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Diminished dynamic performance capacity of
back and abdominal muscles in concrete
reinforcement workers

by JUHANI NUMMI, M.D.,! TUULIKKI JARVINEN,! ULLA STAMBEJ! and
GUSTAV WICKSTROM, M.D?2

NUMMI, J., JARVINEN, T., STAMBEJ, U. and WICKSTROM, G. Diminished dyna-
mic performance capacity of back and abdominal muscles in concrete reinforcement
workers. Scand. j. work environ. & health 4 (1978): suppl. 1, 39—46. The dynamic per-
formance capacity of back and straight abdominal muscles was clinically examined
in 295 male Finnish concrete reinforcement workens aged 19 to 64 years and engaged
in heavy physical work including prolonged stooping. In 24% of the men both
back and straight abdominal muscle performance capacity was reduced, in 18 % only
the capacity of the straight abdominal muscles, and in 4% only the performance
of the back muscle. The prevalence of diminished frunk muscle performance
capacity increased rapidly with age. Diminished back muscle performance capacity
was associated with a history of sciatica (y2 = 16.9, p < 0.001) and diminished per-
formance capacity of the straight abdominal muscles with a history of lumbago
(#2 = 5.9, p <0.02) after adjustment for age. Diminished back muscle performance
was associated with backache (32 == 16.9, p < 0.001) and sharp pain in the back
(x2 = 4.5, p < 0.05) during an ordinary workday, as was also diminished perform-
ance of the straight abdominal muscles (32 = 23.8, p < 0.001 and »2 = 7.3, p < 0.01,
respectively). No association between length of exposure to the back loads in rein-
forcement work and the prevalence of diminished trunk muscle performance capac-
ity could be estabilished.

Key words: back muscle, concrete reinforcement worker, dynamic test, straight
abdominal muscles.

The relationship between trunk muscle
strength and low-back pain is still unclear.
Persons with diminished muscle strength
have been found to be especially prone to
low-back pain. On the other hand, dimin-
ished trunk muscle strength has been
found as a residual sign of previous back
pain syndromes.

In this article we have presented the
prevalence of diminished trunk muscle
performance capacity in a group of skilled
construction workers. We have also exam-
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ined the relationship between diminished
trunk muscle performance and a history of
low-back pain syndromes, as well as re-
ported present back symptoms.

MATERIAL: AND METHODS

The group studied comprised 295 male
Finnish concrete reinforcement workers,
aged 19—64 years. A detailed characteri-
zation of the group has been given else-
where (22). An ergonomic analysis of rein-
forcement work showed the frequency and
duration of the stooping postures to be
extraordinarily common in this occupation
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Fig. 1. Method for determining dynamic back muscle performance capacity. The position of
the subject illustrates the minimal degree of extension for approved performance.

Fig. 2. Method for determining dynamic straight abdominal muscle performance capacity. The
position of the subject illustrates the minimal degree of flexion for approved performance.
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Table 1. Prevalence (%) of diminished dynamic performance capacity of back muscle and straight

abdominal muscles by age.

Diminished Age (years)

s

pgi’fi’;”m“am 15—24  25—34 35—44 45—54 55—64 15—64
capacity (N = 15) (N = 77—18) (N = 102—109) (N = 60—62) (N = 28—30) (N = 282—294)
Back muscle ki 18 40 54 27
Straight abdominal

muscles 13 26 47 83 43

(20). The method used to obtain the history
of back diseases and symptoms has been
presented by Wickstrom et al. (22).

The dynamic trunk muscle performance
was clinically examined by an experienced
and specially trained physiotherapist.
Back muscle performance capacity (M.
erector spinae) was examined while the
reinforcement worker lay on his stomach
with an approximately 10-cm high support
under his stomach to prevent sudden hy-
perlordosis. The worker kept his arms
fixed at his sides. While the examiner held
the feet of the worker on the table, he
slowly bent his trunk backward so that
the thorax rose 10—15 cm from the table
(fig. 1). Back muscle performance was con-
sidered normal if the worker was able to
repeat the movement seven times or more,
diminished if he repeated it only three
to six times, and strongly diminished if the
repetition was less than three times.

The dynamic performance capacity of
the straight abdominal muscles was tested
while the concrete reinforcement worker
lay on his back with his knees flexed. His
arms were free and directed towards the
knees. The examiner held the man’s feet
on the table. If the reinforcement worker
rose to the sitting position (fig. 2) smoothly,
without jerks, seven times or more, his
muscle performance was considered nor-
mal; if he rose only three to six times, his
performance capacity was classified as di-
minished; and, if he rose less than three
times, it was considered strongly dimin-
ished. Jerking movements always led to a
classification of strongly diminished musc-
le performance capacity.

