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Movement and stability dysfunction – contemporary developments

M. J. Comerford, S. L. Mottram

Kinetic Control, Mede House, Southampton, UK

SUMMARY. A good understanding of the control processes used to maintain stability in functional movements is

essential for clinicians who attempt to treat or manage musculoskeletal pain problems. There is evidence of muscle

dysfunction related to the control of the movement system. There is a clear link between reduced proprioceptive

input, altered slow motor unit recruitment and the development of chronic pain states. Dysfunction in the global and

local muscle systems is presented to support the development of a system of classification of muscle function and

development of dysfunction related to musculoskeletal pain. The global muscles control range of movement and

alignment, and evidence of dysfunction is presented in terms of imbalance in recruitment and length between the

global stability muscles and the global mobility muscles. Direction related restriction and compensation to maintain

function is identified and related to pathology. The local stability muscles demonstrate evidence of failure of

adequate segmental control in terms of allowing excessive uncontrolled translation or specific loss of cross-sectional

area at the site of pathology. Motor recruitment deficits present as altered timing and patterns of recruitment. The

evidence of local and global dysfunction allows the development of an integrated model of movement dysfunction.
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INTRODUCTION

Throughout the last two decades there has been an
increasing awareness of the importance and relevance
of the specialized and integrated action of the muscle
system in maintaining stability and optimal function
of the movement system. Throughout this time a
significant body of academic and clinical research has
slowly developed into a detailed understanding of
movement function and in particular movement
dysfunction. This paper will attempt to review this
work and present evidence of muscle dysfunction
related to the control of the movement system.

Movement dysfunction can present as a local or
global problem (Bergmark 1989), though both
frequently occur together. It can present locally as a
dysfunction of the recruitment and motor control of
the deep segmental stability system resulting in poor
control of the neutral joint position (Hodges &
Richardson 1996, Hides et al. 1996a, Richardson
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et al. 1999, Jull et al. 1999). It can also occur globally
as imbalance between the mono-articular stability
muscles and bi-articular mobility muscles (Goff 1972;
Janda 1980; 1983a, 1983b, 1985; 1994; Sahrmann 1992;
2000a, 2000b). This imbalance occurs due to altera-
tions in the functional length and recruitment of these
muscles which can result in abnormal over-pull and
under-pull by the muscles around a motion segment.

Movement dysfunction can be identified at segmental
and multi-segmental levels (Comerford & Mottram
2000a). Recent research findings have shown the need
to consider dynamic joint stability and the local muscle
system in the treatment of segmental spinal pain
(Richardson & Jull 1995; Hides et al. 1996a; Hodges
& Richardson 1996; O’Sullivan et al. 1997a; Hodges
1999; Jull et al. 1999; Richardson et al. 1999).
Researchers and clinicians have also identified the need
to assess and rehabilitate the multi-segmental role of the
global muscle stability system in the management of
pain in the movement system (Janda 1983b, 1985,
1994; Singer et al. 1993; Bullock-Saxton et al. 1994;
O’Sullivan et al. 1997b; Sahrmann 1992, 2000a, 2000b).

FUNCTIONAL MUSCLE CLASSIFICATION

It is useful to consider the classification of muscles in
relation to function when considering dynamic



Table 1. Stabilizer – mobilizer characteristics

Stabilizer muscles Mobilizer muscles

. Mono-articular . Bi-articular/multi-articular

. Segmental attachments . Superficial

. If deep: short levers and small
moment arms

. Long levers, large moment
arms and greatest bulk

. If superficial: broad apo-
neurotic insertions to distri-
bute load and force

. Lever mechanics biased for
speed or large range of move-
ment

Table 2. Local – global characteristics

Local muscles Global muscles

. Deepest layer muscles
that originate and insert
segmentally

. Superficial or outer layer of
muscles lacking segmental
vertebral insertions

. Control and maintain
the neutral spinal curvature

. Insert or originate on the
thorax or pelvis (non-segmen-
tally)

. Respond to changes in
posture and to changes in low
extrinsic load

. Respond to changes in the line
of action and the magnitude
of high extrinsic load

. Independent of the direction
of load or movement
and appear to be biased for
low load activity.

. Large torque producing mus-
cles biased for range of move-
ment
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stabilization. The concept of classifying muscles by
function gained general acceptability with Rood’s
concept of stabilizer and mobilizer muscles (Goff
1972). Janda (1983a, 1985) and Sahrmann (2000a,
2000b) have further developed Rood’s concept of
differentiating one joint stabilizer from two joint
mobilizer muscles (Table 1). Functionally, the stabi-
lizer muscles tend to have a postural holding role
associated with eccentrically decelerating or resisting
momentum (especially in the axial plane) and are
mechanically able to control excessive range of
motion (e.g. gluteus medius, subscapularis). There
are very few one joint spinal muscles though the
spinal stabilizer muscles may cross several segments
but have attachments to every segment between their
origin and insertion (e.g. multifidus, semispinalis
cervicis). The mobilizer muscles (e.g. rectus femoris
and latissimus dorsi) on the other hand, tend to have
a movement production role associated with con-
centric acceleration of body segments, especially in
the sagittal plane. Spinal mobilizer muscles tend to
cross many segments but they do not have attach-
ments at all segments between origin and insertion
(e.g. sternocleidomastoid, rectus abdominis).

