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eliability of Maximal Strength Testing in Older Adults
ayne T. Phillips, PhD, FACSM, Alan M. Batterham, PhD, FACSM, Julie E. Valenzuela, MS,
ee N. Burkett, PhD
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ABSTRACT. Phillips WT, Batterham AM, Valenzuela JE,
urkett LN. Reliability of maximal strength testing in older
dults. Arch Phys Med Rehabil 2004;85:329-34.

Objectives: To determine (1) the reliability of a maximal
trength test (1 repetition maximum) [1-RM] in older adults
nd (2) the impact of differing periods of familiarization.

Design: Within-subject, repeated trials of maximal strength.
Setting: Community-based senior center.
Participants: Forty-seven independently living men (n�16)

nd women (n�31), with a mean age of 75.4�4.7 years.
Interventions: None.
Main Outcome Measures: Systematic error (shift in mean)

nd random error (% coefficient of variation [%CV]) was
ssessed between consecutive pairs of 1-RM trials.

Results: For the bench press, systematic error was virtually
liminated for men between trials 2 and 3 (0.7%; 95% confi-
ence interval [CI], –2.7% to 4.3%). The CV was stable
4.7%–7.3%) across all trials in both genders. For the leg press,

significant but clinically small systematic error (3.6%,
�.05; 95% CI, 0.8–6.6) was evident for women between

rials 2 to 3. The CV was reduced across trial pairs by 3.3% for
en and 0.9% for women. Three versus 6 or more sessions of

amiliarization produced small clinical differences in system-
tic error (�4.1%) and CV (�0.2%) between trials 2 and 3 for
oth lifts.
Conclusions: Reliability is an indispensable requirement for

alid test outcomes. Our results show that, in this group of
lder adults, 3 familiarization sessions and 2 to 3 test trials
roduced highly reliable 1-RM measures. Additional periods of
amiliarization added little to test reliability. Effective reliabil-
ty testing for 1-RM is a practical and attainable goal for
utcomes based practitioners.
Key Words: Functional assessment; Measurement error;

lderly; Rehabilitation.
© 2004 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

GROWING BODY OF RESEARCH has consistently re-
ported the importance of strength training in a variety of

ealth-, functional-, and/or rehabilitation-related functional
asks.1-5 The validity of such results, however, depends on
ccurate and appropriate assessment of reliability of the func-
ional task under consideration and the strength measure being
sed. The value and importance of reliable assessment methods
n geriatrics has been stressed for more than a decade.6,7 How-
ver, although the literature contains numerous reports of reli-
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bility testing for functional tasks8,9 and for isokinetic strength
esting,10-13 reliability is rarely reported for maximal isotonic
trength testing (1 repetition maximum [1-RM]) in older
dults.14-16 Where reliability has been otherwise reported, it has
ypically been expressed solely as a correlation, usually a
earson correlation coefficient or an intraclass correlation co-
fficient (ICC). The sole use of such statistics, however, is
nappropriate and insufficient to accurately assess reliability17

nd has recently been the subject of discussion in this journal.18

he Pearson correlation coefficient is a bivariate statistic and so
s inappropriate for assessing reliability of a univariate re-
eated-measures test such as 1-RM.19 The ICC, a univariate
easure, is also inappropriate for confidently assessing reli-

bility because, like the Pearson correlation coefficient, it is
trongly influenced by the distribution of the data.17,20 A wide
etween-subject variation, as recently illustrated by Keller et
l11 for isokinetic testing, will therefore lead to a high ICC
egardless of the actual agreement between the variables under
onsideration. In addition, although the effects of lack of fa-
iliarization on reliability are well accepted,19,21 few studies

eport pretesting familiarization sessions, and no study has
reviously reported the potential effect of differing periods of
amiliarization on the reliability of 1-RM testing.

