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An interesting aspect when studying the performance of physical work 
is the relationship between psychophysical and physiological growth 
functions as well as estimations of maximal capacity from sub-
maximal levels. The current study compared the Borg CR10 and 
CR100 scales on physical work during a bicycle ergometer test with 
24 test subjects, finding the CR100 scale slightly more detailed at 
lower levels of perceived exertion and containing a more natural nu-
merical range. The CR100 scale was subsequently used to determine 
the psychophysical growth functions during cycling and power lifting. 
Obtained exponents were approx. 1.8 (chest) and 1.9 (legs) for cycling 
and 2.1; 2.2 for squats and bench press respectively. The data was 
used to estimate the maximal capacity of 17 subjects from sub-
maximal levels, predicting one repetition max capacity within on av-
erage 3 kg. Maximal aerobic capacity proved more problematic to es-
timate, with obtained correlation coefficients of 0.38 (n.s.) – 0.65 
(p≤0.05) for running and cycling respectively (13 subjects). 

 
 
 

I n t r o d u c t i o n  
 
Psychophysics is a sub-field of the study of sensory perception, dealing with detection, 
identification, discrimination and scaling of sensory magnitudes. The term was origi-
nally coined by Fechner in his influential work Elemente der Psychophysik (Elements 
of Psychophysics) from 1860, focusing on methods for threshold determination, such as 
detection and discrimination of stimuli, and describing a hypothetical mathematical 
equation, according to which the subjective magnitude increases logarithmically with 
physical intensity. Fechner did not however succeed in developing an adequate scaling 
methodology, and his equation while never empirically tested remained based on theo-
retical assumptions. 
 
The area of psychophysical scaling would instead be further developed by S.S. Stevens 
and collaborators at Harvard University, conceiving “ratio scaling” methods whereby a 
scale could be given both equal intervals as well as an absolute zero, allowing for better 
statistical analysis of the data (Stevens, 1953, 1957, 1960; Stevens & Galanter, 1957). 
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Applying this new methodology in the shape of production and the more common esti-
mation methods, such as Magnitude Estimation (for a review see Stevens, 1975), Ste-
vens found that he was better able to describe the psychophysical Stimulus (S) – Re-
sponse (R) relationship as a power function with exponents ranging from 0.3 to 3.0 
(1971). In its simplest form the functions assumes the shape: 
 

R = c S n 
 
where R is the subjective intensity, c is a measure constant, S the stimulus intensity and 
n the exponent. An extra perceptual “noise” constant, a, was later added to the equation 
(Ekman, 1959), and a second constant, b, was proposed by Borg (1961, 1962; see also 
Mountcastle, Poggio & Werner, 1963), producing the more general expression: 
 

R = a + c (S – b) 

n 
 
Not withstanding his great contribution to the field of psychophysical scaling, Stevens’ 
lack of interest in making interindividual comparisons left his methods with a consider-
able drawback. While lacking the ability to make “direct” level determinations, data col-
lected from different individuals could not be easily compared. 
 
Applying the work of Stevens to the field of physical work, G. Borg introduced the 15-
graded category scale for ratings of perceived exertion (RPE), with the number range 6-
20 accompanied by verbal anchors placed to increase linearly with the intensity of 
physical work, each rating corresponding to approximately 1/10 of the heart rate in 
middle aged people (Borg, 1970a, with further modifications by Borg, 1985). Roughly 
every second number on the scale was also tied to a verbal expression, ranging from 
“No exertion at all” at 6 and “Somewhat hard” at 13, up to “Maximal exertion” at reach-
ing 20. Unique in its design and very easy to use, the RPE scale grew popular, finding 
widespread use in clinical settings, ergonomics, training and rehabilitation. 
 
As the linear nature of the RPE scale deviated from the true shape of the psychophysical 
function which had been shown to increase according to a power function, the RPE 
scale was succeeded by the CR(Category Ratio)-10 scale (Borg, 1982). Based around 
the “Range Model”, Borg set as an intersubjective anchor, the maximal perceptual mag-
nitudes experienced by an individual. While also assuming that the minimal subjective 
magnitudes or threshold levels can be set equal, the resulting range should be subjec-
tively about the same for all individuals, in spite of the fact that actual stimuli and re-
sponses can vary widely, and that the intensity of a specific perception can be evaluated 
according to its position in the range. Assuming the number range 0-10+, with 0 repre-
senting “Nothing at all” and 10 “Extremely strong - Maximal”, it combined the advan-
tages of verbal category anchors with the mathematical advantages of a ratio scale (see 
Borg, 1961, 1962, 1990, 1998, 2001). 
 
A recent follow-up to the CR10 scale, the “CentiMax” or CR100 scale was introduced 
by Borg & Borg (1994, 2001). Assuming the form of a percentage scale, spanning a re-
sponse range from 0-100+, it has been shown to have a slightly better discriminative 
capacity and produces more fine graded results than the CR10 scale (Borg, E. & Kai-
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jser, 2003). For a review of the construction of the scales, see Borg, 1998, and Borg & 
Borg, E., 2001. Both scales can be seen in Figure 1. 
 

  

 
Figure 1.  The Borg CR10 and CR100 scales (© Gunnar Borg, 1998, 2005). 
 
Both Borg CR scales have been successfully applied to the rating of perceived exertion, 
producing general mean exponents of 1.6 – 2.0 for maximal as well as sub-maximal 
work tests on a bicycle ergometer (Borg & Borg, E., 1994; Borg & Borg, E., 2002; 
Borg, 1998). Hassmén has also demonstrated the discriminatory capacity of the CR 
scales and their ability to differentiate between different groups of athletes, in both bi-
cycle and treadmill tests (1990). 
 
Perceived exertion (PE) as measured with the Borg CR scales, has also been shown to 
correlate highly with several physiological growth functions, such as heart rate (HR) 
and blood lactate (BL). While HR increases in a linear fashion with increased resis-
tance, BL has been demonstrated to grow according to a positively accelerating power 
function, much like PE, with obtained exponents varying from 2.2 – 3.5 during heavy 
bicycle ergometer work (Borg, 1962; Borg, Hassmén & Lagerström, 1987; Borg, Ljung-
gren and Ceci, 1985; Noble, Borg, Jacobs, Ceci & Kaiser, 1983). 
 
Physical working capacity can be determined by registering the Wmax, i.e. highest power 
level that the test subject can complete, or by measuring the maximal oxygen uptake 
levels (VO

2max) of an individual in a laboratory max-test (see Sjöstrand, 1947; Borg, 

1998; Åstrand, Rodahl, Dahl & Strømme, 2003). Physical capacity can also be esti-
mated using the very reliable HR/power relationship by way of a simple extrapolation to 
the maximal HR or a preset reference point, such as the W170 index for bicycle ergome-
ter work or the V160 index for various run tests. Similarly, WR7,70 indices can be extrapo-
lated from the PE/power function. 
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In both the field of medicine as well as sport science and exercise physiology, with such 
applications as the scaling of symptoms in diagnosing a condition, determining the 
physical capacity in the elderly and finding an optimum exercise intensity to assist in 
training and rehabilitation, the trend is moving towards a more patient oriented ap-
proach. Progress has however been slow in finding a standardised instrument or meth-
odology for these applications, leading to the existence of a multitude of scales and scal-
ing protocols, the results of which can not easily be compared. This study will apply the 
Borg scaling methodology to the study of PE and physical capacity in healthy and well 
trained individuals. 
 
