;’ 4" Interventional Hands-On Cadaver Workshop
’ain Relief & Neuromodulation Procedures

9 ;] s e ffporied. 20 INSTITUTE ror MUSCULO

-:;) \ —— [ ]
1 U 2= MS AR

/ SKELETAL ANALYSIS

RESEARCH & THERAPY

For an mdependent
individual spine care

Interventional Treatment of
Spinal Pain

Stephan Becker, MD, FEBOT

Orthopaedic Surgeon, Spine Surgeon, Sports Medicine,
Chirotherapy

Fellow of the European Board of Orthopaedics and Traumatology
Professor assoc. (Université de Sherbrooke, Quebec, Canada)
Guest Professor Temple University, Philadelphia, PA
Director Orthopaedics / Spine, IMSART, Vienna

http://imsart.medimpuls.at



Pain generators o8 iorn 2 S
 Functional / structural

* Local / radiating

Local pain:

* Discogenic pain?

* Facet pain?

* Vertebogenic pain?

e Sacro —iliac pain?



Diagnostic challenges:
Polly/Sembrano study
on low back pain
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200 Patients:

* Only 65% have spine
only pathology

e 25% have Sl and/or
hip pathology

* 10% undefined pain
source

Sembrano JN, Polly DW Jr. Spine. 2009 Jan 1;34(1):E27-32.



Three stability types /rg iy | S

 Dynamic, normal, static




Treatment / diagnostic
algorithm!

* Example Sl joint

Evaluate: Sl guided
1. Lumbar Chiro and injection
Lower spine Functional Trigger point physioth. (image Ifu se
back pain o (7 tests injections piriformis intensifier,
- Hip etc. CT) and
3. Sl joint denervation
e M e M M — N — M S

Patrick - Sign ( Faber
—Test)




Trigger points pel

VIS

TRIGGER POINTS OF LIGAMENTS

I -
s -
ABCD,-
S5 -
ST -
SC -
H -
SN =

lliclumbar

Lumbosacral - Supra & Interspinus
Posterior Sacroiliac

Sacrospinus

Sacrotuberus

Sacrococcygeal

Hip - Articular

Sciatic nerve
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Hackett GS. Joint Ligament Relaxation treated by Fibro-osseous Proliferation.

Springfield, lll.: Thomas; 1956.

Hackett GS. Referred Pain and Sciatica in Diagnosis of Low Back Pain Disability.

JAMA 1957;163:183 - 1890.
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S. Becker 2011
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1. Discogenic pain
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Shall we do a discogram for
discogenic pain?



Discography

1948
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Lindblom and Hirsch

reported on discography as a method of
imaging herniated discs.

Second feature: reproduction of the usual
complaints (sciatica)
Lindblom K. Diagnostic puncture of the intervertebral

disc in sciatica. Acta Orthop Scand 1948;17:231-9

Hirsch C. An attempt to diagnose level of disc lesion
clinically by disc puncture. Acta Orthop Scand
1948;18:131-40
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Previous disc surgery 40% false positive Carragee
asymptomatic Spine 2000
Previous disc surgery 52% positive Heggeness
LBP Spine 1997
HIZ 70% false positive Carragee

Spine J 2000

Somatozation disorder | 80% false positive | Carragee
Spine 2000
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Disc degeneration models ;}3

Pre-op 12 24 wks

e Stab injury

> Degeneration related  ¢ontrol

of S|ze.of wound and it i

with displacement of

nuclear material stab >
» Endplate injury shows

. stab »
more uniform
response control
L6 | : Y 3
Kaapa et al. Collagen synthesis and types |,1l,lll collagen in an animal model of disc

degeneration. Spine 1995

Sobajima et al. A slowly progressive and reproducible animal model of intervertebral disc
degeneration characterized by MRI, x-ray, and histology. Spine 2004

Bovine model: The effects of needle puncture injury on microscale shear strain in the
intervertebral disc annulus fibrosus. Michalek AJ et al. Spine J. 2010 Dec;10(12):1098-105
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» Ten years clinical follow-up, 50 tx versus 51 cons.

, Modern discography techniques using small
gauge needle and limited pressurization
resulted in accelerated disc degeneration, disc
herniation, loss of disc height and signal and
the development of reactive endplate changes
compared to match-controls ,,

2009 ISSLS Prize Winner: Does discography cause accelerated
progression of degeneration changes in the lumbar disc: a ten-year
matched cohort study. Carragee EJ et al. Spine. 2009 Oct 1;34(21):
2338-45




< INSTITUTE ror MUSCULO

| ] |

2 MS AR
/ SKELETAL ANALYSIS

RESEARCH & THERAPY

New aspects?

e Lavage of the disc

* Analysis of inflammatory cytokines (interferon
gamma)

» pos. In symptomatic and degenerated disc
» absent in asymptomatic healthy discs

Cytokine evaluation in individuals with low back pain using discographic lavage.
Cuellar JM et al. Spine J. 2010 Mar;10(3):212-8.
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Discogenic pain:
Lumbar nucleoplasty
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Nucleoplasty

Is a minimally invasive technique for disc
decompression that utilizes Coblation
technology for ablating soft tissue by
means of a low temperature (52°C)
molecular dissociation process to create
small channels within the disc.