Recent authoritative reviews and texts19-23 have expressed
oncern at the lack of attention paid to reliability in the exercise
cience literature and have stated that, in order for reliability to
e confidently assessed, both random and systematic sources of
rror should be appropriately measured. Random (within-sub-
ects or typical) error includes biologic or psychologic varia-
ions within subjects and variance due to test equipment and
pparatus or the personnel administering the test. Systematic
rror is a nonrandom difference in mean scores across trials and
s generally considered to be due to learning effects secondary
o a lack of familiarization. From a methodologic perspective,
ddressing systematic error may be even more relevant in
tudies involving older adults who typically report little famil-
arity with strengthening activities24 and are thus more likely to
xhibit systematic variability in baseline maximal strength
esting responses.

This study assessed both systematic and random (typical)
rror components of reliability during repeated trials of 1-RM
trength testing in a population of older adults and compared
eliability assessments between participants who completed 3
essions of familiarization with those who completed 6 or more
essions of familiarization. This is the first study of which we
re aware that has (1) simultaneously and appropriately as-
essed both systematic and random error during 1-RM testing
n older adults and (2) compared the reliability of differing
engths of familiarization.

METHODS

articipants
Forty-seven independently living men (n�16) and women

n�31) (mean age, 75.4�4.7y; range, 60–91y) were recruited
rom a local community senior center. Before entry into the
tudy, all subjects were required to complete an extensive
emographic and lifestyle questionnaire and to obtain physi-
ian consent for participation. Exclusion criteria included any
Arch Phys Med Rehabil Vol 85, February 2004
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A

usculoskeletal, visual, orthopedic, or neuromuscular deficits
hat would preclude exercise and/or interfere with correct ex-
rcise technique; cognitive deficits as measured by the Folstein
ini-Mental State Examination25; and physician recommenda-

ion for nonparticipation. All subjects provided written consent
or the study, which was approved by the institutional review
oard.

rocedures
All subjects attended Monday, Wednesday, and Friday for

amiliarization and testing sessions. Most subjects were new to
esistance training (RT); however, some had attended a low-
o-moderate intensity RT class for 6 to 30 weeks before the
ommencement of this study. Others, because of an extended
elay in obtaining physician consent, were allowed to continue
ith their familiarization sessions before actual testing to main-

ain interest and adherence to the study. All subjects were
nitially naive to 1-RM testing and completed at least 3 sessions
f familiarization before testing. During the familiarization
eriod, subjects became acquainted with the test administra-
ors, the exercise equipment, and exercise techniques. The
mportance of safe and effective lifting was continuously em-
hasized. We paid particular attention to low back positioning
or the bench press in view of the increased risk for low back
ain caused by excessive arching of the back during strenuous
ifting efforts. Grip width was selected for each participant at a
istance that required forearms to be vertical and elbows di-
ectly under the bar, thus providing a biomechanically efficient
tarting point for the lift.

Following extensive explanation and demonstration of cor-
ect technique, participants first performed each lift at a low
ntensity, with emphasis being placed on correct breathing and
ody mechanics. Over the course of the familiarization period,
hey progressed to multiple repetitions and sets of low-to-
oderate intensity. Reliability testing was applied to a repre-

entative upper-body (supine chest press) and lower-body
seated leg press) lift. On test days, the test administrator again
xplained the test to the subject and demonstrated the actual
ifts. To minimize potential measurement error, all testing was
arried out at the same time of day, with the same testers, in the
ame facility, and with the same protocol. Immediately before
esting, subjects performed a 5-minute general warm-up on a
tationary recumbent cycle, followed by a more specific
arm-up of the actual lift to be performed, using 5 to 10

epetitions of a light load as determined by the test adminis-
rator. All testing was conducted according to a standardized
rocedure26 (appendix 1). Three separate testing sessions for
ach lift were conducted on nonconsecutive days. Both test lifts
ere performed during the same session in random order. All

ifts were conducted on a Paramount plate-loaded multistation
nit.a

ata Analysis
All analyses were conducted using SPSS, version 10,b sta-

istical analysis software for Windows. Following the recom-
endations of Hopkins,23 separate analyses were performed on

Table 1: Subject an

Subjects Age � SD (y) Weight � SD (lb)