The current study is based on data collected during three test phases over a period of 
one and a half years. Since the material is extensive, a division of the results, to allow 
for a clearer focus, was called for. The purpose of this paper is thus threefold: 
 
Study 1 will focus on the methodological aspects of the two most recent Borg scales, 
comparing the Borg CR10 and the Borg CR100 scales, in the context of PE. Psycho-
physical power functions will be calculated and separate ”absolute” levels of intensity 
as well as individual estimates of working capacity will be compared over individuals. 
 
Study 2 will discuss the applications of the Borg scaling methodology during two labo-
ratory work tests. Psychophysical power functions of PE will be compared with physio-
logical growth functions, such as HR, and extrapolated levels of physical capacity from 
a sub-maximal bicycle work test will be compared with measurements from a VO

2max 

treadmill test. 
 
Study 3 will demonstrate the use of the Borg scaling methodology in field-testing. 
Power functions and estimated maximal levels will be calculated for power lifting exer-
cises such as the squat and bench press, and evaluated against maximal performance 
levels. A new run test will be presented and assessed against established tests of aerobic 
capacity such as the 3000 m run test and bicycle ergometer test. 
 
 

S t u d y  1 
 
This study has previously been published by Borg, E. & Letzter (2004). 
 
Method 
Borg, E. & Letzter (2004) tested 24 well-trained male subjects by way of a sub-maximal 
work test on an electrically braked bicycle ergometer (EM 369, Elema Schönander, 
Stockholm, Sweden) using a protocol of step-wise increases in power, by 50 W every 
four minutes, while keeping a sustained pedalling rate of 60 rpm. 
 
The subjects’ mean age was 28.8 (3.9) years, mean height 184.0 (6.3) cm, mean weight 
87.1 (13.2) kg and mean BMI 25.7 (3.4). The W170 measure of working capacity was 
250 (58) W. Towards the end of each four minute interval, subjects provided ratings of 
PE in the chest (breathlessness) and legs (muscle fatigue) on the Borg CR10 and CR100 
scales and HR was measured with a Polar S210 HR monitor. Blood samples were taken 
from the subjects’ index fingers at the end of the 150 W and 200 W intervals, and BL 
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was analyzed with an Accusport Lactate Instrument (Roche). Subjects were randomly 
assigned to one of four conditions to counterbalance scale order and rating order of leg-
exertion/chest-exertion. The tests were discontinued at the end of the power level during 
which the subjects’ HR exceeded 170 bpm or the PE exceeded “Very strong” on the 
CR10 scale, as recommended by Brauer, Jorfeldt & Palm, 2003. 
 
Results and discussion 
Due to a previous ankle injury, one of the test subjects failed to complete the work test, 
stopping at the 150 W power level. Another subject failed to complete the full four min-
utes at the 200 W power level and the remaining data points where extrapolated from 
the group PE and HR functions to the conclusion of the last attempted power level. The 
results from the bicycle work test are presented in Table 1. 
 
Ratings of PE provided by the test subjects were consistently, relatively higher on the 
CR10 scale, compared to the CR100 scale especially at lower levels. Four dependent 
samples ANCOVAs were performed on the log-values of the test data and showed sig-
nificant differences in rating behaviour between the two scales at corresponding inten-
sity levels (0 – 150 W), both when rating chest-exertion (F1,88 = 5.863, p = 0.018) and 
leg-exertion (F1,88 = 6.585, p = 0.012). At higher power levels (≥ 200 W) however, the 
obtained differences proved non-significant for both chest-exertion (F1,41 = 2.806, p = 
0.102) as well as leg-exertion (F1,41 = 1.374, p = 0.248). These results correspond to the 
CR100 scale being constructed as a more fine-graded scale, especially at lower levels, 
with a larger numerical range and different anchor placement than the CR10, and sup-
port the assumption that anchor placement will affect rating behaviour (Borg, E. & 
Letzter, 2004). 
 
Similarly, test subjects generally rated leg-exertion higher than chest-exertion, espe-
cially at higher power levels. Dependant samples ANCOVAs showed a significant ef-
fect for symptom ratings, both on the CR10 (F1,128 = 13.887, p < 0.001) and CR100 
(F1,128 = 9.412, p = 0.003) scales, when comparing the log-values of the ratings and tak-
ing the power levels into consideration. This is to be expected as the physical strain in 
cycling is primarily felt in the working muscles and reinforced by the build-up of BL 
during the latter and more intense stages of the work test. 
 
Table 1. Mean values (std. deviations) for HR, BL and ratings of chest-exertion and leg-exertion, rated 
on the CR10 and CR100 scales (Borg, E. & Letzter, 2004). 

Watt N HR BL CR10 chest CR100 chest CR10 legs CR100 legs 

0 24 68.9 (14.0)   0.45 (0.51) 3.8 (5.8) 0.56 (0.78) 4.0 (5.8) 

50 24 91.5 (13.6)   1.26 (0.80) 9.7 (7.8) 1.29 (1.03) 9.3 (8.6) 

100 24 110.8 (15.8)   2.30 (1.02) 17.5 (10.7) 2.33 (1.16) 18.4 (12.6) 

150 24 129.8 (20.9) 3.5 (1.2) 3.40 (1.08) 31.7 (12.9) 3.86 (1.14) 35.7 (14.1) 

200 23 151.0 (21.3) 5.7 (2.7) 4.99 (1.55) 47.8 (17.8) 5.86 (1.54) 56.2 (16.0) 

250 19 168.8 (17.7)  7.20 (3.05) 69.3 (26.2) 8.31 (2.50) 82.9 (23.8) 

300 3  163.3 (0.6)  7.67 (0.76)  77.7 (9.3) 8.00 (0.87)       78.3 (5.8) 
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Borg, E. & Letzter (2004) found that HR could be described by linear regression equa-
tions for all subjects, with the mean function HR = 69.2 + 0.42S (r = 0.995), while PE 
was best described by positively accelerating power functions with one extra added con-
stant (R = a + c S n). A log-transformation of the data was carried out, allowing for a 
linear regression analysis of the functions (log(R - a) = log c + n · log S) resulting in 
mean “best fit” correlations of 0.98 (0.02) or higher for all four conditions. The obtained 
psychophysical power functions can be seen in Figure 2. 
 
