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Abstract

Lumbopelvic dynamic stability is often evaluated by clinicians using the single leg
stance (SLS) test when assessing patients with chronic low back pain (CLBP).
One of the main stabilizing muscles that is thought to be dysfunctional when
there is an inability to maintain lumbopelvic stability during SLS is the gluteus
medius. Clinicians often note dysfunction of this hip muscle in patients with CLBP
and treat these apparent muscle imbalances. However, there is insufficient
evidence to support these clinical findings and the treatment approach. There is
evidence of gluteus maximus, abdominal and back muscles contribution to
lumbopelvic stability. These muscles contract in anticipation to movement to
maintain equilibrium and stability of the spine. With CLBP, the deep stabilizing
spinal muscles appear to become weak or have delayed recruitment and the
superficial stabilizing muscles appear to become overactive. Other evidence
supports the altered recruitment of the agonists/ antagonists and superficial/
deep muscle groups with CLBP compared to their healthy counterparts. As CLBP
is heterogeneous in nature, a diverse pattern of motor recruitment has also been
found in the gluteus maximus from weakness, poor endurance, and delay in
recruitment to over activation. However, there are very few studies that examine
the gluteus medius function and its relation to LBP. Weak hip abductors and co-
ordination of right and left gluteus medius have been associated with the
development of LBP in healthy subjects. However, there are no studies that
examine gluteus medius recruitment and strength in a CLBP population.
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1. INTRODUCTION
1.0 Overview
Low back pain (LBP) is the most common chronic condition in Canada
accounting for 25% of all chronic diseases and over a life time, 4 out 5
Canadians will experience at least one episode of LBP (Murphy et at., 2006). The
direct and indirect economic costs of LBP are enormous, between visits to health

care p i i i costs, italization, lost wages, sick

leave and reduced productivity. The indirect economic costs of employee
absenteeism and disability far outweigh the direct medical cost of treating LBP
(van Tulder, 2002; Coyte et al., 1998). Maeztel and Li (2002) report estimated
annual losses of 149 million work-days due to LBP in the United States with
101.8 million of these days due to work related LBP. Given the financial and
human costs of LBP, a large amount of research has been devoted to

understanding the nature of LBP.

Diagnosing and treating LBP is very complex and despite the multitude of
literature, it remains poorly understood. In fact, a specific cause of LBP such as
disc herniation only accounts for 10% to 15% of all diagnoses (vanTulder et al.,
2002). The majority of patients who present with LBP are classified as having
non-specific LBP as there is no one identifiable cause. There are recognized risk
factors that are linked with its development; such as sedentary lifestyle, weak
trunk musculature, poor posture, obesity, smoking and heavy or incorrect lifting

(Murphy et al., 2006). Improperly functioning muscles that support the trunk and



pelvic girdle are thought to be one of the main contributors to LBP when they no
longer provide support and stability to the spine (Panjabi, 1992; Hodges and
Richardson, 1996; Hodges and Richardson, 1998; Nadler et al., 2002;

Hungerford et al., 2003; Nelson-Wong et al. 2008).

One test that clinicians use to assess the ability of the lumbopelvic muscles to
provide dynamic stability to the spine is single leg stance (SLS). The SLS test
can be subdivided into Trendelenburg and Stork or Gillett tests. Patients may
show lateral pelvis hiking or adduction on the stance side (Trendelenburg sign)
with SLS or during gait indicating in part weakness of the gluteus medius
(Hardcastle & Nade, 1985; Lee, 1997; Dorman 1997; Sahrmann 2002; Roussel

et al., 2007; Tidstrand & Horneij, 2009). An anterior innominate movement during

SLS indicates gluteus maximus dy ion or ili ion (Stork or
Gillett test) (Hungerford et al., 2003; Hungerford et al., 2007; Potter & Rothstein,
1985). The SLS test has been shown to have high inter-rater and test-retest
reliability in the chronic LBP (CLBP) group (Roussel et al., 2007; Tidstrand &
Horneij, 2009). The inability to control the pelvis during SLS is thought to be due

to weakness or poor motor control of the i deep back mt latt

and the glutei. To treat these deficits { ises are p

accordingly. There are a multitude of studies that note motor control deficits of
the deep abdominal and back muscles and gluteus maximus in the CLBP patient
(Hodges & Richardson, 1996; Hodges & Richardson, 1998; Bruno and Bagust,

2007; Borghuis et al., 2008). One group showed that there were motor control



deficits of the gluteus medius in healthy subjects who develop LBP during a
prolonged standing task (Nelson-Wong et al., 2008; Nelson-Wong & Callaghan,
2009a; Nelson-Wong et al., 2009b). However, there is insufficient evidence to
support the clinical finding that there are motor control deficits of the gluteus

medius in the non-specific CLBP group.

