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2009 HTA TECHNOLOGY SELECTIONS

Background:
The Health Technology Assessment (HTA) program is a legislatively created program that seeks to

ensure that health technologies purchased by state agencies are safe and effective, and that
coverage decisions of state agencies are more consistent and transparent. The focus of the program
is to rely on scientific, or evidence-based, information about safety and effectiveness to inform
decisions and improve quality. An independent committee of eleven practicing health care clinicians
uses the report and other information to review evidence regarding safety, efficacy, and cost-
effectiveness of various medical procedures and/or equipment and determine if the state will pay for
those procedures.

Technology Selection (Review or Re-review)

The HCA Administrator, in consultation with participating state agencies, selects technologies that
undergo an evidence review, and may undergo a re-review. The independent committee can also be
petitioned to include a technology for review or re-review, if not selected by the Administrator.

e State agency liaisons recommend potential technologies for prioritization and recommendation
to the HCA Administrator. A priority ranking tool, with criteria based on legislative and other
HTA program criteria, is used to rank the technologies.

e Interested individuals can petition the program to review a technology using the form located
on the HTA website at: http://www.hta.hca.wa.gov/ipp.html. These petitions are also
prioritized and a recommendation is made to the Administrator

e Recommendations are posted for public and committee comment. The HCA Administrator
considers the agency recommendation and public comment and selects technology topics.
Topics are posted on our HTA website.

e Interested individuals may also petition the clinical committee to re-consider a topic or re-
review of a technology that the HCA Administrator decided not to select.

Prioritization Criteria:

HTA created a process and tools based on the legislative requirements and criteria that are widely
used in technology assessment priority settings. Identification of criteria and use of priority tools
makes the process explicit and increases transparency and consistency across decision-makers. The
tools are intended to be used by the medical directors when making recommendations and by the
clinical committee when making comments or selections of technologies. The technology scoring tool
has a corollary set of Primary criteria and a set of Secondary criteria. The primary criteria are directly
linked to the legislative mandates for the program to focus technology reviews where there are
concerns about safety, efficacy, or cost effectiveness, especially relative to existing alternatives. See
RCW 70.14.100. These criteria are also common to other technology assessment programs.

Re-review Criteria
Re-review criteria are included in a prioritization document and directly linked to the legislative
mandate that technologies shall be selected for re-review only where evidence has since become
available that could change a previous determination. Technologies are considered for re-reviews at
least once every eighteen months. Re-reviews consider only evidence made available since the
previous determination. See RCW §70.14.100.
~ Based on these legislation, the re-review criterion is directed at identifying those situations:
e Where new evidence about a technology exists that was not available when the initial
review was completed.
e And there is at least some likelihood that the new evidence could result in a change to
a previous determination
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o Factors here could include potentially high impact new outcomes not
previously considered; new clinical trials that are high quality and have results
that are counter to trials included in review; new cost or agency impact results

Selection for 2009

e On September 23, 2008, the agency liaisons made recommendations on twelve potential
technologies and two potential re-review technologies for prioritization.

e Topics and recommendations were posted to the website for comment.
On December 12, 2008, the HCA Administrator selected seven topics for review and did not
select any re-review topics. Selected topics are posted on our HTA website
(http://www.hta.hca.wa.gov/).

e A stakeholder has requested that the clinical committee re-consider the Upright MRI as a topic
for re-review.

2009 Re-review Recommendations:
The following re-review recommendations related to Upright MRI were made to the administrator.

Upright MRI A PubMed literature scan was completed by the HTA clincal consultant. It did not reveal
any significant new evidence that might lead to a different conclusion. No other issues or
concerns raised at this time, and this is not recommended for re-review by medical
directors at this time.

The Administrator also reviewed public comments submitted by stakeholders and after that review
agreed with the initial recommendation that there was not sufficient new evidence that would likely
lead to a different conclusion to warrant a re-review.
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LANE POWELL

ATTORNEYS & COUNSELORS

ROBERT A. BATTLES
360.753.7604
battlesr@lanepowell.com

January 6, 2009

Washington State Health Care Authority
c/o Leah Hole-Curry, Program Director,
Health Technology Assessment Program
Health Technology Assessment Committee
P.O. Box 42712

676 Woodland Square Loop SE

Olympia, WA 98504-2712

Re:  Re-Review of Upright MRI Technology

Dear Health Technology Clinical Committee:

Please accept this letter as a formal request that the Health Technology Clinical Committee
(HTCC) place the upright MRI technology for re-review on its 2009 agenda. This request is
made pursuant to my conversation with Leah Hole-Curry, Program Director, Health
Technology Assessment Program. The upright MRI technology was originally reviewed by
the HTCC in 2007. In May 2007 the HTCC made a determination that the upright MRI
would not be covered. '

Since the May 2007 determination, additional studies and reports have been conducted and
issued. I have attached for your review a copy of our October 22, 2008, letter sent to the
Washington State Health Care Authority (HCA) requesting that the Administrator place the
upright/positional MRI on the 2009 agenda. On December 12, 2008, the HCA Administrator
issued a notice of selected health technologies to be reviewed in 2009, by the HTCC. The
upright MRI was eligible for re-review but not placed on the 2009 agenda.

We disagree with the Administrator’s decision to not place the upright MRI on the 2009
agenda. We ask that the HTCC independently place the upright MRI on the 2009 agenda for
re-review.

We ask that time be set on your February 6, 2009, meeting agenda to address this request.
Please let me know what further information you may require to make your assessment. In
addition, we will make available, at the February 6, 2009, meeting, individuals to answer any
questions that you may have regarding the technology and/or the new studies.
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Washington State Health Care Authority
January 6, 2009
Page 2

Thank you for your consideration of this request. Please let me know if you have any
questions or require further information.

Very truly yours,

LANE POWELL rC

/-

Robert A. Battles

RAB/tIm
Enclosure

cc: Mr, Peter Solodko
122037.0002/34685.1




LANE POWELL

ATTORNEYS & COUNSELORS

ROBERT A. BATTLES
360.753.7604
battlesr@lanepowell.com

October 22, 2008

Washington State Health Care Authority
Health Technology Assessment Committee
P.O. Box 42712

676 Woodland Square Loop SE

Olympia, WA 98504-2712

Re:  Re-Review of Upright MRI Technology

Dear HTA Committee:

Our office represents Capital Imaging, LLC.

We are aware of the Preliminary Recommendations for 2009 HTA Technology Topics dated
October 15, 2008, posted on the Health Care Authority/HTA website that indicates under the
Re-Review Recommendations section that “[a) PubMed literature scan was completed by the
HTA clinical consultant . . . [that] did not reveal any significant new evidence that might lead
to a different conclusion.” However, no mention of what information may have been
reviewed or obtained and considered by the HTA,

We disagree the HTA’s recommendations and submit that additional significant information
is and has been available during the re-review period. Attached is the following information
that was not previously available during the review process and prior to the HTA
Committee’s determination in May 2007,

L. Supplement to The Spine Journal, September/October 2007, Volume 7,
Number 58, pp. 38S-398,

2, Letter from Jeffrey C, Wang, M.D., Chief, Orthopaedic Spine Service, UCLA
Comprehensive Spine Center and Associate professor of Orthopaedic and
Neurosurgery, UCLA School of Medicine, regarding indications for
positional / kinetic MRI, dated August 6, 2007.

3. Abstract from the Proceedings of the NASS 22" Annual Meeting / The Spine
Journal 7 (2007) 1S-163S
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Washington State Health Care Authority
Qctober 22, 2008
Page 2

Capital Imaging therefore requests that the Upright MRI technology be placed on the 2009
HTA Technology Topics agenda. In the alternative, Capital Imaging requests the HTA
perform a re-review of the Committee’s determination of May 18, 2007, and consider the
enclosed materials as part of its re-review determination process.

Very truly yours,

LANE POWELL pC

Robert A. Battles

RAB:ms
Enclosures

ce: Mr, Peter Solodko
122037.0002/34184,1
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SIG 1: Dlagnostic Imaging: The Pros and Cons of Statie, Dynamic,
Upright and Suplie Tmaging. [Offielal Program Schedule, Wednesdsy,
October 24, 2007)

Room 121
Moderator: Christopher D. Chaput, MD

Spine surgery is chaoging from a discipline thay uses primarily static
imaging of the nenraxis to define pathology to one where dynamic stud-
ies are ingreasingly available, The need tor evidence-based information
on these imaging modalities is expected to increase as more oplions for
nonfusion instrumentation become available to the spine surgeon,
Discussion will center around curréntly avallable dynamic and static
imaging and will seek to explore the relationship of such jinaging o diag-
nosing and treating patients.

Wit tension onth

eng Wel, MD!, Soon-Woo Hang, MD2, Jur Zou, MD?, Benjamin Tow,
MD2, Musashi Miyazaki, MD?, Yirichiro Morishita’, Akmet Alanay, MDA,
Jeani-fagues Abitbol, MD, FACSS, Jeffrey Wang, MIP; \LA, CA, USA; 1CA,
USA, SUniversity of California Los Angeles, Los Angeles, CA, USA:
YUniversity of California, Los Angeles, Los Angeles, CA, USA; SFukuoka,
Fukuoka, Japan; 85an Diego, CA. USA

BACKGROUND CONTEXT: Lumbar central canal stenosis is defined as
the reduction in the diameier of the spinal central canal, which causes
nenrogenic claudication and radicular leg pain. Previous myelography and
in vitro study of cadaveric specimens showed that exlension of the spine
caused protrusion of the intervertebral dise, bulging of the lignmenia flava
and spondylolisthesis, resulting in 2 narvowing of the canal. However, few
noninvasive studies exist ta show these results, Dynamic MRT studies can
show with high precision the amount of change of the diameter of the spi-
nal cand! with flexion and extension of the spine.

PURPOSE: The purpose of this study was to define the dianieter changes
of the spinat canal at ¢ach level of the lumbar spine with dynumic MRI
studies, to document the amount of change, and lo see how progressive de-
generation of the disc at the functiomal spinal wnit will affect these vatues.
STUDY DESIGN/SETTING: This was o retrospective study on patients
who presented wiliv low back pain and were examed by dynamic MRI to
deteymine the effect of lumbar flexion and extension on spinal canal.
PATIENT SAMPLE: Lumbar MR images for Lpallguts, mcludmg 192
male and 169 female, (15-85 years of 4ge), with lower back pain, were
obtuined.

QUTCOME MEASURES: All radiological data on MR was recorded on
computer based mensurement from WRI taken by flexion, neuwival and

' extonsion.

MLETHODS: All patients were exameil in sitting flexion 40 degree, up-
right, and extengion 10 degree within a 0.5 T dynamic MRI scanner. Quan-
Hative measurements of canal diameter in the saggital midline in disc
level were obtained for each position. Degeneration was graded according
to the signal of the discs in T2 weighted images. Change rations of the.canal
diameter from neutral posiltion to floxion or extenslon were calenlated to
reflect the extent of change relative to the grode of degeneration.

RESULTS: Statistically significant differences in canal diameter were ob-
tnined between neutral and flexion position and between neutral and exten--
sioh position for L2-3 to 1.5-S1 levels. Results showed that flexion
increased the canal diameter and extension decrensed the canal diameter.
Change ratio of L4-5 was greatest in both flexion and extengion. In flexion,
the change ratio positively correlated with the degree of degeneration in
L2-3 to L5-§1. In extonsion, the vhange ralio negatively correlated with
the degree of degeneration in L3-4 only,
siviongtratd spmal curial-diajn
Extension; and. aldy’ Showe the “wmotmt’” of
witfi‘the highest: dcéurdoy. The spinal

canal is widest in flexion and narrowest in extension. The relief of spinal
stenosis in flexion is greater when ihe degree of degeneration is more
severe.  Furthermore, the less amount of degencration, the greater the

change in extension of the canal dismeter. This study is the first to fully
define the amount of diameter change of the spinal canal with flexion
and extension of the spine, quantify the change at each level, and demon-
strate how these vatlues change with the increasing amount of degenerative
grade of the dise at ihe fimetional motion segment.

FDA DEYICE/DRUG STATUS: Dynamic MRI: Approved for this
indication.

doi: 10,1016/).spine. 2007.07.096

80+ Positional MR - A Viluable TodF by the Assessiient of Cervical
Dise Buige

Payam Mouzzaz, MDY, .‘mnn Woo Hong, MD/, Masashi Miyazaki, MD!,
Mark Ashkan, BS!, Jeffirey Wang, MD!; \University of California, Los
Angeles, Santa Monica, CA, US4

BACKGROUND CONTEXT: Positional MRI {(pMRI) has recently beon
proposed ns an alternative to conventional MRT techniques, pMRT offers
the advantage of assessing cervical spine pathology in the neutial, flexion,
and oxfension positions. pMRI also allows examination of the cervical
spine in a more physiologic, woight-bearing position as compared to tradi-
tional supine MR imaging. A recent voview of the literature demonstrated
no studies to-date that have investigated the amount of corvical (||sc bulge
in the neuteal, flexion, und extension positions. -

PURPOSE: The purpose of this study was ro delerinine if adding flexion
and extension MR datn to traditional neutral views wovld be benchcml in
the evaluation of gervical disc bulges.

STUDY DESIGN/SEYTING: Patients with radicular cervical spine signs
and symptoms undecwenl pMRI in nealral, flexion, and extension. The
images were analyzed wsing novel camputer messurement technology o
objectively quantify the amount of dise bulge.

PATIENT SAMPLE: Ong hyadred-sixty-thrée patierits with rmdicalar
cervical spine symptoms were inchuded in the study, This represented

978 cervical dises in total. There were 69 moles anc 94 females. The mean

age was 44,1 years (range 19-93), .

OUTCOME MEASURES: Disc bulgs was measured as the amount of
exlension of the disc beyound the intervertebral space. Discs with less than
2.0 mm dise bulge in the nevtral position were selected and compared with
their respeciive flexion and extension data,

METHODS: Disc bulge was measured using MRI Analyzer™ Version 3
(Truemetvic Corporation: Bellflower, CA) anutomic soRware to objectively
quantify the amount of disc bulge in millimeters. The stalistical signifi-
cunee was caleulated using the chi-square test,

RESULTS: The mean dise bulge was 1,96 oun in neutral, 1.86 mm in flex-
ion and [.93 mm in extension (=078 discs). For discs with less than 2,0
mm disc bulpe in neutral (n=539 discs), the results were as follows:
18.18% 2.0 mm bulge in fleion and 23.75 % 2.0 mm bulge in extansion
(p=0.025). In addition, 2.41% 3,0 mm bulge in flexion and 3.34% 1.0
mm bulge in extension (p=0.36), Using 2.0 mm of disc bulge as a cut-
off value, the false negalive ratio for the neutra] position alone compared
to ﬂ(,xmn and exlemwn ‘ot 25.08%,

yleld'n hlghCl derccuun rate of missed comv.al disc bu]g,eq than ﬂexnou
views. Flexion and extension MRI views provide valuable, added infor-
mation when assessing patients for cervical dise bulge. This data suggests
that positivnal MRT might be especially benificinl in patients with sympto-
matic radiculopathy and oninpressive static MRT studies,

DA DEVICE/DRUG STATUS: This abgiract does not discuss or include
any upplicable device or drugs.

doi: 10.1016/.spinee.2007.07.097
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Mnm\'h/ M vaza/a MD’ , Soon Woo I[ong MD’ Seung Hwan Yoon, MD,
Jun Zou, MDY, Benjamin Tow, MD? , Ahinet Alanay, MD! | J.J. Abitbol, MD,
PACST, Jeffrey C. Wang, MD! ; VUniversity of California, Los Angeles,
Loy Angeles, CA, USA

BACKGROUND CONTEXT: Many people suffer fiom cervical degener-
ative disease. The degree of degencration of cervieal spine has not been
compared with the extent of cervical spine mobility. The effect of degen-
eration of the dise on the overall motion of the functional spinal unil is also
not defined. Dynamic Molion MR/ siudies can demonstrte the mobility of
each motion segmenl and define where the motion of the spine oceurs, and
it can relaie it to the grade of degeneration.
PURPOSE: To define the relationship botween the grade of disc degener-
ation and. the motion unit in cervical spine and to elucidate how the role of
cach cervical spine unit for flexion-extension motion changes with degen-
eration with dynamic MRI.
STUDY DESIGN/SETTING: Prospective pahuntv with neck pain were en-
rolled and obtained a dynumie flexionfextension MRT of e cervical spine.
PATTENT SAMPLE: 168 patients were perinitted to enrolt our study with
symptomatic neck pain with/without radiculopathy or myelopathy.
OUTCOME MEASURES: Al indiological data on MRI was recorded on
compuier bused measurement from MR/ taken by flexion, neutral and extension.
METHODS: MRI analyzer in true MR1 which included 76 point marked
in cach image were undergone automatically all measuremenis and caleu-
lations with regard 10 translational motion and angular vaciation on each
segment. According to grading system on the basis of the literature; two
observers unalyzing MRIs graded 3 (grade | ta V) in each of intervertebral
disc an tho T2-weighted sagittal images.
RESULTS: On the each cervical unit, compare to more normal discs
with Grade I und IT mild degencration, translational motion antd angular
variation increased for segments willh dises with higher degencrative
grades (Grade 111 and IV). Howeve, the authors observed thal the trans-
lational motion and angular variation of the segments decreased signif-
icantly in severe Grade V degencration. For the Grade | and T)
segments, C4/5 and CS/6 units contributed the majority of the total an-
gular mobility of the spine. For Grade 11l and IV degencration, the seg-
ments of C3/4 and C6/7 units increased as well ay C'4/5 and C5/6 units,
In Grade V, the voles of C4/5 and CS/6 units for lotal angular mability
decreased.
CONCLUSIONS: Tollowing degeneration, the ¢hanges of translational
motion and angular variation were observed. Namely, the authors demon-
strated the changes that accor with progressive degeneration. The angular
motion and translation moves from normal dise (Grade 1 and 10) to a more
unstable phase (Grade )T und IV) to a more ankylosed slage with more
stability (Grade V). We ulso demonstrate the contribution of different
levels lo overall motion that oceors with degenoration.
FDA DEVICE/DRUG STATUS: This abstract does not discuss or includs
any applicable devices or drogs.

doi: 10.1016/).spince.2007.07.132
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" MRIsTn the Patiaats with Low-BatkPatn

Soon-Woo Hong, MD! , Ahmel Alanay, MD? , Seung Hwen Yoon, MD!,
Masashi Miyazaki, MD' . Jun Zon, MD! | Mark Ashkan, BS® , Marionne
Chen! | Jeffrey Wang, MD!: \University of California, Los Angeles, Samia
Monica, CA, USA: *Hacettepe University, Ankara, Turkey; dAlberi
Einstein College of Medicine, Bronx, NY, USA

BACKGROUND CONTEXT: Spondylolisthesis is known as one of
results of instability. And the measurement hus been established by us-
ing simple X-rays, DBut, X-rays should be taken several times for po-
sitional change and they make the patient exposed to much radiation
hazard. Comparing X-ray, dynamic MR can make exact sagittal im-
uges replacing Irue lateral view of X-rays during positional change.
But, to dale any quantitative report has not been done for detecting
spondylolisthesis in flexion and extension MRIs while neutral MRIs
show normal,

PURPOSE: To evalunie how many the dynamic MRI can detect the
migsed spondylolistheis in static MRT

STUDY DESIGN/SETTING: OQur radiological study was processing on
prospective, randomized methods in the patients who complained fow back
pain with/without radiating pain,

PATIENT SAMPLE: 510 patients who permitted to envoll oor study in
low back pain with/without rudiculopathy.