Men 75.8�7.5 186.6�22.3
Women 75.2�17.3 157.0�40.1
Total 75.4�14.7 167.0�37.6
rch Phys Med Rehabil Vol 85, February 2004
onsecutive pairs of trials (trials 1 and 2, 2 and 3) for both male
nd female samples. This permits an exploration of learning
ffects on the random error that may be obscured if all 3 trials
ere subjected at once to a repeated-measures analysis of
ariance (ANOVA). Pairwise plots (not illustrated) of each
articipant’s difference scores (trial 2 minus trial 1, trial 3
inus trial 2) plotted against the mean for the 2 trials con-

erned suggested the presence of heteroscedasticity in the data,
hat is, differences between trials increased in proportion to the
bsolute amount of weight lifted in the 1-RM. This violated the
ssumption of homoscedasticity, or constant error variance. In
ddition, Shapiro-Wilks tests of pairwise difference scores
evealed violations of the normal distribution assumption.
herefore, a normalizing and variance stabilizing natural log-
rithm transformation was applied to all data points.

Systematic bias (change in the mean) was calculated from a
aired t test, with 95% confidence intervals (CIs) representative
f the likely range for the “true” mean difference in the pop-
lation. Mean differences between consecutive pairs of trials
ere expressed as a percentage change in mean. This was

alculated via the back-transformation of the mean pairwise
ifferences between the 2 trials according to the formula:
percentage change in the mean�100[ex�1]), where x is the
ean difference between trials for the log-transformed vari-

bles. The typical error or noise (random within-subject vari-
tion) from trial to trial was computed from the standard
eviation (SD) of the trial to trial differences (SDDIFFS). The
andom error is equal to the SDDIFFS divided by �2 (equivalent
o the root mean squares error [RMSE] from an ANOVA
nalysis). A percentage coefficient of variation (CV) can then
e derived using the formula %CV�100(es�1), where s is the
andom error.23 In addition to the trial-to-trial comparisons, the

trials in each exercise test were treated with a repeated-
easures ANOVA. This enabled the calculation of the “aver-

ge” random error across the 3 trials using the same formula as
bove, with random error defined as the square root of the
MSE term from the ANOVA variance partitioning of the

og-transformed data input.
We also conducted a similar group analysis according to

hose who had received 3 sessions of familiarization and those
ho had received 6 or more sessions of familiarization and

ompared the relative clinical effect of these 2 familiarization
eriods on systematic and random error.

RESULTS

Fifty-three subjects were recruited to participate in this study
35 women, 18 men); however, 4 women and 2 men were
nable to complete all test sessions for reasons not associated
ith the study and so were excluded from the analysis. Forty-

even subjects completed 3 test sessions each for the bench
ress and leg press. Twenty-one subjects completed 3 famil-
arization sessions while the remaining 26 completed between

and 30 sessions. No injuries were elicited during the testing
rocess. Subject and familiarization data appear in table 1.

miliarization Data

3 Familiarization
Sessions

6�Familiarization
Sessions Total N

8 8 16
12 19 31
20 27 47
d Fa
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eliability Results by Gender
Bench press. Men (table 2) demonstrated a significant

emonstrated a significant systematic bias between trials 1 and
, which was not apparent by trial 3 (table 3). Random error
%CV) was essentially stable across pairs of trials at approxi-
ately 5% of the mean. Random error for all 3 trials taken as
unit was also approximately 5% of the mean (table 4).
Women (tables 2, 3) demonstrated negligible systematic bias

�1–2lb [�.45–.9kg]) across all pairs of trials. Random error
%CV) was similar to that of the male group. Trials 1–2 (table
) and for all trials taken as a unit (table 4).
Leg press. Men (tables 2, 3) demonstrated negligible sys-

ematic bias and a tendency for mean random error to decrease
cross all pairs of trials. The random error for all 3 trials taken
s a unit was approximately 4% of the mean (table 4).

Women (tables 2, 3) demonstrated negligible systematic bias
etween trials 1 and 2, but a statistically significant, although
mall, change in the mean occurred between trials 2 and 3
3.6%). The random error across consecutive pairs of trials was
elatively stable (�5%–6%). The random error for all 3 trials
aken as a unit was approximately 6% (table 4).

