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|  ABSTRACT [

This study was conducted to investigate and dnalyze the effect of a specific isokinetic training
program on the torque exerted by the trunk muscles of subjects working for prolonged times while
sitting or standing and suffering from back pain of non-pathological origin. Fourty young male
subjects suffering from mechanical low back pain aged between 20 and 27 years were investigated.
Two groups, namely standing and sitting, were considered. Each subject was evaluated using
Isokinetic triaxial dynamometer to determine maximum isometric torque (MIT). The choice of
dynamic resistance of the training program was based on isometric test results performed at both
25% and 50% of MIT. Each subject received the same isokinetic training program three times per
week for four consecutive weeks. The following variables were measured 1) torque of the trunk
muscles, 2 j the maximum angular velocity, 3) the range of motion “ROM” and 4) subjective pain.
Analysis of the results revealed tat subjects in both groups exhibited a significant improvement in
all the measured variables at the end of the treatment program. However, the standing group
exhibited a better response, demonstrated by a greater increase in both the MIT and dynamic
torques. It has also appeared that there was an inverse relationship between the trunk ROM and
torque. Meanwhile, pain sensation at the lumbar region was grearly reduced in both groups, wit

more relief in the sitting than the standing group.

i | INTRODUCTION ] conditions on the strength of the trunk
muscles®.
On the other hand, there are definitive

reports attnbutmg LBP to reduced muscle

here is a growing consensus,
nowadays, that low back pain (1.BP)

problems are widely spread over a

signiﬁcant proportion of adults in
urban societies. Several epidemiologic surveys
conducted in different countries showed that
between 35% and 90% of the adult population
reports at least one episode of LBP during
their life”". Few studies have investigated the
possible effects of different working

performance This, in turn, is a result of the
lack of repetitive and regular stimulation to the
muscle groups concerned. Sitting for
prolonged times, as is the case in most offices,
leads to the leaning forwards of both the head
and the trunk. Consequently, one is subjected
to excessive stress and fatigue occurs”

Neck and back complaints also arise

from prolonged standing. In this case, it is not
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the magnitude of force per second that causes
fatigne as much as the length of time that the
force is being applied. Tissue breakdown may
occur with overuse or prolonged excessive
overloading. This is a result of the
accumulation of microstresses over a period of
time!>16

The isokinetic parameters of the trunk
muscles can  be investigated  using
dynamometry. Dynamometry is concerned
with the provision of a controlled
accommodating
measurement of the moment exerted by the
muscle against this resistance’. Because of the
variable resistive load produced in a
dynamometer, muscle strengthening can be
achieved by isokinetic training using
dynamometry.

Similar to aerobic exercise, muscle
strengthening due to dynamometry can be
attributed to 1) the increase in the number of
active motor units and their rate of firing at
spinal  and  supraspinal  levels, 2)
synchronization between motor units, 3)
recruitment of additional motor units and 4)
increased rate of discharge of motor units**%,
In addition, training causes an increase in the
physiological cross section of the muscle,
Moreover, there is a great increase in the area
of fast twitch (type II) muscle fibers compared
with slow twitch (type I) muscle fiber®'*.

While there are several investigations on
the effect of training on the torques produced
by the trunk muscles5‘27, there seems to be
little or no information on the efficacy of such
training programs in alleviating mechanical
LBP in subjects whose work requires long
hours of sitting or standing every day. In
addition, this paper investigates the
progression of recovery in the two groups and
proposes an optimal or near-optimal strategy
for their training program. This is achieved by
measuring and analyzing 3-D data related to

resistance and the .

the Range Of Motion (ROM), Maximum
Isometric Torques (MIT), Dynarhic Average
Torque (DAT) and Maximmp Average
Velocity (MAV). Pain was also evaluated by
means of the Visual Analogue Scale (VAS)
developed by Scudds (1983).

| METHODS | |

Sample Selection

Forty young male subjects aged between
20 and 27 years and suffering from mechanical
low back pain (LBP) volunteerbd for - this
study. Subjects were divided into two main
groups: sitting and standing. The sitting group
consisted of twenty subjects selected from a
population of employees whose jc;:bs required
sitting behind a desk for a period not less than
seven hours a day. The stanﬁing group
consisted of another twenty subjects who were
selected from recruits who worked as traffic
wardens, hence spent all their shifts (nearly

" eight hours a day) in the standing position. All

subjects reported a complaint of FBP, which
was further classified as non-pathological by
clinical investigations.

