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Reliability of Maximal Strength Testing in Older Adults
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ABSTRACT. Phillips WT, Batterham AM, Vaenzuela JE,
Burkett LN. Reliability of maximal strength testing in older
adults. Arch Phys Med Rehabil 2004;85:329-34.

Objectives. To determine (1) the reliability of a maximal
strength test (1 repetition maximum) [1-RM] in older adults
and (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)
and women (n=31), with a mean age of 75.4*+4.7 years.

Interventions. None.

Main Outcome Measures. Systematic error (shift in mean)
and random error (% coefficient of variation [%CV]) was
assessed between consecutive pairs of 1-RM trials.

Results: For the bench press, systematic error was virtually
eliminated for men between trials 2 and 3 (0.7%; 95% confi-
dence interval [CI], 2.7% to 4.3%). The CV was stable
(4.7%—7.3%) across al trialsin both genders. For the leg press,
a gignificant but clinically small systematic error (3.6%,
P<.05; 95% ClI, 0.8—6.6) was evident for women between
trials 2to 3. The CV was reduced across tria pairs by 3.3% for
men and 0.9% for women. Three versus 6 or more sessions of
familiarization produced small clinical differences in system-
atic error (=4.1%) and CV (=0.2%) between trials 2 and 3 for
both lifts.

Conclusions. Reliability is an indispensable requirement for
valid test outcomes. Our results show that, in this group of
older adults, 3 familiarization sessions and 2 to 3 test trias
produced highly reliable 1-RM measures. Additional periods of
familiarization added little to test reliability. Effective reliabil-
ity testing for 1-RM is a practical and attainable goal for
outcomes based practitioners.

Key Words: Functional assessment; Measurement error;
Elderly; Rehabilitation.
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GROWING BODY OF RESEARCH has consistently re-

ported the importance of strength training in a variety of
health-, functional-, and/or rehabilitation-related functional
tasks.:5> The validity of such results, however, depends on
accurate and appropriate assessment of reliability of the func-
tional task under consideration and the strength measure being
used. The value and importance of reliable assessment methods
in geriatrics has been stressed for more than a decade.®” How-
ever, athough the literature contains numerous reports of reli-

From the Department of Exercise and Wellness, Arizona State University East,
Mesa, AZ (Phillips, Vaenzuela, Burkett); and Department of Sport and Exercise
Science, University of Bath, Bath, UK (Batterham).

No commercial party having a direct financial interest in the results of the research
supporting this article has or will confer a benefit upon the author(s) or upon any
organization with which the author(s) is/are associated.

Reprint requests to Wayne T. Phillips, PhD, FACSM, Dept of Exercise and
Wellness, 7001 E Williams Field Rd, Arizona State University East, Mesa, AZ
85212-0180, e-mail: wphillips@asu.edu.

0003-9993/04/8502-8121$30.00/0

doi:10.1016/j.apmr.2003.05.010

ability testing for functional tasks®® and for isokinetic strength
testing,10-13 reliability is rarely reported for maximal isotonic
strength testing (1 repetition maximum [1-RM]) in older
adults.+16 Where reliability has been otherwise reported, it has
typicaly been expressed solely as a correlation, usually a
Pearson correlation coefficient or an intraclass correlation co-
efficient (ICC). The sole use of such statistics, however, is
inappropriate and insufficient to accurately assess reliability”
and has recently been the subject of discussion in thisjournal .18
The Pearson correlation coefficient is a bivariate statistic and so
is inappropriate for assessing reliability of a univariate re-
peated-measures test such as 1-RM.2° The ICC, a univariate
measure, is also inappropriate for confidently assessing reli-
ability because, like the Pearson correlation coefficient, it is
strongly influenced by the distribution of the data.17.2° A wide
between-subject variation, as recently illustrated by Keller et
a1t for isokinetic testing, will therefore lead to a high ICC
regardless of the actual agreement between the variables under
consideration. In addition, although the effects of lack of fa-
miliarization on reliability are well accepted,192! few studies
report pretesting familiarization sessions, and no study has
previously reported the potential effect of differing periods of
familiarization on the reliability of 1-RM testing.