There is little clinical difference between male and female
eliability data. In table 2, the largest differences occurred in
ystematic error between the male and female bench press
3.9%); all other systematic mean differences were less than
%. Random error was also similar for both the male and
emale bench press and leg press. Table 3 similarly shows
mall differences in systematic error (�2%) between men and
omen. Differences in random error also did not exceed 2.5%.

eliability Results by Length of Familiarization Period
For the bench press, differences in systematic error between
and 6 or more familiarization periods were 4.1% between

rials 1 and 2 (4.8% vs 0.7%), with the larger shift in the mean
ccurring with 3 familiarization periods (table 5). Differences
ere also 4.1% between trials 2 and 3 (–0.6% vs 3.5%),

lthough interestingly the larger shift in mean now occurred
ith 6 or more familiarization periods. Random error differ-

nces did not exceed 1.1% for both pairs of trials.

Table 2: Descriptive Data and Reliability Ana

Test n Trial 1 Mean � SD (lb) Trial

Bench press
Women 31 62.6�16.5
Men 16 102.4�30.3

Leg press
Women 31 215.4�47.8
Men 16 270.7�52.9

Significant difference (P�.018) between trial means.

Table 3: Descriptive Data and Reliability Ana

Test n Trial 2 Mean � SD (lb) Trial

Bench press
Women 31 63.3�16.8
Men 16 107.3�31.1

Leg press
Women 31 216.0�51.1
Men 16 269.4�49.8

Significant difference (P�.016) between trial means.
For the leg press, the shift in mean was 2.9% for 3 famil-
arization sessions between trials 1 and 2, versus a similar shift
�2.4%) for 6 or more familiarization sessions but in the
pposite direction (table 5). For trials 2 to 3, differences in
ystematic error between familiarization periods were virtually
liminated (3.2% for 3 sessions vs 3.0% for 6� sessions).
ifferences in random error between the varying lengths of

amiliarization in the leg press were small and were reduced
ith the third test trial (2.6%–0.2%).

DISCUSSION
The identification of valid relationships between strength

1-RM) and health-related outcomes in older adults depends on
he confidence one can place in 1-RM test findings and/or the
dentification of potential limitations to the test’s reliability.
revious studies15 have reported that a single day of familiar-

zation is insufficient to elicit stable and precise measures of
-RM. Other studies and authoritative reviews11,18,20,23 have
lso reported that methods of assessing reliability have often
een inappropriate or insufficient. In assessing both systematic
nd random error aspects of reliability, we found that, for both
en and women, 3 familiarization sessions and 2 to 3 1-RM

ests were sufficient to confidently determine the 1-RM in this
roup of older adults. For some lifts, a third 1-RM test trial
dded to the stability and/or precision of the test.

ench Press
In our study, male test performance on the bench press

emonstrated a small but significant systematic bias between
he first 2 trials of 1-RM performance. The 95% CI indicated
hat the true systematic bias in the population might be as high
s 9.4% of the mean. Hence, a learning effect across the first 2
rials was evident despite the prior familiarization sessions.
here was no systematic bias, however, between trials 2 and 3

table 3), indicating that the addition of a third trial was
ecessary to eliminate the learning effect and to determine a
table baseline. In contrast to this, women demonstrated no
ystematic bias across all pairs of trials (tables 2, 3), indicating
hat the prior familiarization sessions were sufficient to elimi-

for Consecutive Trials: Trial 2 Versus Trial 1

an � SD (lb) % Shift in Mean (95% CI) %CV (95% CI)

�16.8 1.1 (�1.5 to 3.8) 5.2 (4.3–7.3)
�31.1 5.0 (1.1–9.4)* 5.4 (4.0–8.7)

�51.1 �0.1 (�3.2 to 3.1) 6.3 (5.1–8.7)
�49.8 �0.4 (�5.1 to 4.6) 6.7 (5.1–10.9)

for Consecutive Trials: Trial 3 Versus Trial 2

an � SD (lb) % Shift in Mean (95% CI) %CV (95% CI)