OUTCOME MEASURES: All radiological data on MRY was recorded on
cornpuler basetl ueasurement from MRI taken by flexion, nentral and
exignsion.

METHODS: 510 patients (186 fermales, 324 males, mean age 42.2 years,
range 16-83 years) had taken dynamic MR1s for the study. Tmages were
gotten fiom the positions of flexion 40 degrees, upright, and extension
1) degrees. MR Analyzer in true MRI which included 67 points marked
in each image has uadergone automaticolly all measurement and caleula-
tion with regard to translution from L1:210-L5-8): by Meyerding’s
method. We decided a normal stip limit as the slip under 3 mm ﬂntermrly
ang posteriorly at first, and then under 4 min semndly TN

which -the nenwral- MRI showed . fornji

shiowed over 3 nin 6r 4 mm, that 8¢ figsed :pundyloh i
Statistical analysis was performed using Chi-square lest with sngmncuncc
set ut p<0.03,

RESULTS: In the cose when spondylolisthesis meant more than 3 mm
translation, the total count aml percont of missed spondylohsthws is

’L2-3 levcl
and Por.
» 0005) And
I in oxtension, £.2-3 Jevel was 25%, L3-4 level 20, 8%, 14-5
level 14%, and L5-81 level 3.2%. When spondylolisthesis was decided as
more than 4 mm translation, total count and percent of missed spondy-
lolisthesis was 18 and 12.3% in fexion but it was not different statisti-
cally from the resull of more than 3 mm translation (p=0.148), For

each leve) in flexion. L34 level wag.must oottiivignly missed ag,53, 8%:

mnd L.2-3 level was 33.3%, L4-5 level 17,9%, and L5-SI level 3.5 %.

n extension view, the intal count and percent was 6 and 5% which

was smaller than in flexion (p=0.042). And for each level in extension,

L2-3 Tevel was 33.3 9, 13-4 level 25%, [.4-5 level 4.2% and L5-81 level

2.4%.

(‘ ON( LUSI()N‘G Trethe patients with bick
i fle

missed spondyletisthesis

i Hidee 1l
tHion: And it is larger than in extension MRIs because ﬂexnon movemenl

miakes more anterior tanslation. The ruts of newly found spondylolisthesis
in flexion or extension MRIs with 3 mm criteria is not quite different from
4 mm criteria.

FDA DUVICEDRUG STATUS: This abstract does not discuss or include
atty applicable devices or drugs.

doi: 10.1016/).5pinee.2007.07.171
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DEFARTMENT QF QRTHOPARDIC SURGERY
DAVID QEFPEN SCHOOL OF MEDICINE
1250 16™ STREET, 7" FLOOR TOWER #745
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August 6, 2007
Cervica) Spine .
indiwations for Cervical positonnl / kinetio MRI (kMRI) as study of cholce: .
Nt RN Ateny dy o 1,00 tietic MR »

2094

Generalized corvical of neurological complaints {e.g., back pain o redicukipathy)
Patients with spondylolisthesis to charasterize the wnount of instability present.
Pationts with C1-C2 instability to characterize the amount of spilial cord COMPressivn,
Patients with suspected spinal pathology after vervical trauma with or without evidence
of abnormalities on standard studies to characterize the amount of instability and thie
injured sructares,

5. Patients who are surgical candidates for cervical dise arthroplasty for pre-operative
evaluation to confirm the absence of instability, facet pathology, or neuroforamsnal
narowing, ,

6. Patisnts who are candidabes for cervical fuglon surgery with evidence of degencrative
pathology w rule out adjacent level discase, Instability, or stenosis, _

7. Patients who are surgica) candidates for postorior motion sparing dovives (e.g. pedicle-

baged motjon-allowing rods)

1.
2.
3,
4,

Relative indications:

1. Pre-operative evaluation for patients undergelng cervionl decomprossive surgery to help
decide on the appropriate levels for dooompression.

2. Pro-operative evaluation for patlents undorgoing cervicsl fusion surgery to help decids on
the apprapriate levels for fusion, -

3. Pro-operative evaluation for paticnts undergoing cervical surgery to tule out adjacent
segment problesns, characterize the smount of instebllity pregent, and the expectations
from the surgical procedure through the range of motion of the vervical spine,

4, Patlents with theumatold arthritis to rule out atlantovaxial instability.

ora ,

Indications for Thorssic positional / kinetic MRY (KMRI):

1. Generalized thoracko or newological complaints (¢.g., buck pain or radiculopathy).
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Alaasne! iian ot onah/ Khostio MBLtudes (VMR ): MRL
Note: These recommendation are based on our study of 1,000 patients having kinetie
swdies demonstrating over 20% miss rates of instability, Jumbar stenosis, fumbar dise
hemiations, Jumbay spondylotisthesis, and other missed pathologics.

Tndications for Lumber kMR studies:

1. Generalized lumbar of newrological complaints (6.8, back pain or radiculopathy)

9 Patients with spondylolisthesls to characierize the amount of {pstability present.

3. Patints who are surgical candidates for lumbar disc arthroplasty for pre-operstive
evaluation to confinm the absence of instability, fucet pathology, or neurcforamenal
parfowing. -

4, Patients v%ho ave candidates for umbar fusion surgery with cvidence of degencrative
pathology to rule out adjscent level discase, instability, or stenosis, '

5. Putiomts with spinal stonosis who aro surgical candidates for interspinous spaoet (to,
oonfirm/prediot the amount of decompression from device and to cotflm thay they are

appropriaie candidates) i : _ _
6. Fatients who are surgionl candidates for posterior motion sparing devices (6.8, podicle~
based motion-allowing rods) :
Relutiva indications:

]. Pre-operative ovaluntion for patients undergoiig lmber decamptessive surgery 1 halp
deolde on the appropriate lovels for decompression.

3, Pre-oporative evelvasion for paticots whdergoing lumbar fusion surgery to halp decide on
the appropriate lavels for fusion. . e . )

3, Pre-oporative ovaluation for patients \__Mdrgdiﬁn Jumbar surgery 1o nuje out adjacent
segment problems, charactetizo the amount of instability presnt, and the expectations
from the surgical prosedure through the range of motion of the Jumbar spine.

petsasive pathology:omimtant
ap:thRtshndi O UTHBEEM

Sinveroly,

N

’ 4

Jeffvey C. Wang, M.D.
Chief, Orthepaedic Sping Service
UCLA Comprehensive Spine Center -
Associate Professor of Orthopaodic snd Neurosurgery
UCLA School of Medicine '
1250 16" styoet, 7 tower; #743
Senta Monica, CA $0404
Tel: (310) 319-3334 or 3193827, Fax: (310, 319:5055
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of HIRQL includer SR5+22 and SR 2, Spearman’s Ronk Ocdes Copelativg
wes wed jo cewrmine mlxtionghips heiwazn individual diogmphic
pammators ad HRQL, Padents were then groupod Into dichoromions
doformity pettems includiog High(I-V)/Low pmde (1-1T) by Blcyending
Qrade, kyphodo or Tordoro st LE-81, and high (>30 degress) and fow
(€N dagrnesd prlvic (It Dichtimaus vardablat weny analyzed uslng
Stadont'p |-keay,

RIBBULTS: 37 sdulls (age 19:-66) witt ypondplohutliagy had cogiplots W
diogrphlu and clinical dnta, Thkes is a modemts gonvslstion betwsen G7°

sagliml balance and sppeamace (r=0.7), and welivily (r=0.6) oa the
SH5-22 iatrumont, All other rudlographic pangnawrs had o low indepens
danr earvelnion with HRQL. Cruping pitienty by Jordotin or kyghotlo afip
sugle ot L5S1, sdults with » neaoal o kyphotle sagle at L.3-91 had tg-
M cantly mars pain (p=0.01), fsctionad Ymitagdong (p=0,02), and menial
health comgramise (p=(L1) than palealy with = Jordous ebp angl,
A<ulis welth a bigh pelvio tijt had significantly wone sanncs for sppeusunca
©03), prla (p=0.00), function (p=0.02), and phiysical component sum-
asry (0,05). Adulyy with & Ingh grads cilsibesis QIIV) had moee Hepjias
tong in physiza! rals (p=0.04) and mentsl ealty (p»0,02) that thoxg with
u low prade olisberis, :
CONCLUISIONS: Jurgieal sirsteglos for thw damgemmnt of high-grady
spondylolitihesit reoinln vasidale, Roduction of highvzivds spondyioBathg.
ajn may veawte lumb 3 s lumbapolvia aligy W the wngs of
nowmml. Tha valuo of defonuity redystion on bny T ha
no: beca danpangrried, This stedy Cemonstraces thar globe) wugittal bal-
unsy In ths abty Jadlvidus) mdiogrphic. paramerss wih 8 miodsalo ¢oora-
lution. with besdth vewk Groupiog paticats o defonmizy paitcons,
sogmentst Kyphosis a L5-5, olinthasis greany e geads 111, and peivic
tilt Tesw than 30 dogrone nre sipjficantly pasocialod with 2 mIasurabic
epmpromise of healih status, This d2ta msy support the yole of Geformi y
reducton {n (e mupagement of spondylslistiens in the adult,

FDA DEYICE/DRUG STATUS: This shyictct does not ditgnss or Inekids
any applicatln deviess or drugs,

golz 101016/, 8pinec. 2007.07,003

Thursdey, October 25, 2007
115~5:03 PM .
Concurrent Szssion 2: Diagnostics

T8 Referets Duka for Interpetting Interspdmous Process Widaniog
in Mlexion/Exaension Xerayy Of The Ceryicsl Sping

Auron Bubanis, 18D, John Higp, PRLY, Peleg Ben Qalim MY,
Charles Ralungy, MD'; \Housion, TX, USA .

BACKGROUND CONYEXT: Latecal fcxlon and mansion rlographs
of ths ¢ervionl spinaare comumanly used i evehius Iajirios ar dlsowsa thup
Tuay ng be apparear on dtatlc unstressad R, Computer axslecd i ging
taabniques wwe pow ¢ y uged in the aalysls of carvien] motton, and
reforcoce dain for Interpraung Sewevertehond rtariong sod ransiodons have
baen publisbed. Haweye, thars age y w0 climieally validated orilo.
¥ia for sasarsing inteyapi pracers wideping in flexlon-cuignzion midics
of e oarvica spine,

PURPOSE: Ths purposs of this sy I to docyment sormal intespinovs
wideting, Ix » rotiort of asympramatio adults, using greviously vali¢aicd
tacking safew e,

SIpDY DESIGNSETTING! Prospertive cenvies) flexion and =xtenslon
rediopmphs wost tekea, Gs itiiages tracked, sad imezspinoin widening cale
culaead for cach cervioal lovel, .

PATTENT SAMPLE| 156 skeletally mavure whjocs were reemilead 1o
particizate fu the suidy, Patients wore hot recrifed |f thay wopariod pelor
ook pain which neeasitatod g vislt 1o g paysician,

P.2s7
p-1

TO: 3607541605
8313000716
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OUTCOME MEAJURES: Cervical intcrapinous Widening was defineg
by they distance betwean ipinovs process tpa Ju full Aexion minkx thek diss
Waico ix full extansisn, divided by the width of the supaviar endplata of tha
C4 vertchea,
METHOQDS; Bach fall flexian and cxmnsion was capltsed with an ol dig-
ilul fworoscopi imaxing wysmm (KIMAX, Medical Motrics, Ine, Houston,
TX), Tha wucking &rd mohdlizstion softwess (QMA, Medlcal Mtes) dl
lnw by spooliied yenebraw o be suparimponad In flwsion oid extension. kt
thus senmils easy visualization of modos beiwoen yeisbrae, The softworm
was then able t report de distance butwren spinans procssy tips in fledon
end exteandon, This technigus has been valldated 10 oeasurs intervestzbs]
roadounl mpGon whh errens Jasd vhum 0.5 deg and fotsrvarabral (ransles
Uonal motion with vorwrs lexx then 0.9 mm.
RESULTS: Of he 156 azymptomatle subjoct entered {nta tho susdy, 7 had
Images thas vould o3t be tracked, aagd not atl levels could be mglyzed due
b problams vistalizing tha natomy The mmalaing 149 mbjesis providad
€45 oorvics] levals far analysis. The mean, sidev, tmd the lower and wyper
Honjts of the B5% confidrpos intarval foe vact carVicel loval arc povided in
Toble 4L, Tt lower cervical ipine vonitutod the most by motion, A conp
parison of the moilon &t miy pivan level 1o N Mjasert, lovels shows
paximally 30% more motion then Ity aeighbar (Figuo #1),
CONCLUSIONS: This dita mipporte the gererad pule thn interspisoyy
widening by groader dwen S0% of the adjseant levels Topreacnts aa ababye
1 Bnding and sheuld rales slinloal conoern fof diseasc ar injury
¥PA DEVICE/DRIIG STATUS: Thiy chatracy docs not disssss or inelode
ray applieabis devives or drugs,

Lavel (%] NILUSSE ST UL Bt ¢
CiCZ ""‘%‘.71 B89 1 140 327 8270
[ G2C3 ) 3418 45 [ 14 783l 6054 |
C3C4 64,51 01 | 14 1948 69.07
Ch | 62,27 57 | 146 21.98 02,59
CoC6 | GB.081 2641 | 146 30 139,89
cecr | SBYZ| 2743 137 -0.04 107,47
Tabla 1. Summary nf Data
il T D S

Figues 1. Mean tuosdmum aboluwe diffetence and §5% C1 betwesn adjo-
qent levals in spinovs arocos tp displacemem,

ol 10.1018/Japlne:2007.07.095

AR R .
Feng Wek MD', Soun-Woo Hang, MDY, Jun Zow, ML, Berganin o
M;’. Marashl Miyarakl, MDY, Yulekire Morishita®, dbmes Alungy, n:‘n‘
Jean-/aques Abltbol, MD, PACS", Jeftrey Viang, MD': VLA, CA, USA: 24,
PM; “Universiy of California Loy Angeles, Los Angeles, CA, USA;
Univarsiey of Californta, Lux Angelus, Lox Angeles, €A, USA: *Fukuoka,
a, Jopan; “San Disgn, CA, USA

BACKGROUND CONTEXTY
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usuropenls claudlcation and radicvlar 153 paln. Previows myelograghy and
in vitm atedy of codaveels spocimons showed thd axtension of e spine
eoused prowuion of the inlervericheal diss, budglug of the ligement flava
and spandylolisthests, rsaulting in & mogwing of the gunal, Howva, fow
nonlmvasive studies axdat to show Ibess resulta, Dynamic MRT studies can
show with high precielon the of ehanga of he d of the sl
zal canal with fimdan wnd extansicn of B Apine. )
PURPOSE;: The puuposc of this wady wiz m define the dismnter changes
of {ho aptanl camad at cach lovel of the lurabar spine with dysamdo MRI
studles, (1 duvbment the smount of change, td o 86 haw progretsive do-
genecation of the dian ax the functionad spins] wl will dieat thepe yrluss,
STUDY DESIGN/SETTING: This wax & retmapeetive study oo padents
Who presented with low back pain xnd wero examed by dynamic MRI to
dewermoing die offest of [umbar Aexion end extenrion on rpinal canal,
FATIENT SAMPLE: Lunbar MR images for 461 paticats, Inclading 192
male and 169 female, (1585 yeort of age), with Jowex back palr, wore
ablbinzd,

OuTCUME MEASURES: All radiotopical dar on MR wis raconded on
cooputer based measurtment fom MRI kken by Aexion, oeotad aud
euzasiof.