Bergmark (1989) has described another clinically
useful classification system. He presented the concept
of local and global muscle systems when describing
the control of load transfer across the lumbar spine
(Table 2). The role of the local muscle system is to
maintain the mechanical stiffness of the spine to
control inter-segmental motion while the global
muscles in conjunction with intra-abdominal pressure
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transfer load between the thoracic cage and the
pelvis. The global system is direction and load
dependent. These global muscles may have a primary
stability or mobility role.

PROPRIOCEPTION: RELATIONSHIP

TO MOTOR RECRUITMENT AND PAIN

Efficient movement function, the postural control of
alignment and balance of the dynamic body is more
complex than merely adequate force production from
the muscles. These muscle actions must be precisely
co-ordinated to occur at the correct time, for the
correct duration and in the correct combination of
forces. This co-ordinated action occurs within groups
of synergistically acting muscles and extends to
agonist and antagonist muscle interactions. It re-
quires sensory, biomechanical and motor-processing
strategies along with learned responses from previous
experience and anticipation of change. Propriocep-
tion from the muscles is a primary sensory mechan-
ism for motor control. Gandevia et al. (1992) state
that proprioception relates to three key sensations: (i)
sensation of position and movement of the joints; (ii)
sensation of force, effort and heaviness of workload;
and (iii) sensation of the perceived timing of muscle
contraction.

Proprioception and recruitment

Abnormal articular afferent information may
decrease g-motorneurone excitability causing pro-
prioceptive deficiencies and joint damage may
decrease a-motorneurone excitability reducing volun-
tary activation (Hurley & Newham 1993; Hurley
et al. 1997; Hurley 1999). Muscle fatigue has also
been shown to decrease proprioceptive repositioning
accuracy at the shoulder (Voight et al. 1996). Lephart
et al. (1994) found significant deficits in both
kinaesthetic sense and repositioning accuracy in
unstable shoulders. Grimby and Hannerz (1976)
demonstrated that reduction of afferent inflow
(proprioception) during sustained low load contrac-
tion changed the recruitment order of motorneurones
and decreased the normal dominance of tonic
motorneurones. They suggested that the decreased
relative firing of tonic motor units was partly due to
decreased facilitation from the primary muscle
spindle endings.

Gandevia (1994) reviewed the relationship between
the sensation of motor command or effort (perceived
heaviness or perceived load) and reflex effects on the
motor neurone pool. He reported that there was an
increase in perceived heaviness (sensation of effort)
when the muscle has been weakened due to fatigue,
neuro-muscular blockade, changes in the length-
tension properties and lesions within the central
# 2001 Harcourt Publishers Ltd



Fig. 1—Length associated change (adapted Gossman et al.). The
lengthened muscle is stronger if strength is measured at the point in
range that peak torque can be generated. However, if strength were
measured at an inner to mid range position (normal muscle testing
position) then the long muscle would test weaker than the control
(position weakness). The short muscle is weaker when strength is
measured at the point in range that peak torque can be generated.
However, if strength were measured at an inner to mid range
position it tests relatively stronger than the long synergist.
Reproduced with kind permission of Kinetic Control.
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nervous system. An increase in perceived heaviness
(sensation of effort) would be expected when the
motor neurone pool was reflexly inhibited. Grimby
and Hannerz (1976) indicated that when afferent
input (proprioception) was decreased, the sense of
effort (perception) necessary for activation of slow
motor units was increased. That is, during low-load
activity, the subject perceived that they must try
harder (even if it feels like maximum effort) to achieve
tonic recruitment of low frequency (slow) motor
units. It felt much easier and less perceived effort was
required to contract the same muscle under higher
load or against resistance (phasic recruitment). The
clinical implication of this is that when maximum or
high-perceived effort is needed to perform a low load
activity or movement then it is most likely that there
is inefficient facilitation of slow motor unit recruit-
ment and dysfunction of normal spindle responses.
For the same reasons though, when less perceived
effort is needed to perform that same low load
activity or movement (and it feels easier) then it is
likely that there is better facilitation of slow motor
unit recruitment. This decrease in the sense of effort
required to perform sustained low load exercise is a
good clinical indicator of improving stability function
(Comerford & Mottram 2000a).