Recent authoritative reviews and texts'®-23 have expressed
concern at the lack of attention paid to reliability in the exercise
science literature and have stated that, in order for reliability to
be confidently assessed, both random and systematic sources of
error should be appropriately measured. Random (within-sub-
jects or typical) error includes biologic or psychologic varia-
tions within subjects and variance due to test equipment and
apparatus or the personnel administering the test. Systematic
error isanonrandom difference in mean scores acrosstrials and
is generally considered to be due to learning effects secondary
to alack of familiarization. From a methodologic perspective,
addressing systematic error may be even more relevant in
studies involving older adults who typically report little famil-
iarity with strengthening activities?* and are thus more likely to
exhibit systematic variability in baseline maximal strength
testing responses.

This study assessed both systematic and random (typical)
error components of reliability during repeated trials of 1-RM
strength testing in a population of older adults and compared
reliability assessments between participants who completed 3
sessions of familiarization with those who completed 6 or more
sessions of familiarization. This is the first study of which we
are aware that has (1) ssimultaneously and appropriately as-
sessed both systematic and random error during 1-RM testing
in older adults and (2) compared the reliability of differing
lengths of familiarization.

METHODS

Participants

Forty-seven independently living men (n=16) and women
(n=31) (mean age, 75.4+4.7y; range, 60—91y) were recruited
from a local community senior center. Before entry into the
study, al subjects were required to complete an extensive
demographic and lifestyle questionnaire and to obtain physi-
cian consent for participation. Exclusion criteria included any
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Table 1: Subject and Familiarization Data

3 Familiarization 6-+Familiarization

Subjects Age * SD (y) Weight = SD (Ib) Sessions Sessions Total N
Men 75.8x7.5 186.6+22.3 8 8 16
Women 75.2x17.3 157.0£40.1 12 19 31
Total 75.4x14.7 167.0=37.6 20 27 47

muscul oskeletal, visual, orthopedic, or neuromuscular deficits
that would preclude exercise and/or interfere with correct ex-
ercise technique; cognitive deficits as measured by the Folstein
Mini-Mental State Examination2s; and physician recommenda-
tion for nonparticipation. All subjects provided written consent
for the study, which was approved by the institutional review
board.

Procedures

All subjects attended Monday, Wednesday, and Friday for
familiarization and testing sessions. Most subjects were new to
resistance training (RT); however, some had attended a low-
to-moderate intensity RT class for 6 to 30 weeks before the
commencement of this study. Others, because of an extended
delay in obtaining physician consent, were allowed to continue
with their familiarization sessions before actual testing to main-
tain interest and adherence to the study. All subjects were
initially naiveto 1-RM testing and completed at least 3 sessions
of familiarization before testing. During the familiarization
period, subjects became acquainted with the test administra-
tors, the exercise equipment, and exercise techniques. The
importance of safe and effective lifting was continuously em-
phasized. We paid particular attention to low back positioning
for the bench press in view of the increased risk for low back
pain caused by excessive arching of the back during strenuous
lifting efforts. Grip width was selected for each participant at a
distance that required forearms to be vertical and elbows di-
rectly under the bar, thus providing a biomechanically efficient
starting point for the lift.

Following extensive explanation and demonstration of cor-
rect technique, participants first performed each lift at a low
intensity, with emphasis being placed on correct breathing and
body mechanics. Over the course of the familiarization period,
they progressed to multiple repetitions and sets of low-to-
moderate intensity. Reliability testing was applied to a repre-
sentative upper-body (supine chest press) and lower-body
(seated leg press) lift. On test days, the test administrator again
explained the test to the subject and demonstrated the actual
lifts. To minimize potential measurement error, all testing was
carried out at the same time of day, with the same testers, in the
same facility, and with the same protocol. Immediately before
testing, subjects performed a 5-minute general warm-up on a
stationary recumbent cycle, followed by a more specific
warm-up of the actua lift to be performed, using 5 to 10
repetitions of a light load as determined by the test adminis-
trator. All testing was conducted according to a standardized
procedurezs (appendix 1). Three separate testing sessions for
each lift were conducted on nonconsecutive days. Both test lifts
were performed during the same session in random order. All
lifts were conducted on a Paramount plate-loaded multistation
unit.2

