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The Reliability of Berger’s Table in
Estimating 1-RM and 10-RM of the Elbow

Flexor Muscles in Normal Young Adults

ABSTRACT: |Isotonic strength training remains one of the methods of
strengthening muscles, as it requires inexpensive materials. The method
requires the determination of maximal isotonic strength or one repetition
maximum [1-RM] and/or sub-maximal isotonic strength (2-RM - 10-RM) of
a muscle group in order to know the appropriate resistance to subject the
muscle group to, and to monitor strength gains by the muscle group.
Bergerd table contains percentagesfor predicting 1-RM - 10-RM, and it is
intended to improve the efficiency of determining isotonic muscle strength.
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The aim of this study was to investigate the reliability of Berger’ table in predicting 1-RM and 10-RM of the right

elbow flexor muscles.

1-RM and 10-RM were estimated using Berger? table in 100 young adultsfollowing the determination of the
number of repetitions that could be carried out against randomly selected weights. Weight adjustments were made to
obtain the actual 1-RM and 10-RM. Data were subjected to regression analysis. A significant linear relationship exists
between the estimated and actual values of 1-RM and 10-RM. Results also showed that Berger?’ table explains 93%
of 1-RM and 98% of 10-RM. It was concluded that Bergers table is reliable in determining 1-RM and 10-RM of the
elbowflexors inyoung healthy adults. Regression equations that may improve the accuracy ofestimation were derived.
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INTRODUCTION

Many methods have been developed
for increasing the strength of skeletal
muscles. They include the isotonic, iso-
metric and isokinetic training methods
[Kisner and Colby, 1990]. The isotonic
and isometric methods require simple
and inexpensive materials like metal
weights and springs to resist muscular
contractions, whereas isokinetic exercises
require an electromechanical device.
This device keeps the joint motion at a
constant predetermined speed thereby
varying the resistance through the range
of motion. The isokinetic method has
been shown to be more efficient in
strength training than other training
methods [Moffroid et al, 1969, Smith
and Melton, 1981]. However, in spite of
this advantage, the use of isotonic and
isometric training methods still prevails
in a great majority of physiotherapy
clinics, especially in the developing
countries because of the high cost of
isokinetic machines. Also, isotonic
strength training is still used in research
[Housh et al, 1996; Taaffe et al, 1999;
Trappe et al, 2000].-

Strength measurement is an integral
part of muscular training. In the isotonic
strength training, muscular strength is
often recorded in terms of repetition
maximum [RM]. DeLorme [1954] intro-
duced this concept of isotonic strength
measurement along with that of heavy
resistance-low repetition exercises. One
repetition maximum [1-RM] is the
maximal load that can be lifted through
a complete range of movement once by
voluntary contraction of a muscle group.
Ten repetition maximum [10-RM] is the
maximum load that can be lifted through
a complete range of movement by volun-
tary contraction of a group of muscles
10 consecutive times only [Kisner and
Colby, 1990], Maximal isotonic strength
is usually recorded as 1-RM and, isotonic
exercise programmes are often based on
sub-maximal isotonic strength, 2-RM
to 10-RM, or a percentage of 1-RM
[Housh et al, 1996; Taaffe et al, 1999;
Trappe et al, 2000],

Values of repetition maximum are
generally determined by the trial and error
method [Berger, 1961; Belanger et al,
1984]. This method is time consuming

and prone to error due to muscle fatigue.
The need to alleviate these problems has
long been recognized. Many studies
have been carried out in this respect
Clark and Herman, 1955; Berger, 1961;
Klein and Johnson, 1961; Walsworth et al,
1996]. In one such study, Berger [1961]
came up with a table of percentages for
estimating any value between 1-RM and
10-RM, when only a value or weight
situated between I-RM and 10-RM is
known [Table 1], Berger [1961] collected
his data using the bench press-lift, which
involves the pectoralis, triceps anterior
deltoid and serratus anterior muscle
groups. He however hypothesized that
the same proportional result should be
obtained with any other muscle group.
In 1984, Belanger et al investigated the
usefulness of Berger’s table for deter-
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TABLE 1. Berger's table, an adapted version by Belanger et a| [1984]

Repetition Maximum [RM]

Example of the use of the table:
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If a subject lifts a weight of 36kg 5 times, then

36kg = 5 RM.