1.1 Purpose of the study
This study aims to determine the relationship between altered gluteal muscle
activation and CLBP. Our specific objectives are:

1) To measure the onset in the gluteal muscles (gluteus medius and gluteus
maximus) in subjects with CLBP compared to a gender and age matched
control group during single leg stance test.

2) To determine if a positive clinical test of single leg stance is associated with

timing delays in the gluteal muscles.

1.2 Hypotheses

It was hypothesized that:

1) The LBP will have a delay in the gluteus medius activation compared to the
control group.

2) There will be a greater amount of positive SLS tests in the LBP group
compared to controls.

3) The gluteal muscles will be weaker in the LBP group compared to the

control group.




2. Review of the Literature
2.0 Gluteus Medius Anatomy and Function
Gluteus medius is traditionally described as a hip abductor when the limb is non-
weight bearing. This broad pennate muscle originates from the outer surface of
the ala of the ilium and inserts into the greater trochanter. The anterior fibers of
the gluteus medius contributes to hip internal rotation while the posterior fibers
along with the gluteus maximus contribute to hip external rotation. During weight-
bearing, the vertical orientated anterior and middle portions of the gluteus medius
were found to be most active during the SLS phase of gait (Lyons et al., 1983;
Soderberg & Distak, 1978; Gottschalk et al., 1989; Al-Hayani, 2009) providing a

stable lumbopelvic region during single limb support.

The gluteus medius, like the multifidus is a uni-articular muscle that is comprised
of mostly type | fibers, whose primary function is thought to be stabilization rather
than movement (Richardson et al.1999; Gibbons & Comerford, 2001). Some
authors propose the gluteus medius’ prime function to be a hip and pelvic
stabilizer rather than just a hip abductor (Gottschalk et al., 1989; Norris, 1995;
Richardson et al., 1999; Gibbons & Comerford, 2001; Kibler et al., 2006;
Borghuis et al., 2008). The fibers of the posterior portion of the gluteus medius
are horizontal and run parallel to the neck of the femur (Gottschalk et al., 1989;
Al-Hayani, 2009). Contraction of the posterior fibers first occurs at heel strike
phase of the gait cycle and continues until toe off. It is thought that this posterior

portion approximates the head of the femur into the acetabulum to maintain joint



congruency during movement in a similar fashion to the supraspinatus in the
glenohumeral joint (Gottschalk et al., 1989; Al-Hayani, 2009). Reverse origin-
insertion contraction of the gluteus medius during closed kinetic chain activities
maintains a level pelvis to create a stable base for contralateral lower limb

and i to maintaining a neutral lumbar spine. When the

gluteus medius is deficient, it is proposed to be one of the contributing factors to
the inability to maintain a level pelvis during weight bearing activities (Sahrmann,
2002; Lee, 1997; Hardcastle, 1985; Roussel et al., 2007; Tidstrad & Horneij,
2009) which can be related to back or lower extremity dysfunction due to
excessive pelvic motion. However, recent studies have found only a weak
correlation between hip abductor weakness and lateral pelvic drop during SLS in

healthy and LBP subjects (DiMattia et al., 2005; Marshall et al., 2010).

2.1 Motor Control and the Spine

Traditional clinical manual muscle testing on the CLBP population does not
always elicit weakness but there can be apparent loss of functional lumbopelvic
stability. The spine and pelvis maintains its functional stability by a complex
interaction between the passive inert structures, active muscular system and
neural control (Panjabi, 1992; Comerford & Mottram, 2001; Borghuis et al.,
2008). This model of stability is true for all joints but it is particularly important in
the spine as without the support of the muscular system mediated by the neural
system, the spine would buckle under a load of only 2 Kg (Morris et al., 1961). In

the spine, a properly functioning muscular system requires only 5-10% of the



abdominals and 25% of back muscles’ maximal voluntary contraction to provide
maximal joint stiffness and functional stability (Cholewicki 1999; Cresswell et al.,
1994). Insufficient muscle function leads to excess stress on the spinal joints
and ligaments that may lead to pain and dysfunction (Hodges & Richardson,
1996; Panjabi, 1992; Hodges et al., 2003). There have been many studies that
examine the extent of muscle activation or strength in the muscles that support
the spine and pelvis with inconsistent results. Motor control studies that examine
the onset of muscle contraction or the coordination between agonist and
antagonist may be better suited to assess muscle dysfunction associated with

CLBP.

