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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.

/“Although ligament has been\
traditionally considered only as

a mechanical structure, there 1s
increasing evidence to suggest
that ligaments are innervated
and can participate 1n active
\ neuromuscular reflexes.”




Mechanoreceptors Transform
mechanical force, or displacement, into
action potentials
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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 typel: 11
type lI: 20 **
type lll: 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.”
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Immunohistochemical demonstration of nerve fibers in the synovial
fold of the human cervical facet joint

Satoshi Inami **, Takashs Shiga ®, Akihito Tsujino *, Takeshi Yabuki ©, Nobuo Okado *,
Naoyuk: Ochsat *

Abstract

The role of 1he intre-artcular synosverl fold as a source of fecet ot pain s uncleur, hocawse the nature Of DOSKEPUNE INBENYRTLION
in lumbar sysovial folds is controversial, and there have been no soch studies in cervical symovial folds. The present study aimead 10
demonstrate the presence of nerve fibers including noceptive fibers i synovial folds of human corvical facet joints wsing Immus
mohistochomistry. Synovial folds of cervical facot joints removed from palicnts underpomg cervical spine iminoplasty were ans-
Iyeed mmunchistochamically usng antibodies 10 protain geac product 9.5 B Hi-iubuling substance I and calkanoms pone-related
peptide. Many perve fibors immunoreactive for protem gone product 9.5 and B Hltubulin were domomstratad both around blood
vossels and as frog fibers in the stroma of the synovial fold. Ao, mmunostasssag Bowod the prosence of feoe perve Sbers im.
munoceactive for subsrance P aad cakitoain generciated pepiide m the stroma. The presence of putatwe nooceptive fiters m
cervical symovial folds supports a posxible role for these stractures as a source of corvical facet Jomt pam © 2001 Osthopaadx
Rescarch Socty. Publishad by Elscwier Scenve Lad. AN rights reservedd

2007 International Whiplash Trauma



Fig 1 PGP 9 Sinmancensctine sorves o e syoosst S00d of the
SONKa ot posst Dovn the dandr aped S0 srurs. Thin oo (a
rosa ) and smavideal fhen aow woom T s0ne Ahon with varowny
ot Fouml rentmg Doee'y o the tesne wiroros Garrosbends L. Mo

ony fae cosntrnainang. e ~ 10 o

VARCOGNEs @ the paovia M of the cervicel Tacet ot Mroes B
domce sped 0 yeurn. Hemsatony bs Craovorrtaemmg Sar » N s

Mg 1 Pobascosst sere leowbends) daoed sib B I obain =
e wpminrial Sl of 1he smrvivnl faem ot Trom e doner apel 16
yoars. By ~ blood svoud. Memasouy e cousternessung Rar « %0 am

Hig 4 CGRPommmunoncacts vt perve S50r witlh vAnooss sppearasce
B e srpevil ld o down B 1 Hesmaon e sommier

sy B+ 20 um

2007 International Whiplash Trauma






Dorsal root
Spinal ganglion

. —
¥ A’ N\ Anterior primary ramus

=1 J
Ventral root
Meningeal branch A Gray g branch
White communicating branch
|
Ganglion of the sympathetic trung —— \7
- Efferent (motor)fibers Preganglionic sympathetic fibers

- Atferent (sensory)fibers - Postgangliomc sympathetic fibers



LEFT Lumbar dorsal rami




LEFT Lumbar dorsal rami

L2-3 ZJ

L3-4Z2J

L4-52Z2J

L5-S1 ZJ



LEFT Lumbar dorsal rami

L1 1b
L1ib

L1 mb

L3 Ib

L3 ib L3 mb

L4 mb



Grey rami communicantes, ventral rami, and sympathetic trunk
















Cervical Zygapophyseal Joint
Pain Referral Patterns




face validity

construct validity

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.