Proprioception and pain

Many studies report significant decreases in cervical
kinaesthetic sense and repositioning ability associated
with pain and loss of cervical function (Revel et al.
1994; Heikkila & Wenngren 1998; Loudon et al.
1997). There are few reliable studies examining
proprioception deficits associated with low back
pain. Gill and Callaghan (1998), Taimela et al.
(1999) and Brumagne et al. (1999) reported a
significant decrease in repositioning ability in
patients with low back pain. They concluded that
precise muscle spindle input was essential for
accurate positioning of the pelvis and lumbo-sacral
spine.

Woolf (1994) suggested that proprioception from
muscles may serve as a pain gate that blocks or
inhibits nocioceptor transmission into the spinal cord
and higher centres of the central nervous system.
Large diameter Ab fibres from proprioceptors and
mechanoreceptors synapse on interneurones, which
inhibit nocioceptor transmission of the wide dynamic
range receptors serving the paleospinothalamic sys-
tem in Lamina V of the dorsal horn. This is a
potential mechanism whereby deficiency of afferent
proprioceptive input (which is related to inefficient
tonic motor unit recruitment) may contribute directly
to the development of central sensitisation and
evoked pain producing the phenomenon of mechan-
ical allodynia.
# 2001 Harcourt Publishers Ltd
EVIDENCE OF MUSCLE DYSFUNCTION

IN THE GLOBAL SYSTEM

The evidence of dysfunction in the global system
presents under three primary subgroups: (i) length
associated change related to muscle function, (ii)
imbalance in recruitment between synergistic or
antagonistic muscles, (iii) direction dependant rela-
tive stiffness and compensation.

Length associated change related to muscle function

Kendall et al. (1993) described adaptive shortening as
tightness that occurs as a result of a muscle remaining
in a shortened position. This occurs more commonly
in the two joint muscles. Stretch weakness is defined
as weakness that results from muscles remaining in an
elongated position beyond its normal neutral resting
position and is related to the duration of elongation
not the severity of it. This occurs more commonly in
mono-articular muscles and is reversed by relieving
tension, being shortened and supported at its optimal
resting length. Williams and Goldspink (1978) and
Gossman et al. (1982) have identified length changes
in muscles associated with being maintained in either
lengthened or shortened positions (Fig. 1). Position
weakness presents when an elongated muscle (gen-
erating peak torque towards outer range) lacks force
efficiency in inner range muscle test positions
(Sahrmann 2000a, 2000b). Wiemann et al. (1998)
defined a muscle’s functional resting length as the
point in range that it generates peak tension. They
demonstrated that a muscle’s functional resting length
changes in adaptation to the length that the muscle is
habitually used or positioned. Richardson and Simms
(1991) supported this concept. They identified that
Manual Therapy (2001) 6(1), 15–26
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competitive road cyclists, who habitually use their
gluteus maximus in a lengthened position had
reduced gluteus maximus ability to control an inner
range contraction. The mean holding time for normal
subjects was 37.06 seconds compared with 5.08
seconds for the road cyclists, indicating a marked
functional loss in the lengthened gluteus maximus.

Imbalance in recruitment between synergistic

or antagonistic muscles

Janda (1983b, 1985, 1994, 1996) classified muscles as
‘postural’ (shortened two joint muscles) and ‘phasic’
(weakened one joint muscles) and was one of the first
clinical researchers to quantify dysfunction in recruit-
ment and link that dysfunction to pathology. He
identified and measured recruitment and sequencing
differences between synergistic muscle groups in
functional movements. Comparison of the recruit-
ment sequence in non-pathological and pathological
subjects was used to identify the link between
abnormal patterns of recruitment and pain. He
identified a consistent ideal sequence of recruitment
in non-symptomatic subjects and demonstrated
characteristic abnormal patterns of recruitment in
symptomatic subjects (Table 3). Bullock-Saxton et al.
Table 3. Abnormal recruitment sequence

Motion Symptom Recruitment sequence

Hip
extension

Normal . Hamstrings?gluteals?
contralateral erector
spinae

Low back
pain

. Hamstrings?delayed
gluteals?ipsilateral
erector spinae

. Thoraco-lumbar erector
spinae?lumbar erector
spinae?hamstrings?
variable gluteals

Hip
abduction

Normal . Gluteus medius?tensor
fascia latae?
ipsilateral quadratus
lumborum

Low back
pain

. Tensor fascia latae?
gluteus medius?
ipsilateral quadratus
lumborum

. Quadratus lumborum?
tensor fascia latae?
gluteus medius

Shoulder
abduction

Normal . Deltoids?contralateral
upper trapezius?
ipsilateral upper
trapezius?lower
scapula muscles

Neck &
shoulder pain

. Ipsilateral upper
trapezius?deltoid?
contralateral upper
trapezius?lower
scapula muscles

. Ipsilateral upper
trapezius?deltoid?
contralateral upper
trapezius
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(1994) and Kankaanpaa et al. (1998) supported
Janda’s identification of recruitment imbalance.
Significant gluteal delay or fatigability during hip or
back extension was associated with pain.