The obtained exponents of n = 1.4 (0.6) and n = 1.8 (0.7) for the CR10 and CR100 
scales respectively (chest-exertion) and n = 1.7 (0.7) and n = 1.9 (0.7) respectively (leg-
exertion), compare well to previous studies using the Borg CR scales and similar inter-
val durations, i.e. n = 1.5-2.0. A study using absolute magnitude estimation (AME) pro-
duced exponents of n = 1.5-1.6 while a study using ratio estimation resulted in an expo-
nent of n = 1.4. See Borg (1998), Borg & Borg, E. (2002), Borg, van den Burg, Hass-
mén, Kaijser and Tanaka (1987), Borg, Ljunggren and Ceci (1985), Borg, Hassmén & 
Lagerström (1987) and Noble, Borg, Jacobs, Ceci & Kaiser (1983) among others. 
 
Borg, E. & Letzter (2004) also found that paired t-tests showed exponents obtained for 
chest-exertion were significantly lower than for leg-exertion, for the CR10 scale (t23 =  
-3.2, p = 0.004), but not for the CR100 scale (t23 = -1.0, p = 0.310). CR10 exponents 
were also significantly lower than CR100 exponents, t23 = -3.4 (p = 0.002) for chest-
exertion and t23 = -2.6 (p = 0.018) for leg-exertion, further supporting the fact that the 
CR100 scale is more detailed at lower levels with different anchor placement, allowing 
for lower initial ratings. 
 

Figure 2. Mean individual psychophysical functions for PE in the chest and legs, rated on the Borg CR10 
and CR100 scales (Borg, E. & Letzter, 2004). 
 
The added noise constant a was used in most of the regression calculations, eliminating 
the perceptual “noise” or feed-back from the muscles and nervous system during low 
levels of physical work. The size of the constant was set as the value producing the 
highest individual “best fit” correlation with the imposed criteria that it neither be nega-
tive, nor exceed a rating of 0.6 or 6 on the CR10 and CR100 scales respectively, repre-
senting the intensity level “Very weak”. Added a-values were thus used for 16 out of 24 
subjects, for chest- and leg-exertion ratings on the CR10 scale, compared to 19 out of 24 
and 18 out of 24 subjects when rating chest- and leg-exertion respectively on the CR100 
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scale. The a-constant was however relatively lower on the CR100 scale compared to the 
CR10 scale, most likely owing to its greater detail at the lower end of the scale. 
 
To compare ratings of PE with measurements of physiological “exertion”, correlations 
were computed between the physiological variables HR and BL, and ratings provided 
on both CR scales. Borg, E. & Letzter (2004) obtained low and non-significant correla-
tions of below 0.37 (HR x CR100 at 200 W, N = 23) for chest-exertion (both scales). 
For leg-exertion however, moderate correlations, significant at the 0.05-level, were ob-
tained at 200 W: 0.44 (HR); 0.51 (BL) for the CR10 scale, and marginally higher for the 
CR100 scale: 0.45 (HR); 0.54 (BL). At lower power levels correlations were non-
significant and below 0.37 (HR x CR100 at 150 W, N = 24). In 2002 Borg & Borg, E. 
obtained correlations between HR and overall PE rated on the CR100 scale, ranging 
from 0.45 to 0.52 for a group of 16 men, at power levels of 90 and 120 W. While such 
correlations were not obtained in the current study, the difference could be ascribed to 
the higher physical capacity of the test subjects in the current study. 
 
Physical working capacity is often measured as the peak value during a maximal work 
test. As this represents an unwarranted risk in many tests subjects, estimations of maxi-
mal working capacity from sub maximal levels may often be preferable. In this study, 
three indices for estimating working capacity were used, defined as the power-level 
reached at a fixed physiological or psychophysical intensity level, and extrapolations 
were made from both the individual HR/power as well as the PE/power functions. The 
resulting comparisons, including correlation coefficients and four paired samples t-tests, 
calculated for the W170 (power at HR = 170) and WR7,70 (power at R = 7 and R = 70 for 
the CR10 and CR100 scales respectively) indices are shown in Table 2.  
 
Table 2. Mean values (std. deviations) and mean differences (std. deviations) in watts between W170 and 
WR7,70 chest-; leg-exertion with W170 correlation coefficients and four paired samples t-tests. 

Index Mean (sd) Mean diff. from W170 (sd) r W170 t23 p (two-tailed) 

W170 –    251 (58)     

WR7 chest   298 (110)    -48 (118)     0.12 -2.0 0.06 

WR70 chest   272 (59)   -21 (60)     0.47* -1.7 0.10 

WR7 legs   243 (58) 8 (62)     0.44* 0.6 0.55 

WR70 legs   236 (42)  15 (51)     0.53** 1.4 0.17 
*) p ≤ 0.05 **) p ≤ 0.01 

 
For one subject, the WR7 chest estimate was calculated to 713 W. When this outlier was 
excluded, the mean value dropped to 280 (67), the mean difference decreased to -29 
(78), t22 = 1.8 (p = 0.086), and the correlation coefficient increased to 0.23 (non signifi-
cant) (Borg, E. & Letzter, 2004). 
 
This comparison shows that the CR100 scale has slightly better discriminative capacity 
than the CR10 scale, providing higher correlation coefficients with the physiological 
estimates. As both resting as well as maximal HR has been known to vary greatly over 
individuals however, the exactness of the W170 estimations can be questioned. A better 
estimation of working capacity based on physiological data might be obtained if a sub-
ject’s HR range could be determined and extrapolations made to WHR90%, that is power 
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at 90% of the maximal HR. In this context, Borg, E. & Letzter (2004) suggest that the 
non-significant overestimations of 20-30 W based on chest-exertion ratings and under-
estimations of approximately 35 W based on leg exertion, show good accuracy of the 
WR7,70 estimates.  
 
As these results support that the CR100 scale is more fine-graded, especially at lower 
levels, with a wider numerical range, and that the placement of the verbal anchors influ-
ences the exponent, Borg, E. & Letzter (2004) drew the conclusion: “this study has 
shown that in some important aspects the more fine graded CR100, or ”Centimax”, 
scale, functions equally well and even slightly better than the CR10. As results obtained 
with the CR100 can easily be compared with older CR10-data, a change towards using 
the CR100 may be recommended.”. 
 
 

S t u d y  2 
 
The bicycle ergometer data in the following study has previously been published by 
Letzter (2003). 
 
Method 
Seventeen Swedish male elite level rugby players performed a sub-maximal work test 
on an electrically braked bicycle ergometer (EM 369, Elema Schönander, Stockholm, 
Sweden) together with a reference group of 8 male university students. A protocol of 
step-wise increases in power, by 50 W every four minutes was used, while keeping a 
sustained pedalling rate of 60 rpm. The tests were discontinued at the end of the power 
level during which the subjects’ HR exceeded 170 bpm or the PE exceeded “Very 
strong” on the CR100 scale. The subjects were randomly assigned to one of four condi-
tions to counterbalance scale order and rating order of leg-exertion/chest-exertion. HR 
was recorded using a Polar S210 HR monitor. 
 
