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ECCENTRIC AND CONCENTRIC TORQUE OF THE LUMBAR AND
HIP EXTENSORS IN FEMALES WITH LOW BACK PAIN
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Mohamed Elhafez.
Department of Biomechanics, Faculty of Physical Therapy, Cairo University, Giza, Egypt.

Background and objective: The trunk muscles are vital for the maintenance of spinal stability. Little is known
regarding the eccentric strength of back and hip extensor in patients with low back pain due to lumbar spondy-
losis. So, this study was conducted to examine the effect of lumbar spondylosis on the eccentric and concentric
peak torque of lumbar and hip extensors muscles.

Materials and Methods: Thirty volunteers participated in the study, 15 patients with lumbar spondylosis and 15
healthy subjects. The isokinetic lumbar and hip extensors’ eccentric and concentric peak torque were measured
for both groups. The data were collected using the Biodex Isokinetic system 3 at angular velocity of 60º/sec for
lumbar muscles and 30°/sec for hip muscles.

Results: There was no significant difference in lumbar and hip extensors’ eccentric peak torque between both
groups (p >0.05) respectively. The concentric torque of the lumbar and hip extensors of lumbar spondylosis
group was significantly lower than that of the healthy group (p< 0.05), the concentric torque of both groups were
significantly higher than the eccentric peak torque (p< 0.05).

Conclusion: This study displayed that there was no effect of lumbar spondylosis on eccentric torque of lumbar
and hip extensors muscles. However, it decreases the concentric torque. So, clinicians must concentrically
strengthen the back and hip extensor muscles during designing of rehabilitation program for patients with
lumbar spondylosis.
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range of motion (ROM) and functional limita-
tion. Risk factors include age, heredity, impact
of activity, and occupation. The disabilities
related to LBP cause an important socioeconomic
burden to society, [4] and it is the most
common cause of absence from work [5].
People with recurrent LBP have demonstrated
several structural and functional alterations that
are situated at multiple peripheral and central
levels along the sensorimotor pathway. There

Lumbar spondylosis and lower back pain (LBP)
are considered a major public health issue
causing chronic disability of the elderly in most
developed countries [1,2]. Chronic LBP due to
lumbar spondylosis, is defined as aching low
back with or without radiation to lower limbs
not less than three months in duration, with
confirmed signs of degeneration in lumbar spine
on X-Ray [3]. The main feature is pain in lumbar
region, often accompanied by restriction in
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are divergences in motor output during a vari-
ety of lumbar tasks [6-8] and changes in lumbar
muscle structure as subsequent to resolution of
LBP [9]. In addition, the cortical representation
of specific lumbar muscles appeared to be reor-
ganized [10], and changes at the proprioceptive
level have been described, during remission of
LBP [11].
The trunk muscles are considered important
spinal mobilizers and stabilizers [12,13].
Depending on the task, cocontraction with the
extensors (quadratus lumborum and latissimus
dorsi) and the abdominals (rectus abdominis,
obliques, and transverse abdominis) ensures
stability [13]. The trunk muscle strength had
been considered as a possible factor in the
etiology of chronic LBP, that has received a great
deal of attention in the field of orthopedics and
rehabilitation medicine [14,15]. Lumbar pain is
closely related to lumbar extension muscle
strength [16,17]. Patients with LBP have
decreased cross sectional area and reduced
muscle strength of back muscle compared with
healthy individuals [18]. Back muscle strength
has been considered as one of the most impor-
tant parameters in patients with chronic LBP and
functional disability [19]. There is a relationship
between a significant decrease of back muscle
strength and chronic LBP or limitation of daily
activities [20, 21].
It is reported that the patients with symptom-
atic lumbar degenerative diseases, the back
strength significantly decrease, particularly at
lumbar extension positions, and in females and
older patients [22]. Moreover, the characteris-
tics of trunk muscle strength in patients with
chronic LBP is extremely complicated especially
during eccentric contraction mode [17].
The isometric back muscle strength test is one
of the most objective measurements of back
muscle function [23,24]. Many studies involv-
ing trunk muscle strength testing have used the
isometric strength testing [23,25,26]. However,
little is known about the eccentric and concen-
tric muscle strength of patients with LBP. The
eccentric contraction plays a significant role in
the activities of daily living and exercise, it
occurs when the external force is greater than
the internal force of the muscle, for instance, in
deceleration of the body during walking, running,

and lifting [27,28]. Therefore, this study was
conducted to assess the eccentric and concen-
tric peak torque of lumbar and hip extensors
muscles in patients with LBP due to lumbar
spondylosis.
MATERIALS AND METHODS

