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ABSTRACT. A sample of 508 male and female white-
collar and blue-collar employees aged 35 to 54 years
was evaluated clinically to determine the reliability of
repetitive sit-ups, repetitive arch-ups, repetitive squat-
ting, and static back endurance tests, to determine the
normal values of these tests and to detect determinants
for trunk muscle performance. All of the given tests had
fairly good or even excellent test-retest reliability.
Muscular performance capacity decreased with advanc-
ing age, particularly among blue-collar workers. Men
showed greater muscle endurance in all the muscle tests,
and blue-collar workers lower values in all tests. The
repetitive tests, in particular, showed reduced values in
those with previous low-back pain. Normative values of
back endurance, repetitive squatting, sit-up and arch-up
tests for different age, sex and occupational groups are
presented.
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INTRODUCTION

Physical measures show a relatively weak correlation
with subjective symptoms in low-back pain patients.
Psychosocial and work environmental factors have
proved to be better predictors of disability than
physical factors (7). Nevertheless, a number of
methods for measuring trunk muscle performance
are in routine use today in the evaluation of disability
or rehabilitation outcome. With new technology, it
has become possible to measure dynamic trunk
muscle strength more accurately than before (8, 12).

The high cost of the dynamometric methods,
however, has raised questions about the real benefits
of the various sophisticated dynamometric devices
in clinical practice (19). In a study of 185 chronic
low-back pain patients, Rissanen et al. (18) concluded

that non-dynamometric tests are still useful in clinical
practice. Unexpectedly, the arch-up and sit-up tests
had even stronger associations with the perceived
disability (Million index; 16) than the isokinetic
tests. Among women, the isokinetic trunk flexion
and extension tests (r = 0.27-0.46) and the non-
dynamometric  tests (r = 0.29-0.49) correlated
equally with pain and disability, whereas in men the
isokinetic flexion and extension tests (r = 0.01-0.32)
had weaker correlations than the non-dynamometric
tests (r = 0.26-0.40).

When comparing the clinical status with findings in
time series and with observations by several persons,
the lack of standards and normal values often
becomes a problem. Reliable comparisons between
different patient groups and within time series require
normative data for age, sex and occupational groups.
To establish this we undertook the present study. We
also sought to find such strength measurements as
would be applicable to both healthy people and
chronic low-back pain patients. The present study
was focused on trunk muscle and leg muscle endur-
ance tests. Endurance is mechanically defined as the
point where the contraction can no longer be main-
tained at a certain level (isometric fatigue, or static
back endurance in the present study), or when repe-
titive work can no longer be sustained at a certain
output (dynamic fatigue, measured via repetitive sit-
up, arch-up and squatting tests in the present study)
(15).

More specifically, the aims of the present study
were: i) to determine the reliability of muscular
trunk performance tests by non-dynamometric
means, ii) to determine the normal values of non-
dynamometric trunk performance tests for different
age and sex groups, and iii) to assess the relation of
non-dynamometric test results with previous low-
back pain.
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MATERIALS AND METHODS
Subjects

This study was part of a comprehensive clinical survey of 594
persons aged 35-54 years working in four defined occupa-
tional and gender groups for the Helsinki City Council. Of
this sample, 508 persons (86%) attended a clinical evaluation
at the Orthopaedic Hospital of the Invalid Foundation: 159
of 187 male truck or tractor drivers (blue collar workers)
(85%), 95 of 112 male civil servants (white collar workers)
(85%), 160 of 183 female office or school cleaners (blue collar
workers) (87%). and 94 of 112 female clerks or civil servants
(white collar workers) (84%). At the phase of the test all the
subjects were capable of working.

Methods

History of low-back pain was obtained using a standard
questionnaire (13). The subjects were asked to classify
themselves into one of the following categories: 1. Never
suffered from pain in the lower back; 2. Low-back pain more
than 12 months ago; 3. Low-back pain during the previous
12 months but no disability due to the pain; 4. Low-back
pain during the previous 12 months and limitation in daily
tasks at work or in leisure time because of low-back pain.

Repetitive sit-up test: The subject was lying in supine position
with the knees flexed at 90° and was held fixed by the tester in
the ankle region. The subject moved the arms towards the
knees. After having touched the knee caps with the thenar
region, the upper trunk curled back down to the supine
position.

Repetitive arch-up test: The subject was lying in a prone
position with the arms along the sides, the inguinal region at
the edge of the test-table, the upper trunk flexed downward at
45°, and was held fixed by the tester in the ankle region. The
subject moved the upper trunk up to horizontal position and
back down to 45° flexion.

Repetitive squatting test: In the initial position, the subject
was standing with the feet 15cm apart. The subject squatted
until the thighs were horizontal and then returned to a
standing position.

In all the above tests the repetition rate was one repetition
per 2-3 seconds. The movement was repeated as many times
as possible in peaceful but constant pace; the repetition
maximum was 50 times.