Instrumentation

A computer-controlled isokinetic triaxial
dynamometer (model Isostation B-200, Back
evaluation system, Isote:chnologiesi Inc., Enraf
Nonius, The Netherlands) was used to evaluate
and train the subjects participating in the
study. The system incorporates a force
acceptance unit which interfaces 'the subject
with the system, a lever arm which provides

- the base for the force acceptance unit which

moves radially about a fixed axis,l a load cell
which converts the force into an electrical
signal, a plate serving to position the subject
and, a control unit consisting of a personal
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computer (IBM compatible, 486, 25 MHz) and
its associated peripheral equipment. Position,
torque and velocity are simultaneously
recorded in each primary and secondary plane
of movemeﬁt and digitized at a sampling rate
of 450 Hz.

Protocol

All subjects were first familiarized with
the experirﬁent and its purpose and were
allowed at least four practice trials at each
resistance level. Measurements were made
while subjects stood on the elevated footstand,
facing out |of the Isokinetic systemn. After
performing ~ the  standard  positioning
procedures, subjects were restrained using the
provided straps and pads at the levels of the
pelvis, thighs and thorax.

Once secured in the isokinetic system,
subjects were oriented about their arm
placement and posture during the session.
Arms were to be folded across the chest just
below the chest pad and kept close to the body.
In addition, They had to initiate all motions
from their 'trunk without using other body
segments tb assist with their performance.

~subject
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Subjects’ cooperation was motivated by
continuous follow-up and encouragement.

Three types of tests were conducted on
both groups, namely range of motion (ROM),
isometric and dynamic tests. During ROM
tests, subjects were instructed to move as far
as possible with minimum resistance set by the
8-200 system. Isometric tests, however,
required maximal efforts  against. a
mechanically locked system. During dynamic
testing, subjects performed five repetitions
about each of the three axes of motion of the
spine (antero-posterior and lateral) as hard and
fast as possible. Dynamic resistance was set at
25% and 50% of the MIT with the order
reversed in a second test sequence.

During the rehabilitation program, each
performed a strength  protocol
consisting of dynamic exercises in a pain-free
ROM. Dynamic resistance was based on the
MIT each subject can generate. Each subject
received the same isokinetic training program
three times per week for four consecutive
weeks. Each day of the strength protocol
involved the same twelve exercises, which are
described in table (1).

Table (1):
Exercise/Axis Resistance Repetitions Exercise time Resistance time

1-Lateral flexion 25% 20 120 sec 30 sec

{ 2-Lateral flexion 25% 20 120 sec 60 sec
3-Flexion/Extension 25% 20 120 sec 30 sec
4-Flexion/Extension 25% 20 120 sec 60 s
5-Rotation 25% 20 120 sec 30 sec
6-Rotation 25% 20 120 sec 60 sec
7-Lateral flexion 50% i2 120 sec 30 sec
8-Lateral flexion 50% 12 120 sec 60 sec
9-Flexion/Extension 50% 12 120 sec 30 sec
10-Flexion/Extension 50% 12 120 sec 60 sec
11-Rotation | 50% 12 120 sec 30 sec
12-Rotation | 50% 12 120 sec 60 sec
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| DATA ANALYSIS |

In order to check the progress in the
isokinetic data collected along the course of
the isokinetic training program statistical
comparison was made for each group using
one way analysis of variance (ANOVA).
Independent t-test was applied between the
two groups (standing and sitting). The level of
significance was P<0.05

| RESULTS ]

Analysis of the results showed that the
subjects in both groups exhibited a signiiicant
improvement in their condition after the
treatment program. Assessment is based on the
isokinetic parameters measured before the
commencement and along the course of the
training program (five evaluation sessions).

Maximum Isometric Torque “MIT”

Among the standing group, there was a
significant increase (P<0.05) in the extension
torque than in the flexion torque, at the same
time subjects also exhibited a significant
increase in their MIT of right rotation and right
lateral flexion than the left rotation and lateral
flexion.

In the sitting group the significant
increase(P<0.05) in the torque was observed in
flexion more than in extension and in right
lateral flexion more than left lateral flexion.
While there was insignificant change in
rotation to right or to left.