�15.4 2.3 (–1.4 to 6.1) 7.3 (6.0–10.2)
�31.7 0.7 (–2.7 to 4.3) 4.7 (3.5–7.5)

�52.8 3.6 (0.8–6.6)* 5.6 (4.6–7.8)
�53.8 2.0 (–0.5 to 4.7) 3.4 (2.6––5.5)
lyses

2 Me

63.3
107.3

216.0
269.4
lyses

3 Me

64.4
108.4

223.9
275.5
Arch Phys Med Rehabil Vol 85, February 2004
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A

ate learning effects, and the addition of a third trial was not
ecessary to establish a stable baseline 1-RM. For men, the
ddition of a third trial reduced random error (increased pre-
ision), whereas in women random error increased by 2.1%.

eg Press
No systematic bias was evident for men in our study across

ll 3 trials (tables 2, 3) and the mean random error decreased
increased precision) across consecutive pairs of trials. Hence,
lthough a third trial appeared unnecessary with respect to
ystematic bias in this lift, where appropriate, it may be a useful
trategy to reduce noise in the measurement and thus increase
he ability to detect smaller changes in strength in a person after
n intervention. The random error for all 3 trials taken as a unit
as 4.3% of the mean (table 4).
In women (tables 2, 3), there was no systematic bias evident

etween trials 1 and 2. The comparison of trials 2 and 3,
owever, revealed a statistically significant, although small,
hift in the mean 1-RM of 3.6% or approximately 8lb (3.6kg).
his may indicate a delayed learning effect subsequent to

ncreased confidence and/or more specific familiarization with
xerting maximal effort in trials 1 and 2. The random error
cross consecutive pairs of trials for this lift was relatively
table (�5%–6%) with a value of around 13 to 14lb (5.85–
.3kg; 6.2% of the grand mean) for all 3 trials taken as a unit
table 4). Although a shift in the mean of this magnitude may
e small enough to be acceptable in some clinical or training
ettings, additional tests appear to be necessary if further re-
uctions in systematic and random error were deemed appro-
riate or desirable. The magnitude of our random error scores
ere generally lower than those reported by others for isotonic

esting.16,27 However, a comparison of our data with previous
ork is problematic owing to lack of standardization in the
ethods used to assess reliability. Salem et al16 estimated CVs

or repeat 1-RM trials by calculating SDs for each person and
hen averaging these CVs to derive a CV for all participants. In
his approach, however, the CV may be contaminated by shifts
n the mean. Our approach, in contrast, calculates and presents

Table 4: 1-RM ANOVA Results for Consecutive 1-RM Trials

Test F P Overall %CV 95% CI

Bench press
Women F2,60�2.39 .10 6.2 5.3–7.6
Men F2,30�6.65 .004* 4.9 3.9–6.5

Leg press
Women F2,60�3.26 .04† 6.2 5.3–7.6
Men F2,30�0.58 .56 4.3 3.2–6.8

Significant trial 1 to trial 2 (table 2).
Significant trial 2 to trial 3 (table 3).

Table 5: Descriptive Data and Reliabil

Familiarization Sessions
% Shift in Mean

Trial 2 � Trial 1 (95% CI)

Bench press
3 (n�20) 4.8 (1.8–8.1)
6� (n�27) 0.7 (–2.3 to 3.9)

Leg press
3 (n�20) 2.9 (0.0–6.0)
6� (n�27) –2.4 (–6.0 to 1.4)