Data Analysis

All analyses were conducted using SPSS, version 10,° sta-
tistical analysis software for Windows. Following the recom-
mendations of Hopkins,23 separate analyses were performed on
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consecutive pairs of trials (trials 1 and 2, 2 and 3) for both male
and female samples. This permits an exploration of learning
effects on the random error that may be obscured if all 3 trials
were subjected at once to a repeated-measures anaysis of
variance (ANOVA). Pairwise plots (not illustrated) of each
participant’s difference scores (trial 2 minus trial 1, tria 3
minus trial 2) plotted against the mean for the 2 trials con-
cerned suggested the presence of heteroscedasticity in the data,
that is, differences between trials increased in proportion to the
absolute amount of weight lifted in the 1-RM. Thisviolated the
assumption of homoscedasticity, or constant error variance. In
addition, Shapiro-Wilks tests of pairwise difference scores
revealed violations of the normal distribution assumption.
Therefore, a normalizing and variance stabilizing natura 1og-
arithm transformation was applied to all data points.

Systematic bias (change in the mean) was calculated from a
paired t test, with 95% confidence intervals (Cls) representative
of the likely range for the “true” mean difference in the pop-
ulation. Mean differences between consecutive pairs of trials
were expressed as a percentage change in mean. This was
calculated via the back-transformation of the mean pairwise
differences between the 2 trials according to the formula
(percentage change in the mean=100[e"—1]), where X is the
mean difference between trias for the log-transformed vari-
ables. The typical error or noise (random within-subject vari-
ation) from trial to trial was computed from the standard
deviation (SD) of the tria to trial differences (SDpees). The
random error is equal to the SDp, = divided by V2 (equivalent
to the root mean squares error [RMSE] from an ANOVA
analysis). A percentage coefficient of variation (CV) can then
be derived using the formula %CV =100(e*— 1), where sis the
random error.23 |n addition to the trial-to-trial comparisons, the
3 triadls in each exercise test were treated with a repeated-
measures ANOVA. This enabled the calculation of the “aver-
age” random error across the 3 trials using the same formula as
above, with random error defined as the sguare root of the
RMSE term from the ANOVA variance partitioning of the
log-transformed data input.

We aso conducted a similar group analysis according to
those who had received 3 sessions of familiarization and those
who had received 6 or more sessions of familiarization and
compared the relative clinical effect of these 2 familiarization
periods on systematic and random error.

RESULTS

Fifty-three subjects were recruited to participatein this study
(35 women, 18 men); however, 4 women and 2 men were
unable to complete all test sessions for reasons not associated
with the study and so were excluded from the analysis. Forty-
seven subjects completed 3 test sessions each for the bench
press and leg press. Twenty-one subjects completed 3 famil-
iarization sessions while the remaining 26 completed between
6 and 30 sessions. No injuries were €elicited during the testing
process. Subject and familiarization data appear in table 1.
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Table 2: Descriptive Data and Reliability Analyses for Consecutive Trials: Trial 2 Versus Trial 1

Test n Trial 1 Mean =+ SD (lIb)

Trial 2 Mean = SD (Ib)

% Shift in Mean (95% CI) %CV (95% Cl)

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

63.3-16.8 1.1 (-1.51t03.8) 5.2 (4.3-7.3)
107.3+31.1 5.0 (1.1-9.4)* 5.4 (4.0-8.7)
216.0£51.1 -0.1(-3.21t0 3.1) 6.3 (5.1-8.7)
269.4+49.8 —0.4 (—5.1t0 4.6) 6.7 (5.1-10.9)

*Significant difference (P=.018) between trial means.