METHODS) All potlenz wers examed in siving Sexion 40 degree, wp-
right, and exsenthon 10 dogoe witkda w 0.5 T dysamic MBI soamer, Quaa-
Gintive moasungmenty of canal dixmater io the sggital midline in disc
levil wére obnalbed for each position. Daganeration way graded sectrding
1o the aignal of the disea In T2 weighted images. Change rallos of (b0 canal
Hamesar om nobiys) pasijon to Azxlon or axtensim ware cxlpolnied
vefioar the exteat off chnge reldtive o the grsdo of degasrmtdon,
RESULTS: Siatlstienlly algnlficant difforeasca {n canal dinmeiey were tbe
tnod berwees neyual and flexlon position si Barween neutsal and extoie
sion poition far 123 to LIS) lovals. Rasults showad that Asxicn
Inorensed the canal dlameter and extemlon decavosed e candd dlarpeter,

Changn ratio of L4-S was geantay) in botd fealon sud sasetuion, In fexlon,

the chacge ralo portively conelated with the degree of degeacration in

L2-3 tn L3-8). In extension, the change allo negatively canviated with

the degrey of drgraemtion | g ) o
CONCLUSIQ g |

oazeazr MDY, Soon Woo Hong, 0P, Marashi Miyazak), MY,

Mark Athkan, DS, Jelfoey Vg, MOt Wniversley of California, Log
Angeles, Santa Momica, CA, USA

BACKGROUND CONTEXT: Positiona) MEX (0MRY) has xeocady bt

proped 1y gy allsraative 1 comvealional BIRT tmabmiques. pMRK SHet

1he advantags of wesesting corviod aping patwlogy &1 the neutrsl, Aexlon,
sad caterafon poaltions pMRY abjo aBows exwminalon of tha cervion
splno i a. mare phiysiclogie, weightboasay positon a3 sotparcd to tradfs
Uonal suping MRX Imaglag. A roent roview of the Niramurs demomatrated

TO: 3687541605
6313800716

P.377
p.2

398

no srudiea 1o-data that bave iovestigated the amownt of eorvieal gise dulpe
iu the peauw), fukion, and cxtansion positioos,

PURPOSE; The murpiss of yis svady was (o determine I Addiog, Sexion
wd extensdoa MR doty o traditionn) asicral views would be beneficls) (n
tha avalbation of wrvical disc bulpek

STUDY DESIGIUSETTING: Fatients with radicilar oecvicad aplug wigny
wod sympioms wnderoreat pMRI i aevial, Gexion, and wxtenslon. The
imapes were onslyzed waing novel computer mERHITEMSR! [ochaology 1o
ohjectively quuntfy the amoura of dise bulge,

© PATIENT SAMPLE: One bundred sixry-tce peticots with mdiculme

cervioal apim vyinproms wars insluded tn che slvdyMibmoncnned: o
ol lgssn boal SEHERAERE SIS -G YRR Thib et

¢ SR AT E s R

QUTCOME MEASURAS; Dire bulge was meamzed ay the amownt of
exwnsicn of tie diss boyond the iglervgriobral ipace, Dircs with tess than
2.0mm diss budge In ths neviral pusl6on were solected nd Sompared with
badr resprctive flexion and extansion daa,

METHODS: Disa tuige was memtutd using MR Analyzer™ Vergion 3
(Truameirls Corpoeation; Bellfower, CA) mnatomia softwars 10 objectively
qoardfy the amomt of dise bulge In millimeters, The slattical dgnifl,
cpnoe wag calouleind walag dxr chl-oquars st '

RESULTS: The 1wan disc bulge was 1.9 muu i nzatl, LES wmey I lox»
lon, and 1,93 tom In exrension (8=974 discs). For disns with lesy tun 2.0
mm da bulge in ocutral (n=§39 dzcs), the saulty were &3 follows;
18.10% 2.0 mum bulps In Bericn nd 23.75% 2,0 rm bulge in exiroglon
(p=0.025), lo addition, 241% 3.0 mm buige in Boden and 334% 3.0
mm bulge |n extenudon (p~0.36), Using 2.0 mm of disa blgo as a cus-
off value, the falps negadve eatfo far the peutsal posttion nlan: camporsd

10 Mexdan snd exiension wis 25.08%,

00 koL

HOW-DA Ades bot discuss arinclude
any spplicable &viccy oo doogs,
dolt 10,1076/ apincs 2007.07.097

AL FAD vormus Provosative Discography: Comparativy Results and
mpmuw Cll'nlull Outcomes .

Alowin, HD', Viay Arewal®, Bygene Carragas, MD': Signford, CA,
A7 L. USA: *Stanford Universiy, Stanford, cA.' UsA

BACKGROUND CONTEXT; 'To addroas problems wih the. disgnoyis of
@ircogenlo low bk paln, we have deslgnad & now o1, the Punations] An»
nr.nhuln D'Lloogmu. Thiz vt involves the parformuncy of o staderd pro-
yocarive da,uomn, followed by tho plaement of & catheier Iito he
pusatlve dine(s) founy 1 b soncordusty painfal on lopvation. The patient
::n ::“1:; m:(:vn e::md ondinarily cauee him or bet zin,
| 73 ol c disg, und paln ¢elle! (o that,
l‘u sgd ) and paln velle? (o thut ppsinon
PURPOSK: Wit rierfanmod this sudy t dotaine B¢ repudts of fie Foge-
tleanl Anacathetic Dizoogram in 31, patiests wits chroria low beck Rin,
und 1o compans thaw with the yetulls of eatdicd provecive diropraphy
I thix gm;':s ;('_' Fhikat,
STUDY D! NISETTING: Thy siady was an IRB- aporoved, PG
; Uve clincal idal of » Dowel tettinigue perlormed in ::Fw:ﬁly prdtice,
PATIENT SAMPLE; 4} poticny (1R 20M) with ehyonfe Jow bank in
refrared on for surgiea) conutation,
QUTCOME MEASURES| Pro-stndy VAS, Ozwestry, and DRAM saales
Wb eeandad; durdag the test, VAS acles, poln eotnarduney, and prosm.

* toating data weye secontod, Post-opacmtive VAS and Oawealry 3645 along
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songmokess, Thas was a sang trend Wward Jower (Usion s ok sla
months fiy muitileved vi, tinglelevel palems ($43% versas BAD%),
b s diffecepce did mot quite reach wtastioal wignificance
(=006} . .
CONCLUSIONS: In thia siody, the oaly statintcally sigalficast faoior
Tating with ion fallowing ACDF with Ringmit and cervical
plating was agr, Alhough Ywre waa & strong trend towsrd lower fusion
ez for multilevel e at dx montis pospandvely, thia dlﬁemm
dld not minch sttiativa sigaificance, Smoking did na appest Lo be & signif-
icant vigk factor for nonusion,
FDA DEVICE/DRUG STATUS! Thid vhst
wy applcuble devices o dogs,

dodz 101016 spinee,2007.07.130

does ool di o kolod

T
Ly

110. Prospective Budy of Sormo Motal fors Levcls in Patients with -
Staludes Stoel Metal-oa-we iyl Corvieal Dise Replacamenits

Vincens Traynelis, MDY, 1. Kanncth Burkwa, MD?, Masthew P, Gomt,
MDD, foskua 1, Jocubs, MDY, Anastsia K. Skipor MST, Relth Xatorer
DQ% owa Cley, I, USA; *The Rugluten Clinic, Columbus. GA, USA;
"Thx Orthapudic Cenverof St Louis, S, Louls, MO, USA; *Rush Unlvensity
Madizal Center Chicago, IL. USA; "Bivomingion, Ila USA

BACKGHOUND CONTEXT: Total dlus mplacement i ¢ secenl allems-
tvo toatment for degrnecative diss diveasy, Coaosion of motallic woar
particics can taad to | A matal lon vel {0 s body.
FURPHSKE: We roaacisred the 1 erura chmbpiam (O) sad nledal (NI) lpwls
in patlents wio wore implanisd with stiniess sieol motaloa o) cecvlzal
diss roplscoment devlerse

STUDY DESIGN/SETTING: Prospactive ktudy of scrom Jeveki in pas
Hents Inplanded with tho PRESTIGE™ Cetvical Digo,

PATIENT SAMPLE {n this prospostive study, 25 puticaly with depensrs
sajve diac ditoase wern tvated with dis: repisocment using ws atificin] car-
vicg) diee containing a mezal-0n-metal, $16L. strinloes mncd (ASTM FI38;
13% Cr, 14% NI) ball-ln-tough articulatinn,

OUTCUME MEASURES: Saum wat asrdyed fw Cr and Ni ugtag
3 hghesolion  induoively-coupied  plama-mase  spociromictey
(Elemeatt, Flivigan MAT, Bromen, Qomany), The dewection limite
were 0011 mp/ml for Cr mnd 0,17 pp/mb. Rr Ni, Viuex below tha
detection Hmits were assigned w valwe of ball e detestion Hugs,
Longitwdiml staibtical comparissay wed Made mxing thw Pricdman

Wil

METHODS: Scum amplea wem collecied prouperaiively (aw25 po-
Yents) sml Wi s (w=25) nd a eix (u~17) moothy postaperatively.
RESULTS; The modisa Cr lzvela were 0.074 ng/mL at pwe-ap, 0,11 vg!
i at three mronihy sod 0.12 sg/mL at six mopths, The differsgos wis
staristicelly slgnificant (peD 1) batween sorum Cr Jevoly et both. Atohs
and ylx-month imw pezipds compared with gre-op Tevels, The nsodtar i1
Yovels weze 0,085, 0.8, and 021 aghul, st pre-gp, throe Moy and x,

mooths, revpoedvely, The differsnco was stetsMoally significat

(v 0.093) otily between sixamonthand pre-up levels, Geoorally, e values
for NI wera quits Jow with many samples having leweds below fi detection
Umit, fr & {ntezeating 10 nowx that the matiag s € values wero an o
dey of magritada lowe than yalwos setn i & group ol eobati-atioy (ASTM
F75: 30% Cr) metl-on-mesl hip suctaca roplasements and tpinl bip
Teplmemorin ot comparible tme iatarvals [1} Addidonsily, the serum
N wnd Gy Jovaly wese an onlsy of magnindz lower thag thoss reportad
for poateslar spink) axthuodess withh stafalew 1iegd Intiomentation oy
comparabla me iaprvals [2].

CONCLUSIONS: Shartsternt xastal lovels ware by order of sixgeitode
Iower than 1ose cboeeved al similar dmo podat {n staluless steal postastor
1pival Imvmentation and cobalt-nlloy metaleon-mezal hipy,

¥DA DEVICE/DRUG STATUS: PRESTIGE™ Cervical Par: Trvastiga-
tfonalf Not approved,

dof; 10,10165.1plra 2007.07.431

. .!;',i!ﬁf .
CoTeE

TO: 3667541605 P.4s7
6313800716 p4
nof Relats e Giriite of Tilbe

: 7
WWaxaxii Miyam¥, MD', oty , Saung Hwan Yoon, MD',
S Zav, MDY, Benjomin Tow, MDY, Aomes Alamay, MD', 1, Aditool, MD,
FAGS, Jaffray C. Whng, MYY'; " Univarvicy of Colifornin, Loy Angsies,

dor Angefes, CA, USA

BACKGROUND CONTEXT: Muny pouple sufTes ftom cervical dugener
ative diszaie. The degren of dagencretion of crvical sgine hat not teen
cocopursd with the sntoat uf corvionl apie mobility, The effeat of degens
ermtlon Of the diso on the oveall motion of the functico spiasl baly is also
wot definied, Dyarmlo Matlan MRI wudies cxn dzonstuls Bx mobitly of
caxh motion ssgmsr.t g define where il motdon of tho sping secun, snd
it can relna it to the pade of depenenation.

PURPOSKE: To define the relationshiip between e grads of diw degener-
aklon and the totiea ynll In cervical spins and 1o clucidats bow the role of

"cach eervical spins Wt for Aexion-extensinn mocdon changss with Sagen-

ctation with dysamic MRI,
STUDY DESYCNSETTING) Prosjiceve prrisnes wit nack pait wete ene
ralied angt ohiingd b dynamin Aex{on/extension MR of te waviosl spiwe,
PATIENT S8AMELE: |68 patizuts ware paittod ta emroll our study with
ympiomasio amck, padn with/ without mdlculopathy of myeopaty,
QUTCOME MEASURES; AU cudiolvgicel data an MRJ was wsarded oo
pater basc frivn MR taken by feod o, nestead and exraston.
METHODS) MR agalyae io tue MR which included 76 point marked
in cach imuge were wndmgowe mucmatically all meatsrenrult and ealov-
Tutinae with regacd o vranslagdogs] motlen and gogoler viciation oo each

‘sagraent, Acconting 10 prading uysem an the bhasis of the Useratire, wq

obgnevges pnalyzing MRY grded 3 (grada 110 V) in cach of intsrvertcbra)
#1c on the T2-welyhted smgittal image

RESOLTS: O the zsah oeyvica) voli, compars w murs uoroml dagy
with Grade § snd IT mild degonmrakian, wansluona) motlon sad xagolar
variutlon Smonesed for segwents with discs with higher dogoasrstive
rades (Cirnds T and XV). Tiaweves, tha avibors observed It the umg-
laiona] matlon, prd angular visiation of the wpmagts dastensed slgaife
foantly in wovae Gmde V dogrerabion, Vor fhe Grade T amd Y
topuenty, CA/S and X6 umita contritnded G majority of the wral ans
gwlxr wbility of the apine, Por Grade 1T and 1V degentwtion, the -
ments of C/4 imd C6/7 ually increwiod ay well o GUS ad G566 unis,
In Grods V, the 1oles of CA%5 and CX6 vl for tota) angulay mobillty

CONCLUSIONS: Following coagenecatiun, the clungrs of troodavomt
motion wad poguls viriation wears obsived. Niouely, the sathors demon-
viralod the shanges that agcks with progreanive dngensiion, Toa angular
Frorion and tosaxlacion meves Som normal dive (Grads T iwd IT) 1o & man
weatable phass (Qrade Of wnd IV) to & mors wokylossd stagn whb tnoro
stahility (Grads V), Wr ohia demoostrte the combiution of diferant
Twrols Lo ovenll motion thi comog Witk dogenzzation,

, FDA DEVICE/DEYIG STATUS: This shalract tood bor dismmy oz [nzlude
“apy spplloable devices oc drugs,

&l 10.10184 spine=.2007.07.132

112, Does Blateinl Foramlnotomy Eliminats G5 Palsy aftex
Open-door Coxvical Laminoplasty?

Gabriel Lin, MBCHD, MICY, Jin $up Yeam, MD, PAO?, Hang Xing Skan,
MD, PREY, Torphosy Brovmaprasard, K Danlal Rlev, 1LP; Washingron
Undvarslry Sckool of Medicine, S5t. Lauis, MG, USA Raxkingion
Undverslly i 8§t Loy, St Lawis, MO, USA: MO, USA

BACKGROUND CONTEXT: C5palay \s A'well-roeognizad somplicasion
kpown W vcour aflor cervigal lumtnoplaaty. Inckisacs of CS palky ofter Ing-
Innplrity withous vonzominnt B8rve oot decompriselon ha baon repiortnd
whe babween §to 17%, Whils biloteral G- § foraminomony parformed o thy
Kimy of lamduopiesty iy beat propound bo Frevent such oumpllcation, therp
{8 Untle durm publishad co velidate its mzocaxamong North Americon pacicors.
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tbly i 0 %o the aafoty and METEOPS: Thice splng surgeons evalusted CT sod MATs from 23 pa-
Pmosg::inﬂ"p"w:;:’nl md! in :m porus splng yjing the tmite, obvdasd witkin 30 days of anod other, an thiwe sopacnie ozgasiona.
freenand aniomis lecbaiqut with and wilhout the knowleags of pre-  All CT scan warm obiadued from the aume stinof-been 10snters,
op CT $0MR pRramelnss, : MRIs wore Trom the 88 15T maghinzs, A wid of 394 faceh, wors
gTUDY ¥ "Thix sindy 11 1 retrospendve, mndambved’ pvalugeed.

v

yadiagraphie review of 22 paients, o
PATIENT SAMPLE; 22 padents undesgoiag spinral deformily aurpery
were rrodomized into 1wu groups, The Bvoregs wge Was 14,6 yomm (L0
18 years), All of tha padesty tud ldiopathie xeslingls, excers nae who
had Schmermaan's Kyphosin.

OUTCOME MEASURES: Post-operative CT sous wexo obypinod and
wasd fo 86aeis peclchs servw placoniont. Bedlcia wrew cortlcnd pecfpration
way gvalunted mnd deserbed as projecting modially into (he tateral roces,
patardofly or ontero-laterlly without evidence of 30ft Usmus impingement,
wod lam thn epstovatstral juacton. )
METRODS 22 padents undesgoiog spine defommity swpsry were yom.
domized 1At (W groups Group A gatiesn gither did sot wodzgn o~
oporative CT mesn af the operative rugoa wa witnded to CT. Grup B
patlent had pro-op GF soas, (ke parameiers of which te sargeon waw
madz avw, Past-opealve CT scans wars phtained ln all of thera prtienty
and urcd 1o cvadaade erew placstasal,

RESULTS: Tho average izt was 14.6 yites (1018 yenra), AV of the pa-

Grats had ddiopadhio scollowlv, mxoept oop (o Croup B who had Schues

mann's Kyphasls. The aversge Cobb angle way 503 (40-77 dagras), A
otn! of 369 pediele sorows were placed. In pimp A, 18 sercwa (12.5%)
were malpogitionsd out of a tatal of 164 placed, o group B, 31 (154%)
wege pualpositioned out of 201 screws plated. Evaluaiion of preoparative
CT siun did 208 algnifcouy effert the pererntas of sarewy that had some
breachivg of tho carox. The vast mejarity of breaches wero in tho coato-
vertelral Juoation.

CONCLUSIONS: Ia axpariancsd hands, theve W nos & signlfieant dife
Texonce in the Incidewce of pedinlo sorew malparifioxing tayod oy the
nhilivy to pedforn precpemtlve gvaluions of CT wanbmed padiclo
prrmpcicsy, With rigocosy free hand paalormds tcchnique, wcw place
ment of pedicle screws Is poasible and can ba done safoly without
e wlitmes on voutive precperstive CT, This can docctows » potical’s

deformity, y
FOA DEVICRDRUG STATUS; This sbsicacs does not dizouss or lnende
any applicalle devices or drug, i

dody 1050164 ppine2007,07.169

il rdintion exposure over thn courss of buamen ol thalr, W;J
B A

144, Abllity ot Mugrusic Rrsonmace Yoging to Drbdct Faet
Arthrosly in the Ctrv;ﬂ Splog :

Ronald A, Lefonziy, MOV, Kethryn Koaten MDY, torphong Benmiprasert,
MIP, K, Danis! Rlew, Mt “Viawdngun, DQ USA: *Wiashingron,
vniversity In 81, Lowlr, MO, USA; *VWarhingum Untvaraity School if
Madiping, $t. Lowis, MO, USA

BACKGROUND CONTEXT: While mreoperative MRy afs constdercd
12 be arndaed of e prior Jo mowt cervical acttcadeses, CTi are oruwly
nat felt W ba ry. However, in the pr bve workip for an s
throglaty, must gotscols Kequire & T 19 Askermine 1€ fasot srthroyls,
A conielndization to anhropleey, 3 prescut. As MREw hve improved in
fraege quallyy, it has beoogros possible W detem facst arthrogis In many

cHixs,

PURPOLE: To determing if focet athrosls tan by dewatzd dinhly

agugh by MAI 1q sbviato tha need foer g CT,

STUDY DESTGNAETTING: Clinical ndingraphls svdy.