13 male rugby players, of whom 9 had participated in the above bicycle work test, were 
also tested on a maximal treadmill test at the Åstrand Laboratory at Idrottshögskolan in 
Stockholm, using a protocol of step-wise increases in speed, starting at 8 km · h -1 and 
increasing by 2 km · h -1 every four minutes until a maximal level was reached. On 
completion of a near maximal level, speed could be increased by steps of 1 km/h until 
failure. The test subjects were encouraged to continue the work test for as long as possi-
ble. HR, VO2, VCO2 and respiratory exchange rate were measured at all levels through-
out the work test. 
 
Table 3. Mean values (std. deviations) for age, height, weight, bmi, self-rated fitness and leg strength in 
rugby players and a reference group. 

Group N Age Height Weight BMI Fitness Leg Strength 

Rugby  17 28.0  (4.3) 184.3  (6.8) 92.1  (11.8) 27.1  (2.8) 9.0  (1.6) 9.7  (1.7) 

Reference 8 29.8  (3.1) 182.3  (5.8)   75.8  (7.7) 22.8  (2.4) 7.5  (2.3) 6.9  (1.9) 

Treadmill 13 29.3  (6.1) 182.2  (6.7)   88.3  (9.6) 26.6  (2.5) 8.9  (1.9) 9.8  (2.2) 
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Before the start of the bicycle work tests, subjects were asked to rate their general fit-
ness and leg strength on a 13-graded scale (See Appendix I). Ratings of PE in the chest 
and legs were then given on the Borg CR100 scale, on the completion of each four-
minute interval, during the course of both work tests. The same subjects were also asked 
to perform measurements of, and report their resting HR in the days following the work 
tests. Data on the three groups of test subjects can be seen in Table 3. 
 
Results and discussion 
Results from the bicycle ergometer work test (displayed in Table 4) showed HR increas-
ing linearly with power while PE was best described by a positively accelerating power 
function. As expected a strong relationship was discovered between HR and ratings of 
PE, with mean correlation coefficients of rxy = 0.79 for chest-exertion and rxy = 0.83 for 
leg-exertion. Both correlations were significant at the 0.001 level. 
 
To determine if there were any differences in rating behavior and HR between the two 
groups, an ANCOVA was calculated for the CR100 leg and chest ratings provided by 
the two groups of subjects, together with recorded HR levels, using the power levels (S) 
as a covariate. Although the rugby players consistently rated their chest- and leg-
exertion lower than the reference group at comparable power levels, no significant ef-
fects were found for neither chest-exertion (F1,148 = 0.411, p = 0.522) nor leg-exertion 
(F1,148 = 2.995, p = 0.086). HR, however, differed significantly between the two groups, 
with the rugby players registering the lower pulse frequencies (F1,148 = 39.191, p < 
0.001), demonstrating a lower physiological strain at comparable physical work intensi-
ties. The psychophysical ratings provided on the CR100 scale do in fact reflect this dif-
ference in physiological strain, with especially the differences in leg exertion ratings, as 
the dominant symptom emanating from the working muscles, coming close to reaching 
a significant level. A larger experimental group with more homogenously trained test 
subjects than the rugby players in the current study would be expected to provide sig-
nificant results in a similar experiment. 
 
Table 4.  Mean values (std. deviations) for CR100 ratings of PE in the chest and legs, and measures of 
HR from rugby players and a reference group, performing a bicycle work test with incremental increases 
in power. 

Group Power (W) N CR100 Chest CR100 Legs HR 

Rugby  0 17 4.1  (6.9) 4.9  (7.0) 65.1  (12.9) 

 50 17 9.5  (8.5) 8.9  (9.9) 88.3  (13.0) 

 100 17 17.3  (11.6) 17.2  (13.0) 105.9  (13.7) 

 150 17 30.8  (13.3) 33.4  (11.6) 122.4  (15.9) 

 200 17 45.8  (15.2) 53.6  (12.8) 145.1  (16.3) 

 250 17 71.5  (27.8) 85.2  (25.4) 164.6  (14.9) 

      Reference 0 8 3.0  (2.2) 2.3  (1.5) 76.6  (13.8) 

 50 8 10.1  (6.6) 10.0  (5.9) 98.1  (13.1) 

 100 8 17.9  (9.4) 20.9  (12.3) 120.6  (16.0) 

 150 8 33.5  (12.8) 40.3  (18.2) 144.5  (22.9) 

 200 8 52.0  (22.8) 61.4  (21.1) 166.3  (25.0) 
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Individual growth functions were calculated using one measure constant (a) on the per-
ceptual side, by performing linear regression analyses of the log-values (log(R-a) = log 
c + n · log S). The mean best fit correlation rxy was above 0.98 for all four conditions, 
and the resulting functions, displayed in both linear as well as logarithmic form, can be 
seen in Figure 3. 
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Figure 3. a  Relations between ratings of chest-exertion and power (W) in  �  rugby players,  CR100 = 
2.9 + 0.23W 1.8, and  ◊ a reference group,  CR100 = 4.8 + 0.06W 1.9.  b  Relations between ratings of leg-
exertion and power (W) in  �  rugby players,  CR100 = 2.3 + 0.28W 2.0, and  ◊ a reference group,  CR100 
= 3.9 + 0.05W 1.9. 
 
Independent samples t-tests showed no significant differences in neither the exponents n 
(t23 = -0.058, p = 0.954 and t23 = 0.433, p = 0.669) nor c-constants (t23 = -0.800, p = 
0.432 and t23 = -0.949, p = 0.353) between the two groups, for ratings of both leg- and 
chest-exertion respectively. 
 
With HR increasing with power in a linear fashion, mean individual HR functions were 
calculated for both groups of subjects, according to the formula HR = m + k · W, with m 
being the intercept and k the slope of the function. The results can be seen in Figure 4. 
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Figure 4. Relations between heart rate (HR in beats · min -1) and power (W) for  �  rugby players, HR = 
67.1 + 0.39W  (0.99) and  ◊ a reference group, HR = 72.3 + 0.49W  (0.99) during incremental work on a 
bicycle ergometer. 
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Independent samples t-tests showed that there was a significant difference in slopes be-
tween the two groups of test subjects, t23 = 3.082, p = 0.005 (rugby players < reference), 
but not in intercepts, t23 = 0.793, p = 0.436. This supports the fact that the rugby players 
were better trained than the reference group and could thus on average complete one 
additional power level before reaching the same level of perceptual and physiological 
strain as the reference group. 
 
With the calculations of the individual HR functions, a test subjects resting HR, that is 
HR at 0 W resistance, could also be determined by finding the intercept of the function 
(see Borg, 1977). In order to compensate for the “noise” caused by stress and other fac-
tors at low levels of physiological strain, extrapolations to the 0 W level were made 
from power levels of 100W or greater. The data was then compared with the measure-
ments made at 0 W during the work test and measurements of resting HR carried out by 
the test subjects. The results can be seen in Table 5. 
 
Table 5.  Relations between the mean values (standard deviations) of HR regression intercept, extrapo-
lated resting HR and measured resting HR for rugby players and a reference group. 