Many authors also identified imbalance between
agonist and antagonist (abdominal and back exten-
sor) muscles (Janda 1978; O’Sullivan et al. 1998; Lee
et al. 1999). They concluded that an imbalance in
trunk muscle strength may be a risk factor for low
back pain. O’Sullivan et al. (1998) stated that
conscious and automatic patterns of abdominal
muscle imbalance were altered with specific exercise
intervention. Likewise, in neck pain and headache
patients, Watson and Trott (1993), Treleaven et al.
(1994) and Jull et al. (1999) reported reduced deep
neck flexor activity associated with other cervical
spine muscles being tight. Deficiency of serratus
anterior may also contribute to the development of
these abnormal patterns of recruitment. Glousman
et al. (1988), Scovazzo et al. (1991), Paine and Voight
(1993), Ruwe et al. (1994), Wadsworth and Bullock-
Saxton (1997) and Ludewig and Cook (2000) all
reported significant decreases in serratus anterior
activation in shoulder pain patients.

Sahrmann (1992, 2000a, 2000b) identified many
clinically consistent imbalances between synergistic
and antagonistic muscles. This is presented as
inappropriate recruitment dominance of one muscle
relative to another in specific movements (Table 4).

The recurring theme is that in the ‘normal’ or non-
symptomatic situation, the mono-articular stabilizer
should activate earlier followed by the multi-articular
mobilizer synergist with the load supporting trunk or
girdle muscles activating last as load is transferred
proximally. In the presence of pathology dysfunc-
tional sequences or muscle imbalance predominates.
Dysfunctional sequences or patterns of recruitment
are characterized by the early and dominant recruit-
ment of the multi-articular mobilizer or the load
supporting trunk muscles associated with a lack of
extensibility; while the mono-articular stabilizer
synergist recruitment is delayed or the muscle lacks
efficiency to shorten into inner range (position
weakness).

Relative stiffness: relative flexibility (direction

dependant)

Sahrmann (1992, 2000a, 2000b) proposed the con-
cept of ‘relative flexibility’ or ‘relative stiffness’. If
mono-articular muscles lack the ability to adequately
shorten, are excessively lengthened and strained or
are ‘weak’ then they allow excessive motion to occur
at the joint they act over. If multi-articular muscles
lack extensibility or generate excessive tension they
limit normal motion which, to keep normal function,
must be compensated for elsewhere in the movement
system. If these muscles are linked in functional
# 2001 Harcourt Publishers Ltd



Table 4. Muscle imbalance

Specific movement Dominant mobilizer Inefficient stabilizer

Active straight leg raise Contralateral hamstrings Abdominals
Forward bending (standing) Hamstrings Back extensors
4 point backward rocking Posterior hip muscles Back extensors
Knee extension (sitting) Medial hamstrings Lateral hamstrings
Hip extension (prone) Hamstrings Gluteals
Hip flexion Tensor-fascia-latae & ITB Iliacus & psoas
Hip abduction Tensor-fascia-latae & ITB Posterior gluteus medius
Dorsi-flexion Long toe extensors Tibialis anterior
Plantar-flexion Long toe flexors Tibialis posterior
Shoulder abduction or flexion Scapular elevators Lower trapezius
Shoulder medial rotation Latissimus dorsi Subscapularis
Elbow flexion Extensor carpi radialis longus Brachialis & biceps

Fig. 2a—Prone Knee Extension (Adapted Sahrmann) Ideally, there
should be approximately 1208 knee flexion without significant
lumbo-pelvic motion. 2b—Prone Knee Extension (Adapted Wool-
sey et al. 1988) If the rectus femoris is stiffer than the abdominals
and the anterior supporting structures of the lumbar spine, then
during knee flexion the pelvis tilts anteriorly, the hip flexes and the
spine extends which in turn causes mechanical back pain.
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movements then excessive or uncontrolled motion
develops at the joint that is inadequately controlled
by the mono-articular muscles relative to the adjacent
restriction. During functional movements direction
specific hypermobility is re-enforced and if repeti-
tively loaded, tissue pathology can result (Comerford
& Mottram 2000a).

Woolsey et al. (1988) described an active prone
knee extension test (Fig. 2). They demonstrated that
if the rectus femoris is stiffer than the abdominals and
the anterior supporting structures of the lumbar
spine, then during knee flexion the pelvis tilted
anteriorly, the hip flexed and the spine was extended.
Sahrmann (2000a) suggested that the abdominals are
relatively more flexible than the rectus femoris, which
is relatively stiffer creating excessive or abnormal
spinal extension, which in turn may cause mechanical
back pain.