&mco::gcmé LSt considex
RES: Cornpuzd ) #Cny wom d

19 b delinltve Tor facel mhmdapu:d md&td‘%h!nmml. Tmcysis M:r

sulerosls; Lwhyperraphy: 3 wankylosts, Sinca gmdex 1-3 v bontmindiy

vated in artbropharty, de MRI' was simply rosd a8 nocmad ar abuorgal

for facet arthronis,

* RESULTS: 295 focely were worms? an &T snd of these, 167 (63.7%) warn
also dntcrproted 1o be aomadl on MY, Indivating maorderito vopmond
(C.5=0.52), Howoves, this sl meant thek the MRI was cead o8 having
fages whyanin 1n 937256 cases (36.3%), Where thets was nons, Whien facst
weytrosds was present aa CT it wes miscekd 15 bedng normal on MR 21.6%
of tie time. MR) Jper/letra-neliabilly o te poce Yo slight agreo~
meay (©,§=0.19-0A41), .

CONCLUSFONS: Wa found that MEL were Unahle o dosusately dz-
wemine the meencs of fcet atheods in w subsntisl grcentage of
cams, Ovor 36% of nonmal facetls wece yead a5 being abnogmal and
ovor 21% of abnormal fanets we rewd Wy being normal, Despits
the added radistinn and cxy y CT ina the pold dard Jox di-
agooping Fucse adtbrodis &od ir roquited pre-operctivaly for oevid
uthroplesty,

FDA DEVICE/DROG STATUS: Thin sbawact d0es fiot disciuns or inélude
ray applictble dovices or drugs.

dal; 1Q.Y1HE64.apinee, 200707, 170

Saon-Wao Rong, MD', Abmas Alasey, MDY, Seung Hwen Yoon, M,
Masasid Miyazaki MIY, fun Zou, MD', Mark Ashkos, 55,

Marianne Chan', Zafiey Wang, MLY; ‘Univeraity of Callfomic Los
Angeler, Suria Manlca, CA, USA: *Racesteps Univerairy, Ankara, Turbay;
*Albers Blrivin Collega of Medicing, Bronx, NY, 1/SA

BACRGROUND CONTEXT: Spondylolishesis fx known a om of
resulis of instability, And the mossmomant hes bean ustblished by uy-
, Ing vimple Xezays Buy Xerays shoald be taken soverd thines for oo
.- dilpond chnge wnd they make the patlent exposcd to much Tdistlon
b, Cu:nwrlu Ay, dyounic MRY an make oxact sagltte] fra-
ags seplasing iyo Iabmal. view of Nerays doring positions] ehpngr.
But, (o duts afy guastitiive seport hos pot beea dous fw dsteodng
tpopdylotisteals In Melon and exiwion MRD whily msvral MRl
show wonmal,
FURPOSE: To svaluats how meny the dynamk MRI can daicet the
misted spondylolisthaia tu siatia MRI,
g, ool ot et 4] 4 rcering o
proep 3 thods ity aticnty who n
paln widy withou: rpdlsting f Somplined i back
PATIENT SAMPLE: 510 pttiosts wha permiticd 10 enroll our study In

. Jow dask paty wislv withou! radisulagahy,

QUTCOME MEASURES: All rdjolngical dita ou MR way reqded o

pus brscd from MAT wXen by Sedon, seubral and
XXamion,
METHODS: 319 ptlont (154 faules, 324 males, Mean we 432 ysuis,
manga 1545 yran) had tnkem dynamis MRIs for the youdy, Untges wie
gotten from the positions of flexlon 40 dapress, upght, and extension
10 degroat. MRI Annlyser b oo MRI whioh inctuded 67 poluts tmarknd
:? ncllinnnc hay Un:::,nc autarageally ofl masrooont and caleute-

oh with rogard o atou Gom L1-2 w 1581 by Meyain

mwtuod, We decidod & nanmal sip lmit as e alip usier 1,mm anzaio:f;
nd..pnun'(nﬂyu fnl, and thesy uoder 4 mm yecondly. The number b3
which the neutrsl MRI ghowed nocmn Y fledon o exenden MRY
shawal gvey 3 vamn or 4 e, that 15, missed spandyloBiwsls wes coqntod,

.08,

- Starizeical analyds ws paiformed using Chi-squers toat with sigatficance

5t pO

. s
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708 Frocecdings of the NASS 2204 Avnig! Mesting /7 Tha Spins Joumned 7 (2007) JX-1438
. AboAadL8 chon G Sag. Laviel BN BARIAsG LI el Wik inises  loral ansosthesln or decompecualve sargery in gonoral ashestioads on 1
%‘%Ml’ﬁua £ and T4S Joval was 351%, L2-3 kvel er 2 Jovels,

I0,8%, M8 LI-S1 laval 4, In cumnsinn View, (ha towl sount and par
oot waa 18 and B.9% which was emalley thap in fexion (p=0,005), Asd
for cach lovel In extenslon, 123 lovel was 25%, L34 lavel 20.9%, L4-5
Yovel 14%, pnd 1L$-31 kovel 3.2%, When spondylolisthesis was declded a8
mace vhan 4 o trangatiog, ot count and parvent of missed spondy-
inllathesis wix 18 and 123% in fexlon by it was not different statiati-
cally from the resuld of more than 3 mm tansldion (p=0.148), For
cach keved i flexfon, L34 Iovel was most commpoly missed » 33.8%
o L2-8 level was 333%, 145 levd 17.9%, md L5-3] level 3.5%,
To exicusion view, tho totd coum and perosat wis 6 and §% which
was amalley thay in fladon (p=0,043). And For each lovul §a extamion
1.2-3 level was 33,55, L34 Ieved 25%. LA-S Lovel 4.2% and L3831 Jowel
24%.

MY 3 i it didirMavent from
FUA DEVICEDRYG STATS: Thdx absmrast docs not diweusy or Igchds

oy appiicable dovie or dugs. el

IR
iu

dol 10,1016/ 5pinne 2007.07.1T1

Friday, October 26, 2007
4:16-5:16 PM
Special Intsrest Poster Presentation 3:
Lumbax - Non-fusion

146, Indireyt Decoynpretsion (K-Siep) versus Canvaetpnal
Dacrmpressive Surgary for Lukiba Splna) Cacdleation - A,
Raxdouakred

Prospmciion Trinl

Byorn Sodimgiss, MD, PRI, Svonte Barg, MD", Paul Gerdhem, MD,
f’lD'. Rygnar Johneean, MD, PALY, Toye Soklatrond’, Tycho Tullbary®;

Land, Swedems Wveden; Mumd Unluersity Hospital, Mabnas, Swedeny
Seeckiolm Spine Contyr; Upplands Vosby Sweden

BACKGROUND CONTEXT: Alhough genonlly wuccassful, dooqme
greaxive surgecy for mber 3pined claudieation hag ity camplleations a0
wmires heaptaliradon sod rebab@listion. Zchonon w al have demon-
raied X-$iop pricata 10 fare better g patieats given conservativa treat
med in an RCT,
FURPOSE: To comgare Ihy awoowmay in terys of function, quality s Bife
ol re-apertions shee indivect dscompresidid ysnan eqaventanal deoom-
premion for LSC, :
STOUY DESIGI/EETTING: Prospective randomed wudy fnejudiog
patiency with cential spinal kenodis uccarding w MRI or CT, B

th ousorvativo frensooxi ond Avoping paricipatioa ba tx ROT, Outcanda’ -

a6, 12 snd 24 modtha,

PAXIENT SAMFLE: 5 pateits in sach goosp usiog randoodsarion l;y .

cuvelope, 54 mates and 46 fomales, wean apz 70 (45-89) vesst, Sorgieal
mmm;xm- upingeumlhhukn.m sy e

OUTCO: MEASURES; Funation ond selisfamion aocrding 1o the
Ziiich Spinnd Sienoshs Questonnairs, quslity of Life according 1p BR3¢
r’o:s h:ﬁno- of wepcay operations a3 well gs compllendon. Paly on the

METHODS; Alter conpleting preopénuive data and dn abkonas of £x»
clusion criteria, paicot medomized w elities X-Sip - weatment under

HESULTA: Fallow-up Iachugion sccording w sileda b cdmplas, Two
riueg of gpinous proceas fraling have beea nowed it We ¥-Stap grasp
11 oscs warw m-opoaud {n die X-Stop gprowp and 3 cacs in the
tocumpeesstve group. Follow-ap o dalg damonsyme the pationty af 6§
oad 24 monthe heving «lmilar outcome i vegards the P36 and the
ZSQ wnd both gmapy axe plgnificently aprived compared with basoline,
CANCLUSIONS: Prelintnary Ggures d thut, whan sucoesgfy),
X-Stop decompreiive singzry may give similar vasulla ax decompoysive
surgery ko teoms of funcdon end quality of Nife, An fncrezsed rate of
secondary suxgsry {5 obvioes and will be enalyzad sgirding canse when
tha follow-up I camples,

DA DEVICEDRUG STATUS: X-Stop: Approved for s indication,

dols 10101 8] apliee. 2007.07,173

147. Intervericbedd Dise Drarplantativn: A Nev Dimensio in the
Trastment of Degeiaratlve Splat Disoy

Di-be Ruan, MDY, Qing Mo, Yt Ding”, Ls How', Sy LI, Keith Dk L)
'Beljing. Chirva! *Deparivaen of Orthopordic Surgery CTha Navy Ganend
Hospiral, Baljing, China; *Department of Ortkopacias & Traumatolagy
Th Unlverslty of Hong Xeag, Hong Kong, Ching

BACRGROUND CONTEXT: Spinsd fusinn #1  well fecogrieed exs
reent for the dogeceraed disg diseats However ong compliemion la
acaelemtnd adjscent ségrumt degeosration, Arttiainl dic replacements
have baca developed bt mwults are variable. Tho aibars dava pecvie
omly reportsd suctens ming Interveatchend dise awogEDA, feth allp.
giafis, and fresh frozen allogratts as 4 non-fusion sy In a primas

PUREOBE: To review the procap of developmant of tha eoecopt of intgy
vertehre] dise siagradt tranpuntation fromy pimun sparimants to a pilo:
tramen gis). To detecesing tho feanbiliyy and Yong werm clinios! reeier of
this jnsovavs wreatmen option in the bumao.

STUDY DESIGNBRYTING: A FEvepective, non-biinded atudy of ot
comes o pardeatn who received ¥ fosh-frozza allogenls inurvertabuty dis
waasploymation in the carvieal splne,

FATIENT SAMPLEx Fivz paticuts, 4 milos and § forncila, avorvgo aga 47

years.
OQUTCOME MFASURES: JOA womy and VAS scoms wem wwed 10
evaluats nrpv-function, Sarisl MRY, atatis upd dyatnala mdlopruphy wars
wad £ wamitor the sloum of the grany, )
METHODS: All patisnts with earvice) dise barobulon underwent antedor
diz0 exolilcon and wangplantatian of & festidreacy cndplne dimcrdplaty
"moﬂmt;:‘w n;.lmut obtalned Ko healthy donors. No Infeme) fixaton
Vo lununcevppreaisnt was ured, The suemn 1y '
ah“g ::: —" ollow up perind
f] uvarage sparatiay mo wus 1,8 ko ead blood

62l Ay 3 rodulmup fullow wp 0f § years, wl paticars hod hmb‘:t;:i
of thir prévpanmlive myclopahic or ndictiopahlc sympams. Good iminn
berwesn the molplea: bops und e graft codplulcy wire seea shior two
avnthe wilth 0 grslt migration of sufmidener, No serologionl auggexion
of hmmaao-macticn war found. Thcre was reduction of ta dixc kelgh
se e eaddy postopenntivs perlod md mild Mogeacrytive changea ot the figa]
Sollow up, .

Howigver, all except onc of the waneplented disoy ghiowed j
mability withox! oliaherls In tho fcxionaxteasion nd.iosﬂp;: m‘iul,i‘n::
!ou_ow Up. Ooe patient naoded Ax sldltianm pangricr foraminaony for -
ot rudiculopathy. This sgment evasboally nesulted in auto-fsion,

MRI W ihe fina) Follow up showsd
of o Sions Frescrvation of hydrtion n ar feaxt 2

CONCLUSIONS; The. mability and atpbility of ihe spinad §

CRRIIL Wate
Freamved, frodfrozan Wlogenic Intervariobeal alyc trxasplentstion bas
boen gussessfully pedonted in a pliot buman sexiax withoat mmunologio
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5253625 p.m.

Nurstng Track SIG: Tissue Banking
Room 126
Moderator; Beverly Perfetuo, RN, BSN.
This session focuses on bane graft; physiology,
allograft procurenent and Tha Jolnt Conwnission’s
requirements.

Upon completion of this session, partdpants

should be able to: "y

» Review bane graft physiology. -

= Dofine allogratt pracurement imethods,

« Identify The Joint Carnmission’ requiternents for
handling of tlssue. '

« Discuss the hospital’s required documentation
for allograft use, '

PA/NP Track SIG: Discussion of the Day’s
Educational Qfferings

Room 16A

Moderators:

lan'W. Marks, MSc, PA-C

Jarmes Brezina, MD

Followad by
6:30-3:00 p.m.

PA/NISurgeen Reception
Ballroom D Foyer

Rahabiiration Professionsl SiG: Where Are We

as Perloperative Providess ve. Nonoperative Care
Providers?

Room 188
Moaderators:

Michael L Reed, DPT, OCS T
Christopher). Statdaert, MD e
Kenneth S, Yonemura, MD

Symposlum SI1G: The New Performance
Mgasurament Programs: Your Care will be Assessed
(Seq symposium description on page 38)

Room 15

Mederator: David A, Wang, MD, MSc, FRCS(C)

Symposium SiG: Treatment of the Symptomatic
Lumbar Degenerative Disc Disease: Repair,
Regenarate and Rehabilitate (See symposium
description on page 41)

Rogm 17

Moderator: J. Kenneth Burkus, MD

*Denoles presenter if rot first avthior listed,
42
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SIG 1: Dlagnostic Imaging: The Pras and Cons of
Static, Dynamic, Upright and Supine Imaging
Room 128
Mederator: Christopher D. Chaput, MD

Spine surgery is changing from a discipline that
uses primarily static imaging of the neuraxis to
define pathology to one where dynamic studies
are increasingly available, The need for evidence-
based Information on these Imaging modalities

- |s expected to increase as more options for

nonfusian Instrumetitation beqome available to
the spine surgeon, Discussion Wil center around
currently available dynamic and static Imaging
and will seck to explore the relationship of such
imaging to diagnusing and troating patients.

SIG 2 Why Worry about Confiket of Intere
Room 7168 ’
, _Modmton Wilton Bunch, MD

The term “conflict-of-interest™is befng used in
multiple medical settings and is discovered ar
implied somewhere nearly every day, it Is easy w
become averly saturated and lgnore the issue. But,
the Issue s very real, This 5IG discusses whyitis
Important [ overy phiysiden w be aware of and
understand real and patential conflicts-of-interest,

5125-6:25 p.m,

SIPP 1z tiologics
Room 12A :
Moderator: Louls Jenls, MD

5:25-5:30 pum.

.: 20, Inareased Bxpressions of Nerve Growth

Factor and its Tropomyosin-related Kinase
A Receptor: A Potential Mechanism for
Development of Chovdoma

Jong-Beom Park MD, Uljonghie-sL, South Korea; Choon K1
Lag, MD, Seoud South Korea

FOA DEVIGE/DRUG STATUS: This abstract does not disusy
orlndud_e vy apphcabile devices or drugs,

5:31~5:36 pan_
27. Effect of In Vivo Sustained Release of Growth

Factors on Degenerated Discy using a Rat Model
Saatt Wingertes, MD, *Jamos Woodhall, Jr, MD, MichelleTucd,
m AshrafRagab, MD, Ham Benghur, PhD, Jackson, MS,

FDA DEVICE/DRUG STATUS: This abstract does not iscuss
or indude any applicable davices ar drugs,
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Health Technology Clinical Committee

Findings and Coverage Decision

Topic: Coronary Computed Tomographic Angiography
Meeting Date: November 14, 2008

Final Adoption:

Number and Coverage Topic

20081114A — Coronary Computed Tomographic Angiography for detection of
Coronary Artery Disease.

HTCC Coverage Determination

Coronary Computed Tomographic Angiography (CCTA) is covered benefits with
conditions consistent with the criteria identified in the reimbursement
determination.

HTCC Reimbursement Determination

X Limitations of Coverage
1) Patients with low to intermediate risk of coronary artery disease;

2) For investigation of acute chest pain in an emergency department or
hospital setting; and

3) Using Computed Tomography machines with 64-slice or better capability.

%

X8 Non-Covered Indicators
Patients who are asymptomatic or at high risk of coronary artery disease;

CCTA used for coronary artery disease investigation outside of the
emergency department or hospital setting; and

CT scanners that use lower than 64- slice technology.

X Agency Contact Information

Agency Contact Phone Number
Labor and Industries 1-800-547-8367
Uniform Medical Plan 1-800-762-6004
Health and Recovery Services Administration | 1-800-562-3022

Draft version not officially adopted yet — March 13, 2009

P.O. Box 42712 « Olympia, Washington 98504 « www.hta.hca.wa.gov * 360-923-2742 « FAX 360-923-2766 « TTY 360-923-2701




\') Washington State
4“ Health %tare Authority Health Technology Assessment - HTA

Computed Tomographic Angiography Background

The Computed Tomographic Angiography topic was selected and published in August 2007
to undergo an evidence review process. Heart disease is the leading cause of death and
disability in the US: with 700,000 deaths. The most common heart disease in the US is
coronary artery disease (CAD), which can lead to heart attack. CAD is a narrowing of one
or more coronary arteries that result in an insufficient supply of oxygen to the heart
muscle and is a leading cause of death in the US and developed countries. CAD may be
asymptomatic or lead to chest pain (angina), heart attack, myocardial infarction (MI) or
death. Non invasive tests include: Stress Echocardiograms — tests that compare blood
flow with and without exercise and visualize the heart. Single-photon emission computed
tomography (SPECT), also known as nuclear stress testing or myocardial perfusion
imaging. Invasive tests include: The “gold” standard is the conventional coronary
angiography which involves placement of a catheter and injection of contract material into
a large artery or vein, followed by 2-dimensional visualization with x-rays. Coronary
computed tomographic angiography (CCTA) is a minimally invasive radiological technique
used to provide images of the heart and surrounding vessels.

CCTA has been suggested as an alternative or useful complementary approach to other
non-invasive methods of diagnosing coronary artery disease (CAD). Due to its ability to
visualize coronary anatomy, CCTA has been suggested as a strategy to rule out significant
CAD among patients at low or intermediate risk of significant disease, thereby giving
greater reassurance than other non-invasive methods and potentially reducing the
number of patients ultimately sent for invasive coronary angiography (ICA). Potential
drawbacks include radiation exposure; duplicative or additional testing; incidental
findings; and uncertainty about whether the test results in better health outcomes.

