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BENEFITS OF TRUNK MUSCLE CO-CONTRACTION IN PROTECTING AGAINST
LOW-BACK INJURY DURING MANUAL MATERIALS LIFTING

Kevin P. Granata, Ph.D.

Motion Analysis and Motor Performance Laboratory
University of Virginia

William S. Marras, Ph.D.

Biodynamics laboratory
The Ohio State University

There is a trade-off between the risk of low-back injury associated with tissue overload versus
the risk of spinal instability. The benefit of antagonistic co-contraction in helping to prevent
low-back pain associated with instability injury during manual materials handling tasks was
examined. Ten healthy males performed sagittal lifting tasks while trunk motion, reaction
loads, and EMG activity were recorded. A biomechanical model was developed to compute
spinal load and spinal stability during the tasks. Antagonistic co-contraction was found to be
beneficial in terms of the stability versus spinal load, i.e. compression increased 12 - 18%
while stability increased 36 - 64%. Stability was a minimum at low trunk moments, e.g.
upright postures. Conversely, as trunk moment increased the risk of stability failure was
reduced but the risk of spinal tissue overload injury was increased. To compensate, subjects
recruited antagonistic co-contraction less in high moment conditions and more in low moment

conditions.

INTRODUCTION

The role of trunk muscle co-contraction in lifting
mechanics and spinal injury is poorly understood.
Significant muscle activity in the trunk flexor muscles
during extension or lifting tasks have been
demonstrated (Zetterberg C. et al 1987).
Biomechanical analyses suggest this antagonistic
activity may contribute to increased stability of the
spine(Cholewicki J. et al 1998; Gardner-Morse M.,
and Stokes I.A. 1998), which may add protection
against low-back disorders (LBDs) (Hodges P.W.,
and Richardson C.A. 1996; Wilder D.G. et al 1988).
Antagonistic co-contraction also contributes
significantly to spinal load(Granata K.P., and Marras
W.S. 1995b) which has been cited as a risk factor for
low-back disorders(NIOSH 1981; Norman R.W, et al
1998). Increased load applied to the spine through
muscular co-contraction requires greater spinal
stability for support. It is unknown whether the
increased stability associated with antagonistic co-
contraction is sufficient to meet the increased
demands of spinal load. The goal of this research was
to examine how the relation between spinal
compression and spinal stability is influenced by
antagonistic trunk muscle co-contraction during
dynamic lifting tasks.

Injury and /or low-back pain is thought to occur

when spinal load exceeds tissue tolerance(Norman
R.W. et al 1998). Vertebral tissue failure may be
resisted at compressive loads up to 12,000 N(Chaffin
D.B., and Page G.B. 1994), with national standards
advising against spinal compression in excess of 6400
N(NIOSH 1981). However, failure of the
unsupported spinal column can occur as a result of
mechanical instability at compressive loads less than
100 N(Crisco J.I. et al 1992). Thus, stability failure
may occur at spinal loads considered safe from a
tissue tolerance standpoint. Fortunately, the
musculoskeletal system can voluntarily control spinal
stability by recruiting antagonistic co-contraction of
the trunk muscles(Gardner-Morse M., and Stokes I.A.
1998)(Cholewicki J. et al 1998; Gardner-Morse M. et
al 1995). Hence, antagonistic co-contraction may
reduce the LBD risk by increasing spinal stability.

Antagonistic co-contraction also increases spinal
load during lifting exertions. Measurements
demonstrate co-contraction significantly influences
spinal load(Granata K.P., and Marras W.S. 1995b;
Marras W.S., and Granata K.P. 1996; Thelen D.G. et
al 1995). Increased spinal load from muscle co-
contraction are particularly evident in high-risk lifting
tasks such as in dynamic, asymmetric(Marras W.S.,
and Mirka G.A. 1990) lateral(Marras W.S., and
Granata K.P. 1995) and twisting exertions(Marras
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W.S., and Granata K.P, 1996). Thus, the associated
risk of overload injury may be increased in high-risk
lifting tasks.