OTE. Data for men and women were pooled because individual
ifferences in systematic or random error.
rch Phys Med Rehabil Vol 85, February 2004
he CV separately from the shift in the mean. Our measure of
andom error is thus uncontaminated and represents a more
ppropriate indicator of the precision of strength measure-
ents.
Awareness of the importance of systematic and random error

nd the use of appropriate statistical techniques to accurately
dentify the magnitude (or limitations) of such measures is
rucial to establishing a valid single measurement of strength.
f a stable and valid baseline is not reliably established and
eported, erroneous conclusions may be drawn from the data.
ikli et al15 have elegantly illustrated the potential impact on

ystematic error when omitting familiarization and baseline
eliability testing of 1-RM. Before implementing a strength-
raining program in a group of older adults, they reported
ignificant differences between the means of the first 2 baseline
-RM trials (large systematic error) but no differences between
rials 2 and 3. The magnitude of this difference was such that
ad the first trial been taken as the “true” 1-RM, the apparent
osttraining strength gains in this study would have been
verestimated by 30% to 50%. Of relevance to our study, the
ingle session of familiarization reported by Rikli was not
ufficient to remove the large systematic error between the first
trials. More than a single period of familiarization appears to

e necessary to counteract the effects of systematic error in
-RM test measures in this population, and it would also be
mportant to know the minimum or optimum number of famil-
arization sessions necessary to obtain acceptable reliability for
-RM testing.

amiliarization Periods

Ours is the first study of which we are aware that has
xamined and reported both systematic and random error as-
ects of reliability and has compared the effect of differing
engths of familiarization on these measures. Table 5 displays
eliability data by period of familiarization. Data for men and
omen were pooled because gender-specific analyses of famil-

arization sessions produced no meaningful differences in sys-
ematic or random error. Examination of table 5 shows little
linical difference between systematic and random error mea-
ures for 3 sessions or 6 or more sessions of familiarization.
or both sets of lifts therefore we feel that such differences are
ot likely to be clinically meaningful in an applied setting and
hat the additional familiarization sessions add little or nothing
o either the stability or the precision of the measure. Indeed, in
ome instances, longer familiarization periods paradoxically
esulted in larger shifts in mean and larger random error mea-
ures than the shorter familiarization periods.

The data from this study suggest that, with our protocol,
linicians, researchers, or practitioners can be confident of
etecting worthwhile increases in strength exceeding 5% to
%. For example, if a training intervention were applied to a

Number of Familiarization Sessions

om Error
(95% CI)

% Shift in Mean
Trial 3 � Trial 2 (95% CI)

Random Error
%CV (95% CI)

.6–7.0) –0.6 (–4.6 to 3.6) 6.5 (5.0–9.9)

.6–8.1) 3.5 (0.1–7.1) 6.3 (5.1–9.0)

.5–6.7) 3.2 (0.0–6.6) 4.9 (3.8–7.4)

.7–10.2) 3.0 (0.2–5.9) 5.1 (4.1–7.2)

ysis of male and female reliability data produced no meaningful
ity by

Rand
%CV

4.6 (3
5.7 (4

4.5 (3
7.1 (5

anal



m
b
h
s
i
w
o
d

l
u
f
a
F
t
A
T
a
s
a
W
p
r
o
u

u
c
a
w
c
p
i
c
r

t

p
b

1

1
1

1

1
1

1

333RELIABILITY OF 1-RM TESTING IN OLDER ADULTS, Phillips
an from the sample in the current study, an improvement in
ench press 1-RM of at least 6lb (2.7kg) would be required to
ave reasonable confidence in the precision of the change
core. If strength gains of less than this were considered clin-
cally meaningful (in the specific context in which the results
ere being used), then either more familiarization, more trials,
r a more precise strength test would be needed to confidently
etect the change.

CONCLUSIONS
Although the heterogeneous nature of the older adult popu-

ation prevents extrapolation of our results to the general pop-
lation, this study has highlighted the important contribution of
amiliarization and repeated trials to the reduction of system-
tic bias and random error in 1-RM testing for older adults.
ollowing a familiarization period of 3 sessions before baseline

esting, systematic bias did not exceed 3.5% within 3 test trials.
dditional familiarization sessions did not improve reliability.
he significant shift in the mean of 3.6% for female leg press
t trial 3 was not considered clinically meaningful. The preci-
ion of our measure, represented as random error or %CV, was
pproximately 5% to 6% for both exercises in both genders.
e believe this is an acceptable level of precision for most

urposes, including the single measurement of strength to
elate to other health, physical function, and/or rehabilitation
utcomes, as well as the tracking of strength gains in individ-
als exposed to a training intervention.