DISC STIMULATION (discography)




DISC STIMULATION (discography)
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2006 ISEK Congress Keynote Lecture
Sensory -~ Motor control of ligaments and associated
neuromuscular disorders
M. Solomonow *
Manvwlatadvasl Do dvs Rovr b Labwawy. Bowwg havig Scinm. Ivpo mst of (0foposis Seygomy
Comwrnity of Cdwads ot Do ol Noddh Scboncnr Comer (200 Baw A o Koo 1108 Mooy 2140,
PO Bax 8217, Awens Domer, () 80048, 054
Abstract

The ligaments were considered, over several centuries, as the major restraints of the joints, keeping the associated bones in position
and preventing instability, e.g. their separation from each other and/or mal-alignment. This project, conducted over 25 years, presents

the following hypothesis:







Eur Spine J (2006) 15. 668-676

DOL 10,1007 <0058 600549253 ORIGINAL ARTICLE

Manohar M. Panjabi A hypothesis of chronic back pain: ligament
subfailure injuries lead to muscle control
dysfunction

The hypothesis

[ he hypothesis conssts of the following sequential steps

‘o

N

Singk trmuma or cumulative microtrauma  Cruses
subyadwre ijury of the spinal hgaments and igury to
the mechanoreceptors embadded in the hgaments.
When the mjured spine performs a task or il 18
challenged by an external load, the tramsducer signals
gencruted by the mechanoreceptors are corrupted
Newromuscular control unt has ddliculty in ister-
preting the corrupted transducer signals because
there is spatial and semporal mismatch between the
normally expected and the corrupted signals receved
[he musck response patiern generated by the ncu-
romuscular control unit s corrupted, affecting the
spatial and wmporal coordinaton and activation ol
cach spinal muscle

The corrupled muscle response pattern Jeads to cor
rupted feadback 1o the control unit via tendon organs
of muscles and iyured mechanoreceptors, further
corrupting the muscle response patiern

6. The corrupted musck response pattern produces high

saresses and strans o spinal components kading
further subfalure inpury of the spinal hgaments, me
chanoreceptors and muscles, and overload ol facet
JOInEs

. The abnormal stresses and strans produce inflam-

mabon of spanal tssues, which have abundant supply
of nociceptive sensors and neural structures,
Comscquently, over tme, chronx back pain may de-
velop, The sadfailure ey of the spanal ligamem ts
defined as an injury caused by stretching of the tissue
beyvond its physsological Bmut, but less than its fallure
point [$5]
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PAIN GENERATION IN LUMBAR
AND CERVICAL FACET JOINTS

BY JOHN M. CAVANAUGH, ML YING Tu, MS, CHAOYANG CHEN, MDL AND SRINVASY KALLAXURL, MS

Facet Joints are mpicated as & Major source of nock and lowback pain, Both cervical and hardae facet syndromes
have been described in the medical Merature, Blomechanical studies Rave shown that lumbar and cervical facetjoinm
Capsafes can underpo high straing during spine-loading. Neurcasatomic studies hivve demonstrated free and encap-
sulated nerve endings in facet joints as wel as nernves containing substance P and cakitonin geneJelated peptide.

MMM&M that mtm caosules cortain low Ueeshold MM, mechant

: oy I8 Tl homommwawnswemmmm
wloc-«mcn mmoavnwmommmnmoumwoonomwmmoeuom SUN unee-
SONOD IS whethe thés stretch |5 suficient 10 ACTvate NOCICARRONS In the joint Cagdule,

TO Snswar IS QUASTION, MCANT STUAMS NACHTE That Jow STLCH Maels AV pAOgriocaplons In the facetjont cap-

Sule, Excasshe Capsul strotch activites NOCICRAONs, Mads 10 prolNged Noura anNardischarpes, and can Casse
damage to the capsule and 1o axons in the capsule. In Instances in which & whiptash event IS severe enough to Injure
the Joink copsule, facet capsule overstretch IS & possiie cause of persistent neck pain,

THE JOURNAL OF BONE & JOINT SURGERY - JB]S.ORG PAIN GENERATION IN LUMEBAR
VOLUME 88-A - SUPPLEMENT 2 - 2006 AND CERVICAL FACET JOINTS






Cavanaugh JM, EI-Bohy AA, Hardy WN et al. Sensory mnervation of soft tissues of the lumbar
spine in the rat. J Orthop Res 1989;7:5785-58.

S.E. R.E,
/l
¢
) -. \\ < :'/'/
- /
Teased nerve roots were monitored as the

muscles and tendons facet joint capsule

he

AN

facet capsule was stretched & electrically
stimulated 1n rats.