The deep local stabilizing muscles of the spine are described as originating and
inserting within the spine, cross one to 2 joints and have a high concentration of
muscle spindles for proprioceptive feedback to maintain spinal stability
(Bergmark, 1989; Comerford & Mottram, 2001; Gibbons & Comerford, 2001;
Hammill et al., 2008; Borghuis et al., 2008). Examining the temporal analysis of
deep lumbopelvic muscles that contribute to spinal stabilization has shown that
the onset of muscle contraction occurs prior to external perturbation to the spine
in the healthy population. These muscles, such as the transversus abdominus,
multifidus and internal oblique seem to function to stabilize the spine in multiple
directions. External perturbation to the spine created by rapid movement of the

upper or lower limb or the application of external force to the trunk have shown

that the i in anticij to prevent of



the spine and that this muscle invariably contracts before all other trunk muscles
(Cresswell et al.,1994; Hodges & Richardson, 1996; Hodges & Richardson,
1997; Hodges & Richardson, 1998; Hodges et al., 1999; Moseley et al., 2002;

Hodges et al., 2003; Tsao et al., 2008). The deep stabilizing muscles are close

Iti

to the axis of rotation p ing i ilization in

whereas the ial trunk muscles i to spinal ilization with

specific directions.

The global muscle system is described as the larger, more superficial muscles
that cross many joints and whose function is to transfer load between the thorax
to the pelvis (Bergmark, 1989; Comerford & Mottram, 2001; Gibbons &
Comerford, 2001; Hammill et al., 2008; Borghuis et al., 2008). Expanding on
Rood’s model of stabilizer and mobilizer muscle classification, Comerford and
Mottram (2001) subdivide the local and global system into local stabilizers, global

and global il The global ilizing muscles also provide

stabilization to the spine but in a different manner than the local muscles.
Stability provided to the spine by the global stabilizing muscles is direction
specific; the antagonist muscle group controls external perturbations with
eccentric contractions. Direction specific preparatory activation has been shown
with global muscle system. The abdominals anticipated movement during rapid
shoulder extension, the erector spinae during rapid shoulder flexion (Aruin &
Latash, 1995; Hodges & Richardson, 1996; Hodges et al., 1999) and the external

obliques with oblique spinal perturbations (Santos & Aruin, 2008). However, with



rapid lower i , all of the i and erector spine have

anticipatory activation with hip flexion, abduction and extension of the
direction of limb movement (Hodges & Richardson, 1997; Hodges & Richardson,
1998). These non-direction specific preparatory contractions may be due to the
higher perturbation demand caused by the heavier lower limb movement.
Likewise, when a 5 kg weight was applied to the trunk ventrally and dorsally, all
of the abdominal and erector spinae muscles contracted in anticipation to both
perturbation forces (Cresswell et al., 1994). Conversely, Santos and Aruin (2008)

found that the rectus inus did not anticij 1t created by manual

resistance of a swinging pendulum from various angles. As the local stabilizing
muscles are thought to always contract in anticipation an external perturbation
regardless of the load in the healthy population, the global stabilization muscles
may respond to direction specific loads and when the demand of the external

force is great enough regardless of the direction (Ebenbichler et al., 2001).

This anticipatory or feedforward contraction of muscles to create stability appears
to be mediated by the central nervous system (CNS) in response to limb

or external ions that displace the body’s center of gravity

(Bouisset & Zattara, 1981; Hodges & Richardson, 1996; Ebenbichler et al., 2001;

Borghuis et al., 2008; Tsao et al., 2008). The CNS may mediate two parallel

systems that voluntary cor { imL with postural
stabilizing contractions to maintain spinal equilibrium and stability (Ebenbichler et

al., 2001). One system initiates the voluntary contraction while the second



system initiates contraction of the stability muscles to control the perturbation
created by the voluntary movement. The deep local stabilizing muscles that do
not produce movement of the spine such as the transversus abdominus and
deep multifidus are thought to function in this way (Hodges & Richardson, 1999;
Ebenbichler et al., 2001; Gibbons & Comerford, 2001; Comerford & Mottram,
2001; Moseley et al., 2002). Conversely, there may be a hierarchical system
where the reaction to perturbation is fixed (Hodges & Richardson, 1999;
Ebenbichler et al., 2001). Global stabilizing postural muscles that are direction
specific in their anticipatory functions may follow this theory in which they

contract in anticipation depending on the direction of movement or amount of

stability required. The i y ion to pre-stiffen joints prior to
movement is not unique to the spine and has been shown in peripheral joints as

well.

