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ABSTRACT
This study investigated blood pressure (BP) response, rating
of perceived exertion (RPE), and rate of injury and muscle
soreness associated with maximal muscle power, strength,
and endurance testing in 19 sedentary African American
women 44–68 years of age. Tests included the medicine ball
put, a modified Wingate bicycle test, the bench press, and
the squat press. Blood pressure and RPE were assessed im-
mediately posttest. Injuries and muscle soreness were eval-
uated using a soreness scale immediately posttest and on
days 2 and 7. No abnormal BP responses occurred (mean
systolic and diastolic BP 5 158 mm Hg and 86 mm Hg,
respectively). The RPE ranged from 11 (fairly light) to 19
(very, very hard). No injuries or soreness requiring any al-
teration in lifestyle were reported. Results indicate that max-
imal muscle power, strength, and endurance testing may be
performed in sedentary older African American women on
the same day without significant muscle soreness, injury, or
abnormal BP response.
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Introduction

Strength training (ST) has been shown to have nu-
merous benefits, such as preservation of lean mus-

cle tissue, increased bone mineral content, increased
ability to perform activities of daily living, and en-
hanced quality of life (9, 14). The optimal ST prescrip-
tion may improve all aspects of muscular fitness, in-
cluding power, strength, and endurance. Power is de-
fined as (force 3 distance)/time, or the application of
strength with speed (18). Training to improve muscle
power, especially lower-body power, may decrease the

number of falls in the older population and increase
this population’s ability to perform recreational sports
(25). Strength is defined as the maximal force that a
muscle or muscle group can generate at a specified
velocity (18). The Surgeon General’s Report on physical
activity and health (30) states that developing muscle
strength can improve one’s ability to perform tasks
and reduce the risk of injury, and that ‘‘resistance
training may contribute to better balance, coordina-
tion, and agility that may help prevent falls in the el-
derly.’’ Endurance is defined as the ability to maintain
a given power or strength output. Increases in muscle
endurance may lead to an enhanced ability to perform
submaximal work tasks and recreational activities (18).
Enhancement of all aspects of muscle fitness may lead
to increased independence and ability to perform ac-
tivities of daily living.

Despite the known benefits of increased muscle
power, strength, and endurance, there is a paucity of
research on these parameters in African American
women. When information is available, it is often de-
mographic and fails to look at specific African Amer-
ican subgroups. The 1991 National Health Interview
Study (1) reports that African American women par-
ticipate in fewer ‘‘strengthening activities’’ than does
any other racial and ethnic group. The 1992 Health and
Retirement Study (20) surveyed 957 African American
women self-respondents aged 51–61 years. Slightly
over one-half reported some difficulty in physical
function, identified as major lower-body movements
involved in activities of daily living, such as walking
and climbing stairs (20).

One method used to develop an optimal ST pre-
scription that targets enhancement of muscle power,
strength, and endurance involves maximal muscle
testing. Maximal muscle testing may enhance the prac-
titioner’s ability to design the optimal ST prescription
by eliminating possible errors associated with esti-
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Table 1. Subject characteristics.

Mean 6 SD Range

Age (y)
Height (cm)
Weight (kg)
Body fat (%)

51.0 6 7.1
162.1 6 6.1
84.8 6 11.3
42.3 6 5.3

44.0–68.0
151.1–174.0
60.9–113.4
32.2–48.7

Resting blood pressure (mm Hg)
Systolic
Diastolic

128.5 6 10.7
83.8 6 6.0

114.0–162.0
74.0–96.0

Stanford Activity Scale
Moderate activity*
Vigorous activity†

2.7 6 1.0
0.3 6 0.6

0.0–4.0
0.0–2.0

* 0 5 no activity; 6 5 high level of moderate activity.
† 0 5 no activity; 5 5 high level of vigorous activity.

mations of the subject’s maximal muscle power,
strength, and endurance capabilities. However, prac-
titioners may be reluctant to perform maximal testing
due to the possibility of resultant muscle soreness (26),
injury (26), abnormal pressor responses (24), arrhyth-
mia (7, 19, 23, 24), or left ventricular wall dysfunction
(24). Therefore, a possible reason for the lack of re-
search regarding muscle power, strength, and endur-
ance among older African American women may be
the viewpoint that maximal muscle testing is unsafe
in a deconditioned population. Evidence from elderly
and cardiac rehabilitation populations regarding the
safety of maximal testing suggests that with proper
screening, maximal power, strength, and endurance
testing may be safe and effective for virtually any pop-
ulation (5, 10, 11, 13, 16, 17).