Sahrmann (2000a) also identified a similar pattern
during forward bending manoeuvres. If the ham-
strings are relatively stiffer than the back extensors
(which are relatively more flexible), then during
forward bending the hip lacks sufficient flexion but
the spine hyper-flexes to compensate. This may
predispose to mechanical back pain. Esola et al.
(1996) identified that subjects with a history of low
back pain, in early forward bending, flexed more at
their lumbar spine and had stiffer hamstrings than did
subjects with no history of low back pain. This is
supported by Hamilton and Richardson (1998) who
demonstrated that subjects who had no low back
pain could actively maintain spinal neutral alignment
through 308 of forward leaning (hip flexion) in sitting,
but subjects with low back pain could not. The low
back pain subjects lost neutral earlier and to a greater
extent indicating that the spine was relatively more
flexible in the low back pain subjects.

Similar data exists for the cervical spine. The
normal ranges of flexion – extension range of motion
for C5–6 is 188 and 178 for C4–5 with 3.2mm
translation at both levels (Bhalla & Simmons 1969;
White et al. 1975; Dvorak 1988). Singer at al. (1993)
identified that a pathological cervical spine had 88 of
# 2001 Harcourt Publishers Ltd
flexion – extension range at C5–6 and 238 at C4–5.
C5–6 had 1mm of translation compared to 6mm at
C4–5. They demonstrated that a significant restric-
tion of motion at one vertebral level could be
compensated for by relatively increasing range at an
adjacent level. Norlander and Nordgren (1998)
suggested that deviation from the synchronous
distribution of normal mobility between motion
segments could be a factor causing provocation of
joint mechanoreceptors and subsequent pain. They
measured segmental relative flexion mobility between
C5 and T7 and identified that hypomobility of C7-T1
with hypermobility of T1-2 significantly predicted
neck–shoulder pain.

Relative stiffness/flexibility changes have also been
measured at the shoulder girdle. Sahrmann (1992,
2000a) identified several clinical patterns of dysfunc-
tion: (i) Compensatory gleno-humeral motion re-
sulted from a long or weak serratus anterior being
unable to produce sufficient upward rotation of the
Manual Therapy (2001) 6(1), 15–26
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scapula during shoulder flexion or abduction (ii)
compensatory anterior tilt of the scapula due to
shortness or stiffness of the lateral rotator muscles
during shoulder medial rotation (iii) compensatory
anterior translation of the humeral head resulted
from posterior gleno-humeral restriction of medial
rotation. Sahrmann (1992, 2000a) further suggested
that these compensations were associated with the
development of pathology. This is supported by
Babyar (1996) who identified excessive scapular
vertical motion in patients recovering from unilateral
shoulder problems. Warner et al. (1992) also demon-
strated an association between scapulo-thoracic
motion dysfunction and impingement and instability
of the shoulder, which they believed was the result of
inadequate scapular upward rotation and protraction
during shoulder flexion. They suggested that this may
be related to weakness of both serratus anterior and
trapezius. Comerford & Mottram (1994) and Comer-
ford & Mottram (2000b) have described a test
(Kinetic Medial Rotation Test) that identifies relative
restriction of shoulder medial rotation, which is
compensated for by relatively increasing scapular or
gleno-humeral motion to maintain a functional range
of arm excursion. It is suggested that the compensa-
tory motion at the scapula correlates with impinge-
ment pathology and other positive impingements
tests, while gleno-humeral compensatory motion
correlates with instability pathology and other
positive instability tests. This test has been further
validated and quantified by Morrissey (1998).

The clinical implication is that in ideal or ‘normal’
function complex, motor control processes exist
which regulate relative stiffness or flexibility in
linked multi-chain movements. The movement
system has a remarkable ability to adapt to change
and minor variations are acceptable and tolerated by
the tissues involved. However, when significant
restriction of motion occurs at one joint the body
Table 5. Excessive segmental mobility

Joint Abnormal segmental control

Low back pain . Segmental hypermobility in 51% of
recurrent back pain
(Sinhoven et al. 1997)

. Decreased resistance to segmental
manual displacement (Comerford &
Emerson in Comerford & Kinetic
Control 2000b)

Neck pain . Excessive C5–6 translation
(Singer et al. 1993)

. 77% of neck pain patients have an
altered IAR
(Amevo et al. 1992)

Shoulder pain . Increased gleno-humeral anterior
translation
(Sahrmann 2000a, Comerford &
Kinetic Control 2000b)

Hip pain . Excessive femoral head anterior
glide
(Sahrmann 2000a)
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adapts and will attempt to maintain function at all
costs. To maintain function some other joint or
muscle must compensate by increasing relative
mobility. The cost of excessively increasing mobility
is often insidious pathology.