5RM = 89.8% of 1-RM

1-RM = 100/89.8x36 = 40kg.

10-RM = 78.9% of 1-RM

10-RM = 78.9/100 x 40 = 3 1kg

Percentages [%)]
100.0
97.4
94.9
92.4
89.8
87.6
85.5
83.3
81.1
78.9

TABLE 2. Means and standard deviations of 1-RM and 10-RM

Variables

Estimated
1-RM (kg)
Actual 1-RM
(ko)
Estimated 10-
RM (kg)
Actual 10-RM
(ko)
Legends

Mean
SD
Mean
SD
Mean
SD
Mean

SD

SD = Standard Deviation

* = Differs significantly (P <0.05) from male value.

FIGURE |.Test Procedure

Legends

A = Starting position

Subjects
Males
(n = 50)

12.23
+ 1.85
13.24
+ 1.56
9.64

+ 1.43
9.74

+ 1.44

B = Completion of range

Females
(n =50)

6.98*
+ 1.08
7.68*
+0.97
5.46*
+0.80
5.57

+0.87
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Total
(n = 100)

9.61
+ 3.04
10.46
+ 3.08
7.55
+ 2.40
7.65
+ 241

mining 1-RM and 10-RM of the knee
extensor muscles in normal subjects,
and reported high correlation coefficients
between the actual values of 1-RM and
10-RM, wusing Berger’s table. They
therefore concluded that Berger’s table
was efficient in determining 1-RM and
10-RM of the knee extensor muscles.
The present study was carried out to
investigate the reliability of Berger’s
table in estimating values of 1-RM and
10-RM of another group of muscles, the
elbow flexor muscles.

MATERIALS AND METHODS

One hundred volunteers [50 males and
50 females] from the student community
of the University College Hospital,
Ibadan, Nigeria participated in the study.
The volunteers were healthy young
adults who were not involved in com-
petitive or regular leisure-time sports
(such as weight lifting, squash, lawn/
table tennis, soccer, hand/basket ball).
They had no history or obvious evidence
of muscular weakness, physical defor-
mities or disabilities. Subjects were right
handed and their ages ranged between
20 and 29 years.

The number of times [repetitions] a
randomly selected weight could be
lifted by active contraction of the right
elbow flexor muscles was determined.
The instructions were read out to each
subject and the test procedure was
demonstrated. The subject was made to
sit on a chair without armrests. The
upper trunk was strapped to the backrest
of the chair with a sling, and the shoul-
ders were stabilized by one researcher
who stood behind the subject in order to
prevent trick movements. The left arm
hung loosely by the side. Two horizontal
projections from a wooden frame were
adjusted to the ends of range of elbow
movements while the subject lifted an
unloaded barbell. A second observer
who sat some distance in front of the
subject was able to observe the range of
motion. The barbell was then loaded,
and subject was instructed to carry out as
many lifts as possible [Figure 1A & B].
A weight was considered too heavy
when it could not be lifted and too light
when the number of lifts exceeded 10.
When the load was too heavy, it was
decreased; and when it was too light, it



TABLE 3. Regression Coefficients of Actual 1-RM and 10-RM on Estimated 1-RM

and 10-RM
Subjects  Variable Coefficients
a b
Male 1-RM 421 0.74
(n=50) 10-RM 0.55 1.01
Female 1-RM 2.37 0.76
(n=50) 10-RM 0.06 1.01
Total 1-RM 1.03 0.98
(n=100)  10-RM 0.15 0.99
Legends

a = constant or intercept

b = regression coefficient

S.E. (b) = standard error of b

R2 = the coefficient of determination

S.E (b) R2 T value Pvalue
0.06 0.77 12.70 <0.0001
0.04 0.92 23.54  <0.0001
0.08 0.62 8.87 <0.0001
0.05 0.88 18.59 <0.0001
0.03 0.93 36.99 <0.0001
0.02 0.98 65.88 <0.0001

Regression equations (y = a + bx) for the total sample (n = 100)

Actual 1-RM = 1.03 + 0.98 estimated 1-RM
Actual 10-RM = 0.15 +0.99 estimated 10-RM.