Reliability Results by Gender

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

Women (tables 2, 3) demonstrated negligible systematic bias
(=1-2lb [~.45-9k(]) across al pairs of trials. Random error
(%CV) was similar to that of the male group. Trials 1-2 (table
2) and for all trials taken as a unit (table 4).

Leg press. Men (tables 2, 3) demonstrated negligible sys-
tematic bias and a tendency for mean random error to decrease
across al pairs of trials. The random error for al 3 trials taken
as a unit was approximately 4% of the mean (table 4).

Women (tables 2, 3) demonstrated negligible systematic bias
between trials 1 and 2, but a statistically significant, athough
small, change in the mean occurred between trials 2 and 3
(3.6%). The random error across consecutive pairs of trials was
relatively stable (=5%—6%). The random error for al 3 trials
taken as a unit was approximately 6% (table 4).

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

Reliability Results by Length of Familiarization Period

For the bench press, differences in systematic error between
3 and 6 or more familiarization periods were 4.1% between
trials 1 and 2 (4.8% vs 0.7%), with the larger shift in the mean
occurring with 3 familiarization periods (table 5). Differences
were aso 4.1% between trids 2 and 3 (—0.6% vs 3.5%),
athough interestingly the larger shift in mean now occurred
with 6 or more familiarization periods. Random error differ-
ences did not exceed 1.1% for both pairs of trials.

For the leg press, the shift in mean was 2.9% for 3 famil-
iarization sessions between trials 1 and 2, versus a similar shift
(—2.4%) for 6 or more familiarization sessions but in the
opposite direction (table 5). For trials 2 to 3, differences in
systematic error between familiarization periods were virtually
eliminated (3.2% for 3 sessions vs 3.0% for 6+ sessions).
Differences in random error between the varying lengths of
familiarization in the leg press were small and were reduced
with 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
the confidence one can place in 1-RM test findings and/or the
identification of potential limitations to the test’s reliability.
Previous studies!> have reported that a single day of familiar-
ization is insufficient to elicit stable and precise measures of
1-RM. Other studies and authoritative reviews!t1820.23 have
aso reported that methods of assessing reliability have often
been inappropriate or insufficient. In assessing both systematic
and random error aspects of reliability, we found that, for both
men and women, 3 familiarization sessions and 2 to 3 1-RM
tests were sufficient to confidently determine the 1-RM in this
group of older adults. For some lifts, a third 1-RM test trial
added to the stability and/or precision of the test.

Bench Press

In our study, male test performance on the bench press
demonstrated a small but significant systematic bias between
the first 2 trials of 1-RM performance. The 95% CI indicated
that the true systematic bias in the population might be as high
as 9.4% of the mean. Hence, alearning effect across the first 2
trials was evident despite the prior familiarization sessions.
There was no systematic bias, however, between trials 2 and 3
(table 3), indicating that the addition of a third tria was
necessary to eliminate the learning effect and to determine a
stable basdline. In contrast to this, women demonstrated no
systematic bias across al pairs of trials (tables 2, 3), indicating
that the prior familiarization sessions were sufficient to elimi-

Table 3: Descriptive Data and Reliability Analyses for Consecutive Trials: Trial 3 Versus Trial 2

Test n Trial 2 Mean = SD (lb)

Trial 3 Mean = SD (Ib)

% Shift in Mean (95% Cl) %CV (95% Cl)

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

64.4+15.4 2.3(-1.4t06.1) 7.3 (6.0-10.2)
108.4+31.7 0.7 (-2.7 to 4.3) 4.7 (3.5-7.5)
223.9x52.8 3.6 (0.8-6.6)* 5.6 (4.6-7.8)
275.5+53.8 2.0(-0.5t04.7) 3.4 (2.6—5.5)

*Significant difference (P=.016) between trial means.
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Table 4: 1-RM ANOVA Results for Consecutive 1-RM Trials

