@ STRENGTH ASSESSMENT © PERIODIZATION © STRETCHING FOR STRENGTH © CLIMBING WALLS

Finess Management

ISSUES AND SOLUTIONS IN FITNESS SERVICES JUNE 2000

New Ways to
Beef Up Your
Strength Training

Programs

N~




Strength Assessment

Assessing

reny

ol

th

You can assess muscular strength in a safe, efficient manner by
using formulas that do not require clients to attempt maximum lifts.

By Matt Brzycki

TRENGTH TESTS ARE used for a variety of popula-
tions, from professional athletes to recreational
fitness enthusiasts. The main reasons for per-
forming strength tests are to evaluate initial

strength levels and to assess changes in strength. Regardless
of the reason for testing muscular strength, trainers and
other staff need to perform testing in a safe, efficient man-
ner. Examined here are some traditional forms of strength
testing, as well as some alternate ways to test to ensure ac-
curacy and the test’s safety.

The history of strength assessments

Strength tests and measurements began in the U.S.
around 1860. At that time, the major focus was on anthro-
pometric measurements, such as size and symmetry. Around
1880, physical testing shifted from anatomical proportions

Traditional 1-RBV testing requires
skdll, proper warm-up, instruction,

supervision and practice.

to muscular strength. Then, in the 1920s, new and more sci-
entific test methods were developed, and statistical tech-
niques for data analysis became available. Through the
years, a few specific types of strength tests have become the
most popular.

Traditional test methods

Two basic types of strength tests have evolved: static and
dynamic. In a static (or isometric) test, a muscle exerts ten-
sion against a fixed, nonmoving resistance. In a dynamic
(or isotonic) test, one or more body parts moves against a
resistance.

Strength testing has gradually become more sophisticated.
Now tests can be conducted in a formal, scientific setting —
such as a laboratory or sports medicine facility — with
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equipment ranging from relatively simple dynamometers
and tensiometers to more elaborate isokinetic and motor-
driven testing devices. Some equipment can even provide
both static and dynamic tests that measure strength at dif-
ferent joint angles over a full range of motion, and then plot
a “strength curve” with an incredible degree of accuracy.
Unfortunately, such scientific testing can be expensive and
involves a considerable amount of time. In addition, so-
phisticated scientific tests are usually not practical to assess
a large number of individuals.

Fortunately, there is a more convenient way to assess mus-
cular strength without the drawbacks of elaborate scientific
testing. Since these easier assessments are performed outside
of a formal scientific setting, they are referred to as “field
tests.” Field tests represent simple, convenient, easy-to-ad-
minister methods of measurement that require a minimum
amount of time, cost and equipment. For these reasons,
many strength and fitness professionals rely on field tests to
assess muscular strength.

The most popular (and traditional) way to assess dynamic
strength is to determine how much weight an individual
can lift for one repetition. A one-repetition maximum (1-
RM) is usually performed using three or four exercises that
are representative of the body’s major muscle groups. For
example, a bench press or an incline press is typically used
to assess the strength of the chest, shoulders and triceps,
while a squat or a leg press is often used to measure the
strength of the hips and legs.

Traditional 1-RM testing

The traditional way to test strength using a 1-RM raises a
number of concerns. One reservation is that performing a
1-RM is a highly specialized skill, requiring proper warm-up,
instruction, supervision and practice.! In addition, tradi-
tional 1-RM testing can be time-consuming, due to the
number of warm-up sets that are required to prepare for the
maximal attempt. These problems are magnified when eval-
uating a large group of people.'?

Another concern with traditional 1-RM testing is an in-
creased risk of musculoskeletal injury.!?** Attempting a 1-
RM with a maximal or near-maximal weight can place an
inordinate amount of stress on muscles, bones and connec-
tive tissues. Injuries occur when the stress exceeds the ten-
sile strength of these structural components. The concern
for safety increases when testing certain populations, such
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PREDICTED 1-RM = M x(Yi=1)+ X‘J
Y2-Y1)
where X1 = the heavier weight
Xz = the lighter weight

Y1 = the repetitions performed with the heavier weight
Y2 = the repetitions performed with the lighter weight

Example

Suppose that an individual performs two sets to muscle
fatigue: 5x165 and 10x135. Inserting these numbers into the

equation would yield:
X1 = 165
X2 = 135
Yii=h
Y2 =10
PREDICTED 1-RM =
(165-135) . 30 i<
105 x(5-1)+165= 5 x4 +165=

24 +165=189

Figure 1. The Brzycki Formula for predicting a one-
repetition maximum (1-RM) based on reps-to-fatigue in
two sets.

as younger adolescents and older adults who are at greater
risk for orthopedic injury.!