Dynamic Average Torque “DAT”

From the study it was clear that when the
program was applied at 25% and 50% of MIT
the torque exerted during rotation, flexion,
extension and lateral flexion was significantly
(P<0.05) higher in the standing group than in
sitting group.

Dynamic Maximum Velocity “DMV”

From the results of thisi study, the
dynamic maximum velocity at 25% of MIT
differed from that at 50% of MIT. At 25% of
MIT, it was observed that there was a
significant increase in the veldeity during
flexion, lateral flexion to the right and to the
left in standing more than in sitting groups. In
the other variables, i.e. rotation to the right and
left and extension of the trunk ttgere was no
significant change in the velocity between the
standing and sitting group. ‘

At 50% of MIT, the reverse action

' . L .
occurred as the dynamic maximum velocity

increased significantly in the sitting group
more than in standing group for rotation,
flexion, extension and lateral flexion to the
right and to the left.

Range of Motion “ROM? of the trunk

From the results of the study, it was
observed that the significant increase in the
trunk ROM appeared in the standmg group in
the following motion, left rotation, flexion and
left lateral flexion more than rxght rotation,
extension and right lateral flexion respectively.

There was no significant changes
between standing and sitting groups in ROM

~of trunk lateral flexion and flexion. In

extension and left rotation, the standing groups
showed significantly increase in their ROM
more than in sitting group. In | trunk right
rotation, siting group had 31gn1f1cantly higher
ROM than standing group.

Pain ;
All subjects in both group$ reported a
reduction in the degree of pain felt at low back
towards the end of the training program. The
level of pain was quantified using the visual
analogue scale “VAS”. The sitting group
enjoyed more pain relief than in the standing

group.
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Fig. (1): Histogram showing the MIT recorded in five evaluation sessions in different trunk positions of
subjects in the standing group.
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Fig. (2): Histogram showing the MIT recorded in five evaluation sessions in different trunk positions of
subjects in the silting group.
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Fig. (3): Histogram showing the dynamic average torque at 25% of MIT recorded in five evaluation
sessions in different trunk positions of subjects in the standing group.
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Fig. (4): Histogram showing the dynamic average torque at 25% of MIT recorded in five evaluation

sessions in different trunk positions of subjects in the sitting group.
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Flig. (6): Histogram showing the dynamic average torque at 50% of MIT recorded in five evaluation

sessions in different trunk positions of subjects in the sitting group.
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[ __DISCUSSION 7]

Maximum Is.jametric Torque “MIT”

The differences reported between the
two groups could be attributed to the nature of
activities, which are carried out by people
working in standing. They are expected to
actively load their muscles to execute any task.
Therefore they are expected to have a higher
base line in the intensity of their muscle torque
than those individuals who work most of their
time sitting. '

Malcaire and Masset'® investigated the
relation between low back pain and MIT.
Their findings showed that subjects with low
back pain 'have a significantly reduced
isometric performance. Based on their findings
they pointed out that the reduction in isometric
performance' of subjects with low back pain
suggests some impairment of the muscles,
impairment that could alter the tension-length
relationship I n different postures. They also
added that different postures lead to
modifications in the distribution of forces on
the intervertebral disks, the apophyseal joints
and the ligaments. Any alteration of these
structures also could influence the behavior of
the trunk and its performance, depending upon
the adopted posture.

The significant increase in muscle torque
of both group of subjects can be attributed to
adaptive changes in the muscles or muscle
control. This is in agreement with Esselman et
al.,'' who stated that the critical variable for
developing strength (maximal torque) within
the isokinetic training is the amount of torque
developed during training. In their study
Esselman and co-workers trained twenty
subjects on a Cybex II isokinetic dynamometer
in which they performed maximal voluntary
isokinetic concentric knee extensions. They
concluded that the neural factor which

43

contribute to strength gain in any training
program could be attributed to the increased
level of recruitment and increased synchrony.
In addition muscle can adapt to"a strength
training program with hypertrophy: or
enzymatic  activity of  glycolytic  and
mitochondrial enzymes.

Increasing flexion torque more than
extension can be attributed to increased
activity of abdominal muscles (rectus
abdominus) in addition to psoas muscle
torque. This results are in agreement with a
study by McGill,*! who pointed out that rectus

“abdominus has a potential to act as a powerful

flexor of the trunk in addition to most superior
laminas of psoas muscle which reserved
polarity from being a very weak extensor in
the upright posture to a flexor in the extremely
flexed posture.