Due to subjective discomfort the testing
of back muscle performance was omitted
from the clinical examination in 13 cases
and the test for abdominal muscle perform-

ance in 1 case. The symptom question-
naire was expanded in the beginning of
the study, and therefore present back
symptoms were recorded in detail for only
the last 223 men examined (22).

In the graphical presentation of the re-
sults the observed prevalences were
smoothed by the calculation of 15-year
moving age ranges for the prevalence es-
timates.

RESULTS

The dynamic back muscle performance
capacity was classified as normal in 73 %o
of the concrete reinforcement workers,
moderately diminished in 24 9, and
strongly diminished in 3 %% The dynamic
performance capacity of the straight ab-
dominal muscles was considered normal in
57 %, moderately diminished in 29 %, and
strongly diminished in 14 % of the men.

When the findings of diminished back
and abdominal muscle performance were
compared, a reduction of back muscle
capacity only was found in 4 % of the
workers, a reduction of abdominal muscle
capacity only in 18 %, and a reduction of
both back and abdominal muscle capacity
in 24 %. In 54 % of the workers both
back and abdominal muscle performance
capacity were normal.

The prevalence of diminished back and
abdominal muscle performance increased
with age (table 1). According to the criteria
employed, only 13 %o of the men showed
a reduction of either back or abdominal
muscle performance at the age 15 to 24
years, while at the age 55 to 64 years the
proportion was the same for men not
showing diminished trunk muscle per-
formance capacity. The age dependence of
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reduced dynamic performance in back
muscles alone, straight abdominal muscles
alone, and in back and abdominal muscles
simultaneously appears in fig. 3.

The data on diminished trunk muscle
performance were analyzed for a possible
effect of reinforcement work by an age-
adjusted comparison of workers with short
and long employment times in reinforce-
ment work. No statistically significant re-
sults were obtained. Neither was any clear
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Fig. 3. Smoothed prevalence estimates for
diminished dynamic strength of back muscle
alone (---), straight abdominal muscles alone
(---) and back and straight abdominal muscles
together (—) by age.
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Fig. 4. Smoothed prevalence estimates for
diminished dynamic performance capacity of
back muscle in reinforcement workers
(m——m) and computer technicians (m---m)
and for diminished dynamic performance
capacity of straight abdominal muscles in re-
inforcement workers (@——@) and computer
technicians (®- - -@®) by age.
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indication of an occupational effect on the
prevalence of diminished trunk muscle
capacity found when the reinforcement
workers were compared to another occu-
pational group often working in awkward
postures, i.e., computer technicians (fig. 4).

Of the men with diminished back muscle
performance capacity, 47 %o reported a
history of lumbago, and 59 %o a history of
sciatica (table 2). The corresponding figures
for the men with normal back muscle
capacity were 28 %o and 36 %o, respectively.
Also after age adjustment the association
between diminished back muscle capacity
and a history of sciatica was significant
(x2 = 16.9, p <0.001).

In the men with diminished performance
of the straight abdominal muscles a his-
tory of lumbago (44 %) and a history of
sciatica (52 %0) were more common than in
the men with mnormal abdominal muscle
capacity (24° and 349, respectively).
After age adjustment diminished abdomi-
nal muscle capacity was still associated
with a history of lumbago (32 = 5.9, p <
0.02).

The incidence of fatigue, stiffness, ache,
and sharp pain in the back during an
ordinary workday was clarified in an
interview on orthopedic symptoms. Table
3 shows reported back symptoms compared
to the findings of diminished back and
abdominal muscle performance capacity.
Men with diminished back muscle per-
formance more commonly reported ache
(x2 = 16.9, p < 0.001) and sharp pain (x2 =
45, p<<0.05) in the back than men with
normal muscle performance. The same
two back symptoms were also related to
diminished performance capacity of the
straight abdominal muscles (¥2 = 23.8, p <
0.001 and %2 = 7.3, p < 0.01, respectively).

Because working in bent-double postures
is very common in concrete reinforcement
work, the workers were interviewed on
back symptoms as they bent down, while
in the bent-double position, and as they
straightened up. The back symptoms in
reinforcement workers with and without
diminished trunk muscle performance
capacity are presented in table 4. Symp-
toms on bending down were related to
the reduction of both back (2 =52, p<<
0.01) and abdominal (x2 = 11.9, p << 0.001)
muscle performance capacity.



Table 2. Prevalence (%) of a history of lumbago and/or sciatica in concrete reinforcement
workers with and without diminished dynamic trunk muscle performance capacity (N = 295).