The contraction of the upper trapezius, biceps and rotator cuff of the shoulder
and the vastus medialis of the knee (Comerford & Mottram, 2001; Richardson et

al., 1999) have been shown to anticipate movement in healthy subjects. More

proxi , anticil y ions of the glutei are thought to be direction

specific global stabilizers of the lumbopelvic region.

There have been limited studies that examine the temporal parameters of the
glutei. Bouisset & Zattara (1981) found that the gluteus maximus contracted

before the deltoid during rapid finger pointing in the healthy population. Likewise,



Bruno & Bagust (2007) found the gluteus maximus to contract prior to prone hip
extension. However, Guimaraes et al. (2010) found the gluteus maximus to
contract after the erector spinae and semitendinosus during prone hip extension.
The gluteus medius has also been found to be anticipatory with unilateral
perturbations to the spine on an oblique and lateral angle and bilaterally with
resistance in the sagittal plane (Santos & Aurin, 2008). Rogers & Pai (1990)
noted the gluteus medius to be anticipatory during SLS during self-paced and
fast speeds but not during a slower speed. On the contrary, Hungerford et al.
(2003) found that neither the gluteus maximus nor the gluteus medius were
anticipatory to movement during SLS. The speed during SLS was not noted in
this study, which could account for the conflicting findings as with slower speeds
there may not be enough perturbation to the spine to trigger preparatory

contraction.

2.2 LBP and Muscle Dysfunction

Changes in the motor control of the stabilizing lumbopelvic muscles have been
associated with non-specific LBP. In subjects with chronic non-specific LBP the
transversus abdominus and internal obliques have a delayed contraction
compared to control subjects during rapid arm or leg movement in various
directions (Hodges & Richardson, 1996; Hodges & Richardson, 1998, Tsao et al.,
2008). Delays in transversus abdominus and internal obliques contraction have
also been associated with specific sacroiliac dysfunction during SLS (Hungerford

et al., 2003). Clinically induced acute LBP produced temporal delays of the



transversus abdominus and deep multifidus muscles (Hodges et al., 2003)
indicating that these changes may not be compensatory but a direct reaction to
localized lumbar pain. Altered muscle recruitment is not only found in the

periphery but in the CNS. Tsao et al. (2008) noted that the CLBP group who had

adelay in the Il i ion also displayed altered cortical
mapping of the transversus abdominus in the motor cortex. The authors theorize
that patients with CLBP have reorganization of postural muscle representation in

the CNS not just in the periphery.

The superficial global stabilizing muscles have noted temporal and recruitment
dysfunctions with certain directions of movement or functional tasks. The rectus
abdominus, internal oblique and erector spinae were delayed in a CLBP group

during rapid shoulder (Hodges & Richardson, 1996) or hip (Hodges &

1, 1998) flexion p to a healthy group. However, only the

erector spinae was delayed with rapid shoulder or hip extension in the same
CLBP groups. Radebold et al. (2001) found that only the antagonist muscle
group was delayed in contracting while the agonist was delayed in relaxing
during quick trunk flexion and extension in a CLBP group. Chronic LBP has also
been linked with early or over recruitment of certain global muscles. Ferguson et
al. (2004) found that the erector spinae in a CLBP group contracted earlier and
longer during functional lifting tasks compared to matched healthy subjects. This
may indicate altered programming of motor recruitment patterns depending on

the type of muscle involved and the demand of the work load of the task.



The deep stabilizing muscles are thought to be delayed or have reduced

with pain and ion, while the rficial global ilizing or
mobilizing groups tend to be over-recruited (Norris, 1997; O'Sullivan et al., 1997;

Gibbons & Comerford, 2001; Comerford & Mottram, 2001). In addition to altered

temporal changes in i of agonist and gonist muscles
and activation ratios of lumbopelvic muscle groups have also been linked with
the CLBP population. Nouwen et al. (1987) found greater activation of the erector
spinae with end range of seated lumbar flexion with CLBP patient while the
external oblique had less activation. vanDieen et al. (2003) also found the CLBP
group had greater recruitment of the antagonist muscle group over the agonist
group compared to the healthy group with seated trunk flexion and extension. In
concurrence, Lariviere et al. (2000) found the erector spinae were overactive with
repeated trunk movements in a LBP group however, they did not find any

difference in the obliques or the rectus abdominus activation.

