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Does control of the lumbar spine &
pelvis depend on muscle?

How does back muscle dysfunction
present in low back pain?2

What are the mechanisms for
back muscle dysfunction?

Is back muscle dysfunction
relevant for spinal health?

Does back muscle dysfunction have
implications for injury/pain & rehabilitation?

Spine control depends on muscle

¢ Without muscle spine
inherently unstable
Lucas & Bressler, 1960
¢ All muscles important
McGill et al., 2003
* Muscles with segmental
attachments are important
- Segment with no muscle
attachment - spine stability
same as when not muscle
Crisco & Panjabi, 1991
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Structural & functional changes in
back muscles (multifidus) are an
ubigquitous observation in back pain

Important or epipk
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Outline

Does control of the lumbar spine &
pelvis depend on muscle?

Spine confrol depends on muscle

Panjabi, 1991 Spine
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Spine control depends on muscle

M A Universal Model:f_the Lumbaril&;k;

Muscles in the Unrioht Pacitinn

Euler stability of the human ligamentous
lumt
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B Importancc of  of the Lumbar Spine in Compression
Trunk Muscle
of the Lumbar

A Biomechanical

 Robert M. Havey, 85,1
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ity of the in vivo lumbar
1s for injury and chronic low

Compromised activation

Disc Herniation-Related Back Pain Impairs Feed-
Forward Control of Paraspinal Muscles
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Pain RESEARCH ARTICLE
Short MF

Long MF “orticomotor control of lumbar multifi
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Structural changes in multifidus

Afrophy
Hides et al., 1994
Danneels et al., 2000
Fatty infiltration
Alaranta et al., 1993
Kjaer et al., 2007
Battie et al., 2012 _
Connective tissue
Hodges et al., 2015 §
Muscle fibre changes %
Mannion et al. 1997 §
Hodges et al., 2014 K

Paul Hodges CCRE SPINE UQ 2019

Outline

How does back muscle dysfunction
present in low back paing

Excessive activation

Journal of Biomechanics é
Joursatbompage: o ablomecn

Changes in the mechanical properties of the trunk in low back pain may be
;‘”I";:‘Ed w",‘,’u‘f“ Effect of Fatigue on Torque Output and Electromyographic
Measures of Trunk Muscles During Isometric Axial Rotation

Joseph K.-F. Ng, PhD, Mohamad Parnianpour, PhD, Carolyn A. Richardson, PhD, Vaughan Kippers, PhD

Arch Phys Med Rehabil 2003:84:374-81
ORIGINAL ARTICLE
New insight into motor adaptation to pain revealed by a
combinatior T . . °
PW. Hodges', MW.

Trunk Muscle Recruitment Patterns in Patients With
Low Back Pain Enhance the Stability of the
Lumbar Spine

Jaap H. van Diegn, PhD," Jacek Cholewicki, PhD, and And
3) Eur J Pain

Muscle dysfunction is common in
pain & injury of the low back

* Multiple pr ntations
— Compromised activation
— Excessive activation

— Structural changes

* Multiple mus

, affected
vanDiéen et al 2003
* Individual-specific presentation
— Patient subgroups
Dankaerts et al, 200x; Hodges et al 2013
» Different fime course of changes and
consequences
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Mechanisms?

What are the mechanisms for
back muscle dysfunction?2

New ideas,
novel mechanisms &
potential clinical innovations

Planning & initiation of voluntary
movement (incl. postural components)

Sensory motor Basic movement
integration & posture
& learning

Muscle >

»

Muscle \ -
/ (involuntary

1 Movement)

Importance of muscle health Acute phase

¢ Efficacy of motor control depends not only
on whether the command is correct...but
whether the muscle can enact the
command

* Muscle is important for control of the spine —
regulates tissue loading

- Suboptimal tissue loading may contribute to
ongoing nociceptive input (danger signals)

Hides, Stokes, Saides, Jull, Cooper, 1994 Spine
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Acute phase (< 3 days):
Muscle atrophy & reflex inhibition

Implications for

rehabilitation

* Treatment targeting depends on timing

based on different mechanisms

— Acute - “inhibition mediated muscle change

* Activation
* Reduce inhibition

"

Time-dependent multifidus muscle plasticity:
Chronic phase

o
Extensive muscle atrophy e

Extensive structural change
Alaranta et al., 1993, Danneels et al., 2000
Kjaer et al., 2007, Battie et al., 2012

Maximum intervertebral
disc degeneration

5 moniths 6 mortths Y months

lames Hall, Schmid, Shu, Little, M
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12 months