Increased spinal load associated with antagonistic
co-contraction challenges the stability of the spinal
structure, i.e. added load requires a greater stabilizing
effort. For co-contraction to be considered beneficial,
biomechanical stability must increase more than
spinal load. Otherwise, it may be possible for co-
contraction to generate loads that cannot be
stabilized. The objective of this research was to
examine the influence of trunk muscle coactivity on
stability of the spine relative to the applied spinal
load. Is the trade-off between spinal compression and
spinal stability biomechanically beneficial? Thus, the
research seeks to discern whether antagonistic co-
contraction is biomechanically beneficial.

METHODS

An EMG-assisted model of biomechanical
stability was implemented to investigate the cost-
benefit of muscle co-contraction during dynamic
lifting tasks. The model employed three components
including a geometric model of musculoskeletal trunk
dynamics, a model of musculoskeletal equilibrium,
and a model of global biomechanical stability.

The geometric module represented the spine as a
3-degrees-of-freedom inverted pendulum with
transverse sacral and thoracic planes for muscle
attachments. Modeled muscles included the right and
left erector spinae, internal obliques, external
obliques, and rectus adbomini. Spine and muscle
kinematics were determined by vector rotations of the
insertion points based upon trunk motions measured
from an electrogoniometer(Marras W.S. et al 1992)
during dynamic lifting tasks. The musculoskeletal
equilibrium model accepted input EMG data, three-
dimensional external trunk load data, and muscle
dynamics from the geometric module. Muscle forces
and associated moments were determined by
satisfying dynamic equilibrium conditions and
simultaneously distributing the external trunk
moments in relation to the conditioned EMG signals.
Spinal load at the lumbo-sacral junction was
computed from the vector sum of muscle and external
forces. Details of the geometric and equilibrium
components of the model have been reported
extensively(Granata K.P., and Marras W.S. 1993;
Granata K.P., and Marras W.S. 1995a; Marras W.S.,
and Granata K.P. 1995; Marras W.S., and Granata
K.P. 1996).

The model of biomechanical stability determined
critical stability, i.e. maximum load that could be
stabilized on the current equilibrium condition.
Muscle stiffness was determined from the quotient of
muscle force accepted from the equilibrium module
and muscle length. Elastic muscle force and
associated trunk moments were determined from the
product of stiffness and the spatial derivative of
muscle length, AF = k AL for each of the modeled
muscles, three-dimensions of moment, and three-
dimensions of perturbation. The changes in external
moments were determined from partial derivatives of
the moment arm vector. The solution was a 3-by-3
matrix describing the three-dimensions of critical
stability associated with the three-dimensions of
perturbation.

EMG, trunk motion, and external force and
moment data were collected from ten healthy males
with no history of low-back pain, age 21 to 35 years
with mean (std) weight and height of 72.7 (6.6) kg
and 176.7 (4.2) cm.. Subjects were asked to perform
a sagittally symmetric lift with a 22.7 kg box from a
platform 52 cm. from the floor and 51 cm. anterior to
the ankles and place it on a second platform 107 cm
from the floor and 25 cm. anterior to the ankles.
Exertions were performed at freely selected lift rates
while three-dimensional trunk motion data were
recorded from an electrogoniometer(Marras W.S. et
al 1992). Data collection methods for kinematic,
kinetic and EMG data have been described
elsewhere(Fathallah F.A. et al 1997; Granata K.P, et
al 1995; Mirka G.A., and Marras W.S. 1993).

Analyses were performed to examine the
relationship between trunk muscle coactivity and the
increase in biomechanical stability versus spinal load.
The influence of coactivation was demonstrated by
running the model once using the full set of EMG
data and comparing the results with analyses wherein
the antagonistic coactivity were eliminated from the
model. Independent variables included trunk flexion
angle and coactivation level. Dependent variables
included spinal load and maximum stable load.
Analysis of variance (ANOV A) procedures were
performed to assess statistical significance.

RESULTS

Antagonistic EMG activities and coactivities
were significantly greater than zero in all conditions.
Antagonistic activity from the rectus abdominis EMG
activity and external obliques coactivity decreased
significantly with trunk flexion angle (Table 1).
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beneficial the maximum load the system can stabilize
must increase more than the applied load. Otherwise
spinal load may exceed stability tolerance when co-
contraction is recruited. The goal of this research was
to examine the relation between spinal compression
and spinal stability as a function of antagonistic trunk
muscle co-contraction.