O'Sullivan et al. (1997) and Silfies et al. (2006) noted that the ratio of lower
abdominal activity (internal obliques) was less than the rectus abdominus activity
with CLBP groups. Likewise, Ng et al. (2002) found that the external oblique was
over-active compared to the multifidus in the CLBP group during spinal
movement. During gait, the erector spinae had noted early and greater activation
compared to the pain free subjects (Lammoth et al., 2006; Vogt et al., 2003).

vanDieen et al. (2003) did not find this same over-activation of the rectus



abdominus over internal obliques with CLBP. Although there are varying results
of muscle contraction in relation to CLBP, it is clear that there is altered

contraction of the muscles that support the spine.

2.3 LBP and Hip/ Pelvic Dysfunction

Due to the hip joints’ proximity to the lumbar spine, clinical examination of hip
range of motion (ROM), strength and function are routinely performed when
assessing LBP which have led to many studies examining these relationships to

LBP. Hip-Spil ynd| has been i when patients presents with non-

specific LBP and conjunct hip dysfunction or osteoarthritis (Offierski & MacNab,
1983; Rieman et al., 2009). Vogt et al. (2003) found reduced sagittal hip ROM
during the gait cycle with CLBP by more than 12 degrees compared to healthy
subjects. Asymmetrical hip rotation has also been associated with LBP as
reduced hip joint movement can result in increased mechanical forces in the
lumbar spine contributing to LBP. Hip internal rotation that is significantly less
than external rotation was found in male subjects with CLBP (Ellison et al., 1990;
Mellin, 1998) while female subjects with CLBP showed more prominent loss of
external rotation (Ellison et al., 1990). However, Gombatto et al. (2006) found
that men with CLBP had reduced hip external rotation and increased lumbopelvic
movement. Chestworth et al. (1994) and van Dillen et al. (2008) did not find any
gender differences in their studies but they did find that the LBP group had
significantly less overall hip rotation than the control group. LBP groups also

demonstrated asymmetry between right and left hip ROM compared to matched



healthy groups (vanDillen et al., 2008). Due to the heterogeneous nature of LBP,
various asymmetries of hip ROM and possible altered hip muscle recruitment

could be associated with LBP.

Muscles that act on the hip joint and link the hip to the pelvis and spine have
been studied in association with LBP with varying results. A LBP group with
sacroiliac dysfunction had a delay of onset of the gluteus maximus during SLS
(Hungerford et al., 2003). Bruno and Bagust (2007) also found a significant delay
in the gluteus maximus with prone hip extension in a CLBP while the erector
spinae and hamstrings did not have any alteration in temporal parameters. In a
similar study, Guimaraes et al. (2010) did not find any delay in the gluteus
maximus during prone hip extension in subjects with CLBP compared to the
onset of the semitendinosus and erector spinae. The extent of gluteus maximus
activation was less variable during level walking, hill walking and stair climbing in
a LBP group where as the healthy group were able to alter the amount of gluteus
maximus contraction to match the demand of the activity (Himmelreich et al.,
2008). Likewise, with a CLBP group Pirouzi et al. (2006) found over-recruitment
of the gluteus maximus during isometric lumbar rotation and Vogt et al. (2003)

found early and p ivation of the gluteus i during gait.

However, other research groups have found gluteus maximus to have greater
fatigue and reduced recruitment during lumbar movement in a CLBP group

compared to healthy controls. Kankaanpaa et al. (1998) and McKeon et al.



(2006) found that the gluteus maximus had reduced torque production and
greater fatigue with resisted lumbar extension. Although considered a hip
extensor, the gluteus maximus was also found to be a greater contributor to
isometric lumbar extension fatigue than the erector spinae in healthy subjects
during the Sorensen and Modified Sorensen test (Champagne et al. 2008). The
gluteus maximus of a CLBP group showed a delay with lumbar flexion, early

during lumbar ion and reduced in both sagittal

spinal movements compared to the erector spinae and their healthy counterparts
(Leinonen et al., 2000). In addition to altered recruitment patterns, decreased
gluteus maximus strength may also be associated with LBP. Nadler et al. (2001)

found that college athletes that had asymmetrical gluteus maximus strength had

a greater of LBP during the ic year. This

variation in the recruitment of the gluteus maximus associated with LBP may be

aresult of the various ies of i igation and an indication of the
diverse motor recruitment patterns of the superficial global muscles that appears

to occur in the LBP population.