Test F P Overall %CV 95% ClI
Bench press
Women Fy60=2.39 .10 6.2 5.3-7.6
Men F,30=6.65 .004* 4.9 3.9-6.5
Leg press
Women F60=3.26 .04" 6.2 5.3-7.6
Men F,30=0.58 .56 4.3 3.2-6.8

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

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

Leg Press

No systematic bias was evident for men in our study across
al 3 trids (tables 2, 3) and the mean random error decreased
(increased precision) across consecutive pairs of trials. Hence,
athough a third trial appeared unnecessary with respect to
systematic biasin thislift, where appropriate, it may be a useful
strategy to reduce noise in the measurement and thus increase
the ability to detect smaller changesin strength in a person after
an intervention. The random error for al 3 trials taken as a unit
was 4.3% of the mean (table 4).

In women (tables 2, 3), there was no systematic bias evident
between trials 1 and 2. The comparison of trials 2 and 3,
however, revedled a statistically significant, although small,
shift in the mean 1-RM of 3.6% or approximately 8lb (3.6kg).
This may indicate a delayed learning effect subsequent to
increased confidence and/or more specific familiarization with
exerting maximal effort in trials 1 and 2. The random error
across consecutive pairs of trias for this lift was relatively
stable (=~5%—6%) with a value of around 13 to 14lb (5.85—
6.3kg; 6.2% of the grand mean) for al 3 trias taken as a unit
(table 4). Although a shift in the mean of this magnitude may
be small enough to be acceptable in some clinica or training
settings, additional tests appear to be necessary if further re-
ductions in systematic and random error were deemed appro-
priate or desirable. The magnitude of our random error scores
were generally lower than those reported by others for isotonic
testing.1627 However, a comparison of our data with previous
work is problematic owing to lack of standardization in the
methods used to assess reliability. Salem et al6 estimated CV's
for repeat 1-RM trials by calculating SDs for each person and
then averaging these CVsto derive aCV for al participants. In
this approach, however, the CV may be contaminated by shifts
in the mean. Our approach, in contrast, calculates and presents

the CV separately from the shift in the mean. Our measure of
random error is thus uncontaminated and represents a more
appropriate indicator of the precision of strength measure-
ments.

Awareness of the importance of systematic and random error
and the use of appropriate statistical techniques to accurately
identify the magnitude (or limitations) of such measures is
crucia to establishing a valid single measurement of strength.
If a stable and valid baseline is not reliably established and
reported, erroneous conclusions may be drawn from the data
Rikli et a5 have elegantly illustrated the potential impact on
systematic error when omitting familiarization and baseline
reliability testing of 1-RM. Before implementing a strength-
training program in a group of older adults, they reported
significant differences between the means of thefirst 2 baseline
1-RM trials (large systematic error) but no differences between
trials 2 and 3. The magnitude of this difference was such that
had the first trial been taken as the “true” 1-RM, the apparent
posttraining strength gains in this study would have been
overestimated by 30% to 50%. Of relevance to our study, the
single session of familiarization reported by Rikli was not
sufficient to remove the large systematic error between the first
2 trials. More than a single period of familiarization appears to
be necessary to counteract the effects of systematic error in
1-RM test measures in this population, and it would also be
important to know the minimum or optimum number of famil-
iarization sessions necessary to obtain acceptable reliability for
1-RM testing.

Familiarization Periods

Ours is the first study of which we are aware that has
examined and reported both systematic and random error as-
pects of reliability and has compared the effect of differing
lengths of familiarization on these measures. Table 5 displays
reliability data by period of familiarization. Data for men and
women were pooled because gender-specific analyses of famil-
iarization sessions produced no meaningful differencesin sys-
tematic or random error. Examination of table 5 shows little
clinica difference between systematic and random error mea-
sures for 3 sessions or 6 or more sessions of familiarization.
For both sets of lifts therefore we feel that such differences are
not likely to be clinically meaningful in an applied setting and
that the additional familiarization sessions add little or nothing
to either the stability or the precision of the measure. Indeed, in
some instances, longer familiarization periods paradoxically
resulted in larger shifts in mean and larger random error mea-
sures than the shorter familiarization periods.