This is also in agreement with the study
of Takemasa et al.,”’ who studied the effect of
trunk muscles exercises on patients with LBP
and concluded that the extensor strength was
more significantly reduced more than the
flexor strength.

In contrast to these finding, the resuits of
Saur et al.,25 were in disagreement with this
study, the authors studied the isokinetic
strength of lumbar muscles in patients with

- chronic backache and concluded that the

isokinetic strength of the lumbar extension
muscles was higher than the strength of the
flexor muscles. The variations in different
studies may be due to the great vario*ion in
methods, procedures, equipment, type of
contraction and subjects. As stated. by
Takemasa et al.,”’ that even if trunk muscle
strength is measured using the same test
protocol and compared for normal and back
pain subjects, the subjects and their physical or
pathological condition may differ in ‘each
study.
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The correlation between isometric trunk
extension effort and integrated
electromyographic activity was conducted
previously by Alexiev,’ on low back muscles
during straight position and concluded that
strength/EMG relationship was close to linear
in normal whereas it was nonlinear in patients
therefore in patients a smaller tension
correlated with relatively higher muscle
activity.

Dynamic Average Torque “DAT”

The result can be explained by the fact
that individuals working in standing situation
are constantly exposed to move their trunk and
consequently gaining higher trunk flexibility
than in individuals working in sitting situation.
Flexibility of the trunk is associated with
increased muscle strength and hence increased
dynamic muscle torque'”. Individuals working
in sitting position (office work) move their
trunk dynamically less with consequent
diminution of trunk flexibility and muscle
strength. Therefore, despite their dynamic
torque improved through the isokinetic
training program, still the dynamic torque
exhibited by this group of subjects was
significantly less than that of the standing
group. This agreement is consistent with the
view of Esselman et al,'' who postulated that
torque gains in response to training are caused
by adaptive changes in muscle or neural
control. The authors also pointed out that
muscle can adapt to a strength training
program with hypertrophy or enzymatic
changes.

Similarly, it was observed that in
standing group the torque exerted during
extension at 25% and 50% of MIT was
significantly higher than the torque exerted
during flexion. This is can also be attributed to
the position assumed by the standing subjects.

As during standing the normal alignment of
Jine of gravity is in front of the second sacral

- vertebra, so creating a forward flexion moment

tending to pull the body forward. As a normal
compensatory mechanism, the trunk extensors
muscles develop torque and produce a
backward extension moment to counterbalance
the forward bending moment. As a result the
torque observed during the study at 25% and
50% of MIT was higher in extension than in
flexion, !

On the contrary, the dynamic average
torque at 25% of MIT in sitting group showed
significant increase in flexion torque more
than extension. This can be attributed to the
posture adopted by the subjects in sitting
group and its effect on the muscular activity.

“Many people assume sagging position during

sitting loading to decreased activity of the
erector spinae muscles and trunk extensors. As
a result the trunk flexor activity increased their
activity significantly more than the extensors.

Dynamic Maximum Velocity “DMV”

The difference observed bietween the
dynamic maximum velocity at 25% and 50%
of MIT can be attributed to the inérease in the
amount of trunk maxlmum 1sometr1c torque.
As stated by Enoka,'® there is indirect
relationship between muscle ﬁorque and
velocity of motion. As the torque increases the
velocity of action decreases that is' why, as the

_torque increases from 25% to 50% of MIT the

dynamic maximum velocity of trunk motion
decreased significantly whether in thc standing
or in the sitting group.

The differences observed betwcen the
standing and sitting groups at 50% of MIT can
be attributed to the significant increase in the
dynamic average torque at 50% in thc standing
group more than in sitting group.
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However, Esselman et al.,'! investigated
the development of torque in isokinetic
training during maximum Knee extension.
Analysis of 'their results showed that torque-
velocity relations indicated that subjects who
trained at 360/sec made significant overall
gains in torque and significantly greater torque
gains than this training at 1080/sec. These
results are consistent with the findings of this
study in relation to torque and velocity.

The results of this study is also in
agreement with Masset et al.,20 who stated that
dynamic parameters of the trunk such as the
velocity have been shown to be significantly
reduced forlow back pain in workers in cross
sectional studies. They concluded that
although workers with a history of LBP
performed dynamic tests At significantly
lower velocities, the probability for
development of LBP in the following year is
greater for 'workers performing such tests at
greater velocities.