Fiatarone et al. (14) observed no muscular or car-
diovascular complications associated with maximal
strength and power testing in a group of frail nursing
home residents ranging in age from 86–96 years. Bar-
nard et al. (5) found no incidence of injury or signifi-
cant muscle soreness among 74 cardiac rehabilitation
patients who underwent maximal strength testing. In
male cardiac patients, Featherstone et al. (13) found
lower heart rates and rate-pressure products during
maximal strength training when compared with grad-
ed treadmill tests. Other research has shown that the
rise in blood pressure (BP) associated with strength
testing is consistent with maximal treadmill testing,
and thus not sufficient to warrant the elimination of
strength testing from cardiac rehabilitation programs
(11, 13). Further, evidence suggests that strength test-
ing does not cause left ventricular dysfunction (10, 11,
16, 17).

No studies have reported on the safety of maximal
power, strength, and endurance testing in older Afri-
can American women. The lack of information regard-
ing the safety of maximal testing in this population
may limit the development of the optimal exercise pre-
scription to enhance muscle fitness. Therefore, the pur-
pose of this study was to investigate the BP response,
rating of perceived exertion (RPE), and rate of injury
and muscle soreness associated with maximal muscle
power, strength, and endurance testing in sedentary
African American women 44–68 years of age.

Methods
Subjects
Twenty-six sedentary African American women age
44–68 years from the Louisville, KY, area volunteered
to participate in this study. The study was approved
by the University of Louisville Human Studies Com-
mittee prior to subject recruitment and all subjects
signed informed consent to participate. Each subject
received a physical exam administered by a physician
prior to initiating any testing procedures. Seven wom-

en were excluded from the study due to preexisting
medical problems that precluded maximal muscle
power, strength, or endurance tests. These problems
included uncontrolled high blood pressure (n 5 5),
blood clots (n 5 1), and orthopedic problems (n 5 1).
Table 1 lists the descriptive characteristics of the 19
subjects who completed testing procedures. Four of
the 19 subjects were taking medications to control
blood pressure. The average age of the subjects was 51
years. Subjects had no prior strength training experi-
ence and were not currently participating in any struc-
tured exercise program. Subjects classified themselves
as ‘‘sedentary’’ and this classification was confirmed
using the Stanford Activity Scale (28). On this survey
instrument, subjects had a mean score of 2.7 on a scale
of 0 (no activity) to 6 (high level of moderate activity)
and a mean score of 0.3 on a scale of 0 (no activity) to
5 (high level of vigorous activity). Resting BP was nor-
mal. Percent body fat determined by bioelectrical im-
pedance (Biodynamics Corp., Seattle, WA) using the
Segal modified equation for African American women
(2) averaged 42.3%.

Testing Protocol Orientation
Individual mock testing took place on day 1 to famil-
iarize subjects with the tests. This familiarization ses-
sion followed the same procedure as the actual test
session. A crash cart was available on site, and emer-
gency medical technicians were aware testing was tak-
ing place and had an estimated arrival time of less
than 5 minutes.

Upon arrival at the lab, subjects’ resting BP was
assessed. The subject then walked for 5 minutes on the
treadmill at 2.7 miles per hour and next completed
light stretching and movement through the range of
motion needed to complete the tests. Each test tech-
nique, purpose, and procedure was explained in detail
to the subject, with practice trials allowed until the
subject felt comfortable. Practice trials were conducted



256 Adams, Swank, Barnard, Berning, and Sevene-Adams

in the same order of the actual testing and were as
follows: (a) medicine ball put, (b) modified Wingate
bicycle test, (c) 1 repetition maximum (1RM) bench
press, (d) endurance bench press, (e) 1RM squat press,
and (f) endurance squat press. For the squat press and
bench press exercises, familiarization included both
repetitions with no weight and submaximal-weighted
trials to ensure subjects learned proper technique and
experience the ‘‘feel’’ of pushing against a load. Sub-
jects required the greatest amount of time learning the
bench press technique because of the coordination re-
quired to learn a free-weight, multijoint movement.
Each subject’s orientation session lasted approximately
1 hour. At the end of the orientation session, the max-
imal testing session was scheduled.