NEUROMECHANICAL CHARACTERIZATION OF IN Vivo
LUMBAR SPINAL MANIPULATION. PART Il.
NEUROPHYSIOLOGICAL RESPONSE

Christopher |. Colloca, DC,* Tony S. Keller, PhD,” and Robert Gunzburg, MD, PhD®

ABSTRACT

Objective: To simultaneously quantify vertebral motions and neuromuscular and spinal nerve root responses to
mechanical force. manually assisted. short-lever spinal manipulative thrusts.

Methods: Four patients underwent lumbar laminarthrectomy to decompress the central spinal canal and
neuroforamina, as clinically indicated. Prior to decompression, finely threaded, 1.8-mm diameter intraosseous pins
were rigidly fixed to the lumbar spinous process (L1 or L3) using fluoroscopic guidance, and a high-frequency. low-
noise, 10-g, triaxial accelerometer was mounted to the pin. Following decompression, 4 needle electromyographic
(nEMG) electrodes were inserted into the multifidus musculature adjacent to the pin mount bilaterally, and 2 bipolar
platinum electrodes were cradled around the left and right S1 spinal nerve roots. With the spine exposed. spinal
manipulative thrusts were delivered internally to the lumbosacral spinous processes and facet joints and externally by
contacting the skin overlying the respective spinal landmarks using 2 force settings (== 30 N, < 5 milliseconds (ms):
= 150 N, <~ 5 ms) and 2 force vectors (posteroanterior and superior: posteroanterior and inferior).

Results: Spinal manipulative thrusts resulted in positive electromyographic (EMG) and compound action potential
(CAP) responses that were typically characterized by a single voltage potential change lasting several milliseconds in
duration. However, multiple EMG and CAP discharges were observed in numerous cases. The temporal relationship
between the initiation of the mechanical thrust and the neurophysiologic response to internal and external spinal
manipulative therapy (SMT) thrusts ranged from 2.4 to 18.1 ms and 2.4 to 28.6 ms for EMG and CAP responses,
respectively. Neurophysiologic responses varied substantially between patients.

Conclusions: Vertebral motions and resulting spinal nerve root and neuromuscular reflex responses appear to be
temporally related to the applied force during SMT. These findings suggest that intersegmental motions produced by
spinal manipulation may play a prominent role in eliciting physiologic responses. (J Manipulative Physiol Ther 2003:
26:579-91)

Key Indexing Terms: Biomechanics; Electromyography; Low Back Pain; Chiropractic Manipulation; Neurophys-
iology; Sciatica
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Belgium 1999, Neurophysiological Responses to SMT
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PrizE-WINNING PAPERS FROM THE WORLD FEDERATION OF
CHIROPRACTIC 7TH BIENNIAL CONGRESS

FIRST PRIZE

BioMECHANICAL AND NEUROPHYSIOLOGICAL RESPONSES
TO SPINAL MANIPULATION IN PATIENTS WITH LUMBAR

RADICULOPATHY
Christopher J. Colloca, DC,* Tony S. Keller, PhD,” and Robert Gunzburg, MD, PhD®

ABSTRACT

Objective: The purpose of this study was to quantify in vivo vertebral motions and neurophysiological responses
during spinal manipulation.

Methods: Nine patients undergoing lumbar decompression surgery participated in this study. Spinal manipulative
thrusts (SMTs) (~5 ms: 30 N [Sham], 88 N, 117 N, and 150 N [max]) were administered to lumbar spine facet joints
(FJs) and spinous processes (SPs) adjacent to an intraosseous pin with an attached triaxial accelerometer and bipolar
electrodes cradled around the S1 spinal nerve roots. Peak baseline amplitude compound action potential (CAP)
response and peak-peak amplitude axial (AX), posterior-anterior (PA), and medial-lateral (ML) acceleration time and
displacement time responses were computed for each SMT. Within-subject statistical analyses of the effects of contact
point and force magnitude on vertebral displacements and CAP responses were performed.

Results: SMTs (= 88 N) resulted in significantly greater peak-to-peak ML, PA, and AX vertebral displacements
compared with sham thrusts (P < .002). SMTs delivered to the FJs resulted in approximately 3-fold greater ML
motions compared with SPs (P << .001). SMTs over the SPs resulted in significantly greater AX displacements
compared with SMTs applied to the FJs (P << .05). Seventy-five percent of SMTs resulted in positive CAP responses
with a mean latency of 12.0 ms. Collectively, the magnitude of the CAP responses was significantly greater for max
setting SMTs compared with sham (P < .01).