Clinician text books note and clinical examinations suspect deficits in the gluteus

medius and specific exercises are prescribed to treat the CLBP population

y (Lee, 1997; 2002). However, there are very few studies
that examine gluteus medius dysfunction and its possible relationship to LBP.
Nadler et al. (2001 & 2002) compared the strength of the right and left hip

abductors and extensors in college athletes over several academic years. They

21




found that those female college athletes that required treatment for non-traumatic
LBP had significantly reduced left hip abductor strength compared to the right
(Nadler et al., 2002). However, in their earlier study they did not find any
predictive value for hip abductor weakness (Nadler et al., 2001). Asymmetrical
hip abductor or extensor strength was not predictive for LBP in male athletes in
either study. A recent study found a significant difference of hip abductor strength
in CLBP subjects compared to healthy subjects (Kendall et al., 2010). Although
both of these groups consisted of male and female subjects, 80% of each group
was females. Gender differences in hip muscle strength may be due to the
increased Q-angle in females compared to males. The strength of the hip
muscles in these studies was measured with a hand-held dynamometer which

does not account for motor control patterns of muscle recruitment.

Nelson-Wong et al. (2008 & 2009b) and Nelson-Wong and Callaghan (2009)
studied the co-ordination of spinal and hip muscles during a low level simulated
occupational standing task with a healthy subject group. Prior to the standing
task, the subjects underwent a typical physical therapy spinal exam and found
that the only test that was predictive for the subjects developing LBP was their
ability to control the pelvis during side lying hip abduction. During the standing
task, independent examiners were able to predict which subjects developed LBP
by the pattern of right and left gluteus medius recruitment. They found a
significant difference in subjects who developed LBP throughout the standing
task as they had co-activation of the right and left gluteus medius as opposed to

a reciprocal synergistic contraction in the group that did not develop LBP. There

22



was also a significant difference in the coordination of the left external oblique
and left erector spinae in this group. However, there was no significant difference
in the co-ordination between the lumbar and thoracic erector spinae, nor the
rectus abdominus and erector spinae that was noted previously with the CLBP
population (Nouwen et al., 1987; Lariviere et al., 2000; Silfies et al., 2006).

Marshall et al. (2011) also found altered recruitment of the gluteus medius when

they reproduced the 2 hour standing activity . The authors

that during low level occupational standing activities altered coordination
between the hip muscles would be a greater predictor for those employees who

are at higher risk to developing LBP than coordination of the spinal muscles.

A motor control study of the lumbopelvic muscles in a LBP group diagnosed with
sacroiliac joint dysfunction did reveal delay in deep abdominal muscles and
gluteus maximus and early activation of the hamstrings on the affected side
(Hungerford et al., 2003). Unlike an earlier study that noted preparatory activation
of the gluteus medius during SLS (Rogers & Pai, 1990), there was no noted
gluteus medius contraction prior to movement in either healthy or LBP group in
this study. The gluteus medius is theorized to contribute to increased force
closure of the sacroiliac joint to enhance joint stability (Dorman, 1997); however,
there did not appear to be any gluteus medius motor recruitment deficits on the
affected side of subjects with this sacroiliac joint dysfunction group. Perhaps the

SLS activity or the speed of the SLS in this study was insufficient to perturb the



spine and pelvis to pre-activate the gluteus medius. The SLS test can be used in

many ways clinically to assess a patients’ function.