Spinal stability increased significantly with trunk
flexion angle and antagonistic co-contraction.
Stability increased by 36% to 64% when co-
contraction was included in the model. This
represents a mean increase in the compression
tolerance of 2925N. Stability also improved with
flexion angle. Both trunk flexion and antagonistic co-
contraction work in a similar manner to stabilize the
system. Increased flexion moments from co-
contraction and trunk flexion require increased
extensor muscle force. Recognizing that active
muscle stiffness is proportional to contractile
force(Hoffer J.A., and Andreassen S. 1981), the
increased flexion moment and associated extensor
muscle force stiffened and stabilized the
biomechanical structure.

Although antagonistic activity increased spinal
compression up to 18% in the free-speed, sagittal
lifting task, stability tolerance increased as much as
64%, Mean stability margin, expressed as a percent
of the applied spinal load, was 103% without
antagonism and 161% when co-contraction was
included. If injury risk is associated with the relation
between tolerance and load, then co-contraction
reduced the risk of stability failure despite the fact
that load was increased. It is interesting to note that
without co-contraction the biomechanical system was
unstable in the near upright postures, i.e. stability
margin less than 100%. This indicates flexor
antagonism is necessary to maintain stability in the
upright postures. In an upright posture the trunk mass
and lifted load present a low flexion moment and the
force in the extensor muscles are insufficient to
recruit the necessary mechanical stiffness for
stability. Consequently, flexor muscles must be
activated to increase the demand and stiffness in the
trunk extensors to achieve stability. Accordingly
EMG of the rectus abdominis increased significantly
in more upright postures. Results indicate that
muscle co-contraction is more beneficial (p<.07) in
upright, low-moment postures. Hence, antagonistic
co-contraction may be recruited to complement
biomechanical need, i.e. increased activity in the
upright posture to stabilize the system, reduced

activity in flexed postures to reduce spinal load.

The benefit of antagonistic co-contraction in
terms of stability must be balanced against the risks
associated with increased spinal load. In vitro
experiments have demonstrated increased inter-
vertebral stability with co-contraction(Quint U, et al
1998; Wilke H.I. et al 1995). The measurements
indicate that inter-vertebral stability may be improved
by pure spinal load, in addition to the muscle stiffness
behavior. However, there is little evidence that
antagonistic activity will improve the instantaneous
tissue tolerance of the spine. Hence, the requirement
for biomechanical stability must be balanced against
the risk of tissue overload. Reduced coactivity in the
trunk flexors with flexion angle suggests the motor
control system attempts to achieve a balance between
stability and spinal load.

These analyses were limited by simplified
anatomic and biomechanical representations of the
spine and muscle geometry. The lumbar spine was
modeled as a single inverted pendulum with three
degrees-of-freedom of motion, and eight muscle
equivalents were implemented to represent the
muscular anatomy of the trunk. However, these
simplifications require fewer neuromotor
assumptions, allow muscle forces to be distributed
empirically(Granata K.P,, and Marras W.S. 1996),
and have been shown to produce accurate results
(Cholewicki I. et al 1998; Granata K.P,, and Marras
W.S. 1993; Granata K.P., and Marras W.S. 1995a;
Marras W.S., and Granata K.P. 1995; Marras W.S.,
and Granata K.P. 1996). Nonetheless, future
implementation of more advanced models of
biomechanical stability may permit greater
understanding of the low-back injury mechanisms.

These results help to describe the biomechanical
value of antagonistic co-contraction. Antagonistic co-
contraction was found to improve spinal stability
despite concomitant increases in spinal load.
However, as trunk moment increases, the risk of
stability failure was reduced and the risk of spinal
tissue overload injury was increased.
Correspondingly, antagonistic co-contraction was
recruited less in high moment conditions, i.e. during
trunk flexion, and more in low moment conditions,
i.e. in upright postures. Using the biomechanical
requirements of stability in addition to traditional
criterion of dynamic equilibrium, an improved
understanding of motor control and trunk muscle co-
contraction can be achieved.
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