Conclusions: Impulsive SMTs in human subjects were found to stimulate spinal nerve root responses that were
temporally related to the onset of vertebral motion. Further work, including examination of the frequency and force
duration dependency of SMT, is necessary to elucidate the clinical relevance of enhanced or absent CAP responses in
patients. (J Manipulative Physiol Ther 2004:27:1-15)

Key Indexing Terms: Chiropractic Manipulation; Vertebral Motion; Neurophysiology




NEUROMECHANICAL CHARACTERIZATION OF IN VIVO
LUMBAR SPINAL MANIPULATION. PART |. VERTEBRAL
MOTION

Tony S. Keller, PhD,? Christopher J. Colloca, DC,” and Robert Gunzburg, MD, PhD¢

ABSTRACT

Objective: To quantify in vivo spinal motions and coupling patterns occurring in human subjects in response to
mechanical force. manually assisted, short-lever spinal manipulative thrusts (SMTs) applied to varying vertebral
contact points and utilizing various excursion (force) settings.

Methods: Triaxial accelerometers were attached to intraosseous pins rigidly fixed to the L1, L3, or L4 lumbar
spinous process of 4 patients (2 male, 2 female) undergoing lumbar decompressive surgery. Lumbar spine
acceleration responses were recorded during the application of 14 extemally applied posteroanterior (PA) impulsive
SMTs (4 force settings and 3 contact points) in each of the 4 subjects. Displacement time responses in the PA, axial
(AX). and medial-lateral (ML) axes were obtained, as were intervertebral (L3-4) motion responses in 1 subject.
Statistical analysis of the effects of facet joint (FJ) contact point and force magnitude on peak-to-peak displacements
was performed. Motion coupling between the 3 coordinate axes of the vertebrae was examined using a least squares
linear regression.

Results: SMT forces ranged from 30 N (lowest setting) to 150 N (maximum setting). Peak-to-peak ML, PA, and
AX vertebral displacements increased significantly with increasing applied force. For thrusts delivered over the Fls,
pronounced coupling was observed between all axes (AX-ML. AX-PA, PA-ML) (linear regression, R* = 0.35-0.52.
P << .001), whereas only the AX and PA axes showed a significant degree of coupling for thrusts delivered to the
spinous processes (SPs) (linear regression. R* = 0.82. P < .001). The ML and PA motion responses were
significantly (P <X .05) greater than the AX response for all SMT force settings. PA vertebral displacements decreased
significantly (P << .05) when the FJ contact point was caudal to the pin compared with FJ contact cranial to the pin.
FJ contact at the level of the pin produced significantly greater ML vertebral displacements in comparison with
contact above and below the pin. SMTs over the spinous processes produced significantly (P < .05) greater PA and
AX displacements in comparison with ML displacements. The combined ML, PA, and AX peak-to-peak
displacements for the 4 force settings and 2 contact points ranged from 0.15 to 0.66 mm, 0.15 to 0.81 mm, and 0.07
to 0.45 mm, respectively. Intervertebral motions were of similar amplitude as the vertebral motions.

Conclusions: In vivo kinematic measurements of the lumbar spine during the application of SMTs over the FJs
and SPs corroborate previous spinous process measurements in human subjects. Our findings demonstrate that PA,
ML, and AX spinal motions are coupled and dependent on applied force and contact point. (J Manipulative Physiol
Ther 2003:26:567-78)

Key Indexing Terms: Acceleration;, Biomechanics; Chiropracric,' Kinematics; Lumbar Spine; A/Ianipularion







-

(VI
Wi &
O -
D S
O e
[ B
O

e B
s ok A
<~ ¢
oo ¢




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

Dual Three-Axis Accelerometers
1. L3
2. L4




Left Facet Joint (LFJ)

01

15

o

0.05 0.1

}
o
-
<

C 0.1
Time (sec)

100

ML (mis?)

PA (m/s?)

AX (m/s?)