Power Tests

A 1-kg 2-handed medicine ball put for maximum dis-
tance was used to assess upper-body muscle power.
The medicine ball put test is used in athletics, and sim-
ilar to the use of the vertical jump for lower-body pow-
er, serves as a representation of upper-body power.
The procedures of Lyttle et al. (22) were followed. Sub-
jects were strapped to a chair to eliminate use of mo-
mentum and the 1-kg medicine ball (Perform Better,
Cranston, RI) was placed in their hands. Subjects were
asked to ‘‘put’’ the ball (similar to a 2-handed basket-
ball chest pass) for maximum distance. The arc of the
ball was controlled by a 0.75-m ring positioned 2 m in
front of the subject at a height that controlled angle of
release at approximately 458. Subjects had 2 practice
trials to coordinate their aim through the ring, fol-
lowed by 3 maximal efforts. The best distance was re-
corded.

Peak lower-body power was assessed by a modi-
fied Wingate bicycle test (6). A Monark bicycle ergom-
eter with a computer interface (Sports Medicine In-
dustries, St. Paul, MN) was used to determine peak
wattage output. Resistance was set at 3.5% body
weight. In pilot testing, this resistance was determined
by investigators to be a load the subjects could pedal
against for the 10-second duration of the test. Higher
percentages of maximum were found to be too high
to maintain pedaling upon load initiation. Seat height
was set at a level that allowed the subject’s leg to be
near full extension at the bottom pedal position. Sub-
jects pedaled the bike at light resistance for 3 minutes
to ensure adequate warm-up. The subject was then
asked to pedal as hard and fast as possible against no
resistance for 5 seconds. Using an ‘‘Instaload’’ (Sports
Medicine Industries), the resistance was loaded to
3.5% within 1 second and the subject continued to
pedal as hard and fast as possible for 10 seconds.

Strength and Endurance Tests

Bench Press 1RM. A 1RM bench press was measured
for all subjects using a standard bench and free

weights. A special Olympic-size solid aluminum bar
weighing 6.8 kg (Bigger, Faster, Stronger, Salt Lake
City, UT) was used to accommodate low levels of up-
per-body strength. A 1RM is defined as the weight
that can be lifted no more than 1 time with acceptable
form (15). ‘‘Acceptable form’’ means that the exercise
is performed primarily by the specified muscle groups
without the use of momentum or any changes in body
position, other than those directly resulting from the
movement of the weight during the exercise motion
(15). The subject’s feet remained flat on the floor at all
times during the press, with buttocks and head in con-
tact with the bench. The principal investigator served
as the spotter, handing the bar to the subject. The sub-
ject received the bar with arms extended, then in a
controlled fashion, lowered the bar, touched the chest,
then pressed the bar back to the fully extended posi-
tion. The spotter then helped rack the bar. The 1RM is
the ‘‘gold standard’’ for evaluating strength and is the
fundamental crux by which the optimal intensity of
training can be established to maximize response (21).
The 1RM testing methodology of Kraemer and Fry
was employed (21):

1. Subjects received detailed instructions and per-
formed each exercise several times at very low re-
sistance to enhance familiarization and warm-up.
The importance of proper breathing was empha-
sized to the subjects to avoid the Valsalva maneuver
and to avoid any compromise in circulatory func-
tion.

2. A light warm-up of 5–10 repetitions with 40–60%
of the subject’s perceived 1RM was performed.

3. After a 1-minute rest with light stretching, 3–5 rep-
etitions at 60–80% of perceived 1RM were per-
formed.

4. Step 3 took the subject close to perceived 1RM. A
conservative increase in the weight was made, and
a 1RM was attempted. If the lift was successful, a
rest period of 3–5 minutes was allowed. This pro-
cess continued until a failed attempt occurred.