2015 Spine
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Time-dependent multifidus muscle plasticity:
Acute phase

Y —
3 months. 6 months 9 months 12 months

Hodges, James, Blomster, Hall, Schmid, Shu, Little, Melrose, 201

Alaranta, Tallroth, Soukka, Heliaara, 1994 J Spinal Disord

Implications for
rehabilitation

* Treatment targeting depends on fiming
based on different mechanisms

— Chronic - “disuse mediated muscle change”
 Exercise to promote hypertrophy and reduce fat/fibrosis
« Correct pattern —resistance for hypertrophy
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Subacute phase

Battie, Niemelainen, Gibbons, Dhillon 2012 Spine J
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Hodges, James, Blomster, Hall, Schmid, Shu, Little, Melrose, 2015 Spine

Sub-acute/chronic phase:
Muscle structural change
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Hodges, James, Blomster, Hall, Schmid, Shu, Little, Melrose, 2015 Spine

Possible role of inflammatory
response in muscle changes

¢ TNF expression increased after
intervertebral disk disease (oimarker et al.
Spine 1998; Burke et al. J Bone Joint Surg 2002)

¢ Role in muscle remodeling (phillips et al
FASEB J 2005; Li et al. FASEB J 2001)
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Sub-acute/chronic phase:
Muscle structural change
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Hodges, James, Blomster, Hall, Schmid, Shu, Little, Melrose, 2015 Spine

Sub-acute/chronic phase:
Muscle structural change
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Where do the cytokines Where do the cytokines
come from? come from?

* M1 macrophages -
pro-inflammatory

* M2 macrophages -
anfi-inflammatory

) Where do the cytokines
Where do the cytfokines come from2

come from?@¢ « Acute inflammation, typically short-lived &
Six months reversible event fo promote healing of
injured tissue
— Remove injured cells
- Injured cells — release factors — hypersensitivity
(Pongs 1999, Amaya, lzumi et al. 2013)
* M2 macrophages — B os T = _. - Macrophages & Mast cells - inflammatory
anti-inflammatory . cytokines

* M1 macrophages —
pro-inflammatory

P NG T MTNE MI * But...muscle is not injured

Control  Injured  Non-inj

dges, 2015 Eur Spine J

Where do the cytokines
come from?

Where do the cytokines

come from?e

Acute phase njury
Initial lesion

cle activation

¢ Possible mechanism

- Paracrine effects Subacute-early
chronic phase

— Macrophages changed by micro- 3 months
environment

ered muscre
figactign

Muscle fiber transition ensitization of
Wslow fibres (3 months); A Fast fibres (6 months) nociceptors

6 months

* Muscle fibre types changes
- Less fatigue resistant — acidic environment”

Pl
Increased Inflammatory NCreased expression o oon
s respone o G Pl increased collagen
adipose of TNFand IL- .
adipose in adipose 2100

uka, Blomster, Hall, Schmid, Shu, Little, M o 2015 Eur Spine J
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Time-dependent multifidus muscle plasticity:
Subacute phase

9 months

mid, Shu, Little,
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Disc degeneration in SPARC-null mice

c ! ! D YYoung (2 Months) Old (20 Months)
" H }
§ -

SPARC-null mice:

« SPARC = Secreted Protein, Acidic,
Richin Cysteine

« SPARC s decreased in
degenerating discs

« Progressive, accelerated disc
degeneration 3 y -_—

Gruber et al., 2004, 2005, Tajerian et al., 2011 :

Healthy

Millecamps et al., 2016 Spine Journal

Exercise | Cytokine expression in
multifidus near degenerating discs

IL-1g

WT SPARC

Fold Difference to Control

Sedentary

James, Millecamp, Stone, Hodges, 2018 Spine

Human IDD:
Relationship between fat &
expression of TNF

e Multifidus muscle
harvested at

surgery (n=24)
e Correlation
between TNF

expression and
clinical grade of fat

* R=0.46 (P=0.024)

James, Diwan, Hodges, et al. 2018 in preparation
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1 Collagen in multifidus near
degenerating discs,
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James, Klyne, Millecamp, Stone, Hodges, 2019 ISSLS Prize, Eur Spine J

Implications for

rehabilitation

* Treatment targeting depends on timing based
on mechanisms

— Sub-acute - pro-inflammatory
 Exercise has anti-inflammatory effects — correct pattern
then add resistance - strength/endurance/muscle fibre
type change
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Time-dependent multifidus muscle plasticity:
Different mechanisms

Muscle inhibition
Acute reduction

Fatty infiltration

Maximum intervertebral

disc degeneration

1 week 3 moliths 6 moiiths 9 months 12 months

r, Hall, Schmid, Shu, Little, Mel 2015 Spine

Planning & initiation of voluntary
movement (incl. postural components)