Fitness professionals must identify a means to assess the
muscular strength of their clients that is safe and efficient,
but also inexpensive, practical and reasonably accurate.

Strength and anaerobic endurance

To discuss alternate ways to test strength, it's necessary to
distinguish between strength and anaerobic endurance. In
basic terms, strength is the ability to exert force, and maxi-
mal strength is a measure of the ability to exert force during
a single muscular contraction with a maximal load. In con-
trast, anaerobic endurance is the ability to exert force during
successive muscular contractions with a submaximal load. It
is important not to confuse anaerobic endurance with car-
diovascular endurance. Anaerobic endurance is a short-
term, high-intensity muscular effort — less than about two
minutes; cardiovascular endurance involves muscular effort
for a much longer duration.

Strength and anaerobic endurance are highly related.* A
review of strength-training literature indicates that there is a
direct relationship between reps-to-fatigue and the percent-
age of maximal load (or weight): As the percentage of max-
imal load increases, the number of repetitions decreases in
an almost linear fashion.®

Data also suggests that 10 reps-to-fatigue could be per-
formed with a weight equal to approximately 75 percent of
a maximal load.> For example, if your 1-RM is 200 pounds,
then you should be able to perform 10 reps-to-fatigue with
150 pounds (75 percent of 200). Expressed in other terms, if
your maximal strength is 200 pounds, then a measure of
your anaerobic endurance is your ability to perform 10 rep-
etitions with 150 pounds before experiencing muscular fa-
tigue. This would also be known as your 10-repetition
maximum (10-RM).

Unless you have an injury or other musculoskeletal dis-
order, the relationship between your muscular strength and
your anaerobic endurance remains relatively constant.*
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Therefore, regardless of whether your strength increases or
decreases, you should always be able to perform the same
number of repetitions with a given percentage of your 1-
RM. This also suggests that if you improve your 1-RM by 20
percent, then your 10-RM should also improve by 20 per-
cent. Conversely, if you increase your anaerobic endurance,
then you also increase your muscular strength. So, if you
improve your 10-RM by 20 percent, then your 1-RM should
also improve by 20 percent. Keep in mind, however, that
the actual improvement in a 1-RM may be less if you
haven’t practiced the requisite skill in performing a 1-RM.

Implications for testing. Since there is a direct relation-
ship between anaerobic endurance and strength, you can
determine anaerobic endurance by measuring strength, and
determine strength by measuring anaerobic endurance.
Though it doesn’t directly measure pure maximal strength,
testing anaerobic endurance is much safer than attempting
a 1-RM because it involves submaximal loads.

A number of prediction equations have been developed
and used to estimate a 1-RM based on the relationship be-
tween strength and anaerobic endurance. While some of the
equations have proven to be reasonably accurate, one prob-
lem with them is that they do not take into consideration
individual differences.??

Genetic influences on testing

Each individual inherits a different potential for improv-
ing muscular size and strength, cardiovascular endurance,
anaerobic endurance and other physical attributes. Indeed,
a person'’s physical profile is largely determined by several
inherited characteristics, including the ratio of fast-twitch
(FT) to slow-twitch (ST) muscle fibers, limb length and neu-
rological ability.

Because of these genetic influences, especially muscle
fibers, some people perform either less than or more than
10 reps-to-fatigue with 75 percent of their maximal
strength. Westcott reported data on 141 subjects who did a
test of anaerobic endurance with 75 percent of their 1-RM.®
(Remember, it has been suggested that an individual could
do 10 reps-to-fatigue with this workload.) According to the
data, the subjects completed an average of 10.5 repetitions.
However, only 16 of the 141 subjects (11.35 percent) did ex-
actly 10 reps-to-fatigue with 75 percent of their 1-RM. Many
of the subjects were within a few repetitions of 10. In fact,
66 of the subjects (46.81 percent) were able to do between
eight and 13 reps-to-fatigue. On the other hand, 75 of the
subjects (53.19 percent) did either less than eight reps-to-fa-
tigue or more than 13. At the extremes, two subjects did
only five reps-to-fatigue and one managed 24.

If predicting a 1-RM from reps-to-fatigue is to be as accu-
rate as possible, individual differences in anaerobic en-
durance must be considered. There are several ways to
determine an individual-specific estimate of a 1-RM.