In September 2008, the HTA posted a draft and then followed with a final report from a
contracted research organization that reviewed publicly submitted information; searched,
summarized, and evaluated trials, articles, and other evidence about the topic. The
comprehensive, public and peer reviewed, Computed Tomographic Angiography report is
125 pages, identified 8 relevant studies for the Emergency room setting and 34 relevant
studies for outpatient, Medicare coverage and 4 expert treatment guidelines. These
studies represent the best available information; including a randomized controlled trial
for the emergency room setting from which evidence based conclusions were drawn.

An independent group of eleven clinicians who practice medicine locally meet in public to
decide whether state agencies should pay for the health technology based on whether the
evidence report and other presented information shows it is safe, effective and has value.
The committee met on November 14", reviewed the report, including peer and public
feedback, and heard public and agency comments. Meeting minutes detailing the
discussion are available through the HTA program or online at http://www.hta.hca.wa.gov
in the committee section.

Summary of Committee Findings

The committee found that it had the most complete information: a comprehensive and
current evidence report, public comments, and agency utilization information. The
committee concluded that the current evidence on Computed Tomographic Angiography
demonstrates that there is sufficient evidence a decision about use in an emergency

Draft version not officially adopted yet — March 13, 2009

P.O. Box 42712 « Olympia, Washington 98504 « www.hta.hca.wa.gov * 360-923-2742 « FAX 360-923-2766 « TTY 360-923-2701
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setting to cover investigation of acute chest pain in an emergency room department or
hospital setting for those who are at low-to-intermediate risk of coronary artery disease.
The committee concluded that there is not sufficient, reliable evidence developed to make
a determination for other coronary CTA uses, including the outpatient setting. For low-to-
intermediate risk patients in the Emergency department setting the diagnostic accuracy of
the 64-slice as a triage tool was supported by one RCT and several case series. For low-
to-intermediate risk outpatients, no RCT or long-term cohort evidence was available.
Modeling suggests a lower rate of false negatives than SECHO and SPECT, and a lower
rate of false positives than SPECT, but these differences change with underlying
prevalence of CAD and involves other trade-offs.

Based on these evidentiary findings, the committee voted: 2 for non-coverage and 7 for
coverage with conditions.

e Is it effective?
The committee identified multiple key factors and health outcomes that were important
for consideration in their overall decision on whether the technology was effective.
Summary of committee consideration, discussion, and comments are listed below.
v' Diagnostic Accuracy — Sensitivity: the committee agreed as a whole that CCTA has
a high level of sensitivity. The technology report sensitivity rate was 98%; which
compared favorably to stress echo at 76-94% and SPECT at 88-98%. The
indeterminate rates were also lower, with CCTA at 3% versus Stress ECHO at 13%
and SPECT at 9%.

v" Diagnostic Accuracy — Specificity: the committee agreed equivalent specificity.
Some uncertainty about lower prevalence population was shared amongst the
committee members. The technology report specificity rate was comparable at 82-
88%; compared to stress echo at 88% and SPECT at 77%.

¥v" Reduction in invasive CA: the committee agreed that modeling suggests reduced
ICA, but trial evidence data was inconclusive with Rubenstien trial showing
reduction and Goldstein shiwoing slight increase, especially when compared to
alternative diagnostic tools.

v Replace other tests: most modeled analysis and clinical trials used CCTA in
conjunction with other tests. Committee agreed that CCTA wouldn’t replace other
non-invasive technologies.

v Incidental findings: committee discussed as an issue both we respect to efficacy
and safety and concluded that evidence demonstrates incidental findings are not
infrequent events. Incidental findings can provide valuable information for
diagnosis of previously undetected other diseases but also often leads to
uncertainty or further tests to rule out questionable findings. The committee
agreed that there is currently no evidence regarding improved patient health
outcomes balancing cost and potential harms from further testing and anxiety.

v' Effect in real world: Committee discussed several technology assessment key
unknowns: whether more disease found will help or harm patients, especially at
lower disease levels (clinical relevance is questionable); whether broad
dissemination will result in lower test thresholds that may not result in better
overall health outcomes but more radiation; and the extent to which CCTA can
replace and not add to tests. Additionally, certification of machines and readers
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was also discussed; hospitals require JAHCO accreditation and thus have some
standards.

o Isitsafe?

The committee identified multiple key factors and health outcomes that were important
for consideration in their overall decision on whether the technology was safe. Summary
of committee consideration, discussion, and comments are listed below.

v' Radiation Exposure is an important safety outcome to the committee. The
committee discussed the technology assessment report findings of an overall cancer
risk of .22% for women and .08% for men. Radiation dosage can be reduced
through technique and machine type, but it is unknown whether these lowest
dosage techniques/machines are used in WA settings. Overall exposure reported at
between 2.0-8.0mSV for lower range is equivalent to SPECT; and 12.0 to 14.0
range for higher dose which is equivalent to A-bomb survivor at 2.3 kilometer
distance. The committee concluded that there are small but definite risks, within
appropriate norms. The radiation risks are high enough to obviate benefit when
applied to very low risk patients.

v Incidental findings are also an important safety outcome that the committee
discussed as an issue both we respect to efficacy and safety and concluded that
evidence demonstrates incidental findings are not infrequent events. Incidental
findings can provide valuable information for diagnosis of previously undetected
other diseases but also often leads to uncertainty or further tests to rule out
questionable findings. The committee agreed that there is currently no evidence
regarding improved patient health outcomes balancing cost and potential harms
from further testing and anxiety.

e Does it provide value (improve health outcome)?
The committee discussed cost and cost-effectiveness as a whole. This topic generated the
least discussion. There are several cost studies for ED and outpatient showing cost
savings. The technology assessment report also modeled costs for ED and outpatient
showing cost savings using Medicare reimbursement rates. No analysis included costs
related to incidental findings or harms. Current state agency reimbursement rates do not
correlate with modeled costs (Agency reimbursement for CCTA is higher and for
comparators is lower).
v Committee members were split, with four considering the cost effectiveness
currently unproven and five concluding that CCTA is either equivalent or more cost
effective in some situations.

Consistency with Medicare Decision and Expert Treatment Guidelines

Committee reviewed and discussed the Medicare coverage decision and expert guidelines
as identified and reported in the technology assessment report.
¢ There is no national coverage decision (NCD), however a coverage analysis and
memo was issued in 2008 and summarized: there is uncertainty regarding any
potential health benefits or patient management alterations from including coronary
CTA in the diagnostic workup of patients who may have CAD. No adequately
powered study has established that improved health outcomes can be casually
attributed to coronary CTA for any well-defined clinical indication, and the body of
evidence is of overall limited quality and limited applicability to Medicare patients
Draft version not officially adopted yet — March 13, 2009
P.O. Box 42712 « Olympia, Washington 98504 « www.hta.hca.wa.gov * 360-923-2742 « FAX 360-923-2766 « TTY 360-923-2701




\') Washington State
(“ Health %tare Allth()l’lty Health Technology Assessment - HTA

with typical co-morbidities in community practice. The primary safety concerns
with cardiac CTA are the exposure to radiation and the use of contrast and blocker
medications.
o Four expert guidelines were identified that address the use of CCTA for detection of
CAD, but not the setting (ED versus outpatient).
0 American Heart Association (2006): evidence supports the use of CCTA for
patients with low-to-intermediate stenosis and may obviate the need for ICA.

0 Multi-Society Statement of Appropriateness Criteria for Cardiac Computed
Tomography (2006): Appropriateness reviews deemed the use of CCTA for
detection of CAD to be appropriate for the following patient populations:
chest pain syndrome with intermediate pre-test probability of CAD and
uninterpretable EKG or inability to exercise; chest pain and uninterpretable
or equivocal stress test results; acute chest pain with intermediate pre-test
probability of CAD and no EKG changes and serial enzymes negative; and
symptomatic patients requiring evaluation of suspected coronary anomalies.

o0 American College of Radiology (2006): CCTA is appropriate for assessment
of CAD, although its usefulness for patients with low pre-test probability is
unknown. Appropriateness rating of 7 out 9 for the evaluation of chronic
chest pain.

0 SCCT/NASCI Consensus Update (2007): CCTA to be appropriate in the
following circumstances: (1) to rule out significant coronary stenosis; (2) to
evaluate patients with equivocal or discordant results on a stress perfusion or
wall motion study; (3) to rule out stenosis in patients with a low pre-test
likelihood of CAD and (4) to potentially replace diagnostic catheterization in
patients undergoing non-coronary cardiac surgery.

The committee concluded that their decision is consistent with applicable policy and
guidelines. There is no national Medicare coverage decision. The decision is consistent
with treatment guidelines in that low to intermediate triage will be covered, with the
coverage decision being more specific in identifying the place of service. The committee
decision is based on all evidence, including public and agency comments and the
comprehensive technology assessment report.

Committee Authority

Washington State believes it is important to use a scientific based, clinician centered
approach for difficult and important health care benefit decisions. The HTA gathers and
assesses the quality of the latest medical evidence using a scientific research company,
takes public input at all stages, and asks a committee of eleven independent health care
professionals to review all the information and render a decision at an open meeting. The
Washington State Health Technology Clinical Committee (HTCC), an independent
committee of 11 health practitioners, determines how selected health technologies are
covered by several state agencies. See RCW 70.14.080-140. These technologies may
include medical or surgical devices and procedures, medical equipment, and diagnostic
tests. HTCC bases their decisions on the evidence of the technology’s safety, efficacy,
and cost effectiveness. Participating state agencies are required to comply with the
decisions of the HTCC. HTCC decisions may be re-reviewed at the determination of the
HCA Administrator.
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™ Missed Lumbar Disc Herniations Diagnosed With
Kinetic Magnetic Resonance Imaging

Jun Zou, MD,* Huilin Yang, MD, PhD,* Masashi Miyazaki, MD,t Feng Wei, MD, PhD,t
Soon W. Hong, MD,t Seung H. Yoon, MD,t Yuichiro Morishita, MD,t

and Jeffrey C. Wang, MDt

Study Design. A novel dynamic magnetic resonance
imaging (MRI) system, kinetic MRI (kMRI), was used to
study lumbar disc herniations.

Objective. The objective of this study was to deter-
mine if adding flexion and extension MRI studies to the
traditional neutral views would be beneficial in the diag-
nosis of lumbar disc herniations.

Summary of Background Data. Prior studies demon-
strate that only 70% of patients with lumbar disc hernia-
tions based on physical examinations are confirmed by
MRI studies. Recently, kMRI delivers the ability to scan
patients in neutral, flexion, and extension positions,
which may allow for improved diagnosis of this problem.

Methods. Five hundred fifty-three patients underwent
kMRI with assessment of the degree of disc bulge in
neutral and flexion and extension. The images were ana-
lyzed using computer measurement technology to objec-
tively quantify the amount of disc herniation.

Results. For patients with normal or <3 mm of disc
bulge in neutral, 19.46% demonstrated an increase in
herniation to >3 mm bulge in extension, and 15.29%
demonstrated an increase to >3 mm bulge in flexion. For
patients in the neutral view that had a baseline disc bulge
of 3to 5 mm, 13.28% had increased herniations to >5 mm
in extension and 8.47% had increased herniations to >5
mm in flexion. For patients with a baseline disc bulge of 5
to 7 mm in neutral, 10.58% increased in extension and
5.78% increased in flexion. In addition, for patients with a
baseline disc bulge of 7 to 9 mm in neutral, 9.09% in-
creased in extension and 4.55% increased in flexion.

Conclusion. A significant increase in the degree of lum-
bar disc herniation was found by examining flexion and
extension views when compared with neutral views alone.
kMRI views provide valuable added information, especially
in situations where symptomatic radiculopathy is present
without any abnormalities demonstrated on conventional MRI.

Key words: kinetic MRI, lumbar disc herniation, missed
diagnosis. Spine 2008;33:E140-E144

Lower back pain is the second most common reason for
physician visits in the United States, second only to colds
and flu." Americans spend at least $50 billion each year
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on low back pain. One common reason for lower back
pain is herniation of the intervertebral disc into the spinal
canal. In the United States in 2003, the National Hospi-
tal Discharge Survey reported that 3,57,000 procedures
were performed for disorders of the intervertebral disc,”
8.5% higher than in 2000.?

Magnetic resonance imaging (MRI) is a good tool
most frequently used for lumbar disc herniation because
it can show abnormal areas of soft tissue around the
spine. However, traditional MRI has significant limita-
tions, although it reveals musculoskeletal disease. The
patients are placed in a horizontal, nonweight-bearing
position where conventional scans may not reveal the
causative pathology. However, only 70% of patients
who were diagnosed with a lumbar disc herniation based
on clinical examination had a lumbar disc herniation
confirmed by MRI.*

Recently, kinetic MRI (kMRI) permits us to image the
patient in a weight-bearing position (either standing up
or sitting), and in the flexed and extended positions,
which can, of course, reveal abnormalities that were
missed by a conventional MRI study. It may supply a
more thorough investigation of each patient and allow us
to better understand the true nature of the pathology.
Imaging the spine in the weight-bearing position with
extension and flexion or placing the spine in the position
of pain may increase the diagnostic accuracy for the sur-
geons. The purpose of this study was to study the use of
kMRI for evaluation of missed herniated discs when
compared with conventional MRI studies and to deter-
mine the changes in the disc herniations according to the
flexed and extended positions.

B Materials and Methods

Study Population
From July 2005 through July 2006, 553 patients with symp-
tomatic back pain with/without radiculopathy were referred to
kMRI for lumbar MRI examination. There were 234 males and
319 females. The mean age was 46.2 years (range, 18-76
years). This represented 2765 lumbar discs in total.

Imaging Instrumentation
MRI of the lumbar spine was performed by using a 0.6 Tesla
MRI scanner (Fonar Corp. UPRIGHTTM, Multi-Position,
NY, NY). The MR unit uses a vertical orientation of the 2
opposing magnet doughnuts, allowing scanning of the pa-
tient in an upright axially loaded position. An 18-inch gap
between the magnets is present. Images were obtained using
a quad channel planar coil. T1 weighted sagittal spin echo
images (repetition time 671 milliseconds, echo time 17 mil-
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liseconds, thickness 4.0 mm, field of view 30 cm, matrix
256 X 224, NEX 2) and T2 weighted fast spin echo images
(repetition time 3000 milliseconds, echo time 140 millisec-
onds, thickness 4.0 mm, field of view 30 ¢m, matrix 256 X
224, NEX 2, flip angle).

Procedure
Patients were placed in the upright axially loaded neutral po-
sition (T1 and T2 weighted images) and upright axially loaded
flexion and extension positions (T2 weighted Fast Spin Echo
images only). Five-level units (L1/2, L2/3, L3/4, L4/5, L5/S1)
were chosen from these patients and assessed on the T2-
weighted midsagittal images.

For each film, points were marked for digitization by a fel-
lowship-trained spine surgeon. From L1-S1, the vertebral body
was marked as 4 points (corner of anterior-inferior, anterior-
superior, posterior-superior, posterior-inferior) and disc height
was marked as 2 points (middle of endplate), pedicle diameter
and spinal cord diameter was marked as 2 points.

The disc bulge on MRI was recorded on computer-based
measurement and all calculations were done using MRI Ana-
lyzer Version 3 (Truemetric Corp., Bellflower, CA) anatomic
software to objectively quantify the amount of disc bulge in
millimeters.

Evaluation

To ascertain the missed diagnosis of lumbar disc herniations,
the extent of lumbar disc bulges in neutral, flexed, and ex-
tended views were graded as follows: grade 1, (no disc bulge
or disc bulge, <3 mm); grade 2 (disc bulge, 3-5 mm); grade
3 (disc bulge, 5-7 mm); grade 4 (disc bulge, 7-9 mm); and
grade 5 (disc bulge, >9 mm). All lumbar segments were
evaluated and recorded. A functional disc bulge was consid-
ered present if the disc was bulged or was more bulged after
lumbar flexion or extension. “More bulged” was defined by
means of measurement of an increase in the bulged disc size
after lumbar flexion or extension, which was considered a
positive finding. This evaluation was performed by 2 spine
surgeons independently without knowing the patient’s his-
tory and clinical findings.

Statistical Analysis
The statistical significance was calculated using the x* test and
the paired ¢ test. Data were analyzed with a software program
(SPSS, version 13, Chicago, IL). All significance levels were set
at P < 0.05.

H Results

Dynamic Change in Lumbar Disc Herniations During

Lumbar Extension and Flexion
On extension images, the pair T-test showed significant
increases in disc herniation from the neutral position to
the extension position at each level (P < 0.005). The
results were as followed: L1/L2 (2.12 + 1.06 vs. 2.39 =+
1.83 mm), L2/L3 (2.44 + 1.24 vs. 2.69 = 1.77 mm),
L3/14 (2.78 = 1.28 vs. 3.08 = 2.25 mm), L4/L5 (3.48 =
1.59 vs. 3.82 = 2.47 mm), and L5/S1 (3.45 + 1.78 vs.
3.77 = 2.58 mm). On extension images, the pair T-test
showed significant differences only at L3/L4 and L4/L5
from the neutral position to the flexion position, L3/L4
(2.78 = 1.28 vs. 2.68 = 1.33 mm), L4/L5 (3.48 = 1.59
vs. 3.34 = 1.57 mm) (P < 0.05). There were no signifi-
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Figure 1. Bar graph shows dynamic changes in lumbar disc
herniation during lumbar extension and flexion. The values of
lumbar disc herniation (mean = SD) in the extension and flexion
views were compared with the neutral view (¥*P < 0.05, **P <
0.01).

cant changesat L1/L.2 (2.12 = 1.06 vs.2.15 = 1.24 mm),
L2/L3 (2.44 = 1.24 vs. 2.36 = 1.30 mm), and L5/S1
(3.45 = 1.78 vs. 3.34 + 1.70 mm) (P > 0.05) (Figure 1).
Distribution of lumbar disc herniation among neutral,
extension, and flexion images is showed in the Table 1.
On neutral views, the disc bulge was classified as grade 1
in 1557 (56.31%) of the 2765 discs, grade 2 in 956
(35.58%), grade 3 in 208 (7.52%), and grade 4 in 44
(1.59%).1254 in the grade 1, 1132 in the grade 2, 313 in
the grade 3, 62 in the grade 4, 4 in the grade 5 were noted
at extension images. 1319 in the grade 1, 1113 in the
grade 2, 277 in the grade 3, 54 in the grade 4, 2 in the
grade 5 were noted on flexion images (Table 1). In-
creased disc bulge at extension and flexion MRI was seen
in 456 (16.49%) and 333 (12.04%) discs, respectively.