Y
ensory cortex

parietal

ellum \

Sensory motor
integration

Primary m

Reticular formation

Basic movement
& posture

& learning

ne
(involuntary
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Chronic LBP:
Motor cortex organisation
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Tsao, Danneels, Hodges (2011) ISSLS Prize Spine
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Where do the cytokines
come from?@

Acute phase
Initial lesion

Reduced tonic musc vation

Altered muscle
figactign

Subacute-early

chronic phase
3 months

Muscle fiber transition
Wslow fibres (3 months); A Fast fibres (6 months)

M
UM ramsition o moscle
& adlipose macrophages

Creased exprossion - < increased collagen
ession
r

6 months

Inflammatory, ’

Increased
response

adipose i iipose Ol TNFand IL-1B

Muscle unfoading
VISCTe ATTOpTY

Shu, Little, Mels

ka, Blor r, Hall, Schmi

Planning & initiation of voluntary
movement (incl. postural components)

Primary motor cortex

Why does the motor cortex
change?¢
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Brain glial activation in chronic pain:
Brain “macrophage”

Individual thalamic data

Group analyses

A SUVRs.

a@o

controls

¢ Glia-immune cells of the CNS
¢ PET/MR scanning for TSPO - molecule
present in activated glia

controls  cLBP
[ e )

10 patients with chronic low back
pain (cLBP) vs. controls

* Activated in brain areas associated
with pain...and...

cLBP vs controls. , -

Loggia, Chonde, Akeju, et al., Brain 2015

Implications for
rehabilitation

Motor system function'may beumpacted oy immune
system response

Motor learning strategies likely to be requiredfo
reshape brain motor networks

Evidence forimpact of muscle
dysfunction on spine health

¢ Hypothesis - Sub-optimal spine control will lead to;
— Uncontrolled movement; “Instability”
— Excessive loading

* Direct evidence - Limited & conflicting

* LBP recurrence linked to failure of recovery of multifidus
Hides et al., 2001 Spine
* Paraspinal muscle botox - Decreased disc height
Han et al, 2016 Spineweek

¢ Rat muscle injury - no change in IVD health at 3 months
Maas et al, 2018
* Facet denervation - positive clinical outcome  Bogduk, 2008
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Glial cells

Immune cells of the
brain

Activated in the motor [1CIPBR28 study

cortex in chronic pain e Paracontal

l//v\nhu\e
(/ W Q
LU

ostcentral
gyrus

Somatotopic - back
area of S1/M1 in back
pain

What are they doing?

— Driving change? %
- “Cleaning up” after -

change?

Pain fMRI studies

Loggia et al., Pain 2012

Outline

back muscle dysfunction
relevant for spinal health?2

Delayed “offset” of frunk muscle
activity predicts future LBP

Magnet Release

B Cc

<€

N=292 college athletes

Force

4

Magnet Release

Episode of LBP

agonists LOnger delay: 77 [36] vs. 63 [31] ms
Fewer muscles off: 0.8[1] vs. 1.3[1.1]
Antagonists

Odds of low back pain M 3% for
Tme 5) each 1 ms change

0.2 o ! 0.2

04
Cholewicki, Stifles, Shah, et al., 2005 ISSLS Prize Spine
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Evidence for efficacy of

intervention

 Systematic/Cochrane review
— Exercise interventions (motor control) that
include restoration of back muscles are
effective
- Limited evidence that it is more effective
than other treatments
Saragiotto, et al 2017 Spine

- Intervention applied generically — all
patients freated, all freated in same
manner

Role of exercise

¢ Exercise might be the key to;
— Prevent/restore muscle structure
— Restore optimal muscle activation

— Target novel inflammatory mechanisms
* Right tissue
* Right time

* But need to consider
- Individual-specific patient presentation
- Time-course > Mechanism

Muscle dysfunction is one part of a complex
puzzle

Suboptimal tissue loading -
-> ongoing nociceptive
input

Different pain mechanisms
Central sensitization

Neuropathic
mechanisms

Pain beleifs Work
support

Depression/
stress

Negative Family
affect support
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Outline

Does back muscle dysfunction have
implications for injury/pain & rehabilitation?

Role of muscle dysfunction in pain

N[e)
ongoing
( threat to
& Suboptimal tissue tissues

Ongoing
threat i
fissu

loading - motor
conm\

Clinical questions

* Multifidi and transversus albdominis

- Often coativated

- Not obligatory, can work independently
* Multifidi and the pelvic floor muscles

— Coactivation present in some individuals
— Need to assess

5/28/19

10



Multifidus 5/28/19

Summary

Excessive & compromised muscle acfivation
- negative effects on spine mechanics

Changes have different time
courses/mechanisms

Rehabilitation of muscle potentially
modifiable & potentially relevant for
recovery/transition fo chronicity

Individualisation is likely to be critical
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