Participants: Thirty female participated in the
current study. Fifteen of them were clinically
diagnosed with lumbar spondylosis, and fifteen
were healthy matching controls. Their
demographic characteristics are shown in Tab.1.
They were classified as obese grade I (BMI 35-
42 kg/m²) according to the World Health Orga-
nization (WHO) [29].
Table 1: Demographic characteristics of participants.

Data are presented as mean ± standard deviation,
*means significant difference (p< 0.05).

The inclusion criteria of lumbar spondylosis
group were as follows; 1) diagnosed with grade
II lumbar spondylosis according to Kellgren-
Lawrence grading scale [1], 2) pain ranged from
4 to 6 (moderate degree according to the
numerical pain rating scale) in the last 24 hours
prior to isokinetic testing. The pain was felt in
the region between T12 and the gluteal fold.
Their pain should have lasted for more than three
months with the primary complaint being in the
back not the leg, 3) their functional disability
score ranged from 21% to 40% indicating a
moderate degree of disability as assessed
using Oswestry disability questionnaire [30]. The
healthy group had no musculoskeletal, or
neurologic problems. A written consent form was
signed by each participant. The study was
performed in accordance with the Declaration
of Helsinki and approved by the local institu-
tional review board.
Procedure: The eccentric and concentric peak
torque had been measured by using the Biodex
system 3 multi-joint testing and rehabilitation
system (Biodex medical system, Shirley, NY,
USA). The numerical pain rating scale had been
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Lumbar 
spondylosis 
group, n=15

Healthy 
group, n=15

P value

Age, years 50.06 ± 3.43 48.60 ± 3.34 0.241

Weight, kg 91.70 ± 4.60 90.70 ± 3.87 0.520

Height, cm 164.54 ± 3.02 164.81 ± 2.61 0.762

BMI, kg/m2 33.80 ± 1.35 33.30 ± 0.93 0.261
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used to evaluate pain intensity during the last
24 hours prior to isokinetic testing. The patient
was asked to assign a number, from zero to ten
according to the severity of her pain [31]. The
oswestry disability questionnaire (ODQ) is a
functional scale that assesses the impact of LBP
on daily activities [30].
Regarding the back extensor peak torque the
participant sat on the adjustable trunk testing
chair. The sitting position allows greater trunk
ROM both in flexion and extension and hence it
was the preferred testing position [17,32, 33].
Both thighs were then stabilized by two straps
and the feet held in position with the feet off
the ground. While the participant was sited
erect, the head was stabilized neutrally on an
adjustable head seat. The posterior force appli-
cation padded roller bar was placed on the
posterior trunk just distal to the spine of the
scapula. The axis of the actuator arm was
aligned with the level of  anterior superior iliac
spine. This axis position was used as it is easy
to be located, especially in obese subjects,
which provide consistency throughout the study
[32]. The lumbar extension torque had been
measured through 20° extension and 40° flex-
ion.
For the hip extensor torque the hip attachment
was attached to the dynamometer shaft and the
thigh pad was placed two inches proximal to the
popliteal fossa. The participant stood in a
comfortable position. The axis of the machine
was aligned with greater trochanter. Standing
position was selected as it is more functional.
Additionally it is easier as the gravitational
factor in any other position is quite consider-
able and it can cause some difficulty [32]. The
participant performed the test through 30º flex-
ion and 10° extension.
The participant performed a series of three
sub-maximal repetitions of the isokinetic test
to be familiar with the device. Then, the partici-
pant was asked to do five consecutive maximal
repetitions by using the eccentric-concentric
mode for lumbar extensors at angular velocity
60º/sec, and the hip extensor assessed at
angular velocity 30°/sec, this velocity was
recommended to examine the hip joint muscu-
lature [34]. A gravity correction was performed
for each participant.