EVIDENCE OF MUSCLE DYSFUNCTION

IN THE LOCAL SYSTEM

Cholewicki and McGill (1996) suggested that to
prevent buckling and instability of the spine the
osteo-ligamentous spinal system and the motor
control system must both operate within the range
of mechanical stability. While the large global
muscles provide the bulk of stiffness to the spinal
column (Crisco & Panjabi 1991) activity of the short
intrinsic muscles such as lumbar multifidus and the
deep erector spinae (local stabilizers) was necessary
to maintain stability of the whole lumbar spine.
Cholewicki and McGill (1996) also noted that the
spine would buckle if activity of multifidus and the
deep erector spinae was absent even if forces in
the large global muscles were substantial. They
suggested that as little as a 1–3% increase in muscle
tension in the deep local muscles could signi-
ficantly increase the stiffness about a motion segment.
Hoffer and Andreassen (1981) suggested that as little
as 25% of the maximum voluntary contraction of the
muscles around a joint is required to produce optimal
stiffness (and stability) at a motion segment. There-
fore, optimal stability and deep local muscle stiffness
is well within the ability of slow motor unit
recruitment.

Evidence of consistent dysfunction in the local
stability system presents under two primary sub-
groups: (i) abnormal segmental control and (ii) motor
recruitment deficits. Abnormal segmental control
presents in two ways: (a) uncontrolled or excessive
segmental translation and (b) segmental loss of cross-
sectional area at the site of pathology. The motor
recruitment deficits present in two ways: (a) altered
patterns of recruitment and (b) altered timing (delay).

Abnormal segmental control: Uncontrolled segmental

translation

Panjabi (1992) developed a load displacement curve
measurement of the mechanical characteristics of the
spine. He defined the ‘neutral zone’ as the range of
intervertebral motion within which the spinal motion
is produced with minimal internal resistance. The
neutral zone can be abnormally increased if there is
laxity of the passive joint restraints (e.g. hypermobi-
lity due to capsule or ligamentous laxity). Panjabi
(1991) defined stability of a joint or motion segment
in terms of the neutral zone and described instability
(or stability dysfunction) as an abnormal increase in
# 2001 Harcourt Publishers Ltd



Table 6. Altered pattern of recruitment

Muscle Recruitment alteration

Vastus Medialis Oblique
(VMO)

. During alternate flexion and
extension movements of the
knee 90% of subjects with
patello-femoral pain demon-
strate a change from normal
tonic (continuous) recruit-
ment of VMO to a phasic
(on : off) recruitment pattern
suggesting a loss of patello-
femoral tracking control.
(Richardson & Bullock 1986)

. A 40ml (sub-clinical) effusion
of the knee selectively alters
the normal recruitment of
VMO.
(Stokes & Young 1984)

Deep Cervical Flexors . In an unloaded test of sus-
tained deep neck flexor func-
tion, patients with whiplash
associated disorder were less
able to control staged recruit-
ment, had less consistent abil-
ity to sustain activation and
were more prone to compen-
sate or substitute with super-
ficial neck muscles than
asymptomatic controls.
(Jull 2000)

. Similar recruitment deficiency
in the deep neck flexors has
been reported in neck pain
and cervicogenic headache.
(Silverman et al. 1991, Wat-
son & Trott 1993, Treleaven
et al. 1994, White & Sahr-
mann 1994, Beeton & Jull
1994, Jull et al. 1999)
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the range of the neutral zone or a lack of dynamic
muscle control of the neutral zone.

Many authors have documented excessive or
uncontrolled segmental translation associated with
joint pain (Table 5). These authors either suggest that
the abnormal segmental translation is associated with
a change of normal muscle function or they suggest
specific segmental muscle training to try to control
the excessive motion.

Abnormal segmental control: Segmental change within

cross-sectional area

A significant reduction of cross-sectional area (CSA)
has been demonstrated in various local muscles. This
loss of CSA has been associated with either some
mechanism of failure of normal recruitment or
atrophy of the muscle and is localised to the site or
segmental level of pathology and symptoms. Lumbar
multifidus has demonstrated loss of CSA in both
acute and chronic back pain at the level of pathology
(Stokes et al.1992; Hides et al. 1994; 1996a, 1996b;
Kader et al. 2000). Hides et al. (1996) reported that in
acute low back pain the loss of CSA does not recover
automatically after resolution of the back pain.
Furthermore they demonstrated that specific muscle
retraining re-establishes normal CSA and signifi-
cantly decreased the incidence of recurrence. O’Sulli-
van (2000) reported that in lumbar segmental
instability patients may maintain good CSA symme-
try in lumbar multifidus, but demonstrate significant
unilateral loss of muscle tissue with increased fatty
tissue infiltration on MRI. He further reported that
these changes are reversible with specific muscle
training.

