dil-
igent with their injury management, as they used self-
treatment or consulted qualified health professionals for
most of their injuries. In the only other study that has
assessed injury rehabilitation (management) procedures,
Brown and Kimball (4) reported that 73.9% of injuries to
novice adolescent power lifters were treated with rest
alone and that physicians assessed �25% of all injuries.
This interstudy discrepancy in injury management pro-
cedures may have been a consequence of the differences
in age, training experience, and competitive standard of
the power lifters in the present study and those of the
Brown and Kimball study (4). It is also possible that in-
terstudy differences in injury severity accounted for this
disparity, as it would be more likely that medical profes-
sionals would be consulted for severe than for minor in-
juries. However, both the present study and that of
Brown and Kimball (4) drew similar conclusions regard-
ing the severity of injury associated with power lifting.

It was observed that power lifters aged 40 years and
older (Masters lifters) received injuries at a similar rate,
to the same body regions, and of a comparable severity to
Open lifters. While it was conceivable that the greater age
of the Masters lifters would have resulted in a higher rate
and severity of injury than was seen in the Open lifters,
the Masters lifters also had significantly greater weight-
training and power lifting experience. The greater expe-
rience of the Masters lifters may, therefore, have coun-
teracted the potential effect that their increased age
might have had on their rate of injury. This significant
difference in training experience between the groups may
have been a confounding variable when we tried to de-
termine if a true age-related difference in injury epide-
miology would occur.

Substantial differences in injury-management proce-
dures were also seen. Open lifters used rest as a treat-
ment option for a greater percentage of injuries than did
Masters lifters, whereas Masters lifters utilized medical
treatment for a greater percentage of injuries than did
Open lifters. As no age-related difference in injury sever-
ity was apparent, these findings further support the pro-
posal that lifters of greater age and training experience
are more likely to utilize medical services to diagnose and
treat their power lifting injuries (4).

Body mass did not appear to have a significant influ-
ence on the injury profile of power lifting. Therefore, peo-
ple of all body masses may participate in power lifting
with the same relative risk of injury. This may be a func-
tion of the moderate to high correlation between the load
lifted in the 3 power lifts, and, hence, the stress imposed
on the system, and the lifter’s body mass (r � 0.50–0.68)
or fat-free mass (r � 0.86–0.94) (2, 24).

International lifters lifted substantially greater loads
in training and competition, were significantly older, and
had significantly more power lifting training experience
than national lifters. The international competitors also
had a significantly lower rate of injury per 1,000 hours of
training than their national peers (3.6 � 3.6 vs. 5.8 �
4.9). Although no other study has evaluated the effect of
competitive standard on injury rate in power lifting, pre-
vious studies of elite level power lifters have also reported
a relatively low injury rate per year per 1,000 hours of
training (17, 27). These results indicate that training ex-
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perience is an important factor in reducing power lifting
injuries.

Regardless of competitive standard, the shoulder and
lower back were the 2 most frequently injured body re-
gions. However, the relative proportion of injuries in oth-
er body regions differed significantly between these
groups, with the national level competitors having signif-
icantly more chest and shoulder injuries than the inter-
national lifters. This seems consistent with the finding
that the bench press was responsible for a greater pro-
portion of injuries and was more frequently affected by
injury in the national than in the international lifters.
These results indicate that in order to reduce their pro-
portionally higher rates of shoulder and chest injuries,
national lifters may need to alter the manner in which
they train the upper-body pushing muscles (12). They
may need to pay more attention to bench press technique,
bench press training program variables (e.g., warm up
procedures, training volume, and intensity), and address
upper body muscular and range-of-motion imbalances
and deficits. Alternately, national lifters suffered a sig-
nificantly lower number of thigh injuries than did inter-
national lifters. The international lifters’ higher rate of
thigh injuries would appear to be attributable to their
greater number of squatting-related injuries.

International lifters had a greater percentage of
acute-onset injuries than did national lifters (72% vs.
50%). However, as the international lifters had a signifi-
cantly lower injury rate than national lifters, the actual
number of acute injuries, quantified either per year or per
1,000 hours of training, was actually very similar be-
tween the 2 groups of lifters. International lifters also uti-
lized the services of trained health professionals for a
greater proportion of all injuries than national lifters
(64.7% vs. 46.0%). As little difference in injury severity
was observed between the international and national lift-
ers, this offers further support to the view that the utili-
zation of health services increases with age and training
experience (4).

The injury epidemiology of men and women appeared
relatively similar. The major difference was that, because
the women had no chest or thigh injuries, their rate of
injuries to these body regions was significantly less than
that of the men. As a consequence of the men’s higher
rate of chest and thigh injuries, a greater percentage of
their injuries had a direct effect on the training perfor-
mance of the 3 power lifts than on that of the women.
Only one other study has assessed power lifting injury
rates in men and women. Goertzen et al. (16) reported
that men had a greater number of injuries over an 18-
month period than did women (3.08 vs. 1.90) and that
some significant differences in the relative proportion of
injury at various body regions also occurred. According to
Goertzen et al. (16), although the shoulder, vertebral col-
umn, elbow, and knee were the 4 most commonly injured
body regions for both genders, the most commonly injured
body region for men was the vertebral column, whereas
for women it was the knee. In conjunction with the re-
sults of Goertzen et al. (16), the present study revealed
that some differences may exist between men and women
with respect to their injury epidemiology and to the effect
of these injuries on their training. However, these results
indicate that women are not at increased risk of power
lifting injury compared to men.

The results of this study add further to the epidemi-

ology picture of power lifting injury. Future research
should involve the use of a prospective cohort or case-
controlled design and should examine the effect of a
greater range of intrinsic (e.g., anthropometric profile, fa-
tigue, flexibility, muscle balance, previous injury) and ex-
trinsic (e.g., assistance equipment used, environmental
conditions, exercises performed, loads used, presence of
coach or training partners) factors on injury profile. Such
research will assist in the development of specific inter-
vention programs that can then be assessed to determine
their efficacy in reducing power lifting injuries. Research
should also assess the long-term effect of power lifting
training to determine if such training contributes to dis-
ability later in life and, if so, how these effects can be
minimized.

PRACTICAL APPLICATIONS

Regardless of age, body mass, competitive standard, or
gender, power lifting appeared to result in significantly
fewer injuries in the short term than are seen in contact
sports such as ice hockey, rugby union, and rugby league.
On this basis, power lifting should not be considered a
high-risk sporting activity. As the majority of power lift-
ing injuries occurred to the shoulder and lower back, lift-
ers should utilize good technique in the 3 power lifting
exercises as well as the assistance exercises that most
greatly stress these parts of the body. This may be espe-
cially important for inexperienced (national) lifters, who
were found to have a greater rate of injury than the more-
experienced (international) lifters. Lifters may also need
to address muscular strength and range-of-motion imbal-
ances around the shoulder and lower back if they wish to
minimize the rate and severity of such injuries.
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