Statistical analysis: All statistical measures
were performed through the statistical package
for social studies (SPSS) version 20 for windows.
The eccentric and concentric peak torque (Nm)
of the trunk and hip extensors were compared.
Prior to final analysis, data were screened for
normality and homogeneity of variance assump-
tions. This exploration was done as a pre-requi-
site for parametric calculations of the analysis
of difference. Independent t-tests were
conducted to determine if there are any signifi-
cant differences in the mean values of age,
weight, height, or BMI between both groups. The
alpha level was adjusted to 0.05.
The dependent variables (peak torque of trunk
and hip extensors) were tested with one
independent variable (tested group) which had
two levels (healthy controls and patients with
lumbar spondylosis). Accordingly, one way
multivariate analysis of variance MANOVA was
used to compare the dependent variables
between the lumbar spondylosis group and
healthy group.

There was no significant difference between
lumbar sponylosis and healthy group in relation
to their age, weight, height, and BMI (p= 0.241,
0.520, 0.762, 0.261) respectively. There was no
significant difference between the eccentric
peak torque of the lumbar extensor of both
groups (p= 0.156). However, the concentric peak
torque of the lumbar extensor of lumbar
sponylosis group was significantly lower than
that of the healthy group (p= 0.011). The
concentric peak torque was significantly higher
than the eccentric peak torque in both groups
(p= 0.032, 0.028) respectively, as illustrated in
Table 2.
Regarding the hip extensor torque; there were
no significant differences between the healthy
and lumbar sponylosis group in eccentric torque
of right and left sides (p= 0.190, 0.100) respec-
tively. The concentric peak torque of hip
extensors of lumbar sponylosis group was
significantly lower than that of the healthy group
in both sides (p= 0.001). The concentric peak
torque was significantly higher than the eccen-
tric torque in both groups (p= 0.029, 0.041)
respectively (Table 2).

RESULTS
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Table 2: The eccentric and
concentric peak torque
values (Nm) of the lumbar
and hip extensors

Data are presented as mean
± standard deviation, *means
significant difference (p<
0.05)

positions than at flexion positions. The muscle
strength of patients with severe LBP were even
lower at extension angular positions (0-48°).
The results sug-gest that isometric strength at
extension positions could be more associated
with back pain of patients with lumbar degen-
erative diseases than those at flexion
positions.The concentric peak torque of the
lumbar and hip extensor were higher than the
eccentric contraction in both groups that was
against the findings of Tis et al. [41] who found
significant increase in the eccentric activities
of hip and lumbar flexors and extensors when
compared with the concentric activities.
Moreover, they mentioned that it is difficult to
ascertain whether this finding is limited to
female runners, or if this observation may be
generalized to a sedentary population.
These results contradict with most of the
previous studies that compared between the
eccentric and concentric muscle contraction;
During isokinetic assessment of the elbow
flexors, it is observed that the eccentric torque
was about 80% higher than concentric torque
[42]. At angular velocity 90/sec, similar results
were found, that 22 and 60% greater force
values during eccentric muscle actions if
compared to concentric contractions. Similarly,
when free weights are used, eccentric actions
are still showing greater force values than con-
centric [43]. Although the reasons that may ex-
plain these discrepancies are still not well un-
derstood, higher maximal forces developed dur-
ing eccentric contractions seems to be related
with muscle viscoelastic properties associated
with motor unit activation. However, interpreta-
tion of these results should be done with cau-
tion since variables like exercise type and par-
ticipants characteristics may influence the
outcomes [44].