1-RM and anaerobic endurance tests. One way to obtain
an individual-specific estimate of a 1-RM is to perform ac-
tual tests of muscular strength and anaerobic endurance. To
do this, first determine the maximal weight that you can lift
for one repetition using good technique. Next, assess your
anaerobic endurance by taking 75 percent of your 1-RM and
performing as many repetitions as possible using good tech-
nique. For instance, if your 1-RM is 200 pounds, do a set
with 150 pounds (75 percent of 200). Suppose that you are
able to do eight reps-to-fatigue with 75 percent of your 1-
RM (instead of 10 reps-to-fatigue as has been suggested). You



have just established an individual-specific relationship be-
tween your strength and anaerobic endurance based upon
your inherited characteristics. More specifically, you now
know that you can do eight reps-to-fatigue with 75 percent
of your 1-RM. In the future, you can estimate your 1-RM
based upon your inherited characteristics by dividing the
most weight you can lift for eight repetitions by 0.75.

A two-set prediction equation. Another approach to at-
tain an individual-specific estimate of a 1-RM is to use a pre-
diction equation. The most frequently used prediction
equations are based on the reps-to-fatigue done in one set.??
However, a test using one set does not account for individ-
ual differences in anaerobic endurance. A better way to as-
sess muscular strength from anaerobic endurance is to use a
prediction equation that is based on the reps-to-fatigue ob-
tained in two sets. A two-set prediction equation is shown in
Figure 1.

To illustrate the equation, guesstimate a weight that will
allow you to reach muscular fatigue in approximately four
or five repetitions. On a later date, guesstimate a weight that
will allow you to reach muscular fatigue in approximately
nine or 10 repetitions. It doesn't really matter how many
repetitions you do in the two sets, as long as you do not ex-
ceed 10. Now, suppose that you did five reps with 165
pounds in the first set and 10 reps with 135 pounds in the
subsequent set. Inserting these values into the equation
yields an individual-specific predicted 1-RM of 189 pounds.

1-RM graphing method. A final way to make an individ-
ual-specific estimate of a 1-RM is to use a graph and plot the
reps-to-fatigue obtained in two sets. On a sheet of graph
paper, draw a vertical line down the left-hand side of the
page. Starting at the bottom of this vertical line, draw a hor-
izontal line across the page. Label the vertical line “weight”
and mark off five- or 10-pound increments; label the hori-
zontal line “reps-to-fatigue” and mark off 10 increments,
numbering them from one to 10. The intervals between the
numbers on both lines must be equidistant.

Once the graph is set up, perform two sets with the same
guidelines as previously stated. On the graph, plot the
weight that you used and the number of reps-to-fatigue that
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Figure 2. One-repetition maximum (1-RM) graphing
method.

you did in both sets. Using a ruler, connect these two points
and extend this line to the left until it intersects the vertical
line that designates one repetition. This extrapolation is an
individual-specific estimate of your 1-RM.

An application of the graphing method appears in Figure
2. In this instance, consider again that you did S reps with
165 pounds and 10 reps with 135 pounds. When these two
points are plotted on the graph and the line is extrapolated
to the left, it yields a predicted 1-RM of 189 pounds — the
same maximum that was estimated by the two-set predic-
tion equation.

Implications for training

There is not currently any consensus on the percentage of
maximal weight that is necessary to stimulate optimal gains
in strength. For the moment, however, imagine that it is 75
percent. According to the study by Westcott, this workload
appears to allow an average of about 10 reps-to-fatigue.® Re-
call, though, that his data also showed that many individu-
als can do either less than or more than 10 reps-to-fatigue.
These individual differences in anaerobic endurance suggest
the need to customize repetition ranges to maximize the re-
sponse to strength training. For example, those who cannot
do more than 10 reps-to-fatigue with 75 percent of their 1-
RM have a relatively low level of anaerobic endurance (and
likely a high percentage of fast-twitch muscle fibers). These
individuals would benefit more by training with slightly
lower repetition ranges. Conversely, those who can do more
than 10 reps-to-fatigue with 75 percent of their 1-RM have a
relatively high level of anaerobic endurance (and likely a
high percentage of slow-twitch muscle fibers). These indi-
viduals would benefit more by training with slightly higher
repetition ranges. This is not to say that 75 percent is the op-
timal workload for stimulating increases in strength. The use
of 75 percent of a 1-RM is only to illustrate the point about
the need for individualized repetition ranges.

There are also implications for pre-planned or “periodized”
workouts that demand specific numbers of repetitions with
certain percentages of a 1-RM., For instance, a workout might
require individuals to perform 10 repetitions with 75 percent
of their 1-RM. Because of wide variations in anaerobic en-
durance, however, such a prescription might be far too easy
for some and literally impossible for others. Therefore, pre-
planned workout schedules that stipulate the same number
of repetitions with a specific percentage of maximal load for
everyone may be minimally effective, except for the segment
of the population who have a particular level of anaerobic
endurance that corresponds exactly to the specifications and
parameters of the training prescription. m
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