5. The 1RM value was reported as the weight of the
last successfully completed lift.

This process of gradually increasing the weight up
to a true 1RM was enhanced by the prior familiari-
zation of the subjects with the movement and by the
extensive experience of the investigators in determin-
ing 1RMs in an older population. Communication be-
tween the subject and the testing staff was empha-
sized. Questions recommended by Kraemer and Fry
(21) were asked, such as, ‘‘How do you feel?’’, ‘‘Are
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Table 2. Subject power test results.

Mean 6 SD Range

Medicine ball put (m) 4.6 6 0.8 3.1–6.0

Wingate bike test
Peak power (W)
Peak power (W·kg21)
Peak power (W·kg21

lean body mass)

326.2 6 65.9
3.9 6 0.8

6.3 6 1.1

209.0–451.0
2.5–6.0

4.5–9.3

Post–power test blood pressure (mm Hg)
Systolic
Diastolic

157.5 6 20.5
86.5 6 9.6

130.0–224.0
74.0–110.0

Table 3. Subject 1RM strength test results.*

Mean 6 SD Range

Bench press (kg) 29.5 6 7.7 15.9–52.3

Post–1RM test blood pressure (mm Hg)
Systolic
Diastolic

142.6 6 14.7
86.2 6 6.1

110.0–170.0
78.0–102.0

Bench press RPE
Squat press (kg)

15.9 6 1.8
111.7 6 50.4

13.0–19.0
40.9–227.3

Post–1RM test blood pressure (mm Hg)
Systolic
Diastolic

140.8 6 17.1
86.9 6 6.7

108.0–176.0
72.0–98.0

Squat press RPE 16.6 6 1.5 13.0–19.0

* 1RM 5 1 repetition maximum; RPE 5 rating of perceived
exertion.

you ready to go?’’, ‘‘How close to your 1RM do you
think you are?’’, ‘‘Can you lift about 2 more pounds?’’
Questioning was emphasized as the subjects attempt-
ed to exhibit their best functional performance.

Bench Press Endurance. Upon completion of the bench
press 1RM, the weight on the bar was lowered to 50%
of the subject’s 1RM. A 5-minute rest was allowed,
then the subject proceeded to perform as many repe-
titions as possible with 50% of 1RM on the bench
press, using the same technique used in the 1RM test-
ing. The spotters counted and recorded the repetition
number.

Squat Press 1RM. A 1RM squat press was measured
for all subjects utilizing a Cybex squat press machine
(Cybex International, Owatonna, MN). Subjects start-
ed the movement with legs fully extended, then low-
ered the weight until a 908 angle was achieved at the
knee joint. The 1RM testing methodology of Kraemer
and Fry was employed (21).

Squat Press Endurance. Upon completion of the squat
press 1RM, the weight on the bar was lowered to 70%
of the subject’s 1RM. A 5-minute rest was allowed,
then the subject proceeded to perform as many repe-
titions as possible with 70% of 1RM on the squat press,
using the same technique used in the 1RM testing. The
spotters counted and recorded the repetition number.

Blood Pressure and Rating of Perceived Exertion
Upon completion of each of the above tests, except the
medicine ball put, BP and RPE were measured. Blood
pressure was measured within 15–30 seconds postex-
ercise by the auscultation method with the subject in
the seated position on the bench press, and in the re-
clined position on the squat press. Subjects’ RPE was
determined using the Category RPE scale (possible
range 5 6–20) to help quantify subjective effort (8). As
recommended by Borg (8), standardized instructions
relating to the subject’s total perception of exertion and
fatigue were stated to each subject prior to the maxi-
mal tests.

Injury
In accordance with Shaw et al. (29), subjects were eval-
uated for occurrence of an injury and complaints of
muscular soreness immediately after 1RM and endur-
ance testing, and on posttest days 2 and 7. An injury
was considered to occur if a subject had to either sig-
nificantly alter or stop her daily physical activities. In-
juries and complaints of muscle soreness were evalu-
ated by administration of a questionnaire developed
by Shaw et al. (29). Muscle and joint soreness were
subjectively graded on a 4-point scale by each subject
(1 5 no soreness; 2 5 slightly sore; 3 5 uncomfortably
sore; and 4 5 painfully sore).

Data Analysis
Descriptive statistics (mean 6 SD and range) were re-
corded for all subjects.