2.4 Single Leg Stance

The single leg stance test is a very functional test used by clinicians to assess
the co-ordination, strength and endurance of the lumbopelvic and lower extremity
muscles. A negative SLS is noted by the ability to maintain a level pelvis for 20-
30 seconds without any pelvic or spinal rotation or femoral adduction or rotation
(Hardcastle & Nade, 1985; Lee, 1997; Sahrmann, 2002; Roussel et al., 2007;
Tidstrand & Horneij, 2009). Although it is recognized that it requires a
coordinated effort of the lumbopelvic and lower extremity muscles and the
neurological system to maintain a single leg stance, movement dysfunction
during this test leads to the assumption of gluteus medius weakness (Hardcastle
& Nade, 1985; Lee, 1997). However, there are no studies that confirm that
altered gluteus medius muscle recruitment, activation or strength is related to a
positive SLS test. Schmitz et al. (2002) found that the gluteus medius had the
greatest extent of electromyography (EMG) activity when the stance limb was at
0° of hip and knee extension in healthy subjects when compared to various
degrees of hip knee and flexion. The gluteus medius anticipatory recruitment
before the initiation of movement when transferring from double to single limb
support during the SLS test indicates preparatory stabilization function of this

muscle (Rogers & Pai, 1990).
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Clinicians routinely use the functional SLS test when assessing the CLBP
population. Maintenance of spinal and pelvic stability during single limb support
activities such as walking, running and ambulating stairs depends on muscular
control (Borghuis et al., 2008; Livengood et al., 2004). Therefore, any inability to
maintain lumbopelvic stability during SLS is an indication of poor muscular
control. An unstable pelvis during single limb support can lead to excessive
lumbar movement during daily activities, leading to LBP. The SLS test has been
shown to have high inter-rater and test-retest reliability in patients with CLBP
(Roussel et al., 2007; Tidstrand & Horneij, 2009). The SLS test has been utilized
as a key indicator for clinical outcome and predictor of long term recovery after
surgery for lumbar disc herniation. One study compared several clinical
functional tests in pre and post lumbar surgery and found that a positive SLS test
at 6 weeks post surgery was predictive for increased pain at 1 year after surgery
compared to those patients who had a negative test at 6 weeks (Millisdotter et
al., 2003). However, these studies do not address the muscle dysfunction that
may be involved in this test. Two studies have found a weak positive correlation
of weak hip abductors and an inability to maintain a level pelvis (DiMattia et al.,
2005 and Kendall et al., 2010). Determining if indeed the gluteus medius is at

fault, would improve evidence based practice for clinicians.
2.5 Conclusion

There is building evidence that traditional classification of muscles into flexors-

extensor or abductors-adductors, for example are too simple to explain the
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complex neuromuscular interaction involved in human movement (Aruin &
Latash, 1995). The gluteus medius is now theorized to be primarily a lumbopelvic
stabilizer rather than a hip mover. As a result, poor lumbopelvic stability during
the SLS test is thought to be in part due to a dysfunctional gluteus medius. The
evidence to support this clinical practice unfortunately is not available in the

literature. Lack of spinal stability due to altered recruitment patterns, weakness

and poor of the gluteus i inal and back

have all been associated with CLBP. The studies that examine the gluteus
medius and its relation to LBP are very limited. The SLS test is recognized as a
reliable test for the CLBP population but the muscle dysfunction related to a
positive test are not known. Future studies that examine gluteus medius
recruitment patterns and strength during a SLS test in the CLBP group will aid in

improving evidence based practice for treating this population.
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3.0 Abstract

Purpose: To compare the strength, timing and activation of the gluteus medius in
a chronic low back pain (CLBP) group compared to controls during single leg
stance (SLS). Spinal stabilizer muscle timing delays and global muscle weakness
and altered activation have been associated with CLBP. However, the gluteus
medius activation pattern is unknown in CLBP population.

Methods: Twenty-two male and female subjects with CLBP and 21 age and
gender matched healthy subjects were studied. Maximum bilateral hip abductor
and extensor strength was measured using a handheld dynamometer.
Electromyography of the gluteus medius and maximus were recorded during SLS
and manual muscle testing.

Results: The mean hip strength of each gluteal muscle in the low back pain
group was lower than the control group, but only significant in the right gluteus
medius (f= 2.58, p<0.05). No timing delay was found in the gluteal muscles of the
CLBP group compared to the control. There was a significant difference between
the right (&= 2.73, p=0.007) and left (=2.08, p<0.05) gluteus medius extent of
activation between the two groups.

Conclusion: Gluteal muscle strength impairment was demonstrated in a CLBP
group. There are activation changes in the gluteal muscles of the CLBP group
but they appear to be similar to other global muscles. These findings support the
inclusion of gluteal muscle strength assessment in the chronic low back pain
patient.