Biomechanical Responses

Right Facet Joint (RFJ)

T

T

100 '
0 0.05 0.1 15
100 . ,
-100 5 :
0 0.05 0.1 0.15
100 .
o) SRS SV N A
i 1
0.1 0.15

-100
0

0.05
Time (sec)



Biomechanical Responses

Spinous Process (SP)

100
NA
LY
E 0] o S VLN
|
=
100 i i
0 0.05 0.1 0.15
100
%
E
<
o
|
0.1 0.15
%
<
<<
-100 i i
0 0.05 0.1 0.15

Time (sec)



NoName

PHILIPS BYV300




BioMecHANCIAL QUANTIFICATION OF PATHOLOGIC
ManNipuLABLE SPINAL Lesions: AN IN Vivo OviNe MoODEL
OF SPONDYLOLYSIS AND INTERVERTEBRAL

Disc DEGENERATION

Christopher | Coloca. DC.* Robert Gunzburg, MD, PhD,” 8nan | Freerman, MD, Marek Szpalski, MD,”
Mostafa Aff, PhD,* and Robert } Moore, PRD'

ARSTRACT

Objective: The purposes of this sudy were to quantify the blomechanscal and pathologic consequences of surgaally
induced speral lovioms and 1o determine ther rogoene 1 spisad sssvpelation (SMT) & s in yivo ovine model
Methods: OF 24 Menno sheep, 6 rceived LE spondylolyoc defects, 6 recenved LI annudar besions, and 12 served as
respective controls. Domsoveniral (DV) stiffscs wis asseoad sxng oscdllaory Joads (2-12 Hz), Two SMT fosce-tise
profles were admisistered in cach of S groups using a raadomired and repeated-measures dosign, Stffacss and the
effoct of SMT on the DV motions and mukifidus needle clectromyographac respoases wore assessed using a repeatod-
memures analysis of vartance (@ = 05) Postmonem Maclogic asalyss sad computed womsography vabdated the
prosence of lesions.

Results: LS DV stiffness was significantly increasad (80.2%) in the spoadylolysis (628 Nimem) compared with the LS
control group (448 N'mm) (P < 03). Spinal manipulatioss deliverad 8o the spoadylolysis group resulted m less DV
verctenl displacement (P < 01) compared with coatrols. Dossoventral suiffness of the dsc degencration group was
S46 Nimm, 94 5% greater than = the L1 contrel groep (2.91 N'mm) (P < 01} One bundrad-milBsocond SMTs
resulted i sgnificantly reduced DV displacoments m the disc degeneration group compared with the LI contral group
(F < .01) Asimals i the dise degenemtion growp showad a coasistent 25% 10 30% reduction i needie
clectromyogaphic sosponsos 1o all SMTs,

Conclusions: Quantifiable objective evidence of spimal lesions and thew response 10 SMT were coaflmad in thes
stody. Nauromechasical alierations provide sovel meaghts mto guaatifying manipulable spamal lovons md 3 mese m

biomechanically assess SMT outcomes. () Manipulative Pvyssol Ther 201235:354.300)
Key Indexing Terrma: Biomechavics; Manipulation Spinal; Spowdilohsis; mternvertebrad Dise Depener £
Chiropractic
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THREE-DIMENSIONAL VERTEBRAL MOTIONS PRODUCED BY
MecHANICAL FORCE SPINAL MANIPULATION

Tony S Keller, PhD,* Christopher |. Colloca, DC" Robert | Moore, PhD Robert Gurzburg, MO, PhD?
Deed £ Hammson, DC.® and Donald D. Hamson, DC'

[ Asstract }

Objective: The am of this study was 10 qunofy and compar e S.dimenuonal stenegeental MOLON KESPONSSS
prodaced by 3 commondy wad chiropeactc adjusting iInsruments.

Methods: Six adodscens Menno sheep were examunad ar the Iesunme for Madical and Vesennary Scacnce. Adelade,
Australia. s all asesals, oiaxial accelerometers were attachad 10 intosscous peas rigidly fixed 1o the LI and L2
simous processes under flocecscopic gusdance. Three handheld mechanical fosce cheropeact adjusong nstruments
(Chiropeactic Adpasting Tood JCATL Acovanw Adjasing bestrament IV [Activasor TV, and the lmpulise Adjusing
lestrument [Impalse |) were used o randomly apply poseroantenor (PA) spanal mangalative thrests to the spanous process
of T12. Theee fosce settings Gow, medum, and high) and a fourth setting (Activiser 1V only ) were appiad in a randomired
repemed measures desgn. Accclenton responses i adaccot scgments (L1 and L) were recosdad ot 5 KMz The
multual imensegmental (L1-1.2) axccddenton md displacomant response o cach force semting was computed and
comparad among the 3 devicos wing a repeniad mesmurcs analysis of vasance (2 ~ 05).