Changes in CSA have also been reported for psoas
major. Cooper et al. (1992) found significant CSA
asymmetry in psoas in a chronic low back pain
patient that was simultaneous with changes in multi-
fidus. Dangaria and Naesh (1998) identified signifi-
cant asymmetry in the CSA of psoas major in
patients with unilateral sciatica and correlated the
loss of CSA to the segmental level and side of
pathology. Chronic neck pain patients were found to
have significant atrophy in the deep sub occipital
extensor muscles (Hallgren et al. 1994; McPartland
et al. 1997). They hypothesized that a chronic cycle,
initiated by mechanical neck pain precipitated
dysfunction of the deep segmental muscles which
then had a two-fold effect. Firstly, there was a
reduction of local mechanical support. Secondly,
there is a resultant loss of normal inhibition of
nociception interneurons at the dorsal horn, due to
reduced proprioceptive input, which predisposes
towards neural sensitization, and the development
of a chronic pain state.
# 2001 Harcourt Publishers Ltd
Motor recruitment deficit: altered patterns

of recruitment

There is evidence of alteration of normal recruitment
in both peripheral and trunk local stability muscles
associated with pain or pathology (Table 6). These
alterations appear to present under low load or
normal functional movement conditions.

Motor recruitment deficit: altered timing

Trunk muscles were co-activated in anticipation of
planned and unexpected perturbations of the body to
increase intra-abdominal pressure and stiffen and
stabilize the trunk and spinal segments (Cresswell
et al. 1994). Transversus abdominis was normally
activated in anticipation of movement of the trunk or
load transferred from limb motion (Hodges &
Richardson 1996; 1997a, 1997b; Hodges et al.,
1999). In subjects with low back pain there was a
significant delay in the recruitment of transversus
abdominis such that it was no longer recruited prior
to loading of the spine. In this case, the anticipatory
recruitment and subsequent increase in protective
intra-abdominal pressure and stiffening of the spine
Manual Therapy (2001) 6(1), 15–26
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was no longer as effective. This recruitment delay and
stability failure of transversus abdominis was inde-
pendent of the direction of provocative movement
and independent of the type or nature of pathology.
The loss of anticipatory recruitment has also been
shown to persist long after the resolution of back
pain (Richardson et al. 1999). Along with transversus
abdominis, anticipatory co-activation of the dia-
phragm (Hodges et al. 1997a, 1997b; Hodges and
Gandevia 2000) and pubococcygeus in the pelvic
floor (Sapsford et al. 1997a, 1997b; Sapsford and
Markwell 1998; Hodges et al. 2000a) has also been
reported. Hodges et al. 2000b have identified that
induced activation of the diaphragm has been
associated with an increase of intra-abdominal pres-
sure and an increase of segmental stiffness of the spine.

O’Sullivan (2000) reported that a failure of
automatic feed forward motor control of the ante-
ro-lateral abdominal, diaphragm and pelvic floor
muscles was observed in patients with lumbar
segmental instability which was correctable with
specific retraining of these muscles.

Anticipatory recruitment of specific local muscles
has also been demonstrated around the shoulder
girdle. Wadsworth and Bullock-Saxton (1997) de-
Table 7. Function and characteristics

Local stabilizer Global stabilizer

. :muscle stiffness to control
segmental motion

. Generates force to co
of motion

. Controls the neutral joint position . Contraction¼eccentri
change ; control thr
especially inner range
active¼joint passive’)
hyper–mobile outer ra

. Contraction¼no/min. length
change ; does not produce R.O.M.

. Low load deceleration
momentum (especially
rotation)

. Activity is independent of
direction of movement

. Activity is direction d

. Continuous activity throughout
movement

. Proprioceptive input re: joint
position, range and rate of movement

Reproduced with kind permission of Kinetic Control

Table 8. Dysfunction

Local stabilizer Global stabilizer

. Motor control deficit associated
with delayed timing or recruitment
deficiency

. Muscle active shorten
passive (loss of inner

. Reacts to pain and pathology
with inhibition

. If hyper-mobile - poo
excessive range

. ;muscle stiffness and poor segmental
control

. Poor low threshold to
recruitment

. Poor eccentric contro
. Loss of control of joint neutral
position

. Poor rotation dissocia

Reproduced with kind permission of Kinetic Control
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monstrated that at the scapula, upper trapezius
activation is normally anticipatory to arm elevation
and is somewhat delayed in subjects with shoulder
pain. At the gleno-humeral joint David et al. (2000)
reported that prior to rotation of the gleno-humeral
joint, the rotator cuff and biceps were normally
recruited in anticipation of shoulder rotation to
preset joint stiffness and enhance stability.