Key Words: gluteal, gluteus maximus, low back pain, stability, motor control




3.1 Introduction
Non-specific low back pain (LBP) that accounts for 80-85% of all diagnoses is
thought to be in a large part due to dysfunctional muscles that surround and
support the lumbopelvic area (vanTulder et al., 2002; Comerford & Mottram,
2001; Borghuis et al., 2008). The muscles that support the spine can be divided
into the local stabilizing and global system. The local stabilizing muscles originate
and insert within the spine, cross one to 2 joints and have a high concentration of
muscle spindles for proprioceptive feedback to maintain spinal stability while the
global muscle system is described as the larger, more superficial muscles that
cross many joints and whose function is to transfer load between the thorax to
the pelvis (Bergmark, 1989; Comerford & Mottram, 2001; Gibbons & Comerford,
2001; Hammill et al., 2008; Borghuis et al., 2008). The global muscle system has
been further divided into the global stabizers and global mobilizers (Comerford &

Mottram, 2001; Gibbons & Comerford, 2001).

In subjects with LBP, the deep local ilizing muscles have

motor control deficits, specifically timing delays in the onset of contraction. For
example, the transversus abdominis and the deep fibers of the multifidus have
been found to have delayed contraction when the spine is perturbed in some
manner (Cresswell et al., 1994; Hodges & Richardson, 1996; Hodges &
Richardson, 1997; Hodges & Richardson, 1998; Hodges et al., 1999; Moseley et
al., 2002; Hodges et al., 2003; Tsao et al., 2008). It is theorized that the global

stability muscles will respond to pain and dysfunction with inner range weakness,



inhibition and poor low threshold recruitment while the global mobilizer muscles
tend to respond with over-activation and shortening, both resulting in global
muscle imbalances (Comerford & Mottram, 2001; Gibbons & Comerford, 2001).
However, the literature has demonstrated various responses in the LBP

population of the global muscle system.

The erector spinae has been found to have delayed recruitment (Hodges &
Richardson, 1996 & 1998), early recruitment (Ferguson et al., 2004), or over-
activation (Nouwen et al., 1987; Laviviere et al., 2000; Vogt et al., 2003;
Lammoth et al., 2006) in LBP groups. The internal obliques have been noted to
be delayed (Hodges & Richardson, 1998) or to have decreased activation
(O'Sullivan et al., 1997) while the external obliques have shown over activation
(Ng, 2002; Ferguson et al., 2004; Silfies et al., 2005) in LBP subjects. The
gluteus maximus has also shown a diverse activation pattern with LBP. It has
been found to have a delay (Bruno and Bagust, 1995; Leinonen et al., 2000;
Hungerford et al., 2003), to be over-active (Vogt et al., 2003; Pirouzi et al., 2006;
Himmelreich et al., 2008), to have greater fatigability (Kankaanpaa et al., 1998;
Leinonen et al., 2000; McKeon et al., 2006) and to display weakness (Nadler et

al., 2000).

Clinically, gluteus medius dysfunction has been theorized to be associated with
chronic LBP (CLBP) (Lee, 1997; Sahrmann, 2002), however there are few

studies that examine this potential link in this population. Asymmetrical hip



abductor strength has been linked with the development of LBP (Nadler et al.,
2001; Nadler et al., 2002) and hip abductor weakness noted in the LBP
population (Kendall et al., 2010). Co-active recruitment of right and left gluteus
medius (Nelson-Wong et al., 2008; Nelson-Wong and Callaghan, 2009; Marshall
etal., 2011) and poor endurance (Marshall et al., 2011) have been used to
predict the development of LBP during standing tasks in a previously pain-free
population. However, there are no studies that examine the motor control of the

gluteus medius in patients with CLBP.

One clinical test that is used to assess the functional strength of the gluteus
medius is the single leg stance (SLS) test. The ability to maintain a level pelvis
during single limb support is an indication of the strength and function of the
muscles that attach to the pelvis and femur. Weak gluteus maximus and/ or
sacroiliac joint dysfunction is thought to cause increased anterior iliac movement
(Hungerford et al., 2003; Hungerford et al., 2007; Potter & Rothstein, 1985) while
gluteus medius weakness results in a lateral pelvic movement (Hardcastle &
Nade, 1985; Gottschalk 1989; Lee, 1997, p. 449-450; Dorman 1997; Sahrmann
2002; Livengood et al., 2004; Roussel et al., 2007; Tidstrand & Horneij, 2009).
However, only a weak correlation between hip abductor weakness and lateral
pelvic drop du