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Spinal Ligaments … 
& Joint Stability

• ALL

• PLL

• Ligamentum Flavum

• Interspinous Ligament

• Supraspinous Ligament

• Facet Capsular Ligament



“Although ligament has been 
traditionally considered only as 
a mechanical structure, there is 
increasing evidence to suggest 
that ligaments are innervated 
and can participate in active 

neuromuscular reflexes.”

Jiang H, Russell G, Raso J, Moreau MJ, Hill DL, Bagnall KM.  
The Nature and Distribution of the Innervation of Human Supraspinal & Interspinal Ligaments.  

Spine 1995; 20:869-76.



Mechanoreceptors Transform 
mechanical force, or displacement, into 

action potentials







McLain RF. Mechanoreceptor Endings in 
Human Cervical Facet Joints.

Spine 1994; 19:495-501.

• Dissected 21 human cervical facet 
capsules from 3 normal subjects.

• Identified type I:  11
type II: 20 **
type III: 5
type IV: Numerous





McLain RF. Mechanoreceptor Endings in Human 
Cervical Facet Joints. Spine 1994; 19:495-501.

“The presence of mechanoreceptive and 
nociceptive nerve endings in cervical 

facet capsules proves that these tissues 
are monitored by the CNS and implies 

that neural input from the facets is 
important to proprioception and pain 

sensation in the cervical spine.”



2007 International Whiplash Trauma



2007 International Whiplash Trauma
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Grey rami communicantes, ventral rami, and sympathetic trunk
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Cervical Zygapophyseal Joint 
Pain Referral Patterns



© 2004 International Spinal Injection Society

face validity a

construct validity a

Schwarzer AC, Aprill CN, Bogduk N. The sacroiliac joint in chronic low back pain. Spine 1995; 20:31-37.

Maigne JY, Aivaliklis A, Pfefer F. Results of sacroiliac joint double block and value of sacroiliac pain provocation tests in 54 patients 
with low back pain. Spine 1996; 21:1889-1892.

SACROILIAC JOINT BLOCKS



DISC STIMULATION (discography)



DISC STIMULATION (discography)
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Teased nerve roots were monitored as the 
facet capsule was stretched & electrically 
stimulated in rats.

Cavanaugh JM, El-Bohy AA, Hardy WN et al. Sensory innervation of soft tissues of the lumbar 
spine in the rat.  J Orthop Res 1989;7:378-88.
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Materials
Protocol 2



Nerve Root
Electrodes







Bone Mov’t

EMG 1

EMG 2

EMG 3

EMG 4

L. Nerve Root 

R. Nerve Root 
50.00 100.00

milliseconds

2.00
2.25
2.50
2.75
3.00

Vo
lts

Ac
ce

l-z
 (v

ol
ts

)

-2.00
-1.00
0.00
1.00
2.00

Vo
lts

EM
G

1(
vo

lts
)

-2.00
-1.00
0.00
1.00
2.00

Vo
lts

EM
G

2(
vo

lts
)

-2.00
-1.00
0.00
1.00
2.00

Vo
lts

EM
G

3 
(v

ol
ts

)

-6.00
-3.00
0.00
3.00
6.00

Vo
lts

EM
G

4 
(v

ol
ts

)

-1.00
-0.50
0.00
0.50
1.00

Vo
lts

Ne
rv

e1
 (v

ol
ts

)

1.00
1.50
2.00
2.50
3.00

Vo
lts

Ne
rv

e2
 (v

ol
ts

)



Belgium 1999, Neurophysiological Responses to SMT













Patient 003

AAI w/ pre-load control frame
• input force
• acceleration response

MRL

Dual Three-Axis Accelerometers
1. L3
2. L4



Biomechanical Responses



Biomechanical Responses







Methods
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Intersegmental Motion Response to Varying Force-Time Profiles



Proceedings of the 
2013 International Society for Physical Medicine and Rehabilitation, Beijing, China, June 17-20, 2013.

QUANTIFYING IN VIVO VERTEBRAL MOTIONS DURING IMPULSIVE SPINAL MANIPULATION
Christopher J. Colloca, DC1 Robert Gunzburg, MD, PhD2 Marek Szpalski, MD3 Mostafa Afifi, PhD4

1 Graduate Student, Biomechanics Laboratory, PhD Kinesiology Program, School of Nutrition and Health Promotion, Arizona State University, Tempe, Arizona, U.S.A.;
2Department of Orthopaedic Surgery, Edith Cavell (CAV), Brussels, Belgium; 3Department of Orthopaedic Surgery, Centre Hospital Moliere Longchamp, Brussels, Belgium;
4Faculty of Kinesiology, University of Calgary, Calgary, Alberta, Canada

Purpose
The purpose of this study is to quantify in vivo human lumbar spine
motions during impulsive spinal manipulative therapy (SMT) delivery.
Methods
Tri-axial accelerometers were attached to intraosseous pins rigidly fixed to
adjacent vertebrae at L4 and L5 spinous process of three patients undergoing
lumbar decompressive surgery.

Lumbar spine acceleration responses were recorded during the application of
12 externally applied posteroanterior (PA) impulsive SMTs delivered by an
Impulse iQ®.

Three force settings were delivered to two contact points (facet joint and
spinous process) at two vectors (cranial and caudal) in a repeated measures
design (n=144) in each subject.

Displacement-time responses in the PA, axial (AX) and medial-lateral (ML)
axes were obtained from the acceleration-time histories using trapezoidal
numerical integration.

Statistical analysis of the effects of contact point, force magnitude, and vector
on peak-to-peak displacements was performed. Correlation of non-invasive
stylus accelerations was compared to interosseous pin accelerations using
least-squares linear regressions.





y = 0.0656x + 6.8509
R² = 0.9855
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Results
Peak-to-peak ML, PA, AX vertebral motions
increased significantly (p<.05) with increasing
applied force.

Cranially directed SMTs created significantly greater
L4-L5 motions compared to caudally directed
thrusts (p<.01).

Contacts to the facet joints induced greater ML
motions than those applied to the spinous
processes (p<.01).
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1. Cervical Compression Test:



Cervical compression test:

• Patient reports pain in upper neck or skull: 

Adjust C2 and occiput with dual stylus, posterior to 
anterior.



• Upper cervical spine and/or occipital pain with the cervical 
compression test, adjust occiput and C2 with dual stylus:



-SCP: Occiput
-LOD: Anterior-Superior
-Setting: Low or Medium

-Double stylus



-SCP: C2 Bilateral LPJ
-LOD: Anterior-Superior
-Setting: Medium or Low

-Double stylus