From the evidence to date, the muscles in the local
system do not demonstrate consistent failure of
strength testing nor do they demonstrate consistent
changes in length. The only consistent evidence of
failure of these muscles is in motor control regulation
of muscle tension or stiffness to control segmental
motion and to recruit prior to loading of the joint
system to enhance stability during function. The end
result of this altered recruitment is abnormal devel-
opment of uncontrolled movement and a loss of
functional or dynamic stability.

NEW MODEL OF MUSCLE CLASSIFICATION

The concepts of local and global muscle systems
and stabilizer and mobilizer muscles provide
Global mobilizer

ntrol range . Generates torque to produce range of
movement

c length
oughout range
(‘muscle
and
nge)

. Contraction¼concentric length change ;
concentric production of movement
(rather than eccentric control)

of
axial plane:

. Concentric acceleration of movement
(especially sagittal plane: flexion/exten-
sion)

ependent . Shock absorption of load

. Activity is direction dependent

. Non-continuous activity (on : off phasic
pattern)

Global mobilizer

ing=joint
range control)

. Loss of myo-fascial extensibility — limits
physiological and/or accessory motion
(which must be compensated for else-
where)

r control of

nic

l

. Overactive low threshold, low load recruit-
ment

tion . Reacts to pain and pathology with spasm
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useful frameworks to classify muscle function. By
inter-linking these two concepts though, a more
clinically useful model of functional classification
can be developed. The authors propose that three
different functional muscle roles can be identified: (i)
Local stability muscles (ii) Global Stability muscles
and (iii) Global mobility muscles (Table 7).

Dysfunction that is specific to each of these muscle
types can be identified (Table 8). Dysfunction
of the local stability muscles is due to alteration of
normal motor recruitment contributing to a loss of
segmental control (Richardson et al. 1999). Dysfunc-
tion of the global stability muscles is due to an
increase in functional muscle length or dim-
inished low threshold recruitment (Gossman et al.
1982) while dysfunction of the global mobility
muscles is due to a loss of functional muscle
extensibility or overactive low threshold activity.
This results in global muscle imbalance and relative
flexibility : relative stiffness faults around motion
segments. An understanding of the features of
function and dysfunction that characterises each
can then be used to develop clinical assessment
procedures for these muscle types (Comerford &
Mottram 2000a, 2000b, 2000c).
Fig. 3—Model of Movement Dysfunction. Poor movement habits con
then produces direction specific stress and strain on various structures
then cause dysfunction of local stabilizer recruitment. This results in pre
and maintenance of global imbalance. Reproduced with kind permission

# 2001 Harcourt Publishers Ltd
MODEL OF MOVEMENT DYSFUNCTION

There is clear evidence of dysfunction of motor
recruitment in both the local and global stability
systems associated with pain and pathology. The
authors propose a basic model of the inter-relation-
ships between local and global dysfunction and pain
and pathology (Fig. 3). When a patient presents with
pain and pathology there may be many contributory
factors. Obviously trauma and injury is a direct cause
of pathology. Non-mechanical pain mechanisms may
also play a significant role though this is not within
the scope of this paper. However, when mechanical
pain presents with an insidious onset, with postural
pain, low force repetitive overuse (as in work related
disorders) or as high force repetitive overuse (as in
sport), then dysfunction in the global system is
implicated. Poor movement habits, poor postural
alignment and abnormal neuro-dynamic sensitization
can contribute to the development of imbalance
between the global stability and mobility muscles.
This places direction specific mechanical stress and
strain on various structures which, if overloaded
beyond tissue tolerance results in pain and related
pathology. From the evidence to date though, it
tribute to imbalance between global stabilizers and mobilizers. This
that if overloaded develop pain and pathology. Pain and pathology
disposition for recurrence, early progression of degenerative changes
of Kinetic Control.
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appears that the local stability system dysfunction
only presents after the development of pain and
pathology. This may lead to an increased predisposi-
tion for recurrence, the early progression into
degenerative change and the maintenance of global
imbalance. Management strategies should address
rehabilitation of both the local and global systems
concurrently (Comerford & Mottram 2000a, 2000b,
2000c).

CONCLUSION

The literature over the last 20 years has improved our
understanding of movement and function and has
identified many mechanisms of dysfunction asso-
ciated with pain and pathology. This paper has
reviewed the relevant literature related to developing
a clinically relevant model of muscle function and
dysfunction and incorporating the evidence of
dysfunction into the development of an integrated
model of movement dysfunction. A better under-
standing of movement dysfunction facilitates the
development of more effective assessment procedures
and also to make reasoned clinical decisions to
develop better management strategies. Some of these
strategies are outlined in the Masterclass section of
this journal.
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