We recommend that researchers, clinicians, and practitioners
sing 1-RM tests in older adults naive to resistance exercise,
onduct and report reliability tests that address both systematic
nd random error. Three sessions of familiarization together
ith 2 to 3 1-RM test sessions appear to be sufficient to

onfidently establish reliability. We have shown that such
rocedures will reduce systematic bias and random error, max-
mizing the precision of measurements and the detection of
linically significant health or rehabilitation-related effects or
elationships.

APPENDIX 1: SAMPLE SCRIPT AND PROTOCOL TO
DETERMINE 1-RM BENCH PRESS

(A 1-RM is defined as the maximum amount of weight able
o be lifted with good form)

NOTE. This protocol will be explained and demonstrated to
articipants during the familiarization period and immediately
efore to testing.

1. Explain which muscle groups the lift primarily affects.
“The Bench Press primarily affects the muscles of the
chest and the backs of the upper arm.” NOTE. Tester will
point to muscle locations as part of explanation.

2. Demonstrate lift with accompanying verbal explanation.
3. Position participant in basic lifting position. “Lie on the

bench with your head toward the bar.” “Place your feet on
either side of the bench or on top of the bench, whichever
is the most comfortable.” NOTE. Tester will check for
excessive arching of back and adjust feet and body posi-
tion accordingly.

4. Explain and/or demonstrate correct grip. “Grasp the bar
firmly at the positions indicated.” NOTE. Hands are posi-
tioned so that a right angle is obtained at the elbow,
forearms are vertical, and elbows are directly beneath bar.

5. Ensure body position is correct. “Make sure your body is
in the center of the bench and your back is flat.” NOTE.
Tester will check for excessive arching of back, by sliding
hand under lumbar spine, and adjust feet/body position
accordingly.
6. Ensure bar is positioned in the correct starting position.
“Make sure bar is directly over the mid-chest area and
elbows are vertical.” NOTE. Body position will be moni-
tored and recorded by tester.

7. Adjust starting height of bar (where appropriate). “For
bench press, elbow joint should be at 90°.” NOTE. Bar
position will be noted and recorded by tester.

8. Remind about correct breathing technique. “Take a breath
in to prepare for the lift, and breathe out as you push the
bar steadily upward.” “Blow the bar up.” “Breathe in as
you lower the bar steadily.”

9. Perform several lifts at low or zero resistance to reestablish
familiarity with movement and correct lifting technique.
Encourage and monitor technique at all times.

0. Set initial resistance at a level slightly above that of
the warm-up resistance (ie, 1 or 2 blocks, 5–15lb [2.25–
6.75kg]). This will vary between participants according to
their perceived or observed effort during the warm-up.

1. Perform 1 lift with good technique.
2. Ask performer to rate how hard they perceived the lift to

be on a rating of perceived exertion (RPE) scale of 6 (very,
very easy) to 20 (most I could possibly do). NOTE. Tester
will also monitor difficulty of lift by observing the speed
and effort at which it is performed by the participant.

3. Rest 1 minute for RPE scores below 12, rest 2 minutes for
RPE scores above 12.

4. Add 5 to 10lb (2.25–4.5kg) depending on the RPE.
5. Repeat process to momentary muscular failure (ie, they

cannot continue) or to volitional fatigue (ie, they do not
wish to continue).

6. Record maximum weight lifted. NOTE. When failure oc-
curs, it may be appropriate in certain cases to remove some
of the added weight and attempt another maximum effort
at a slightly lower resistance. NOTE. If tester considers
that a maximal effort was not attempted for any reason,
this should be recorded in the Comments section of the
data sheet. NOTE. Test should be repeated on at least 1
more occasion (separated by a minimum of 48h) to ensure
reliability. NOTE. A similar protocol will be adopted for
all lifts. Performers will be constantly monitored for feed-
back on any pain and/or discomfort experienced during the
testing period. Correct breathing and lifting techniques
will also be constantly emphasized during each exercise.
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