Results
Table 2 shows the power test and BP results for the
subjects on the medicine ball put and the modified
Wingate bike test. Average distance of the 1-kg med-
icine ball put was 4.6 6 0.8 m. Peak watts (W) on the
modified Wingate bicycle test ranged from 209.0 to
451.0, with a mean score of 326.2 6 65.9 W. When
body weight was taken into consideration, the women
generated a mean score of 3.9 6 0.8 W·kg21 and 6.3 6
1.1 W·kg21 lean body mass. The 2.4-W difference be-
tween W·kg21 and W·kg21 lean body mass may be at-
tributable to the high percent body fat (mean 5 42.3
6 5.3%) in these subjects. No abnormal BP responses
were noted according to the American College of Sports
Medicine Guidelines for Exercise Testing and Prescription
(4) immediately following the bike test, with a mean
systolic BP (SBP) of 158 mm Hg and a mean diastolic
BP (DBP) of 86 mm Hg. The change from resting BP
averaged 29.0 mm Hg for SBP and 2.7 mm Hg for DBP.

Table 3 shows the 1RM, blood pressure, and RPE
results for the subjects’ bench press and squat press
strength tests. The 1RM scores on the bench press av-
eraged 29.5 6 7.7 kg, with a range of 15.9–52.3 kg.
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Table 4. Subject endurance test results.*

Mean 6 SD Range

Bench press 50% 1RM (repeti-
tions) 20.6 6 6.3 10.0–30.0

Post–repetitions test blood pressure (mm Hg)
Systolic
Diastolic

143.1 6 12.9
87.8 6 7.9

110.0–160.0
78.0–114.0

Bench press RPE
Squat press 70% 1RM (repeti-

tions)

13.4 6 1.7

12.2 6 3.2

11.0–17.0

7.0–18.0

Post–repetitions test blood pressure (mm Hg)
Systolic
Diastolic

145.8 6 16.8
84.6 6 7.0

120.0–176.0
70.0–98.0

Squat press RPE 14.7 6 2.0 11.0–19.0

* 1RM 5 1 repetition maximum; RPE 5 rating of perceived
exertion.

Table 5. Muscle soreness scale data following 1RM and
endurance testing.*

Time following
testing (d) Mean 6 SD Range

0 (Immediate)
2
7

1.4 6 0.6
1.2 6 0.4
1.1 6 0.2

1.0–3.0
1.0–2.0
1.0–2.0

* 1RM 5 1 repetition maximum.

The results demonstrate no abnormal BP responses
immediately following the 1RM bench press with a
mean SBP of 142 mm Hg and a mean DBP of 86 mm
Hg. The RPE ranged from 13 (somewhat hard) to 19
(very, very hard). The 1RM scores on the squat press
averaged 111.7 6 50.4 kg with a range of 40.9–227.3
kg. The results demonstrate no abnormal BP responses
immediately following the 1RM squat press with a
mean SBP of 140 mm Hg and a mean DBP of 86 mm
Hg. The RPE ranged from 13 (somewhat hard) to 19
(very, very hard). The mean change from resting BP
on both 1RM strength tests was 13.2 mm Hg for SBP
and 2.8 mm Hg for DBP.

Table 4 shows the muscle endurance (repetitions to
failure), blood pressure, and RPE results for the sub-
jects on the bench press at 50% of 1RM and on the
squat press at 70% of 1RM. Repetitions to failure on
the bench press averaged 20.6 6 6.3 RM. The results
demonstrate no abnormal BP responses immediately
following the endurance test with a mean SBP of 144
mm Hg and a mean DBP of 88 mm Hg. The RPE
ranged from 11 (fairly light) to 17 (very hard). Repe-
titions to failure on the squat press averaged 12.2 6
3.2 RM. The results demonstrate no abnormal BP re-
sponses immediately following the endurance test
with a mean SBP of 146 mm Hg and a mean DBP of
84 mm Hg. The RPE ranged from 11 (fairly light) to
19 (very, very hard). The mean change from resting BP
on both endurance tests was 16.0 mm Hg for SBP and
2.8 mm Hg for DBP.