Dynamic performance Dynamic performance

. capacity of back capacity of straight
ll;‘;glx{nous muscle abdominal muscles
syndromes Dimin- Not dimin- Dimin- Not dimin-

ished ished ished ished
N =17) (N = 205) (N = 125) (N = 169)

Neither lumbago
nor sciatica 30 54 34 59
Only lumbago 10 10 14 7
Only sciatica 23 18 22 17
Both lumbago
and sciatica 36 18 30 17
Total 100 100 100 100

Table 3. Incidence (%) of present back symptoms in concrete reinforcement workers with and
without diminished dynamic trunk muscle performance capacity (N = 213—223).

Dynamic performance Dynamic performance
capacity of back capacity of straight
Ergls{em muscle abdominal muscles
s;mpboms Dimin- Not dimin- Dimin- Not dimin-
ished ished ished ished
(N = 52) (N = 161) (N =91) (N = 132)
Fatigue 40 48 49 45
Stiffness 44 40 45 38
Ache 75 42 70 37
Sharp pain 21 10 21 8

Table 4. Incidence (o) of back symptoms, while stooping, in concrete reinforcement workers with
and without diminished dynamic trunk muscle performance capacity (N = 213—223).

Dynamic performance Dynamic performance

Back symptoms capacity of back capacity of straight
in different muscle abdominal muscles
phases of Dimin- Not dimin- Dimin- Not dimin-
stooping ished ished ished ished

(N = 51—52) (N = 161) (N = 90—91) (N = 131—132)
Bending down 54 36 55 32
In the bent-double
posture 78 70 80 67
Straightening up 63 62 68 58
DISCUSSION abdominal muscles. The erector spinae

muscle functions as the stabilizer of the
Both the maintenance of the wupright whole vertebral column (6).
posture and the regulation of flexion and Flexion is initiated by the abdominal
extension of the spine primarily depend muscles and controlled by the back mus-
on the erector spinae muscle and the cle. When a person leans forward 45°,
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the load on the erector spinae muscle is
at its height. When bending further for-
ward the burden of the upper part of the
body is more and more taken over by
passive tension so that the back muscle,
when followed electromyographically, is
nearly silent at 90° (7). The erector spinae
muscle endures 25 %o of the maximal ex-
tension strength for 10 to 20 min (13), and
15 %6 can be maintained “indefinitely” (9,
17).

The methods used to measure the maxi-
mal strength of the back and abdominal
muscles included clinical orthopedic eva-
luation, use of mechanical devices, and
electromyography (4, 7, 11, 15, 16, 19).

Comparing the results from four dif-
ferents tests for back muscle strength,
Pedersen and Staffeldt (15) found that the
results from three tests for maximal mus-
cular strength in 1—3 performances cor-
related well with each other. The test for
endurance time, in principle similar to the
tests used by Okada et al. (13), gave dif-
ferent results.

The method we used in our study mea-
sured dynamic performance capacity in a
manner similar to Pedersen’s and Staf-
feldt’s test III. We chose the dynamic tests
for trunk muscle strength determination
bzcause they probably measure low-back
disability more accurately than the tests
for isometric muscle strength (1, 11, 18, 21).
The classification we used is based on cli-
nical experience.

Diminished muscle strength may be due
to muscular disease, such as myasthenia,
to diseases of the nervous system, such as
diabetic polyneuropathy, or to disuse of
the muscles. As the examined group con-
sisted of active workers from a strenuous
occupation, the possibility of grave mus-
cular or nervous diseases was excluded.
Neither were any significant neurological
signs not attributable to spinal degenera-
tion found in the clinical examination. Due
to the demands of reinforcement work the
trunk muscles are probably exercised to a

considerable extent in reinforcement
workers. Diminished back muscle per-
formance capacity is thus supposedly

mainly due to peripheral nerve root le-
sions, but acute, minor trauma or pain
causing a reversible reduction of trunk
muscle performance capacity may also
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have been responsible for a part of the
findings.

The age dependence of muscle strength
has been investigated by Asmussen and
Heeboll-Nielsen (3) in men 175 ecm tall and
representing various occupations. Back
muscle strength was at its best (91 kp, i.e,
890 N) in the age group 30—39 years and
was diminished by 15 % in the group 60—
69 years. Abdominal muscle strength
showed a peak value at a corresponding
age (67 kp, i.e., 660 N) and fell by 16 %o by
60—69 years. In forestry workers back
muscle strength was reduced by 25 %o from
age 20—29 years to 60—69 years, while
abdominal muscle strength showed only
a 10 %o reduction over the same age period
).

The prevalence of diminished trunk
muscle performance capacity among con-
crete reinforcement workers can be com-
pared to findings among computer techni-
clans, investigated by identical methods in
another cross-sectional study (12). The
computer technicians (104 Finnish males,
aged 20—54 years) often worked in awk-
ward postures especially demanding for
the back and the knees. The age-adjusted
prevalence of diminished back muscle
capacity was 1.7 times higher among re-
inforcement workers, but the correspond-
ing chi-square value of 3.1 was not statis-
tically significant. The age-adjusted prev-
alence of the diminished capacity of the
straight abdominal muscles was equally
high in both groups (fig. 4).