Group N Intercept (a) Extrapolated Resting HR Measured Resting HR 

Rugby  17 67.7  (13.5)   59.7  (16.6) 55.2  (8.8) 

Reference 8 72.3  (13.0) 67.5  (9.7)   61.4  (10.2) 

 
When the resting HR extrapolations were made, two major outliers were found among 
the rugby players, which differed from the measured resting HR by more than 20 bpm. 
When these two subjects were removed from the calculations, the mean for the extrapo-
lated resting HR changed to 54.6 with a standard deviation of 9.6. The mean difference 
between the extrapolated resting HR and the measured resting HR thus dropped below 4 
bpm for the entire group. A strong significant correlation was found between extrapo-
lated resting HR and measured resting HR, rxy = 0.866, p < 0.001.The case can thus be 
made that very reliable resting HR extrapolations can be made from the data collected 
during a simple bicycle work test. 
 
An additional 13 rugby players, of whom 9 had previously participated in the bicycle 
work test, performed a VO

2max treadmill test. The results are presented in Table 6. 

 
Table 6. Mean values (std. deviations) for CR100 ratings of PE in the chest and legs, and measures of 
HR from rugby players, performing a VO

2max treadmill test with incremental increases in speed. 

V (km · h -1) N HR CR100 Chest CR100 Legs 

8 13 124.6  (14.6) 14.3  (6.6) 15.6  (7.1) 

  10 13 145.8  (11.8) 29.3  (10.5) 31.9  (11.0) 

  12 12 163.9  (10.5) 49.2  (15.8) 52.7  (15.6) 

  14 11 178.6  (10.5) 73.5  (18.2) 72.6  (16.8) 

  16 6 190.3  (12.0) 84.7  (13.9) 87.8  (11.1) 

 
Once again, a strong relationship between HR and ratings of PE was found, with mean 
correlations coefficients of 0.869 for chest-exertion and 0.878 for leg-exertion, again 
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proving to be the dominant symptom throughout the work test. Both correlations were 
significant at the 0.01 level. 
 
As the treadmill test was performed using a protocol of stepwise increases in speed of 2 
km · h -1, starting at 8 km · h -1, to be lowered to 1 km · h -1 as the work test neared con-
clusion, psychophysical growth functions could not be calculated on the data. Individual 
HR functions were however calculated for all subjects and the results are displayed in 
Figure 5. 
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Figure 5. Relations between heart rate (HR in beats · min -1) and running speed (V in km · h -1) for 13 
rugby players, HR = 54.3 + 9.00W  (0.99) during a VO

2max treadmill test. 

 
HR could be seen to increase with running speed in a near linear fashion, although cal-
culated mean best fit correlations were lower than in the bicycle ergometer tests. This 
could in part be explained by the fact that while the bicycle test was a sub-maximal 
work test, the treadmill subjects were encouraged to keep running as long as physically 
possible. This indicates that the subjects would have been approaching their maximal 
HR during the latter stages of the test and a “roof effect” could thus be observed as the 
HR curve flattens out. The lower number of data points obtained during the treadmill 
test could also have affected the outcome. 
 
The intercept from the HR function was again used to estimate resting HR, and calcu-
lated to 50.2 (28.2), compared to 57.3 (12.1) for the same subjects in the bicycle work 
test. A non significant correlation coefficient of 0.531, p = 0.141 was found for the in-
tercept and measured resting HR, compared to the significant 0.713, p = 0.031 for the 
corresponding subjects in the bicycle work test. This shows the treadmill test producing 
larger standard deviation and a lesser capacity for estimating resting HR in comparison 
to the bicycle work test. 
 
Several methods for determining physical working capacity were tested during the 
course of the two work tests. These methods included the W170 (working capacity at a 
HR of 170 bpm) and WR70L (working capacity at a leg-exertion level of 70) indices to-
gether with an estimation of VO2max, as proposed by Åstrand and Ryhming (1954), for 
the bicycle work test, along with the V160 (running speed at a HR of 160 bpm) index and 
physical laboratory measurements of VO2max and VO2max · kg-1, for the treadmill test. 
Correlation coefficients were calculated for all 5 methods and displayed in Table 7. 
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Table 7. Correlation coefficients for 6 measures and estimations of physical working capacity in 9 
rugby players having performed bicycle ergometer and treadmill work tests. 

 VO2max VO2max · kg-1 V160 Est. VO2max W170 WR70L 

VO2max
 1 0.213 0.550 -0.004 0.315 -0.111 

VO2max · kg-1 0.213 1 0.333 0.021 -0.564 -0.054 

V160 0.550 0.333 1 0.084 0.503 0.483 

Est. VO2max -0.004 0.021 0.084 1 -0.170 -0.017 

W170 0.315 -0.564 0.503 -0.170 1 0.474 

WR70L -0.111 -0.054 0.483 -0.017 0.474 1 

 
Correlation coefficients were surprisingly low, even given the limited number of test 
subjects, with no significant relationships being found among the 6 indices. The V160 
index produced the highest correlation coefficient with the VO2max measures, rxy = 0.550, 
p = 0.125, which might have proven significant with a greater number of test subjects. 
This relationship is to be expected as test subject who can endure higher running speeds, 
will also be performing greater physical work and consuming higher levels of oxygen. 
The WR70L index, based on psychophysical rating data, produced similar size correla-
tions with the treadmill based indices (V160), compared to the W170 index, based on 
physiological data. Larger experimental groups are however required in order to study 
these relationships closer. 
 
When comparing the treadmill data to the results from the bicycle ergometer test, the 
specialization of the test subjects must also be considered. Hassmén (1994) showed that 
elite level marathon runners and cyclists with comparable VO2max levels performed dif-
ferently when tested on a treadmill and bicycle ergometer, with the high level of physio-
logical specialization caused by their training, creating a bias towards the work test most 
closely reflecting their training activity. This is supported in the current study by the 
fact that the rugby players, most accustomed to running, received higher levels of 
maximal oxygen uptake while tested on the treadmill compared to the bicycle ergome-
ter. 
 
However, the fact that none of the methods for estimating physical working capacity 
based on the data from the bicycle work test produced higher correlations with the labo-
ratory measurements of VO2max than 0.32, casts serious doubts over the effectiveness of 
these methodologies. As most test subjects are more accustomed to walking and running 
than cycling, a change towards a simple sub-maximal run-test could yield better results 
in estimating maximal oxygen uptake levels and working capacity. 
 
 

S t u d y  3 
 
Method 
Nineteen Swedish male elite level rugby players took part in a field testing program at 
the Swedish National Sports Complex at Bosön in Stockholm. Subjects were tested on 
power lifting exercises such as the squat and the bench press, along with aerobic tests 
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including the 3000 meter run test, a simple run test (Borg, 1970b; see also Borg, 1988) 
and a steady state bicycle ergometer test. 
 