Static back endurance test: The test was modified from the
test by Biering-Sorensen (3). The subject was lying in prone
position, fixed in the ankle region and with the upper limbs
held along the sides. The upper trunk was unsupported
horizontally, the inguinal region at the edge of the test-
table. The number of seconds the subject was able to
maintain the horizontal position was recorded: the duration
maximum was 240 seconds.

Procedure for reliability and reproducibility: The intra-
observer reproducibility was assessed with two measure-
ments made at a one-year interval by the same
physiotherapist. The 93 subjects were those without low-
back pain either at baseline or during follow-up. The aim was
to detect such measurements as would be sufficiently repro-
ducible in healthy subjects over a period of several months at
least.

The interobserver reliability was studied from measure-
ments carried out by two trained physiotherapists at one-
week intervals for 17 subjects in random order. None of the
subjects suffered from low-back pain.

Scand J Rehab Med 26

Table 1. Intrachserver reproducibility by the same
tester one year apart among subjects without low-
back pain (n=93)

1. test 2. test

£ SD x SD p* r°

Repetitive sit-up 23 14 23 15 0.54 084
Repetitive arch-up 29 12 29 13 0.61 0.65
Repetitive squatting 30 14 30 15 047 087
Static back endurance (sec) 96 51 99 58 0.60

0.63

“Statistical significance of systematic shift (paired #-test).
PReliability coefficient (22).

Statistical methods

The reliability and reproducibility of the measurements were
assessed with the reliability coefficient (22). A coefficient
greater than 0.75 is considered to represent excellent relia-
bility, coefficients between 0.4 and 0.75 represent fair to good
reliability, coefficients below 0.4 represent poor reliability
(6, 14). The difference between the first and the second
measurement was calculated for each individual and the
presence of a systematic shift between the measurements
was tested with the paired r-test.

The adjusted means of the measurements were estimated
on the basis of a general linear model (4). Age (years), sex
(male, female), occupation (white-collar, blue-collar) and the
type/level of pain were entered in the multifactorial models as
explanatory variables.

RESULTS

The one-year intraobserver reproducibility of the
muscular measurements showed fairly high coeffi-
cient values ranging from 0.63 to 0.87 (Table I). The
highest values were noted for repetitive sit-ups and
squatting.

None of the tests showed statistically significant
shifts between the two measurements.

The interobserver reliability coefficients were also
fairly good or excellent, ranging from 0.66 to 0.95
(Table II). Repetitive squatting had the highest value.
The back endurance test was the only one which
showed a statistically significant shift between the
two measurements.

Squatting and sit-up test measurements showed a
significant decrease with aging even when adjusted for
sex and history of low-back pain, unlike back endur-
ance or arch-up measurements (Table I1I). Men had
higher test results in all the tests, although back
endurance just failed to reach statistical significance.
[n all the muscle tests, white-collar workers showed
stronger muscle performance after adjustment for
age and sex. All the measurements, particularly
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Table 11. Interobserver reliability by two testers one week apart among subjects without low-back

pain (n = 17 subjects; 34 measurements )

X r Dx DSD ! p
Repetitive sit-up 27 0.91 0.35 6.53 0.32 0.75
Repetitive arch-up 33 0.83 2.06 7.16 1.68 0.10
Repetitive squatting 32 0.95 —0.33 4.99 0.38 0.71
Static back endurance (sec) 109 0.66 23.44 41.83 3.27 0.003

% = mean of all the measurements (2 x N).

r = reliability coefficient (22).

D% = mean difference (1.-2.).

DSD = deviation of Dx.

{ = paired t-test (df =n —1).

p = statistical significance of systematic shift.

sit-up- and arch-up-tests, were found to be lowest in
those with a history of disabling low-back pain,
independently of age, sex and occupation (Table TII).

The normative values of trunk strength measure-
ments are presented for different age, sex and occu-
pational groups in Table IV.

DISCUSSION

A problem with trunk strength measurements in low-
back pain patients is the wide individual variation in

the relationship of trunk muscle performance capacity
with low-back pain. This variation obviously
decreases the value of strength measurement in the
assessment of the disability (1, 5). Thus there is an
urgent need for normative data, which was one goal
the present study set out to reach.

The only comparable data for the reliability assess-
ments presented here has been published for back
endurance (3, 10, 11, 17). In the earlier studies as well
as in the present study, the reliability of the back
muscle endurance test was found to be good. The lack

Table 111. Adjusted mean values of back endurance (seconds) and repetitive squatting, sit-up and arch-up tests
(number of repetitions) according to age, sex, occupation, and previous low-back pain

Explanatory Back
factor n endurance Squatting Sit-up Arch-up
Age'
35-39 123 90 33 28 27
40-44 136 93 30 24 26
45-49 107 103 29 23 28
50-54 109 88 24 19 25
p-value 0.20 <0.001 <0.001 0.30
Sex’
Male 242 98 37 27 28
Female 233 89 21 20 25
p-value 0.06 <0.001 <0.001 0.008
Occupation®
White-collar 181 109 34 29 30
Blue-collar 294 84 27 21 24
p-value <0.001 <0.001 <0.001 <0.001
Previous low-back pain®
Never any pain 116 100 31 23 29
Pain more than 12 months ago 46 85 29 23 27
Pain during previous 12 months, no disability 166 99 31 27 28
Disabling pain during previous 12 months 147 85 27 21 23
p-value 0.05 0.03 0.005 0.002