DISCUSSION

The current study was conducted to examine the
effect of  LBP due to lumbar sponylosis on the
eccentric and concentric peak torque of lumbar
and hip extensors muscles. The results revealed
that there was no difference between the
eccentric torque of both groups that may be
explained by the difficulty encountered by
participants during performing eccentric
contraction. This difficulty may be due to lack
of experience in this type of contraction that is
supported by the findings of the study that
proved that the neuromuscular activity is
suppressed during maximal eccentric muscle
contraction in untrained subjects due to reduced
levels of central activation and reduced
efferent motor neuron [35]. Moreover, the
discharge rate of motor units is less during
eccentric contractions across different loading
conditions [36].
The concentric peak torque of the lumbar and
hip extensors of lumbar sponylosis group was
lower than the healthy group that is supported
by the findings of the previous study that proved
that the muscle endurance is low for people with
LBP than individuals without low back pain [37].
Moreover, fatigue can affect the ability of people
with low back pain to respond to the demands
of an unexpected load. Fatigue after repetitive
loading also leads to a loss of control and preci-
sion, which may predispose an individual to de-
veloping LBP [38].
In addition, LBP reduces the muscle strength and
cross sectional area of the back muscles [18].
Previous studies [22,39,40] assessed the back
muscle strength in patients with chronic LBP
showed significant decreases of isometric
strength in patients lumbar degenerative
diseases. However, the decrease of muscle
strength was much bigger at lumbar extension
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Lumbar 
sponylosis 

group, n=15

Healthy group, 
n=15

P value

Eccentric 66.57±4.27 64.32±4.18 0.156

Concentric 112.01±14.62 52.66±7.02 *0.011

Right eccentric  32.51±1.46 31.09±2.89 0.190

Right concentric  84.66±8.63 46.97±7.04 *0.001

Left eccentric  31.64±1.65 30.78±1.71 0.100

Left concentric  81.92±7.01 45.30±6.93 *0.001

Lumbar extensor torque

Hip extensor torque
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The eccentric contraction was lower than the
concentric in healthy subjects and patients with
chronic LBP [17] that is support the lower value
of eccentric torque of the present study . How-
ever, this result was not coincident with find-
ings of the study that evaluated the concentric
and eccentric torque of the hip musculature in
individuals with and without patellofemoral pain.
It proved that the eccentric torque was always
higher than concentric activities in both groups
except for hip abductor which showed higher
values during the concentric activities [45].
Indeed, neural adaptations in eccentric contrac-
tion seem to be different compared with
concentric contraction. There are several
characteristic of eccentric muscle contraction
when compared with concentric contraction that
included broader and faster cortical activity as
movements are being executed, inversed motor
unit activation pattern, increased cross-educa-
tion effect, faster neural adaptations second-
ary to resistance training, attenuated muscle
sympathetic nerve activity, reduced electromyo-
graphic amplitude at similar force levels, and
greater electromyography signal prior to the
onset of movement [46].As, there is not
specific explanation to this findings, it is
recommend to conduct further studies that
examine the eccentric torque of lumbar and hip
extensors in different conditions and popula-
tions. The present study had several potential
limitations. Including only the patients with LBP
due to lumbar spondylosis without consideration
of other causes of LBP. In addition, the present
study was limited to only female participants.
So, in-terpretation of the results could be
limited to this specific population. The only
measured isokinetic parameter during conduc-
tion of this study was the peak torque without
consideration of other parameters like as; power,
fatigue and work were not considered. Lastly,
the sample size was small, that is due the
restricted inclusion and exclusion criteria. So, it
is recommended to conducted this study on a
larger sample for generalization of the results.
Future study that examined the effect of fatigue
on the eccentric and concentric torque of
lumbar and hip extensors is needed.

there is a decrease in the concentric torque of
the lumbar and hip extensors compared with the
healthy group, without difference between the
eccentric torque of both groups. Moreover, the
lumbar and hip extensors concentric torque was
higher than the eccentric torque of both groups.
These results could aid in understanding of the
contractile properties of the extensor muscles
of the back and hip joint in subjects with LBP.
So, clinicians must concentrically strengthen the
back and hip extensor muscles during design-
ing of rehabilitation program for patients with
lumbar spondylosis.

CONCLUSION
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