Incidence of Missed Diagnosis of Lumbar Disc

Herniation Showed by Extension and Flexion Images
On extension MRI in the grade 1 group, grade 1 of lum-
bar disc herniation was maintained in 1254 (80.54%) of
the 1557 discs and progressed to a more advanced grade
in 303 discs. The incidence of a missed diagnosis of a disc
herniation in this group is 19.46%. In the grade 2 group,
disc bulges in 829 (86.72%) of the 956 discs maintained
grade 2, but 127 (13.28%) discs progressed to grade 3. In
the grade 3 group on extension MRI, the disc bulge was
more severe than in neutral position in 22 (10.58%) of
the 208 discs and was maintained at grade 3 in 186
(89.42%). In the grade 4 group, disc bulge in 40 discs
(90.91%) of the 44 discs maintained grade 4 and pro-
gressed to grade S in 4 (9.09%). The x* test showed
significant difference between these 4 groups for increas-
ing disc herniation during extension (P < 0.05). On flex-
ion MRI, lumbar disc herniations maintained grade 1 in

Table 1. Distribution of Lumbar Disc Herniation Among
Neutral, Extension, and Flexion Images

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

(0-3mm) (3-5mm) (5-7 mm) (7-9 mm) (>9 mm)
Neutral 1557 956 208 44 0
Extension 1254 1132 313 62 4
Flexion 1319 113 271 54 2

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Figure 2. Lumbar disc herniation
in a b8-year-old man. In the neutral
position (A), T2-weighted sagittal
MR image shows L2-13, L3-L4,
and L4-L5 levels disc herniation.
In extension (B) and flexion (C), a
new disc herniation (L5-S1 level)
is noted. And more severe disc
bulges are also seen in the both
L3-L4 and L4-L5 levels.

1319 (84.71%) of 1557 discs and progressed to grade 2
in 238 (15.29%). In the grade 2 group, disc bulge in 875
(91.53%) of the 956 discs maintained grade 2 and pro-
gressed to grade 3in 81 (8.47%). In the grade 3 group on
extension MRI, disc bulge was more severe than that in
neutral position in 12(5.78%) of the 208 discs and was
maintained at grade 3 in 196(94.22%). In the grade 4
group, disc bulge in 42 (95.45%) of the 44 discs main-
tained grade 4 and progressed to grade 5 in 2 (4.55%)
(Figure 2). The Fisher’s exact test showed significant dif-
ference these 4 groups for increasing disc herniation dur-
ing flexion (P < 0.05). With regard to the grade of disc
herniation, the x* test was used to examine the difference
between extension and flexion imagining. There are sig-
nificant differences in all grades (x> = 16.19, 14.11, 5.06,
respectively, P < 0.05) except grade 4 (x> = 0.5, P >
0.05) (Table 2).

H Discussion

Since chronic low back pain is not a single factorial dis-
ease, it has various etiologies. However, low back pain
has been believed in some cases to be related to the in-
tervertebral disc, the surrounding soft tissue, or the facet
joints. MRI has become the examination of choice for
diagnosing lumbar disc herniation.’ The pros of it is that
it has no known side effects, no radiation exposure, and
noninvasive. In fact, weight bearing, flexion, extension,

Table 2. Incidence of Missed Diagnosis of Lumbar Disc
Herniation Showed by Extension and Flexion Images

Grade of Disc Bulge

(in the Neutral Position) Extension Flexion X
Grade 1 (<3 mm) 19.46% (303/1557)  15.29% (238/1557)  16.19*
Grade 2 (3-5 mm) 13.28% (127/956) 8.47% (81/956) 14.11*
Grade 3 (57 mm) 10.58% (22/208) 5.78% (12/208) 5.061
Grade 4 (7-9 mm) 9.09% (4/44) 4.55% (2/44) 0.5
*P < 0.01.

TP < 0.05.

or lateral bending may change anatomic relationships.
Compressive load can increase the load in the lumbar
spine by 80% compared with that in the supine posi-
tion.® In addition, the intradiscal pressure also changes
with the position of spine where it increases in standing,
sitting, and in a forward flexed position.” Prolonged
standing can diminish the size of the neural foramens and
central spinal canal because the discs lose water content
and height whenever the load on the spine is increased.
Axial loading of the spine decreases the disc height mea-
sured on MR images, and axial compression of the spine
also causes bulging of the intervertebral disc and narrow-
ing of the diameters of the neural foramen and central
canal. Scanning patients in a recumbent position may
potentially miss an occult disc herniation, which may be
revealed in a weight-bearing or more positional mode
such as flexion or extension. Radiologists failed to report
certain pathologic findings, which had to be handled
during the surgery. Cases where there is such limited
association between diagnostic imaging and clinical
symptoms perplexed surgeons a long time.

Flexion and extension radiographs and computed to-
mography myelography were the standard methods of
obtaining positional images of the spine. However, be-
cause MRI yields an image that is superior to radio-
graphs and less invasive than myelography, physicians
have been experimenting with ways of using MRI to
obtain positional images of spine. To help in a better
understanding of the pathophysiology of the spine, there
seems to be a need for further developments in functional
clinical imaging.

Cartolari® set up an axial-loaded computed tomogra-
phy and MR technology by pressing on the recumbent
patients’ shoulders with 70% body weight. Smith” fig-
ured out a study of 25 patients with low back pain and
sciatica for lumbar spine upright MRI. Upright MRI
demonstrated abnormalities in 13 patients (52%) that
were not evident in the recumbent posture. There were 3
cases with lateral disc herniations, 6 cases with hypermo-
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bile disc at 1 or more levels, 2 cases with previously
unsuspected grade 1 spondylolisthesis, and 2 cases with
significant stenosis. Powers et al'® qualified segmental
mobility of the lumbar spine during a posterior to ante-
rior spinal mobilization procedure. Eleven asymptom-
atic subjects were positioned prone within a vertically
open double donut design MRI system. An anteriorly
directed force was applied manually at each lumbar spi-
nous process. The result showed that the posterior to
anterior force applied at the upper lumbar vertebrae
(L1-L2) consequently decreased the lumbar lordosis.
Force applied on the other vertebrae (L3-L35) resulted in
an increased lumbar lordosis. That indicted how passive
movement technique influenced segmental motion of
healthy spines, which is important of understanding how
altered mobility is related to symptoms. Karadimas et al''
investigate how the degree of lumbar segmental degener-
ation affects sagittal changes in the lumbar spine as it
shifts from the supine to the sitting (load-bearing) pos-
ture by conventional supine MRI and positional MRI.
With positional MRI, they were able to demonstrate
changes in healthy and degenerative discs in the weight-
bearing position. As the lumbar spine was loaded from
the supine to the sitting position, the endplate angles
were decreased significantly as the degeneration was in-
creased. There were also significant changes in the ante-
rior and middle disc heights between the supine and the
sitting postures irrespective of the degree of degenera-
tion. The overall lumbar lordosis did not significantly
change between the 2 postures.

Today, kMRI, a system using vertical magnets with
0.6 T midfield strength, delivers the ability to scan pa-
tients in a weight-bearing position. This allows us to
image patients in the exact position that elicits symptoms
and provide for a detailed evaluation of musculoskeletal
pathology. The potential relative beneficial aspects of
kMRI spinal imaging on this system, over that of con-
vention MRI, is the potential unmasking of positionally
related pathologies and the potential ability to scan the
patient in the position of clinically relevant signs and
symptoms. kMRI may prove to be efficacious to incor-
porate as a part of the clinical diagnosis—treatment par-
adigm in patients with spinal, radicular, and referred
pain syndromes originating from spinal pathology. Fur-
thermore, kMRI may better relate the patient’s clinical
symptoms objective images demonstrating pathology,
which may be more specific and sensitive than conven-
tional MRI studies.

In the present study, we found that kMRI could im-
prove the detection of lumbar disc herniations. A signif-
icant increase in the degree of lumbar disc herniation was
found by examining flexion and extension views when
compared with neutral views alone. Using extension
MRI alone compared with conventional MRI, the inci-
dence of missed disc herniations is up to 19.46% (303/
1557). Using only flexion MRI compared with conven-
tional MRI, the incidence of missed disc herniations is up
to 15.29% (238/1557). This also suggests that extension

MRI views yield a higher detection rate of missed lumbar
disc herniations than flexion views (456 discs, 16.49%
vs. 333 discs, 12.04%). Flexion and extension MRI
views provide valuable, added information when assess-
ing patients for lumbar disc herniations, and may be
especially useful in situations where symptomatic radic-
ulopathy is present with unimpressive conventional MRI
studies.

This imaging technology may prove to be useful to
reveal hidden pathologies not only in occult disc hernia-
tions, but also in the other degenerative spinal disease.
kMRI may be able to detect occult stenosis or occult
instability in the spine by placing the spine in a weight-
bearing position. In addition, it may reveal occult nerve
root impingement by placing the patient’s spine in the
position that causes pain or in a position that should
narrow the spinal canal and neural foramen (such as
spinal extension). In addition, large or claustrophobic
patients or patients who need to be scanned in an upright
position because of congestive heart failure, severe
chronic obstructive pulmonary disease, or severe spinal
kyphosis, can be handled by this novel MRI.

B Key Points

e Prior studies demonstrate that only 70% of pa-
tients who were clinically diagnosed with lumbar
disc herniations based on physical examinations
had lumbar disc herniations confirmed by MRI
studies.

e A novel dynamic magnetic resonance imaging
system, Kinetic MRI (kMRI), delivers the ability to
scan patients in neutral, flexion, and extension po-
sitions, which may allow for improved diagnosis of
this problem.

e Our study demonstrated that the disc hernia-
tions did change with the different positions of
the spine.

e kMRI views could improve detection of missed
lumbar disc herniations, and provide valuable
added information, especially in situations where
symptomatic radiculopathy is present without any
abnormalities demonstrated on conventional MRI.
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™ Kinematic Analysis of the Relationship Between the
Grade of Disc Degeneration and Motion Unit of the

Cervical Spine

Masashi Miyazaki, MD,* Soon Woo Hong, MD, PhD,* Seung Hwan Yoon, MD, PhD,*
Jun Zou, MD,* Benjamin Tow, MD,* Ahmet Alanay, MD,T Jean-Jacques Abithol, MD,¥

and Jeffrey C. Wang, MD*

Study Design. Kinetic MRIs of cervical spines were
obtained and analyzed according to the amount of motion
and the degenerative grade of the intervertebral disc.

Objective. To define the relationship between the
grade of disc degeneration and the motion unit of the
cervical spine and elucidate changes in the role of each
cervical spine unit during flexion-extension motion caused
by degeneration.

Summary of Background Data. Degenerative changes
in the cervical disc occur with age. The correlation be-
tween the degree of cervical disc degeneration and extent
of cervical spine mobility has not yet been determined.
The effect of degeneration on the overall motion of the
functional spinal unit also remains undefined.

Methods. We studied 164 patients with symptomatic
neck pain. The cervical intervertebral discs were graded
by spine surgeons according to the degenerative grad-
ing system (Grades | to V). All radiologic data from
kinetic MRIs were recorded on a computer for subse-
quent measurements. All measurements and calcula-
tions for translational motion and angular variation of
each segment were automatically performed by a com-
puter analyzer.

Results. The translational motion in discs with Grade Il
degeneration (mild degeneration) increased to Grade lll
degeneration (higher degeneration). However, the trans-
lational motion and angular variation significantly de-
creased for the Grade V (severe degeneration). For pa-
tients with relatively low grades of degeneration, Grades
I and Il discs, the C4-C5 and C5-C6 segmental units con-
tributed the majority of total angular mobility of the spine.
However, for the severely degenerated segments, Grade
V discs, the contributions of the C4-C5 and C5-C6 U
significantly decreased.

Conclusion. The changes that occur with disc degener-
ation progress from the normal state to an unstable phase
with higher mobility and subsequently to an ankylosed
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stage. This study evaluated the contribution of different
levels to the changes in overall motion that occur with
degeneration.

Key words: kinematic analysis, disc degeneration, cer-
vical spine, intervertebral disc, kinetic magnetic reso-
nance imaging. Spine 2008;33:187-193

Cervical disc degeneration is common after middle age
and is part of the normal aging process.'~* The degener-
ative changes generally occur gradually and frequently
without significant symptoms; however, some individu-
als become symptomatic. Progressive degeneration af-
fects the motion units and overall kinematics of the cer-
vical spine.®> One of the primary functions of the cervical
spine is to control head and neck motion. Cervical insta-
bility has long been considered as a contributor to neck
and back pain.®~® Many motion studies have been per-
formed to define normal flexibility and to determine the
relationship between abnormal motion and neck and re-
lated pain conditions.'®~'% The correlation between the
degree of cervical disc degeneration and the extent of
cervical spine mobility has not yet been determined. The
effect of degeneration on the overall motion of the func-
tional spinal unit also remains undefined.

Many investigators have measured this motion using
simple flexion and extension radiographs.'®!%!3 The ac-
curacy of an analysis performed using simple radio-
graphs depends on methodology. Generally, it increases
with the complexity of the methodology; however, its
practicality in routine clinical applications consequently
decreases. The radiostereometric method provides accu-
rate tracking of motion'*; however, it necessarily in-
volves the implantation of metal markers. Hence, the use
of this invasive method is not practical in many clinical
scenarios.

Kinetic MRI studies can noninvasively demonstrate
the mobility of each motion segment and define the re-
gion of spine motion."*~!” Degeneration is caused by the
loss of both proteoglycan and water in the disc and is
detected by the loss of signal intensity on T2-weighted
images."® It induces structural changes in the disc and a
decrease in disc height, which can be visualized on MR
images.'>?? Thus, kinetic MRI can relate the grade of
degeneration to the extent of cervical spine mobility. In
addition, a recently developed computer-assisted calcu-
lation method facilitates the measurement of segmental
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Table 1. Grading System for Cervical Intervertebral Disc Degeneration
Nucleus Signal Distinction of
Grade Intensity Nucleus Structure Nucleus and Annulus Disc Height
| Hyperintense Homogenous, white Clear Normal
1] Hyperintense Inhomogenous with horizontal band, white Clear Normal
] Intermediate Inhomogenous, gray to black Unclear Normal to decreased
IV Hypointense Inhomogenous, gray to black Lost Normal to decreased
Vv Hypointense Inhomogenous, gray to black Lost Collapsed

angular variation and translational motion and the com-
parison of different positional (flexion/neutral/extension)
MRIs. '

In this study, the relationship was studied between the
grade of disc degeneration and the motion of the cervical
spine units in patients with cervical pain using kinetic
MRI. In addition, this study aimed to elucidate changes
in the role of each cervical spine unit during flexion-
extension motion in patients with disc degeneration us-
ing kinetic MRI.

B Materials and Methods

A Grading System for Cervical Intervertebral Disc
Degeneration and Its Reliability
A comprehensive grading system for cervical disc degenera-
tion was developed based on the reported literature*'=2°
(Table 1, Figure 1). The cervical intervertebral discs were
graded by spinal surgeon observers according to this grading
system by using T2-weighted sagittal images.

Intra/Interobserver Reliability. T2-weighted sagittal images
were used by 3 spine surgeon observers (A-C) to Grade 300
cases of cervical intervertebral disc degeneration in a blinded

Figure 1. Grading system for cervical intervertebral disc degen-
eration. A, Grade I: Nucleus signal intensity is hyperintense and
nucleus structure is homogeneous, white. Distinction of nucleus
and anulus is clear. Disc height is normal. B, Grade II: Nucleus
signal intensity is hyperintense and nucleus structure is inhomo-
geneous with horizontal band, white. Distinction of nucleus and
anulus is clear. Disc height is normal. C, Grade Ill: Nucleus signal
intensity is intermediate and nucleus structure is inhomogeneous,
gray to black. Distinction of nucleus and anulus is unclear. Disc
height is normal to decrease. D, Grade IV: Nucleus signal intensity
is hypointense and nucleus structure is inhomogeneous, gray to
black. Distinction of nucleus and anulus is lost. Disc height is
normal to decrease. E, Grade V: Nucleus signal intensity is hy-
pointense and nucleus structure is inhomogeneous, gray to black.
Distinction of nucleus and anulus is lost. Disc height is collapsed.
Grading was performed on T2-weighted midsagittal images.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

fashion. All the MRIs were separately analyzed with a mini-
mum interval of 1 week. A set of typical sample MRIs (Table 1,
Figure 1) was available to the observers during the image re-
view.

Participants
Kinetic MRI scans of the cervical spine were consecutively ob-
tained over a 6-month period from February 2006 to July
2006. In this study, 168 patients with symptomatic neck pain
with/without radiculopathy or myelopathy were enrolled; of
these, 164 consecutive patients (69 men and 95 women) were
selected based on the image findings. The mean age of the selected
patients was 44 years (range, 19-93 years). All the selected

Figure 2. In each film, 77 points were marked for digitization.
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patients were referred for cervical kinetic MRI scans because
they exhibited cervicobrachial pain symptoms. None of the
patients had previously undergone cervical spinal surgery. This
study selected 6 level units (C2-C3, C3-C4, C4-C5, C5-Cé,
C6-C7, and C7-T1) and assessed a total of 492 T2-weighted
midsagittal images.

MRI Positioning
With each patient in a sitting posture, neck flexion and exten-
sion were actively performed. The same amount of flexion ex-
tension is performed in all the 3 positions (40° flexion, 0° neu-
tral, and —20° extension positions).

Image Analysis
MR imaging of the cervical spine was performed using a 0.6-
Tesla MRI scanner (Fonar Corp. Upright Multi-Position, New
York, NY) and a flexible surface coil. The MR unit uses a
vertical orientation of 2 opposing magnet doughnuts, permit-
ting scanning of the patient in an upright axially loaded posi-
tion. There was an 18-in gap between the magnets. The patients
were examined using T1-weighted sagittal spin-echo images
(repetition time, 671 ms; echo time, 17 ms; thickness, 3.0 mm;
field of view, 24 cm; matrix, 256 X 200; number of excitations
(NEX), 2) and T2-weighted sagittal fast spin-echo images (rep-
etition time, 3432 ms; echo time, 160 ms; thickness, 3.0 mm;
field of view, 24 cm; matrix, 256 X 224; NEX, 2).