The power lifting exercises were preceded by a warm up, after which the subjects at-
tempted increasingly heavier weights at set intervals of 30, 60 and 100 kg, for the squat 
and 20, 40 and 70kg for the bench press, before continuing at individually controlled 
weights until a maximal “one repetition max” (1RM) was completed. Ratings of PE 
were given on the Borg CR100 scale after the completion of each repetition. In order to 
determine the shape of the psychophysical function for the power lifting exercises, an 
additional 4 test subjects performed an extended test with data collected at 20, 30, 50, 
80 and 120 kg, as well as a 1RM level for both the squat and bench press. 
 
The 3000m run test was performed in groups of 6-7 evenly matched subjects, running 
laps on the 200m indoor course at Bosön. Time was measured with a stop watch. 
 
The simple run test was carried out by having the test subjects perform two 600 m runs 
with a 1 minute rest interval. The first run was to be carried out at a slow and comfort-
able jogging pace, with the second run being faster and more strenuous, without requir-
ing a maximal effort. The test subjects were instructed to complete both runs at an even 
pace. Both runs were timed with stop watches and HR was measured with a Polar F4 
HR monitor. Ratings of PE in the chest and legs were provided on the completion of 
both intervals.  
 
The bicycle ergometer test was performed on 4 Monark Ergomedic 828E bicycle er-
gometers, with the subjects pedaling at 60 rpm for 5 minutes at a resistance of 200 W. 
HR was measured with Polar F4 HR monitors and ratings of PE in the chest and legs 
were given on the Borg CR100 scale at the completion of the 5 minute interval. 
 
Results and discussion 
Two subjects failed to complete the power lifting exercises because of prior injuries and 
were excluded from those two tests. The power lifting results are thus based on data 
from the remaining 17 test subjects. 
 
Results from both power lifting exercises showed PE increasing with workload accord-
ing to a positively accelerating power function, R = a + c S n. Individual growth func-
tions, using one extra constant (a) on the perceptual side, were calculated for each of the 
4 subjects performing the extended version of the tests. The results are displayed in Fig-
ure 6. 
 
The individual psychophysical growth functions were then used to extrapolate maximal 
1RM capacity from sub-maximal levels and compared to actual 1RM capacity. The 
mean differences were 6.1 kg for the squat and 5.0 kg for the bench press, representing 
a 5.5% and 4.5% respective mean margin of error. One subject provided a PE rating of 
25 at the 0 kg workload during the squat test, indicating soreness in the legs from previ-
ous physical work. Both the best fit correlations and predictive capacity were higher for 
the individual bench press functions compared to those of the squat functions. This 
could be explained by the test subjects’ greater familiarity with the bench press exercise 
compared to the more technical squat exercise. It can thus be speculated that the test 
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subjects were better able to judge their ability and PE as a fraction of their maximal ef-
fort, on the more familiar exercise compared to the more unfamiliar one. 
 

 
Figure 6. a  Relations between PE rated on the CR100 scale and squat weight (kg) for  �   Subject 1, 
CR100 = 4 + 0.006 W 1.9 (0.99),  �   Subject 2, CR100 = 0.096 W 1.5 (0.99),  �   Subject 3, CR100 = 4 + 
0.001 W 3.1 (0.99) and  �   Subject 4, CR100 = 6 + 0.007 W 1.9 (0.99).   b  Relations between PE rated on 
the CR100 scale and bench press weight (kg) for  �   Subject 1, CR100 = 2 + 0.008 W 2.0 (0.99),  �   Sub-
ject 2, CR100 = 2 + 0.029 W 1.7 (0.99),  �   Subject 3, CR100 = 4 + 0.001 W 2.8 (0.99) and  �   Subject 4, 
CR100 = 1 + 0.001 W 2.4 (0.99). 
 
The individual functions were combined, producing the mean individual (group) squat 
(CR100 = 3.5 + 0.027 W 2.1) and bench press (CR100 = 2.3 + 0.009 W 2.2) functions. As 
the general shape of the psychophysical power function was assumed to be the same for 
all subjects, the above functions were then used to extrapolate 1RM capacity from the 
sub-maximal data provided by the 17 test subjects. The group functions were trans-
formed to log-linear form and fitted over the sub-maximal data points collected from the 
rugby players at the 60 and 70 kg levels, for the squat and bench press respectively. The 
resulting functions, SMax = ( RMax ⋅ SSub-Max

n / RSub-Max ) 
1/n were then solved for weight 

(S) at a PE (R) level of 95, i.e. R95. Correlations coefficients were calculated and two 
paired-samples t-tests were carried out. The results are shown in Table 8. 
 
Table 8. Mean values (std. deviations) and mean differences in kg between 1RM capacity in squat and 
bench press exercises, and R95 estimations with correlation coefficients and two paired-samples t-tests for 
17 test subjects. 

Max Squat Est. Max from R95 Mean diff. rxy t16 p (two-tailed) 

135.3  (27.2)  132.4  (32.1) 2.9  0.85** 0.704 0.491 

Max Bench      

93.2  (24.6)   93.6  (24.9) -0.4 0.79** -0.104 0.919 
*)   p ≤ 0.05 
**) p ≤ 0.01 

 
The estimations made based on data collected from the 4 test subjects proved surpris-
ingly accurate, considering the limited size of the experimental group, predicting the 
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rugby players’ 1RM capacity within 15 kg for 12 of the test subjects in the squat exer-
cise and 13 of the subjects in the bench press exercise (both test produced an outlier, for 
whom the prediction differed from the subject’s 1RM capacity more than 45 kg). The 
strong correlation coefficients of approximately 0.8, calculated for the current estima-
tions, were considerably higher than the correlations of approximately 0.5-0.6 normally 
obtained when predicting maximal aerobic capacity from sub-maximal levels (see 
Åstrand et al., 2003). The results also compare well to previous studies in similar areas. 
Borg (2002) obtained a correlation of 0.92, p < 0.001, when predicting maximal hand-
grip strength from sub-maximal levels, in experienced university faculty. In a replica-
tion of that study, Lindén (2003) obtained a lower correlation of 0.82, p < 0.001, for 
university students. 
 
Considering that the group data was based on no more than 4 subjects, and given the 
unfamiliarity of some of the rugby players to the power lifting exercises, the case can be 
made that there is considerable room for improvement in future studies, when applying 
the current methodology to larger experimental groups. 
 
In order to evaluate the results from the three tests of aerobic working capacity, the data 
collected during the course of the field tests, was compared to the laboratory VO2max 
measures taken during study two. Hence only the data from the 12 test subjects also 
having participated in that experiment will be examined in the current study. 
 
Times from the 3000 m run test were used to calculate individual mean running speeds 
(V3000m) for all subjects. Similar calculations were made for the two timed runs making 
up the simple run test, with individual V1 and V2 values being obtained. Combining this 
data with HR measures taken at the end of both runs, individual HR/V functions could 
be plotted and extrapolations were made to the V160RT (Run Test) level. Steady state HR 
data from the 5 minute bicycle ergometer work test were used to estimate VO2max levels 
according to the methods proposed by Åstrand (1960). Results from these three tests of 
aerobic capacity were then compared to the V160T (Treadmill), VO2max and VO2max · kg-1 
data from Study 2. The results are presented in Table 9. 
 