Class-specific mean values were adjusted for ! gex and occupation; “age and occupation; Jage and sex; “age, sex and

occupation.
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Table IV. Mean values (%) and standard deviations ( SD ) of repetitive sit-up, arch-up and squatting tests, and static

back endurance test

AGE MALES FEMALES
Blue collar White-collar All Blue collar White collar All
X SD X SD X SD X SD b SD X SD
Repetitive sit-up-test
35-39 29 13 35 13 32 13 24 12 30 16 27 14
40-44 22 11 34 12 27 13 18 12 19 13 19 12
45-49 19 11 33 15 24 14 17 14 22 15 19 14
50-54 17 13 36 16 23 16 9 10 20 13 11 11
35-54 23 13 35 13 27 14 17 13 24 15 19 14
Repetitive arch-up-test
35-39 26 11 34 14 29 13 28 13 27 11 27 12
40-44 23 12 36 14 28 14 25 14 20 11 23 13
45-49 24 13 34 16 28 15 25 15 31 16 27 15
50-54 21 11 35 17 26 15 18 14 26 14 19 14
35-54 24 12 35 15 28 14 24 14 26 13 24 14
Repetitive squatting test
35-39 39 13 46 8 42 12 24 11 27 12 26 12
40-44 34 14 45 9 38 13 22 13 18 8 20 12
45-49 30 12 40 11 33 13 19 12 26 13 22 13
50-54 28 14 41 11 33 14 13 10 18 14 14 11
35-54 33 14 43 10 37 13 20 12 23 12 21 12
Static back endurance test (sec)
35-39 87 38 113 47 97 43 91 61 95 48 93 55
40-44 83 51 129 57 101 57 89 57 67 51 80 55
45-49 81 45 131 64 99 58 90 55 122 73 102 64
50-54 73 47 121 56 89 55 62 55 99 78 69 60
35-54 82 45 123 55 97 53 82 58 94 62 87 59

of corresponding information concerning the other
tests is astonishing because the tests presented here
have been commonly applied in clinical practice. On
the basis of this study, the short-term reliability and
the long-term reproducibility of the non-dynamo-
metric tests represent a sufficient standard.

The demand for reliability is obvious, but we argue
that long-term reproducibility is also an important
criterion when looking for suitable methods for
follow-up studies or for methods for workplace
health care. A test with wide variation within a year
(even reliable over a period of two weeks) would not
fulfill that demand. When a test is reliable over a long
course of time among healthy people, it can as well
apply to monitoring true changes due to disease
process, if the test is sufficiently valid. We consider
the tests presented here suitable in, for instance, work-
place health care units, and, where ever it is desirable to
avoid the expensive dynamometric methods.

Age, sex and occupation form the basic strata when
presenting normative data. It is common knowledge
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that women are weaker than men, as also confirmed
by the present results. However, when strength is
adjusted for body weight, women may be as strong
as men (20). Squatting and sit-up muscle tests espe-
cially showed that physical capacity was reduced with
advancing age. It was, however, somewhat surprising
that physical capacity deteriorated more rapidly
among blue-collar than white-collar workers. The
observation gives rise to the question whether we
should more vigorously combat physical incapacity
among blue-collar workers. Lately the role of psycho-
social factors and work satisfaction have duly received
more emphasis (2, 9), but we should certainly not
ignore the basic physical capacity of the employees,
for whom physical performance is still a crucial issue.

All the repetitive muscle tests presented here
showed somewhat lowered mean values among the
cases of disabling pain during the preceding ygar, but
perhaps less than expected. Back endurance seemed
least affected by previous low-back pain. That it does
not have a very close association with the experience



of low-back pain is of extra value for the test with
respect to clinical applications.

Usually one presents the normative data for those
subjects who are completely symptom-free. We con-
sidered it proper to pool all the subjects together
because of the special interest in the trunk muscle
strength of working people; most of them experience
some symptoms in any case, because low-back pain is
so common, It should also be noted that since the
target population comprised working people, they
cannot have any very severe spinal pathology or
symptoms, and roughly one-third of the subjects
were totally symptom-free.

Mechanical parameters of fatigue, such as failure to
maintain a posture or pace of work, are highly
subjective phenomena influenced by motivation. In
particular integrated electromyography, as a non-
invasive technique, may provide a more appropriate
way to evaluate muscle endurance in the future.
However, the present tests have proved to be quite
convenient in a clinical practice contributing to diag-
nostic and therapeutic assessments. They are inexpen-
sive, and aggravation of pain has occurred extremely
seldom during the past four years that we have applied
them on a regular basis among thousands of low-back
pain patients as well as healthy subjects.
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