TABLE 4. Multiple Regression Coefficients Of Actual 1-RM and 10-RM On Sex and

Estimated 1-RM and 10-RM

Variable Coefficients R2
Constant 2.65
Sex 1.68
Est. 1-RM 0.73 0.95
Constant 0.23
Sex 0.09
Est. 10-RM 0.98 0.98

Legend

R2 = Coefficient of determination
S.E. = Standard error of estimate
S = Significant

NS = Not significant

Est. = estimated

SE Tvalue Pvalue
0.33 8.07 <0.0001 (9
0.27 6.18 <0.0001 ()
0.55 16.17 <0.0001 ()
0.18 1.28 0.213 (NS)
0.15 0.60 0.551 (NS)
0.03 31.08 <0.0001 ()

Regression equation for 1-RM (y = a + bl si + b2s2) =

Actual 1-RM = 2.65 +1.68 +0.73 estimated 1-RM.

(Where y = actual 1-RM, a = the constant, bl = the regression coefficient for sex,
si = the dummy value for sex, which is O for female and 1 for male,

b2 = coefficient of standard error, and s2 = estimated 1-RM).

was increased. The test was then repeated
after a 10-minute rest. Whenever the
need arose to adjust the weight more
than twice, the subject was given
another appointment and the test was
repeated one or two days after the first
visit. When the number of lifts carried
out against the weight was between 1
and 10, the weight in kilograms and the

number of repetitions were used to cal-
culate 1-RM and 10-RM, using Berger’s
table [Table 1],

The actual 1-RM of the muscle group
was determined during another visit,
1to 2 days after the last one. The calcu-
lated or estimated 1-RM was used as
the baseline weight. The weight was
adjusted until the actual 1-RM was

obtained. During another visit, also 1
to 2 days after the last visit, the actual
10-RM was similarly determined.

Statistical Analysis:

The means and standard deviations of
1-RM and 10-RM [estimated and actual]
were calculated for the total sample and
according to gender. Pearson’s correla-
tion coefficient was calculated to deter-
mine the relationship between estimated
and actual values of 1-RM and 10-RM
respectively. Scatter graphs were also
plotted. In addition, regression methods
were used to analyze the relationship
between estimated and actual values of
1-RM and 10-RM respectively. A predic-
tion model with an intercept was used
in the analysis. In order to determine
whether it was necessary to include
gender as a predictor variable, data for
males and females were analysed sepa-
rately, and appropriate equations for
predicting actual values for estimated
values were derived. Regression ana-
lysis was done using the EP 16 statistical
package.

RESULTS

The mean age of the subjects was 22.8
[SD = 2.0] years. Their mean weight
was 59.5 [SD = 8.9] Kg.; and their mean
height was 169.0 [SD = 8.6] cm. The
male subjects were aged 23.4 [SD = 2.3]
years and the females were aged 22.1
[SD = 1.5] years. The mean weight
(64.0 [SD = 7.3] kg) and height {175.1
[SD = 6.1] cm.} of the male subjects
were significantly higher than the
respective values of 55.0 [SD =8.2] kg
and 162.9 [SD = 8.6] cm for the female
subjects [p< 0.05].

The mean value of the estimated 1-RM
of the right elbow flexor of the total
study sample was 9.61 kg, while for
the actual 1-RM, it was 10.46 kg. The
estimated and actual 10-RM values
were 7.55 kg and 7.65 kg respectively
[Table 2]. The mean 1-RM and 10-RM
(estimated and actual) of the male
subjects were significantly higher than
those of female subjects [<0.05] as
shown in Table 2.