Table 9. Mean values, standard deviations and correlation coefficients with two oxygen uptake measures 
for six tests of aerobic working capacity, based on 12 rugby players. 

 N Mean Std Dev r VO2max r VO2max · kg-1 

V160 treadmill 12 11.70 1.32    0.61*   0.44 

V160 run test 12 13.36 2.04  0.26   0.38 

V3000m 12 14.14 1.38 -0.05    0.58* 

HR200W 12 151.25 13.99 -0.45 -0.44 

Est. VO2max 12 4.73 0.63  0.43  0.44 

Est. VO2max · kg-1 12 53.37 8.75        -0.09    0.65* 
*) p ≤ 0.05 

 
The V160rt data also produced strong correlation coefficients when compared with V160t 
(rxy = 0.69, p = 0.013); V3000m (rxy = 0.51, p = 0.090); HR200W (rxy = -0.84, p < 0.001) 
and Est. VO2max (rxy = 0.84, p = 0.001). 
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The simple run test compared well to the V160 data collected during the VO2max treadmill 
test, and V3000m index. The obtained correlation coefficient of 0.51 (non significant), has 
to be considered relevant given the limited number of test subjects, and a significant re-
sult would be expected with a larger experimental group. The simple run test was how-
ever outperformed by the more established 3000 m run test and bicycle ergometer test, 
when compared to measured VO2max, both producing significant correlation coefficients 
of 0.58 and 0.65 respectively. The latter, rather impressive, calculated using Åstrand’s 
(1960) VO2max estimation methods with data from a 5 minute bicycle work test. The new 
simple run test, still has the advantage of being very easy to administer, requiring only a 
short level walking track and HR monitor, and can thus easily be carried out by people 
of all ages and physical conditions, without the need to visit a hospital or test center. 
 
As the current study is based on a homogenous group of 12 well trained rugby players, 
the data represents only a very narrow spectrum of the population, giving rise to the re-
striction of range problem. The current data therefore needs to be complemented by ad-
ditional test subjects of all ages, physical conditions and sexes. 
 
 

G e n e r a l  D i s c u s s i o n 
 
The purpose of this study was to examine the Borg scaling methodology in a broad 
range of applications, ranging from psycho-physiological laboratory experiments, to its 
applications in field testing and determinations of working capacity from sub-maximal 
tests. Obtained results were analysed with regard to absolute levels of physical work, 
correlations with physiological data as well as the shape of the S-R function. Individual 
psychophysical growth functions were calculated for data obtained for PE ratings in 
modalities such as leg-exertion and chest-exertion during bicycle and treadmill work 
tests, as well as the exertion experienced during power lifting exercises. This allows for 
more detailed descriptions of the growth functions as more data points can be plotted, in 
contrast to group functions based on aggregate data, while also mimicking the shift in 
focus from normative data to a more individual and case based perspective, both within 
the medical sector as well as sports science. Individual differences will however not be 
discussed in this article. 
 
The main group of test subjects consisted of 29 Swedish male rugby players, having 
played in the Swedish top division during at least one of the 2003-2005 seasons. 9 of the 
test subjects had been selected for the Swedish national team during the last two years. 
An additional 8 test subjects were selected from students at Stockholm University, 
forming the reference group in Study 2. As this group of students can not be said to be 
reflective of the general Swedish male population, under the assumption that a dispro-
portionately large number of students interested in physical activities would volunteer 
for an experiment of this nature, the data should be considered only as a reference and 
not a control. 
 
Study 1 examined the methodological aspects as well as differences between the two 
most recent Borg Category - Ratio scales (CR10 and CR100), based on data collected 
during a bicycle ergometer work test. PE ratings provided on both scales were shown to 
correlate significantly with physiological data such as HR and BL, demonstrating the 
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validity of the CR scale ratings. The method for calculating psychophysical growth 
functions was described and no significant differences were found between the func-
tions emanating from the two rating scales. The CR100 scale was however shown to 
have slightly better detail, with a more fine-graded design, especially at lower levels, 
and a larger numerical range. As the data suggests the CR100 scale is in all aspects 
equal to or better than the CR10 scale, paired with its more logical range, taking the 
shape of a percentage scale, a shift towards using the CR100 scale was recommended. 
 
Study 2 demonstrated the applications of psycho-physiological testing methods during 
laboratory work tests. Psychophysical (CR100) as well as physiological data was col-
lected during a bicycle ergometer test and a VO2max treadmill test. Psychophysical 
growth functions were successfully calculated for two groups of test subjects perform-
ing the bicycle work test, but failed to show any significant differences where physio-
logical HR data suggested differences in physical working capacity. Obtained HR data 
was used to successfully extrapolate resting HR from the 0 W level for all but two sub-
jects. Psychophysical and physiological growth functions were used to estimate physical 
working capacity in the test subjects and paired with measured VO2max levels obtained 
during the maximal treadmill test. Calculated coefficients were surprisingly low, pro-
ducing only weak and non-significant correlations, lower than rxy = 0.32, casting serious 
doubt over the ability to successfully predict maximal working capacity from sub-
maximal tests. 
 
Study 3 applied the Borg scaling methodology (CR100) to field testing, attempting to 
estimate maximal physical capacity from sub-maximal levels in power lifting exercises. 
Psychophysical growth functions were calculated for squat (n = 2.1) and bench press (n 
= 2.2) exercises and successfully used to predict maximal or peak capacity in 16 of the 
17 subjects. In addition, further attempts were made to predict maximal aerobic capacity 
from sub-maximal tests, introducing a simple and easily administered run test. HR data 
from a 5 minute steady state bicycle ergometer test, 3000 m run test and the new run test 
were compared with the VO2max data measured in Study 2. Results from the field tests 
were more encouraging than the laboratory results from Study 2, with significant corre-
lation coefficients of rxy = 0.65 for the shorter bicycle ergometer test and rxy = 0.58 for 
the 3000 m run test. The simple run test produced a non-significant correlation coeffi-
cient of rxy = 0.38, considerably lower than previously obtained data (Borg, 1970b). 
 
The function R = a + c (S) 

n could be successfully used to describe both PE in the chest 
and legs during bicycle ergometer work, as well as local exertion during power lifting 
exercises, with the mathematical function following the actual data points very closely. 
Mean best fit correlations were above rxy = 0.98 for all modalities and both CR scales, 
demonstrating excellent validity of the Borg scaling methodology and good fit of the 
psychophysical power function to actual observations. Individual differences in expo-
nents were however fairly large throughout both the bicycle work test (see Letzter, 
2003) and power lifting, as demonstrated in Figure 6. It can be speculated that these in-
dividual variations could be decreased over time as the test subjects become more famil-
iar with the rating scales. 
 
An additional constant, a, was included on the perceptual side in the calculations to off-
set the neurological or physiological “noise” such as ambient muscle fatigue and exer-
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tion present at rest intensities. This noise threshold can be described as the feedback a 
test subject experiences from the muscle tissue and circulatory system while working at 
0 W resistance or lifting the equivalent of 0 kg. Accounting for this physiological or 
neurological background noise has thus proved useful, and has been successfully ap-
plied to several ratio scaling methods, such as absolute magnitude estimation (Borg and 
Borg, 2002) and ratio estimation (Borg, 1972). 
 