Results: For all devices, miersepmoental motion responses weore groasest for axial, followed by PA and medial-Satorsd
(ML) measuroment ases for the data examined Displacements ranged from 011 men (ML axis. Aconvator 1V low seting)
10 1.7 mm (PA axes, Impulise high semmng) Compared with the mochanical ésprmg) adpasting imstrumenss (CAT, Activator
V), ®e clecwomechamical Impalse produced the most incar increase = bodh force and intersegmental motion resporse
nd revslicd & the greaiest acoekranon and displacement respoases (Righ sctting). Sgnificansly larger magrenade
imerscpmental sonon fresponsacs were observed for Activasor IV vi CAT & the ssodeam and Migh settings ( F < 05)
Sigaificantly larges-magrenade PA miersegmental acccicranon and displacament respomscs were comustontdy obscrved for
lerpalse compared with Acorvasor IV and CAT for the high force setung (P < 05)

Conclusions: Lager-magnmade, 3D mtorsepnontal Ssplacoment and acccloration rospooses weore obsarved or spinal
mangpalative thrusts delrvered with lmpulse ar most foece semngs aad always of the hugh force setting. Owr resuls indhCate
that the force-time charactensics of impulevenpe adjosnng isstramens spaificandly affects spnal motion and suggests
that estraments can aad should be tuned 1o peovide optimal force dedivery. O Mars pulasive Physsol Ther 2006,29.42 5. 436)
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Force-deformation response of the lumbar spine: a sagittal
plane model of posteroanterior manipulation and mobilization
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Relevance
This study assists clinicians to understand the biomechanics of posteroanterior forces applied to the lumbar spine of prone-lying

subjects. Of particular clinical relevance is the finding that greater spinal mobility is possible by targeting specific load-time his-
tones. © 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Biomechanics; Dynamic simulation; Lumbar spine; Manipulation; Model; Natural frequency; Rigid body; Spine; Vibration
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Methods: Fifteen adolescent Merino sheep were examined. Tri-axial accelerometers were
attached to intraosseous pins rigidly ficed to the LI and L2 lumbar spinous processes under
fluoroscopic guidance while the animals were anesthetized. A hand-held electromechanical
chiropractic adjusting instrument (Impulse) was used to apply single and repeated force impulses
(13 total over a 2.5 second time interval) at three different force settings (low, medium, and high)
along the posteroanterior axis of the T2 spinous process. Axial (AX), posteroanterior (PA), and
medial-lateral (ML) acceleration responses in adjacent segments (L1, L2) were recorded at a rate
of 5000 samples per second. Peak-peak segmental accelerations (LI, L2) and intersegmental
acceleration transfer (LI-L2) for each axis and each force setting were computed from the
acceleration-time recordings. The initial acceleration response for a single thrust and the maximum
acceleration response observed during the |2 multiple impulse trains were compared using a
paired observations t-test (POTT, alpha = .05).
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Intersegmental Motion Response to Varying Force-Time Profiles
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QUANTIFYING IN VIVO VERTEBRAL MOTIONS DURING IMPULSIVE SPINAL MANIPULATION

=== Christopher J. Colloca, DC' W'W Robert Gunzburg, MD, PhD? B'W Marek Szpalski, MD* B+ Mostafa Afifi, PhD*

! Graduate Student, Biomechanics Laboratory, PhD Kinesiology Program, School of Nutrition and Health Promotion, Arizona State University, Tempe, Arizona, U.S.A.;
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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. _
Proceedings of the
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QUANTIFYING IN VIVO VERTEBRAL MOTIONS DURING IMPULSIVE SPINAL MANIPULATION
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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:

Impulse
TECHNIQUE



Impulse’ mechanical (&,

TEC HNIOl - -’

« Patient reports pain in upper neck or skull:

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

ImpulseAdjusting

TECHNIQUE'



» 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

N

Impulse



-SCP: C2 Bilateral LPJ

-LOD: Anterior-Superior

-Setting: Medium or Low
-Double stylus
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