All radiologic data obtained from the MRIs were recorded
on a computer for subsequent measurements, and all calcula-
tions were automatically performed on true MRI by a MRI
analyzer. For each image, 77 points were marked for digitiza-
tion by the spine surgeons. Specific points were selected for the

Figure 3. Motion segment integrity translational motion and an-
gular variation. A, For the translation, motion is measured by
determining the anterioposterior motion of one vertebra over an-
other and a positive value meant anterior translation (antelisthe-
sis), whereas a negative value meant posterior translation (re-
trolisthesis). B, For the angular variation, lines are drawn the
inferior borders of 2 vertebral bodies adjacent to the level. The
lordotic angle was defined as negative, whereas the kyphotic
angle was defined as positive.
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Table 2. Cervical Disc Degeneration Grading

Level Grade | Grade Il Grade Il Grade IV Grade V
C2-C3 12 19 75 58 0
C3-C4 12 18 66 60 8
C4-C5 9 12 73 53 17
C5-C6 8 16 57 40 43
C6-C7 17 35 57 29 26
C7-T 33 60 55 10 6

occiput (Oc) and C1 and C2 vertebrae. Anterior and posterior
baselines were marked at the Oc. Anterior tubercle and poste-
rior margin of the atlas and the lowest end of the spinous
process were marked at C1. At C2, 1 point was marked at the
tip of the odontoid process and others, corresponding to C3 to
T1. For each of the typical cervical vertebrae from C3 to T1, the
vertebral body was denoted by 4 points (anterior-inferior, an-
terior-superior, posterior-superior, and posterior-inferior cor-
ners); disc height, by 2 points (middle of endplate); and the
pedicle and spinal cord diameters, by 2 points each (Figure 2).

The basic measurements involved calculations of all the
static intervertebral angular displacements and translations in
different positions. Subsequently, total flexibility (motion seg-
ment integrity, translational motion, and angular variation)
was calculated at each vertebral level from the difference in
flexibilities in the flexion and extension positions. Transla-
tional motion was measured in 6 levels (C2-C3, C3-C4,
C4-CS5, C5-C6, C6—C7, and C7-T1 level) by determining the
anterioposterior motion of 1 vertebra over another; a positive
value indicated anterior translation (antelisthesis), whereas a
negative value indicated posterior translation (retrolisthesis).
Angular variation was measured in 5 levels (C2-C3, C3-C4,
C4-CS5, C5-C6, and C6-C7 level). For determining angular
variation, lines were drawn through the inferior borders of 2
vertebral bodies adjacent to the corresponding vertebral levels.
The lordotic angle was defined as negative, whereas the ky-
photic angle, as positive (Figure 3). Both translational motion
and angular variation, total movements (flexion to extension)
were calculated at each level. Total number of assessed discs for
translation motion was 984 discs, and total number of assessed
discs for angular variation was 820 discs.

To elucidate changes in the role of each cervical spine unit
during flexion-extension motion caused by degeneration, we
estimated the contribution of each intervertebral level to total
angular mobility.

Contribution of each level to total angular mobility (%) =
(angulation of each unit in degrees)/(angulation of C1-C2 +
C2-C3 + C3-C4 + C5-C6 + C6-C7 in degrees) X 100.

Statistical Analysis
Statistical analysis was performed using the computer program
SPSS (version 13, SPSS Inc., Chicago, IL), and values were
expressed as mean * standard deviation (SD). Student ¢ test
was performed with a significance level of 0.05. Intra and in-

Table 3. Intra- and Interobserver Reliability

Intraohserver Kappa Interobserver Kappa

A1-2 0.907 A1-B1 0.779

B1-2 0.950 A1-C1 0.752
1-2 0.933 B1-C1 0.730
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Table 4. Translational Motion for Each Cervical Unit (mm)

Level Grade | Grade Il Grade Ill Grade IV Grade V
C2-C3 1.02 + 0.90 0.96 = 0.79 112 = 0.75 1.17 £ 0.92 NA
C3-C4 1.36 = 0.78 1.16 = 0.96 1.40 + 0.83 1.36 = 0.84 0.95 = 0.66
C4-C5 119 £ 0.7 1.55 + 0.73 1.22 + 0.91 1.32 +0.89 0.88 = 0.59*
C5-C6 0.71 = 0.53 1.15 + 0.80 1.16 = 0.80 1.42 +1.38 0.90 = 0.70*
C6-C7 0.82 = 0.68 0.86 = 0.56 1.08 + 1.37 0.85 = 0.69 1.01 = 0.80
C7-T1 0.69 = 0.46 0.64 = 0.50 1.01 + 0.64* 1.00 = 0.70 0.63 = 0.40

Values are expressed mean + SD.
*P < 0.05 compared to immediate less degenerative grade at same level.

terobserver reliability of the MRI evaluations was estimated
using kappa statistics*® and interpreted according to the guide-
lines suggested by Landis and Koch.?” The levels of agreement
were rated as follows: kappa value of 0 to 0.2 indicated poor
agreement; 0.21 to 0.4, fair agreement; 0.41 to 0.60, moderate
agreement; 0.61 to 0.8, substantial agreement; and 0.81, up-
ward excellent agreement. A value of 1 indicated absolute
agreement, whereas 0, agreement no better than chance.

H Results

Grades of Cervical Disc Degeneration in the

Study Population
A total of 984 cervical discs were graded in a study pop-
ulation of 164 individuals. The amount of disc degener-
ation corresponding to each grade is summarized in Ta-
ble 2. For Grade I (almost normal) discs, the amount of
disc degeneration is relatively lower at the C4-CS$ and
C5-C6 levels than at the other levels. In contrast, it is
higher at the C4-CS5, C5-Cé6, and C6-C7 levels than at
the C2-C3, C3-C4, and C7-T1 levels for Grade V (se-
vere degeneration) discs.

Kappa Values for Intra- and Interobserver Agreement
The estimated kappa values for intra and interobserver
agreement are summarized in Table 3. Intraobserver
agreement among the 3 readers was “excellent” with

N=984

| * |

nin

Grade

Figure 4. Total intervertebral translational mobility. Compared to
immediate less degenerative grade, there were significant differ-
ences between Grades Il and Il and between Grades IV and V at
total intervertebral translational motion. *P < 0.05 compared to
immediate less degenerative grade.

I * l

[

Translational Motion (mm)
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kappa values ranging from 0.907 to 0.950. Interobserver
agreement was expected to be relatively lower than in-
traobserver agreement; however, the former was found
to be “substantial” with kappa values ranging from
0.730 to 0.779.

Translational Motion
The mean values of translational motion for each cervi-
cal unit are shown in Table 4, and total intervertebral
translational motion is shown in Figure 4. On each cer-
vical unit, with increasing degenerative grade at same
level, translational motion in Grade II (mild degenera-
tion) tended to increase for segments with discs with
Grade III (higher degeneration). However, the transla-
tional motion of the segments was observed to signifi-
cantly decrease in Grade V discs. Significant differences
in translational motion were observed between Grades 11
and III discs at the C7-T1 level and in the total interver-
tebral translational motion, and between Grades IV and
V discs at the C4-CS5 and C5-C6 levels and also in the

total intervertebral translational motion.

Angular Variation

The mean values of angular variation for each cervical
unit are shown in Table 5 and total intervertebral angu-
lar motion is shown in Figure 5. No significant difference
was observed in the angular variation of each cervical
unit in Grades I to IV discs relative to their immediate
less degenerative grade at the same level. However, the
angular variation of the segments was observed to signif-
icantly decrease in Grade V discs. Significant difference in
angular variation was observed between Grades IV and
V discs at the C4-CS5 and C5-C6 levels and in the total
intervertebral angular variation.

Contribution of Each Intervertebral Level to Total

Angular Mobhility
The contribution of each intervertebral level to total an-
gular mobility is shown in Table 6. In Grades I and II
discs, the role of C4-C5 and C5-Cé6 segmental units
contributed the majority of total angular mobility of the
spine. For Grades III and IV, the motion in segments of
C3-C4 and C6-C7 increased, as did the motion in seg-
ments C4-C5 and C5-Cé6. There was significant differ-
ence on Grades III, IV, and V compared to Grade I at
C3-C4 level. In Grade V discs, the contribution of the
C4-CS5 and C5-C6 Ussignificantly decreased. Significant
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Table 5. Angular Variation for Each Cervical Unit (Degree)
Level Grade | Grade Il Grade Il Grade IV Grade V
C2-C3 6.94 = 4.72 542 = 4.46 6.94 = 5.02 6.05 = 4.27 NA
C3-C4 7.74 = 9.86 8.02 £5.28 10.51 = 6.07 897 535 9.04 £5.28
C4-Ch 11.54 = 2.54 11.76 = 7.43 10.07 = 6.88 10.56 = 6.65 6.62 = 4.53*
C5-C6 12.06 = 7.52 9.59 = 6.94 10.51 = 6.16 10.01 = 7.87 6.27 * 4.40*
C6-C7 8.51 =536 9.78 = 5.36 8.15 = 5.30 7.68 = 5.46 7.59 = 5.07

Values are expressed mean = SD.
*P < 0.05 compared to immediate less degenerative grade at same level.

difference was noted in the contribution of the C4-C5
and C5-C6 levels in Grades V and I discs.

H Discussion

Intervertebral disc degeneration is an age-related physi-
ologic process caused by a decrease in the proteoglycan
and water concentration in the disc.""*'® MRI is the
most accurate method to evaluate intervertebral disc
morphology and to diagnose disc degeneration.”* Cer-
vicobrachial pain may originate from cervical disc degen-
eration, which is associated with abnormal instability. ™
However, the natural history of the change in cervical
spine motion units following degeneration has not been
sufficiently elucidated.

The pathomechanics of a degenerative lumbar spine
has been described by Kirkaldy-Willis and Farfan.® They
postulated 3 stages of degeneration with different stabil-
ity and motion conditions. The first stage was a tempo-
rary dysfunction phase characterized by early signs of
disc degeneration and fibrillation of the articular carti-
lage of the facet joints. The second stage was the unstable
phase characterized by abnormal movement of the spinal
units. A decrease in proteoglycan and water concentra-
tion in the intervertebral disc weakens the structure,
thereby restricting movement between adjacent spinal

iﬂ

Grade I I II I\ Vv

Figure 5. Total intervertebral angular mobility. Compared to im-
mediate less degenerative grade, there was significant difference
between Grades IV and V at total intervertebral angular variation.
*P < 0.05 compared to immediate less degenerative grade.

N=820

Angular Vanation (degree)
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units. The disc height reduces, facet capsule loosens, and
finally, the joint subluxates. In the last stage, the defor-
mity is assumed to be stabilized by osteoligamentary re-
pair mechanisms. At an advanced stage of degeneration,
secondary responses occur in the adjacent osseous and
soft tissue structures, causing restabilization of the spine.

Using a cadaver spine, Tanaka et al*® demonstrated
that the kinematic properties of the lumbar spine are
related to disc degeneration. They graded the severity of
disc degeneration using MRI and cryomicrotome sec-
tions and measured the motion segments under multidi-
rectional loading conditions. Their results demonstrated
that greater motion was observed in the higher degener-
ation stage, i.e., in discs with radial tears of the anulus
fibrosus. The disc space collapsed as found in severe de-
generation stage resulted in stabilization of the motion
units. Axelsson et al'* performed a radiostereometric
analysis to investigate changes in intervertebral mobility
caused by degeneration. They graded disc degeneration
based on conventional radiography and MRI findings.
Although they were unable to verify the unstable phase,
they concluded that the stabilization stage was apparent
when the disc height decreased by more than 50%. Dai’
investigated the correlation between disc degeneration
and cervical instability. He graded disc degeneration ac-
cording to T2 signal intensity observed on MRI and mea-
sured horizontal and angular instability using conven-
tional lateral flexion and extension radiography.
Cervical segmental instability was correlated with a
higher degeneration stage.

In this study, we graded cervical disc degeneration
using MRI and measured the motion with kinetic MRI.
We have demonstrated the changes in translational mo-
tion and angular variation for each cervical unit follow-
ing degeneration. Translational motion changed as the
disc degenerated from its normal state to an unstable
phase and finally to an ankylosed stage with increased
stability. Angular variation significantly decreased in se-
vere degeneration. Although our study focused on the
cervical spine, our results support the hypothesis pro-
posed by Kirkaldy-Willis and Farfan.® We believe that
kinetic MRI can be applied to clinical practice for defin-
ing spinal intervertebral mobility and for determining the
treatment mode by studying the progression of disc de-
generation, i.e., whether the disc eventually stabilizes or
continues to degenerate.
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Table 6. Contribution of Each Level to Total Angular Mobility (Percentage)

Grade Level C2-C3 Level C3-C4 Level C4-C5 Level C5-C6 Level C6-C7
| 12.35 = 8.31 11.95 = 12.65 21.97 + 5.78 20.61 = 12.84 15.40 = 9.86
1] 10.46 + 9.48 14.33 + 9.37 18.68 + 9.28 15.84 = 10.45 16.57 + 7.65
1 1232 = 1.97 18.92 = 9.88* 18.57 = 12.00 18.60 = 10.01 15.85 = 9.88
I\ 12.62 + 8.71 18.51 = 10.77* 20.30 = 10.78 19.47 + 12.69 16.52 = 11.78
v NA 18.89 = 11.78* 14.54 + 8.10% 13.42 = 9.04* 16.53 = 11.47

Values are expressed mean = SD.
*P < 0.05 compared to Grade | at same level.

According to previous studies,”* the most commonly
affected level is the intervertebral disc at C5-C6 followed
by C6-C7 and C4-CS5. The C2-C3 level is the least
commonly affected. In our retrospective investigation on
164 patients, we observed that the amount of disc degen-
eration at the C4-C5 and C5-C6 levels was less than
that at the other levels in normal discs. In contrast, it was
greater at the C4-CS5, C5-C6, and C6—-C7 levels than at
the C2-C3, C3-C4, and C7-T1 levels in severe degener-
ation. These results prompted us to assume that the
C4-CS5, C5-C6, and C6-C7 levels contributed the
majority to the overall motion of the cervical spine
from the early degenerative stage. Using dynamic ra-
diography, Lind et al*® evaluated the normal range of
motion of the cervical spine in healthy subjects and
observed that the greatest proportion of intersegmen-
tal flexion-extension motion occurred between the
C4-C5 and C5-C6 levels and that a linear decrease in
motion occurred with age. Using lateral dynamic radi-
ography, Holmes et al*® measured angular motion
ranges from C2 to C7 in normal subjects and in those
with cervical myelopathy and obtained findings simi-
lar to those reported by Lind et al.*° Using conven-
tional lateral dynamic radiography in asymptomatic
subjects, Lin et al'?> demonstrated that the greatest
sagittal motion occurred between C4-C5 and C5-Cé6
and the least motion, at C2-C3. Most studies used
active motion for calculating segmental angulation
and obtained consistent data. However, these studies
did not take into consideration the change in motion
that occurs with degeneration. Therefore, we investi-
gated the change in the role of each cervical spine unit
during flexion-extension motion caused by degenera-
tion. Our results indicated that the C4-C5 and C5-Cé6
segmental units contributed the majority of total an-
gular mobility of the spine in normal discs. The con-
tribution of the C3-C4, C4-C5, C5-C6,and C6-C7 U
increased in advanced degeneration. The roles of the
C4-CS5 and C5-C6 U in total angular mobility signif-
icantly decreased in severe degeneration.

From these results, we hypothesized that cervical disc
degeneration begins at the C4—-C5 and C5-C6 levels be-
cause these units withstand the maximum load for the
overall motion in the early phase. Following degenera-
tion, these segmental units undergo changes from an un-
stable phase to an ankylosed stage. Many clinical studies
have reported increased rates of disc degeneration in the
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levels adjacent to spinal fusion.?'* The load of the ad-
jacent levels can be easily assumed to increase, and sub-
sequently, these levels follow the same path. The motion
of the adjacent units and their contribution to the overall
motion also increases in the unstable phase. Eventually,
each cervical unit tends to ankylose with severe degener-
ation. The mobility of the C4-CS5 and C5-Cé6 U signifi-
cantly decreases at this stage when compared with the
other cervical units and their contribution to the overall
motion of the cervical spine significantly decreases.

However, we retrospectively investigated these
analyses and did not consider this hypothesis in a per-
sistent model. Thus, using the present investigation as
a preliminary study, further prospective research
should be undertaken to elucidate the details of the
natural history of cervical spine motion following de-
generation. Additionally, we believe that kinetic MRI
can serve as one of the most useful tools in the pro-
spective research following the investigation of sub-
jects with cervical degeneration.

In conclusion, this study demonstrated the changes in
translational motion and angular variation that occur
with progressive degeneration. The motion changes with
disc degeneration from the normal state to an unstable
phase and subsequently to an ankylosed stage with in-
creased stability. We evaluated the contribution of dif-
ferent levels to the changes in overall motion that occurs
with degeneration. However, the natural history in cer-
vical spine motion following degeneration has not been
elucidated. Further studies are required to provide ap-
propriate treatment methods for the cervical degenera-
tive disease.

H Key Points

e Kinetic MRI shows the changes of translational
motion and angular variation following degenera-
tion.

e The degenerative process affects the mobility of
the functional spinal unit, which moves from a nor-
mal disc to a more unstable phase with increased
mobility with further degeneration. However, as
the degeneration enters the later phases and be-
comes severe, the motion stabilizes to a more an-
kylosed stage.
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e The segments of C4-C5 and C5-C6 U contrib-
uted the majority of the total angular mobility of
the cervical spine on normal grade. But the roles of
C4-CS5 and C5-Cé6 U for total angular mobility
significant decreased on severe degeneration.
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®  The Effects of the Degenerative Changes in the Functional
Spinal Unit on the Kinematics of the Cervical Spine

Yuichiro Morishita, MD, PhD,* Shinichi Hida, MD, PhD,T Masashi Miyazaki, MD,*
Soon-Woo Hong, MD, PhD,* Jun Zou, MD,* Feng Wei, MD, PhD,*
Masatoshi Naito, MD, PhD,t and Jeffrey C. Wang, MD*

Study Design. The sagittal kinematics of the cervical
spine was evaluated using kinematic magnetic resonance
imaging (kMRI).