The current study also focuses on methods for predicting maximal capacity from sub-
maximal levels, which could offer an alternative to the strenuous and often more dan-
gerous maximal tests. Within the medical sector, maximal performance tests are there-
fore often impossible to perform, causing unsafe levels of stress in groups such as the 
elderly and patients in early stages of rehabilitation. Even highly trained athletes often 
refrain from maximal tests shortly before competitions because of increased risk of in-
jury and an unwillingness to expose the body to high levels of physical strain. There is 
thus a need for a reliable method of determining maximal or peak capacity, without ex-
posing oneself to the risks involved with high level performances. 
 
In an experiment with a hand ergometer, Borg (2002) proposed a method to predict test 
subjects’ maximal handgrip capacity from a sub-maximal level, representing approxi-
mately half of the individuals’ perceived maximal effort (rxy = 0.92, p < 0.001). In the 
current study, a similar methodology was applied to two power lifting exercises where 
the psychophysical growth functions were first determined and then applied to a larger 
group of test subjects, successfully predicting their maximal capacity from data col-
lected at roughly 60% of their maximal performance. Obtained correlation coefficients 
were rxy = 0.85, p < 0.001 and rxy = 0.79, p < 0.001 for the squat and bench press respec-
tively. While not as strong as the correlation coefficients obtained by Borg (2002), these 
differences could be explained by the limited number of test subjects used to determine 
the shape of the psychophysical growth functions, as the methodology required subjects 
to be able to complete squats and bench presses of at least 120 kg, in order to produce 
enough data points for the calculations. It can also be speculated that the more technical 
nature of the power lifting exercises, paired with unfamiliarity of some of the test sub-
jects to the exercises in question, might have made rating more difficult. It should also 
be noted that the test subjects in Borg’s (2002) study, were experienced university fac-
ulty, familiar with the CR-scale, which could have affected the results. 
 
In attempting to estimate physical working capacity or maximal aerobic capacity from 
sub-maximal tests, there are some additional problems that need to be overcome. Com-
paring four different tests of maximal oxygen uptake, through both estimation methods 
and true measurements, Glassford, Baycroft, Sedgewick & Magnab (1965) discovered 
that the issue of local muscular fatigue can not be ignored. In the present studies many 
of the test subjects complained that the slow rate of pedalling was causing high levels of 
fatigue in the legs, while ratings of chest exertion and general upper body stress re-
mained considerably lower. Glassford et al. (1965) thus hypothesized that such strain on 
a limited muscle area might be too local to produce a maximal response from the car-
dio-respiratory system. This suggests that that some of the rugby players performing the 
bicycle ergometer test in Study 2, while more accustomed to running that cycling, might 
have been better served by the run tests in Study 3, explaining the relatively lower cor-
relation coefficients of the bicycle ergometer based indices to the V160 and 3000 m run 
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based indices, when compared to measured oxygen uptake levels. Supporting this, 
Hassmén (1990), while comparing elite cyclists and marathon runners, found that al-
though the runners had better aerobic capacity than the cyclists and thus registering 
lower HR at comparable power levels during a bicycle work test, their BL accumula-
tions was much more rapid. This suggests that although not fully loading their cardio-
respiratory systems, the runners might have been forced to end the work test earlier than 
the cyclists because of lack of specialization in the leg muscles, leading to the accumu-
lation of high concentrations of BL at the higher power levels. This is further supported 
by the comparison of PE data between the chest and legs at terminal power levels in 
Study 2, showing leg-exertion as the dominant symptom for most subjects during the 
bicycle ergometer tests.  
 
Another problem facing the estimation of maximal aerobic capacity based on sub-
maximal performance is the reliance of most estimation methods, such as Åstrand & 
Ryhming (1954) as well as the W170 index, on a general HR growth function. While as-
suming that all individuals have the same HR range with similar resting as well as 
maximal HR, these methods ignore the wide spread in actual HR ranges in the popula-
tion, as well as the steady decrease of maximal HR with age. A subject aged 60 could 
thus have a maximal HR of 40 bpm lower than a subject aged 20, but still be compared 
by the same criteria, presenting a serious methodological flaw. This offers further ex-
planation to the low correlation coefficients obtained for maximal working capacity es-
timation methods such as the W170 bicycle ergometer index and V160 index based on the 
simple run test data, with measured VO2max levels.  
 
By shifting focus from actual HR levels to their position in the individual HR range, by 
comparing them to the subject’s maximal as well as resting HR, a more exact VO2max 
estimate such as a W70% or V70%  index would most likely be achieved, extrapolating 
working capacity to 70% of the individual’s HR range. Although the correct measure-
ment of a subject’s maximal HR necessitates a maximal performance test, some meth-
ods exist for calculating an estimate based on age, weight and height (see Karvonen, 
Kentala & Mustala, 1957). Future studies will have to evaluate the performance of such 
methods. 
 
An alternative approach is using the PE data to make extrapolations to the R70 level, i.e. 
working capacity at PE levels of 70 on the CR100 scale. While the WR70 index based on 
CR100 leg-exertion data from the bicycle ergometer tests in Study 2 produced very low 
and non-significant correlation coefficients with measured VO2max levels, a similar ex-
trapolation to the VR70 level during the simple run test might produce higher correlation 
coefficients, given the rugby players’ higher degree of specialisation in running. Be-
cause no psychophysical growth functions could be calculated on the treadmill test data 
in Study 2, and the needed exponent was subsequently not obtained, no such extrapola-
tions were carried out in the current article. 
 
In conclusion, this study has demonstrated the applications of the Borg scaling method-
ology in both laboratory as well as field settings, using the relationships between psy-
chophysical and physiological growth functions to better understand the dynamics of 
physical exercise. The Borg CR100 scale was presented as the natural successor to the 
Borg CR10 scale, with a more natural numerical range and better discriminative capac-
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ity at the lower end of the scale. The CR100 scale was then successfully applied to de-
scribing the psychophysical growth functions during cycling, treadmill running and 
power lifting. Attempts were made to estimate maximal or peak capacity for both 
strength as well as aerobic activities, based on sub-maximal performances using both 
physiological as well as psychophysical data. While the maximal strength of the test 
subjects was successfully estimated using psychophysical information, the estimation of 
maximal aerobic capacity still remains problematic. 
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A p p e n d i x  I 
 

 
 
 
Use the above number scale from 1 - 13. Use the written expressions and percentages of people 
who belong in each category for assistance, and answer with one number. 
  
1) How would you rate your general fitness (compare yourself to people of the same sex)? 
 
________ 
 
 
2) How would you rate your leg strength (compare yourself to people of the same sex)? 
 
________ 
 
 
3) How would you rate your upper body strength (compare yourself to people of the same 

sex)? 
 
________ 
 