Table 5 shows muscle soreness results for the sub-
jects. No significant soreness was reported by the sub-
jects immediately following the 1RM and endurance
test (mean 5 1.4) with 12 subjects reporting ‘‘no sore-
ness,’’ 6 subjects reporting ‘‘slightly sore,’’ 1 subject
reporting ‘‘uncomfortably sore,’’ and no subjects re-

porting ‘‘painfully sore.’’ No significant soreness was
reported by the subjects on days 2 or 7 posttesting
(mean scores 5 1.2 and 1.1, respectively). No injuries,
defined as significant alteration or cessation of physi-
cal activities, were reported. These results indicate that
with proper education and supervision, muscle power,
strength, and endurance testing may be performed in
sedentary older African American women on the same
day without significant muscle soreness, injury, or ab-
normal BP response.

Discussion

The purpose of this study was to investigate the BP
response, RPE, and rate of injury and muscle soreness
associated with maximal muscle power, strength, and
endurance testing in sedentary African American
women 44–68 years of age. The results indicate no in-
jury or significant muscle soreness occurred with
same-day maximal muscle power, strength, or endur-
ance testing in this population. No abnormal BP re-
sponses (4) were observed immediately following
power, strength, or endurance tests. The RPE ranged
from 11 (fairly light) to 19 (very, very hard) for all
tests.

Strength training may help minimize the loss of
muscle power, strength, and endurance associated
with aging (14). Furthermore, proper ST may help de-
velop and maintain lean body mass as one ages (14).
Adequate levels of muscle power, strength, and en-
durance are important in maintaining independence
and a high quality of life. Muscle power has been
shown to be a key factor in maintaining functional
abilities and decreasing the likelihood of falls in the
elderly (14). Muscle strength is important during ac-
tivities of daily living, such as carrying groceries and
taking out the trash. Muscle endurance is required in
repetitive activities of daily living, such as raking
leaves or holding children.

Due to the significant impact muscle fitness may
have on quality of life, optimizing the ST prescription
is of paramount importance. Designing an ST pre-
scription for a subject without first evaluating their
muscle power, strength, and endurance is similar to
starting a cardiac rehabilitation program without an
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entry-level graded exercise test (12). In both situations,
a very ‘‘hit-or-miss’’ approach is used and optimal
training prescriptions may not be developed, thereby
lessening the conditioning effect of the program. Krae-
mer and Fry (21) discuss 2 main reasons for measuring
a person’s 1RM in any ST program. The first reason is
to accurately measure the amount of weight a person
can lift for a given exercise in order to optimize the
training effect (21). By only estimating a subject’s 1RM,
a certain amount of error in the exercise dosage may
occur (15). An underestimate of the subject’s 1RM
could result in a submaximal load in the ST prescrip-
tion, which will not elicit optimal strength gains and
may result in decreased subject morale. An overesti-
mate of the subject’s 1RM could result in the use of
workloads that cause the subject to overtrain, possibly
causing excessive soreness and injury (15). Conversely,
an accurate 1RM may lead to an optimal ST prescrip-
tion that challenges the subjects, but works within the
capabilities of their musculoskeletal system, thereby
maximizing gains.

A second reason to perform 1RM testing is that
testing allows for periodic evaluation of the subject as
well as the ST program itself (21). During a set train-
ing period, the subject will again perform a 1RM test
and this value will be compared to the subject’s initial
1RM. If the subject is making progress, then the ST
prescription may need little or no change. On the other
hand, if the subject is not making progress, the ST
prescription may need to be adjusted. Perhaps the
training intensity is too high or too low or maybe a
longer time period is needed between strength-testing
periods. Comparing pre- and posttraining evaluations
also allows for evaluation of the overall design of the
ST prescription.

Maximal muscle power, strength, and endurance
assessment is one of the accepted methods of evalu-
ating gains for many populations, but no studies have
been performed using maximal muscle performance
assessment in African American women. Practitioners
may have been reluctant to perform maximal muscle
power, strength, and endurance testing in African
American women due to the potential for an abnormal
pressor response or the muscle soreness or injury that
may occur in a deconditioned population.