Over the years considerable evidence
has been presented in favor of an associa-
tion between diminished trunk muscle
strength and the occurrence of low-back
pain, but the extent to which diminished
trunk muscle strength may contribute to
the occurrence of low-back pain and the
degree to which episodes of low-back pain
leads to a reduction of trunk muscle
strength are questions still open for dis-
cussion and further study.

Kraus and Weber (10) found that the
reduction of trunk muscle strength and
flexibility below a certain level was as-
sociated with a high expectancy of back
pain. Poulsen and Jergensen (16) showed
that maximal isometric strength should
exceed two-thirds of a person’s body
weight to avoid fatigue and pain in the



back from work in a forward-leaning posi-
tion. Chaffin and Herrin (5) also found
that workers with good “torso lifting
strength,” mainly a measure of back
muscle strength, had significantly less low-
back pain than weaker workers. On the
other hand, Hirsch (8) considered muscular
persons to be as susceptible to low-back
pain as asthenics, and no evidence for an
association between diminished trunk
muscle strength and low-back pain has
been found in two thorough investigations
(11, 14).

Chronic low-back pain is frequently ac-
companied by generalized weakness of the
trunk muscles (1). Up to 80 %o of patients
with low-back pain may be classified as
deficient in trunk muscle strength (10).
A large prospective study (19) has shown
that abdominal muscle weakness, found at
the time of the low-back pain attack, often
disappears with the remission of the
episode of pain, but that it sometimes is
left as a residual sign of previous low-back
pain. Persons without experience of low-
back pain had weakened abdominal mus-
cles less often (12 °/o) than persons with
a previous spell of low-back pain unac-
companied by an incapacity to work (26
%/0) and persons previously incapacitated
because of low-back pain (50 %). Nachem-
son and Lindh (11), excluding cases of
sciatica from their study, found no dif-
ference in the extensor or flexor strength
of the trunk between persons without low-
back pain and those incapacitated with
back pain for less than a month. In per-
sons incapacitated by low-back pain for
more than a month they recorded a reduc-
tion of maximal isometric tension in the
back and abdominal muscles; this condi-
tion was considered probably due to in-
activity because of pain or fear of pain.

In the present study on concrete rein-
forcement workers the performance capac-
ity of both back and straight abdominal
muscles were found to be related to pre-
vious spells of both lumbago and sciatica.
As the prevalences of diminished trunk
muscle capacity and of a reported history
of low-back pain syndromes both increase
with age, the associations between these
variables were analyzed after age adjust-
ment. The association between diminished
back muscle capacity and a history of
sciatica was found to be clear, while the

relation between diminished abdominal
muscle capacity and a history of lumbago
was weaker.

When specific back symptoms were com-
pared to a reduction of trunk muscle per-
formance, no relationship was found for
the milder symptoms of “fatigue” and
“stiffness, ” while “ache” and “sharp pain”
were associated with a reduction of both
back and abdominal muscle performance
capacity. Thus our assumption that the
sensation of “fatigue” arises in the mus-
culoligamentous structures from excessive
demand on muscular contraction was not
supported by our data.

There is a definite association between
diminished trunk muscle strength and low-
back pain. This relation can be of three
types:

1. Diminished trunk muscle strength
causes low-back pain. Possible mecha-
nisms: (a) pain arises in the muscular
tissue itself or in stretched ligaments when
demand on muscular contraction exceeds
performance; (b) pain arises in the func-
tional spinal unit (vertebral disc-nerve
root-facet joint) from excessive mobility
due to weakness of stabilizing trunk mus-
cles or from abnormal patterns of move-
ment in association with degenerative
changes and weak muscles.

2. Low-back pain causes diminished
trunk muscular strength. Possible mecha-
nism: pain causes relative immobilization
of the back structures and leads to dimin-
ished trunk muscle strength from lack of
use.

3. Diminished trunk muscular strength
and low-back pain are both effects of a
common cause. Possible mechanism: de-
generation of intervertebral discs and/or
apophyseal joints causes damage to both
the motor and the sensory roots of the
spinal nerves.

In our opinion none of the these rela-
tionships can be ruled out at the present
level of knowledge. Primarily we would
consider the relation to start from de-
generative spinal changes causing lesions
of both the sensory and the motor nerve
roots. As the back muscle is innervated
from the corresponding spinal level, reduc-
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tion of back muscle strength may be due
to lumbar disc degeneration, but the
mechanism behind the reduction of ab-
dominal muscle strength is less clear. Di-
minished trunk muscle strength may in
turn contribute to further low-back mor-
bidity as discussed by Alston et al. (1).
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