The correlation coefficient between
estimated and actual values of 1-RM
was 0.97, and that between estimated
and actual values of 10-RM was 0.99.
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FIGURE 2. Scatter graph for 1-RM

6 8 10 12

Estimated 1 - Rm (kg.)

Legends
m = Male + = Female

Figures 2 and 3 show a linear relation-
ship between the estimated and actual
values of 1-RM and 10-RM of subjects’
elbow flexor muscles. The intercept [a]
of the regression line for 1- RM (total n)
was 1.03 and the regression coefficient
[b] was 0.98. The coefficient of determi-
nation [R2] was 0.93. The intercept and
regression coefficient of 10-RM (regres-
sion line) were 0.15 and 0.99 respectively,
and R2 was 0.98. Regression analysis
indicated a significant relationship
between estimated and actual values of
each variable [p<0.0001] as shown in
Table 3. Table 3 also shows the regres-
sion coefficients of actual 1-RM and
10-RM on estimated 1-RM and 10-RM
of the elbow flexor muscles for each
sex. These coefficients were significant
in all instances [p <0.0001]. Table 4
shows multiple regression analysis of
actual 1-RM and 10-RM on sex and
estimated 1-RM and 10-RM. Results
indicated that for 1-RM, there was sig-
nificant difference between the regres-
sion coefficients of the two sexes, hence
the need to include sex as a predictor
variable. For 10-RM, the regression
analysis for male and female subjects
was not significantly different. There-
fore, as shown in Table 4, the appro-
priate equation for predicting actual
1-RM from estimated 1-RM is:

Actual 1-RM= 2.65 + 1.68 sex +0.73

estimated 1-RM.

(Where the dummy values for sex is

0 for females and 1 for males).

Similarly, the appropriate equation for

FIGURE 3. Scatter graph for 10-RM

14

Legends

m = Male + = Female

predicting actual 10-RM from estimated
10-RM is:
Actual 10-RM =0.15 + 0.99 estimated
10-RM.

DISCUSSION

The results of this study indicate that a
significant linear relationship exists
between the actual and estimated 1-RM
and 10-RM using the Berger’s table.
Based on the coefficients of determina-
tion [R2] obtained in this study, Berger’s
table appears reliable in estimating
values of 1-RM and 10-RM of the elbow
flexor muscles in normal young adults.
The findings of the present study agreed
with those by Belanger et al [1984] who
also found Berger’s table efficient in
estimating values of 1-RM and 10-RM
of the knee extensor muscles. The study
by Belanger et al [1984] and the present
study found Berger’s table reliable in
estimating values of repetition maximum
of two different muscle groups and
would appear to support the notion that
such data could be obtained for other
muscle groups.

The male subjects in this study
recorded significantly higher values
of both 1-RM and 10-RM of the elbow
flexor muscles than the female subjects.
This is in agreement with the well-
known fact that men generally have
more muscular strength than women,
and was also corroborated by the signi-
ficant difference in the mean weight of
64.0 kg for the male subjects compared
with 55.0 kg for the females. Multiple

14 SAJournal of Physiotherapy 2001 vo1 57 No 2

regression results indicate gender as
the predictor variable in the equation for
predicting the actual 1-RM from esti-
mated 1-RM, but not in the equation for
predicting the actual 10-RM from esti-
mated 10-RM. This suggests that the
strength difference between males and
females is higher at maximal effort
than at sub-maximal effort. The regres-
sion equations derived from this study
could further improve the accuracy of
estimating repetition maximum values.
Further studies would need to focus on
the clinical application of our results in
various neuromuscular disorders.

CONCLUSION
Our results confirm that Berger’s table is
reliable in estimating 1-RM and 10-RM
of the elbow flexor muscles in normal
young adults. The accuracy of estima-
tion may be further improved by using
the regression equations:
1) Actual 1-RM = 2.65 + 1.68 sex +0.73
estimated 1-RM
(Where the dummy value of sex
equals 1 for male and 0 for females).
2) Actual 10-RM =0.15 + 0.99 estimated
10-RM.
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