The data from this study suggest that, with our protocol,
clinicians, researchers, or practitioners can be confident of
detecting worthwhile increases in strength exceeding 5% to
6%. For example, if a training intervention were applied to a

Table 5: Descriptive Data and Reliability by Number of Familiarization Sessions

% Shift in Mean

Familiarization Sessions Trial 2 — Trial 1 (95% CI)

Random Error
%CV (95% CI)

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

Random Error
%CV (95% CI)

Bench press

3 (n=20) 4.8 (1.8-8.1)

6+ (n=27) 0.7 (-2.3t0 3.9)
Leg press

3 (n=20) 2.9 (0.0-6.0)

6+ (n=27) -2.4(-6.0to 1.4)

4.6 (3.6-7.0)
5.7 (4.6-8.1)

4.5 (3.5-6.7)
7.1 (5.7-10.2)

-0.6 (4.6 to 3.6)
3.5 (0.1-7.1)

3.2 (0.0-6.6)
3.0 (0.2-5.9)

6.5 (5.0-9.9)
6.3 (5.1-9.0)

4.9 (3.8-7.4)
5.1 (4.1-7.2)

NOTE. Data for men and women were pooled because individual analysis of male and female reliability data produced no meaningful

differences in systematic or random error.
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man from the sample in the current study, an improvement in
bench press 1-RM of at least 6lb (2.7kg) would be required to
have reasonable confidence in the precision of the change
score. If strength gains of less than this were considered clin-
ically meaningful (in the specific context in which the results
were being used), then either more familiarization, more trials,
or amore precise strength test would be needed to confidently
detect the change.

CONCLUSIONS

Although the heterogeneous nature of the older adult popu-
lation prevents extrapolation of our results to the general pop-
ulation, this study has highlighted the important contribution of
familiarization and repested trials to the reduction of system-
atic bias and random error in 1-RM testing for older adults.
Following afamiliarization period of 3 sessions before baseline
testing, systematic bias did not exceed 3.5% within 3 test trials.
Additional familiarization sessions did not improve reliability.
The significant shift in the mean of 3.6% for female leg press
at trial 3 was not considered clinically meaningful. The preci-
sion of our measure, represented as random error or %CV, was
approximately 5% to 6% for both exercises in both genders.
We believe this is an acceptable level of precision for most
purposes, including the single measurement of strength to
relate to other health, physical function, and/or rehabilitation
outcomes, as well as the tracking of strength gains in individ-
uals exposed to a training intervention.

We recommend that researchers, clinicians, and practitioners
using 1-RM tests in older adults naive to resistance exercise,
conduct and report reliability tests that address both systematic
and random error. Three sessions of familiarization together
with 2 to 3 1-RM test sessions appear to be sufficient to
confidently establish reliability. We have shown that such
procedures will reduce systematic bias and random error, max-
imizing the precision of measurements and the detection of
clinicaly significant health or rehabilitation-related effects or
relationships.

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

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

NOTE. This protocol will be explained and demonstrated to
participants during the familiarization period and immediately
before 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. Demongtrate lift with accompanying verba 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 dliding
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 liftsat low or zero resistance to reestablish
familiarity with movement and correct lifting technique.
Encourage and monitor technique at all times.

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

11. Perform 1 lift with good technique.

12. Ask performer to rate how hard they perceived the lift to
be on arating of perceived exertion (RPE) scale of 6 (very,
very easy) to 20 (most | could possibly do). NOTE. Tester
will aso monitor difficulty of lift by observing the speed
and effort at which it is performed by the participant.

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

14. Add 5 to 10lb (2.25-4.5kg) depending on the RPE.

15. Repesat process to momentary muscular failure (ie, they
cannot continue) or to volitional fatigue (ie, they do not
wish to continue).

16. Record maximum weight lifted. NOTE. When failure oc-
curs, it may be appropriatein certain cases to remove some
of the added weight and attempt another maximum effort
at a dlightly 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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