Objective. To investigate the effect of degenerative
changes in the functional spinal unit on cervical kinemat-
ics by using kMRI.

Summary of Background Data. Few studies have, thus
far, by using MR images, described the contribution of
degenerative changes in the functional spinal unit to cer-
vical kinematics; however, the exact cervical kinematics
remains uncertain.

Methods. A total of 289 consecutive symptomatic pa-
tients underwent dynamic cervical MRl in flexion, neutral,
and extension postures. All digital measurements and
calculations of the variations in segmental angular mo-
tion were automatically performed by an MR analyzer
using true MR images with 77 predetermined points
marked on each image. Each segment was assessed
based on the extent of intervertebral disc degeneration
(Grades 1-3) and cervical cord compression (groups A-C)
observed on T2-weighted MR images.

Results. The segmental mobility of the segments with
severe cord compression and moderate disc degenera-
tion tended to be lower than that of the segments with
severe cord compression and severe disc degeneration,
and a significant difference was observed in the segmen-
tal mobility of the C5-C6 segment. Moreover, in all seg-
ments with moderate disc degeneration, the segmental
mobility was significantly reduced in the presence of se-
vere cord compression, as compared with no compres-
sion. However, in segments with severe disc degenera-
tion, no significant differences were observed between
the segmental mobility of the cord compression groups.

Conclusion. Our results suggest that cervical cord
compression may cause deterioration of cervical cord
function and kinematic changes in the cervical spine. We
hypothesize that the spinal cord may potentially protect
its functions from dynamic mechanical cord compression
by restricting segmental motion, and these mechanisms
may be closely related to the intervertebral discs.
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The cervical spine is the most mobile region of the spine,
affording a wide range of motion. The human spine is
subjected to large compressive preloads during activities
of daily living. The cervical preload approaches 3 times
the weight of the head because of the muscle coactivation
forces involved in balancing the head in the neutral pos-
ture. The compressive preload on the cervical spine in-
creases during flexion, extension, and other activities of
daily living, and is estimated to reach 1200 N in activities
involving maximal isometric muscle effort.

A spinal motion segment is the smallest functional
unit of the osteoligamentous spine and exhibits the ge-
neric characteristics of the spine. A functional spinal unit
(FSU) consists of 2 adjacent vertebrae, the intervertebral
disc, and the spinal ligaments (with the exception of the
C1-C2 segment). Degenerative changes in the structures
of the FSU may ultimately affect the mechanical proper-
ties of spinal motion and cause instability and clinical
symptoms. Degenerative processes are most prevalent in
the C5—C6 segment, followed by C6—-C7 and C4-C5.>~*

It may be important to consider the contribution of var-
ious factors, such as patient age, gender, neck geometry,
degree of degeneration in the cervical spine, history of
trauma, and other factors to cervical kinematics. The func-
tional examination of the human spine during flexion—
extension along with the measurement of segmental mo-
tion in the sagittal plane is a valuable method for analyzing
the biomechanics of the human spine. A number of exper-
imental studies on the radiographic and cineradiographic
examination of kinematics of the human spine have re-
cently been reported.>~!'! However, to the best of our
knowledge, few reports have thus far, have based results on
kinetic magnetic resonance imaging (kMRI), or described
the relationship of the degenerative changes and cord com-
pression in the FSU to the kinematics of the cervical spine.

This study examined cervical degenerative changes,
such as disc bulging, osteophyte formation, and hyper-
trophy of the ligamentum flavum, with particular focus
on cervical cord compression to evaluate the contribu-
tions of these factors to the sagittal plane kinematics of
the cervical spine. This study used kMRI to study these
variables and their relationship between the effect of de-
generative changes in the FSU on cervical kinematics.
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B Materials and Methods

From February 2006 to May 2007, 289 symptomatic patients
(125 men and 164 women) with an average age of 44.0 years
(range, 16-93 years) were examined. The subjects consisted of
consecutive patients who had neck pain with or without neu-
rogenic symptoms induced by cervical spondylosis. All patients
underwent cervical kMRI; scanning was performed with dy-
namic motion of the cervical spine, including flexion (—40°),
neutral (0°), and extension (20°) postures. None of the subjects
had previously undergone spinal surgery. The Institutional Re-
view Board approved the study.

MRI Technique

MRI of the cervical spine was performed on a 0.6 Tesla MRI
scanner (Upright Multi-Position; Fonar Corp., NY, NY) using a
flexible surface coil. The imaging protocol included sagittal T1-
weighted spin-echo sequences [repetition time (TR)/echo time
(TE), 671/17 milliseconds; slice thickness, 3.0 mm; field of view,
24 cm; matrix, 256 X 200; and number of excitations (NEX), 2]
and T2-weighted fast spin-echo sequences (TR/TE, 3432/160 mil-
liseconds; slice thickness, 3.0 mm; field of view, 24 cm; and NEX,
2). All sequences were acquired without fat saturation.

MRI Analysis
The data obtained from the MR images were recorded on a com-
puter for subsequent measurements, and all calculations were au-
tomatically performed on true MR images by an MR analyzer.
Sagittal MR images were analyzed in 3 positions—flexion, neu-
tral, and extension. For digitization, 77 points were marked on the
images by spine surgeons (C3-T1: 6 points on each vertebral
body, 2 on each pedicle, and 2 on the spinal canal diameter at each
intervertebral disc level; C2: 1 point on the tip of the odontoid
process and 6 on the vertebral body; C1: 4 points on the anterior,
superior, and inferior surfaces of the anterior tubercle and the
lower end of the spinous process; and the occiput (Oc): 2 points on
the anterior and posterior baselines) (Figure 1).

The sagittal angular motion was measured for each segment
at 5 cervical intervertebral disc levels—C2/3, C3/4, C4/5, C5/6,
and C6/7. We defined the total sagittal motion of the cervical
spine as the absolute total of the individual sagittal angular
motions (C2/3 + C3/4 + C4/5 + C5/6 + C6/7) in degrees, and
the contribution of each segment to the total angular mobility
of the cervical spine between flexion and extension as percent
segmental mobility = (sagittal angular motion of each segment
in degrees)/(total sagittal angular motion in degrees) X 100.

Assessment of Degenerative Changes in the

Cervical Spine
A comprehensive grading system for cervical disc degeneration
was obtained by modification of the previously reported system
of classification of cervical intervertebral disc degeneration that
was based on the degenerative changes in the FSU.'>7'¢ Ac-
cordingly, neutral-position T2-weighted sagittal images of
1445 cervical intervertebral discs of 289 subjects were classi-
fied into 3 grades (Table 1) by the primary author and were
judged eligible for inclusion into the study.

Assessment of Cervical Cord Compression
We estimated cervical cord compression in each segment by
examining neutral-position T2-weighted sagittal images. We
regarded cervical cord compression as the obliteration of the
subarachnoid space resulting from compression caused by disc
herniation, osteophyte formation, or hypertrophy of the liga-
mentum flavum. Cervical cord compression in each segment

Figure 1. Seventy-seven points were marked for digitization on the
sagittal images.

was rated on a 3-point scale (range, 0-2) in which 0 indicated
no cervical cord compression, 1 indicated anterior or posterior
cervical cord compression not affecting cord alignment, and 2
indicated anterior or posterior cervical cord compression af-
fecting cord alignment. Based on this scale, we classified indi-
vidual segments into 3 groups: group A, a total of 0 points for
each segment; group B, a total of 1 point for each segment; and
group C, a total of more than 2 points for each segment. We
excluded the C2/3 segment because a few subjects showed cer-
vical cord compression at this level.

Statistical Analysis
Mann-Whitney U test was used for statistical analyses. A P
value of less than 0.05 was considered statistically significant.

Table 1. The Grading System for Cervical Intervertebral
Disc Degeneration

Nucleus Signal

Grade Intensity Disc Height Structure of FSU
1 Hyperintense Normal Without disc
herniation
2 Intermediate/ Normal/decreased With/without disc
hypointense herniation
3 Hypointense Decreased/collapsed ~ With disc herniation/
osteophyte

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Table 2. The Percent Segmental Mobility for Each Grade of Cervical Intervertebral Disc Degenerative Change in Each

of the Segmental Cervical Cord Compression Groups

Group
A B C

Grade No. Age Mean (SD) No. Age Mean (SD) No. Age Mean (SD)
C3/4

1 83 38.7 17.32(10.33)

2 139 45.1* 21.16 (11.05)1 30 441 22.96 (11.47)% 14 47.6 15.66 (11.38)F

3 5 49.8* 25.53 (10.45)% 9 51.9 29.36 (10.49) 9 56.2% 23.60 (9.04)
C4/5

1 60 35.7 23.89(12.27)

2 118 44.1* 27.04 (9.84)F 30 46.4 25.29 (8.10) 12 459 17.23 (10.66)t

3 21 4751 26.30 (10.41) 23 46.4 26.87 (13.67) 24 53.81 20.77 (11.91)
C5/6

1 31 31.9 21.99 (12.90)

2 75 41.9* 24.27 (12.17) 39 443 22.36(9.22) 8 45.0 11.53 (5.05)*F

3 33 46.1* 19.99 (10.82) 53 49.11 20.00 (11.71) 50 48.3 19.94 (13.07)
C6/7

1 90 37.2 18.76 (10.02)

2 89 44.1* 19.00 (9.86) 23 453 17.52 (9.54) 7 49.1 12.27 (5.04)%

3 23 49.3* 18.57 (12.69) 36 49.6 16.75 (11.09) 21 52.8 18.26 (14.45)

*P < 0.001; tP < 0.01; P < 0.05.

H Results

The percent segmental mobility for each grade of cervical
intervertebral disc degenerative change in each of the
segmental cervical cord compression groups is shown in
Table 2.

In group A, the grade of degenerative changes in the
intervertebral discs increased significantly with an increase
in age. With regard to the C3-C4 segment, the average
percent segmental mobility at C3-C4 gradually increased
with an increase in the grade of degenerative changes in the
intervertebral discs, and when compared with Grade 1
changes, significant differences in percent segmental mobil-
ity were observed with both Grade 2 and Grade 3 changes
(P < 0.01 for Grade 2 and P < 0.05 for Grade 3). With
respect to the C4—CS5 segment, there was a significant in-
crease in the average percent segmental mobility at C4-C5
with Grade 2 changes (P < 0.05); moreover, percent seg-
mental mobility with Grade 3 changes was almost identical
to that with Grade 2 changes. Regarding the C5-C6 seg-
ment, the average percent segmental mobility at C5-Cé6
showed a slight increase with Grade 2 changes and a slight
decrease with Grade 3 changes, when compared with
Grade 1 changes; however, no significant differences were
observed between these values. Regarding the C6/7 seg-
ment, the average percent segmental mobility at C6-C7
was almost identical in all groups. In group B, all segments
with Grade 3 changes except C4-CS5 tended to be associ-
ated with a higher age, when compared with the segments
with Grade 2 changes; further, only C5-Cé6 showed a sig-
nificant difference with respect to age between the groups
with Grade 2 and Grade 3 changes. In group B, the average
percent segmental mobility at C3-C4 was significantly
lower with Grade 2 changes than with Grade 3 changes
(P < 0.05). With respect to the other segments in group B,
the average percent segmental mobilities with Grade 2 and

Grade 3 changes were almost identical. In group C, all seg-
ments with Grade 3 changes tended to be associated with a
higher age when compared with the segments with Grade 2
changes, and significant differences with respect to age were
observed between Grade 2 and Grade 3 changes in both
C3-C4 and C4-C5 segments. With respect to all segments,
the average percent segmental mobility tended to be lower
with Grade 2 changes than with Grade 3 changes; further,
a significant difference in the average percent segmental mo-
bility was observed only in C5-Cé6 (P < 0.05).

Regarding Grade 2 changes, in all segments, there
were no significant differences between the groups with
respect to age. The average percent segmental mobilities
of all segments in group B were almost identical to those
in group A; however, the average percent segmental mo-
bilities of all segments in group C were significantly
lower than those in group A (P < 0.05 for C3-C4, P <
0.01 for C4-C5, P < 0.001 for C5-C6, and P < 0.05 for
C6-C7). In group C, Grade 3 changes in only C4-C5
were associated with a significantly higher age. No sig-
nificant differences in the average percent segmental mo-
bilities were observed between the groups with respect to
all segments with Grade 3 changes.

H Discussion

Many studies have described normal or abnormal cervi-
cal kinematics by using different imaging techniques and
measurements.’ ' 17721 Overall, segmental motion of
the cervical spine is the least at the C2-C3 level and
greatest at the C4-C5 and C5-C6 levels.

The earliest lesions related to degenerative processes
of the human spine are thought to occur in the interver-
tebral disc. Intervertebral disc degeneration typically be-
gins to appear in the second decade of life in men and in
the third decade in women, and more than 50% of the

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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middle-aged population shows some evidence of cervical
spondylosis.** Because of altered mechanical function of
the disc, degenerative changes also begin to occur poste-
riorly in the facet joints. This degenerative process of the
FSU can lead to localized segmental instability or stiffen-
ing within different levels of an individual spine.** Anal-
ysis of segmental motion of the cervical spine may help in
detecting degeneration or damage within the spine.

Regarding the effect of dynamic motion on the cervi-
cal spinal cord, the cervical cord shortens and its cross-
sectional area increases during extension of the cervical
spine; however, during flexion, it stretches, leading to
increased axial tension.”* These mechanical stresses on
the cervical cord as well as static factors, such as disc
herniation, osteophyte formation, and hypertrophy of
the ligamentum flavum that result from degenerative
changes in the FSU, contribute to the pathogenesis of
cervical spondylitic myelopathy.*

Chen et al*® reported that increased segmental angu-
lar motion may reduce the sagittal diameter of the spinal
canal and lead to spinal canal stenosis associated with
disc bulging and hypertrophy of the ligamentum flavum.
In contrast, Mihara et al*’ focused on canal stenosis at
the C3-C4 level and reported that in elderly patients
with cervical spondylitic myelopathy due to canal steno-
sis at the C3-C4 level, the C3-C4 segmental angular
motion was significantly greater than that in younger
subjects or in the elderly healthy population. They hy-
pothesized that an age-related reduction in the mobility
of the lower cervical segments may promote mechanical
stresses on the upper cervical segments, leading to canal
stenosis at the C3-C4 level. However, they discussed
only the process of cervical spinal canal stenosis in rela-
tion with the degenerative changes in the cervical spine.
We presumed that the next change in cervical kinematics
might occur after the formation of cervical spinal canal
stenosis with degenerative changes in the cervical spine.

It is generally accepted that there are 3 separate stages
of clinical manifestations of degenerative changes in the
intervertebral discs; these include temporary dysfunc-
tion, an unstable phase, and stabilization with progres-
sion of the degenerative changes.”®** In our study, in all
segments within all the compression groups, the degen-
erative changes in the intervertebral discs tended to
progress with age. However, in C3-C4 and C4-C35 with
no cervical cord compression, the contribution of each
segment to total cervical mobility increased with pro-
gression of the degenerative changes in the intervertebral
discs from Grade 1 to higher grades. We felt that the
reliability of these findings was low since there were few
subjects in whom the C3-C4 and C4-C5 segments had
Grade 3 changes. In the other segments with no cervical
cord compression, particularly the C5-Cé6 segment, seg-
mental mobility showed an unstable phase and stabilized
with progression of the degenerative changes in the in-
tervertebral discs; however, no significant differences in
segmental mobility were observed in these segments.

On the other hand, in segments with cervical cord
compression, particularly severe cord compression, seg-
mental mobility tended to show lower values in segments
with moderate intervertebral disc degeneration than in
those with severe degeneration; moreover, a significant
difference was observed in the segmental mobility at
C5/6. Moreover, in all segments with moderate disc de-
generation, there were no significant differences between
the compression groups with respect to age, and the seg-
mental mobility was significantly reduced in the seg-
ments with severe cord compression when compared
with those with no cord compression. These results sug-
gest that cervical cord compression greatly affects the
sagittal segmental motion of the cervical spine only if
there is sufficient intervertebral disc height and flexibil-
ity. We hypothesize that the spinal cord may shift hori-
zontally to prevent lesions that develop due to cord com-
pression. However, in severe cord compression that
affects spinal cord alignment and causes cord impinge-
ment, the spinal cord cannot shift away and escape com-
pression and may be affected by restriction of segmental
motion. Cervical cord compression may result in not
only deterioration of the cervical cord function but also
kinematic changes in the cervical spine. The spinal cord
may protect its function from dynamic mechanical cord
compression by restricting segmental motion.

However, in segments with severe intervertebral disc
degeneration and decreased height or collapse of the in-
tervertebral disc, no significant differences were observed
between the segmental mobilities of the cord compres-
sion groups. This result suggests that when the interver-
tebral discs are stiffened due to severe degenerative
changes such as disc height loss or osteophyte formation,
sagittal segmental motion of the cervical spine is only
mildly affected by cervical cord compression. Moreover,
we hypothesized that the mechanisms for protecting the
spinal cord may be closely related to the intervertebral
discs. Deterioration in intervertebral disc function may
lead to deterioration in the mechanisms for protecting
the spinal cord.

However, some issues remain unanswered even in the
current study. We did not discuss the relationship be-
tween cervical kinematics and other factors such as gen-
der, age, cervical alignment, and clinical manifestations.
Therefore, using the current investigation as a pilot
study, further research using larger patient populations
may help to resolve several unclear results obtained from
this study; moreover, the details of the relationship be-
tween cervical kinematics and the degenerative changes
in the FSU can be clarified further.

H Key Points

e By using kinematic MR images, a total of 1445
functional spinal units of 289 symptomatic sub-
jects were examined for intervertebral disc degen-
eration and cervical cord compression.
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e In segments with severe cord compression and
moderate disc degeneration, the segmental mobility
tended to have lower values than in those with severe
cord compression and severe disc degeneration.

e In all segments with moderate disc degeneration,
the segmental mobility was significantly reduced in
the presence of severe cord compression when
compared with no compression; however, in seg-
ments with severe disc degeneration, no significant
differences were observed between the cord com-
pression groups with regard to segmental mobility.
e Our results suggest that cervical cord compres-
sion may result in not only deterioration of cervical
cord function but also kinematic changes in the
cervical spine.

e We hypothesize that the spinal cord may poten-
tially protect its functions from dynamic mechani-
cal cord compression by restricting segmental mo-
tion, and these mechanisms may be closely related
to the intervertebral discs.
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