Range of M’otion “ROM?” of the trunk

From the resuits of ROM and torque
exerted by 'the trunk muscles, it is appeared
that there is inverse relationship between trunk
ROM and torque. This can be explained by the
torque angle relationship as stated by Enoka'’
can be ascending, descending or ascending-
descending: relattonship. From these results,
the trunk muscles obeys the descending
relationship, the ROM decreases as the torque
increases.

The = asymmetry of trunk motion
observed in this study is consistent with the
study of | Gomez'? who believed that
asymmetry of trunk motion plays a significant
role in the development and presentation of
low back pain. In his study, he tested rotation,
lateral flexion, active ROM and isometric
strength in' subjects with and without LBP. A

_expression of
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similar pattern of asymmetry was found in
both groups, however the magnitude of ROM
asymmetry was significantly greater for the
LBP subjects. The asymmetry observed in the
LBP population may be an augmented
normal asymmetrical
performance and behavioral factors may play a
role in this expression.

The loss of asymmetrical movement may
also not be related directly to constraints or
irritation of the contractile element under
stress. If this were the case, it would be
expected that both passive stretch and active
contraction stresses would result in related
restrictions. This is further supported by the
fact that bilateral  paraspinal EMG
measurements in LBP patients have not
revealed significant asymmetry. IT has been
suggested that most patients will list away
from the side of symptoms™.

Clinical presentation of asymmetry such

-as lateral shift could indicate a specific

mechanical abpormality in an individual
patient. As reported by Adams and Hutton®
that the center of rotation during in vivo
rotation varied widely from test to test. As a
result of the complex system of performance
synergy in the spine, functional units tend to
cross many barriers of anatomic structure.
Because of the number of functional units
involved in most gross movement, there is a
great adaptive potential that may allow for
normal function even if one or more functional
units are impaired™.

The movement of rotation and lateral
flexion is coupled mechanically in the lumbar
spine so that a lateral flexion moment is

“converted into a rotational moment by the

lordotic curve and the orientation of the
facets'>. Gomez concluded that greater
flexibility was only observed in rotation, the
force required to overcome resistance of the
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apparatus and soft tissue restraints in rotation
is not gravity-assisted, as it is in lateral flexion.

The increase in ROM observed in this
study after the exercise program was most
likely due to giving the patients confidence to
move in spite of their pain. This is consistent
with the study of Magnusson et al.,'” who
concluded that functional rehabilitation
increases motion and velocity, this -may occur
because of the increased activity involved in
the program, decreased inhibition resulting
from stretched muscles, and improved motor
control skills. The patient’s confidence is
increased because he experiences less pain,
improved skills and the insight that motion is
good.

The level of Pain

Also this result could be due to the fact
that in the sitting group the subjects are more
relaxed and the trunk muscles are not
subjected to high level of activity. But in
standing group, subjects are less relaxed in
sitting group and the trunk muscle are
sufficiently active to maintain the body in its
erect position leading to production of more
pain than in the sitting group.

As reported by Keller et al.,'* that self-
efficacy for pain is the most powerful
predictor of trunk muscle strength in patients
with LBP, patients in this study were informed
to describe and record their level of pain after
the isokinetic program. The observed
reduction of pain after the program is in
agreement with Deutsch® who recorded
increased average lumbar strength and
decrease in pain after isolated lumbar
strengthening program in chronic LBP.

In addition Takemasa et al.,” concluded
from their study that trunk muscle exercises
reduced low back pain in chronic LBP
patients. The degree of correlation between

increase in trunk muscle strength and
improvement of LBP was high in the group of
LBP patients who had no detectable organic
lesion than in the group of LBP patients who
had detectable organic lesion.

Flexion strengthening program was
recommended by Williams for treating and
relieving LBP, while McKenzie recommended
extension exercises. These authors used
different training programs but both reported

. . 2
" success in reducing LBP*.

| CONCLUSION |

This study demonstrates that certain
isokinetic training programs can be very
effective in rehabilitating patients suffering
from nonpathological low back pain regardless
of their working habits. However, subjects
whose typical working days involve dynamic
activities undertaken from a standing posture
have shown better response than the ones with
less activity represented by the sifting group.
This was reflected from the apparent
substantial improvement in the muscle torques

.of the standing group. Meanwhile, in the

sitting group, the isokinetic program proved to
be more effective in improving speed of
motion, range of motion and alleviating pain.
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