There are few studies that focus on the safety of
maximal muscle performance assessment. These stud-
ies focus primarily on the elderly and cardiac rehabil-
itation populations because these populations are most
likely to demonstrate an abnormal response to maxi-
mal muscle testing. Findings by Pollock et al. (26) have
shown an incidence of injury of 19% (11 injuries in 57
subjects) when 1RM-testing the healthy elderly. Five
of the injuries were knee injuries related to leg exten-
sion testing, while 5 shoulder and arm injuries and 1
back injury were related to chest press testing. Four of
the 5 knee injuries were related to prior knee problems

or injuries; the remaining 7 injuries were unrelated to
any previously known orthopedic problem. Another
study by Shaw et al. (29), in which 1RM testing was
performed on the healthy elderly, demonstrated an in-
cidence of injury of 2.4% (2 injuries in 83 subjects) re-
lated to 1RM testing. One of the injuries that occurred
was a back muscle injury during leg extension. The
authors attributed this injury to a previous orthopedic
problem. The other injury was a fractured rib sus-
tained by a woman while attempting a chest press.

DeGroot et al. (11) performed 1RM testing on
phase III cardiac rehabilitation patients and reported
no muscle soreness lasting more than 48 hours. Only
1 patient in the study displayed any rhythm changes
during 1RM testing, consisting of occasional prema-
ture ventricular contractions (11). Crozier-Ghilarducci
et al. (10) found no abnormal BP, heart rate, or rhythm
responses in 9 stable male cardiac patients who per-
formed 1RM testing. Barnard et al. (5) reported no
incidence of injury or significant soreness in 74 cardiac
rehabilitation patients as a result of 1RM testing; fur-
thermore, 23 cardiac rehabilitation patients categorized
as high-risk patients according to the American As-
sociation of Cardiovascular and Pulmonary Rehabili-
tation Guidelines (3) demonstrated no abnormal blood
pressure or electrocardiographic responses during
1RM testing (5). In a group of frail nursing-home res-
idents ages 86–96 years, Fiatarone et al. (14) observed
no muscle or cardiovascular complications after max-
imal strength and power testing. The present study
demonstrated no injury or significant muscle soreness
as a result of maximal muscle power, strength, and
endurance testing. Furthermore, peak SBP averaged
146.0 mm Hg and peak DBP averaged 86.4 mm Hg.

Exercise selection is of utmost importance when
performing maximal testing and may greatly contrib-
ute to the safety factor. Exercises chosen should involve
large muscle groups used in activities of daily living,
involve movement around multiple joints to distribute
stress, and mimic as closely as possible movements en-
countered in everyday settings (i.e., specificity). The
exercises chosen for this study work the major muscle
groups and involve movement around multiple joints,
which minimizes the stress placed on one structure.
The bench press targets the large muscle groups of the
upper body, while distributing forces among the
shoulder, elbow, and wrist joints. The Cybex squat
press provides variable resistance in a closed, kine-
matic chain movement (27). The squat press design al-
lows a natural arc movement to be performed by com-
bined knee and hip motions, while maintaining cor-
rect ankle position throughout the range of motion.
The joint positioning throughout the path of motion
provides a more desirable knee and toe relationship
than the position used in the traditional leg press, dra-
matically reducing the detrimental forces on the knee
(27).
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Practical Applications

Data from this study support the hypothesis that sed-
entary African American women aged 44–68 years
may be safely assessed for maximal muscle power,
strength, and endurance on the same day when proper
testing procedures are used. No abnormal BP re-
sponses were observed following maximal muscle
power, strength, and endurance testing. The RPE
ranged from 11 (fairly light) to 19 (very, very hard) for
all tests. The subjects did not report any testing-related
injuries or soreness that required any alteration of life-
style. These findings suggest that same-day maximal
muscle power, strength, and endurance testing may be
safe and feasible in older, sedentary African American
women as long as appropriate exercises are selected
and proper technique is used.

Limitations of this study include the lack of heart
rate and rhythm data on subjects during the tests and
the indirect method used to measure BP. Also, the
small number of subjects in this study makes it diffi-
cult to draw definitive conclusions about the overall
safety of maximal muscle testing in this population.
However, preliminary results demonstrate no adverse
consequences of testing in this small sample. A greater
number of subjects is needed to confirm the findings
of this study that suggest maximal testing is safe in
this population. Future studies involving a larger pop-
ulation and comprehensive cardiovascular monitoring
are currently underway to help address these limita-
tions.
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