Nucleoplasty technique KEIMSART

technique:
Wand is creating a
channel in the disc
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Coblation By-products

e Tissue is broken down
into elementary
molecules and low
molecular weight gases,
l.e. oxygen, nitrogen,
hydrogen, carbon
dioxide, etc.
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* 6-8 channels induce rapid loss of H,O in the nucleus and
immediate decompression of nerve root

e Partial reduction of nucleus

* Late response: contraction of collagenous fibers and
further reduction of protruded disc

* Neutralization of acidity of disc degeneration
(neurotoxicity)



Intradiscal Pressure o
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Nucleoplasty Intradiscal Pressure
Non-Severe Degeneration

———

“Intradiscal  pressure was
markedly reduced in non PSI 15
severe degenerate discs” !

e

0_
0 1 5 5 )
m Nucleo PSI S 6
@ Control PSI Number of Coblation Channels

Intradiscal pressure study of percutaneous disc decompression with Nucleoplasty in

human cadavers.
Y. Chen, S. Lee and D. Chen, SPINE, (2003) 28: 661-665
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Biochemical action

“Our results suggest that Nucleoplasty may be capable of
initiating a repair response in the disc”.

Disc BioChemistry

Significant decrease in 16

Interleukin-1 14
12 +

1| —a&—IL-1 Degenerative Trend _A

- -m- - |L-1 Nucleoplasty Impact
10 +

—a—IL-8 Degenerative Trend

|| - -= - |L-8 Nucleoplasty Impact

Concentration

ae ___—A
——
‘7
Baseline 6 Weeks 12 Weeks
Time

Significant increase in
Interleukin-8

o N BN [e)Ree]
|

Conor O’Neill, Jeff Lotz, Percutaneous plasma decompression alters cytokine expression in
injured porcine intervertebral discs. The Spine Journal 4 (2004)



Nucleoplasty
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“These results support the hypothesis that Nucleoplasty can relieve

pain by direct biologic effects”

Graph illustrating percentage
change in inflammatory mediators
for normal nucleus cells at 3 and 6
days post ablation (Corrected
against sham).

% change in level

300

250

200

150

100

50

0

-50

Difference in inflammitory mediator levels in normal nucleus pulposis
cells (normalized to sham)

o 3 Day
m 6 Day

e

18

Hsp70

NO

PGE2

The short-term effects of electrosurgical ablation on proinflammitory mediator production by

intervertebral disc cells in tissue culture.

K-W. Rhyu, A. Walsh, C. O’Neill, J. Lotz, and D. Bradford.

Spine J. 2007 Jul-Aug;7(4):451-8



Indications ;)3 s

* Symptomatic patients with contained
herniated disc

* Leg pain with or without back pain

e MRI evidence of contained herniated disc
protrusion

* Failure of 6 weeks of conservative therapy
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Pfirmann Classification of disc degeneration with MRI

Pfirrmann CWA, Metzdorf A, Zanetti M, Hodler J, Boos N: Magnetic resonance classification of lumbar intervertebral disc degeneration.
Spine 26:4873-4878. 2001



How should the disc as such look?
MRI Classification 4
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» Nucleoplasty is indicated in disc protrusion or contained hernia in not totally

degenerated discs.
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Contraindications S arl.

 more than 1/3 of the sagittal diameter of the spinal

canal
e extruded hernia or with a free fragment

* Does not substitute conventional open
procedures required for extruded disc
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Conservative Care Conservative Care
(Medications,PT, Steroid injection) (Medication, PT)
Contained Non contained Other Surgical Technique

Disc/Nucleus Replacement



Lumbar Technique
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Ap / lateral technique KEIMSART
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S. Becker 2011
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S. Becker 2011



Lumbar Technique
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S-10cm

A 17 G cannula is introduced into
the disc using a posterior-lateral
extra-pedicular approach (10 cm
from the midline at an angle of 35°)



Lumbar Technique
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The final result is a cylindrical space inside the

disc
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Complications

* Nerve puncture
* Vascular puncture

- o 0 . 0 o

 Discitis (0.25% per patient or 0.14% per disc)
Guyer et al. Lumbar discography. Position statement from the North American Spine Society
Diagnostic and Therapeutic Committee. Spine vol 20, N° 18, pp 2048-2059, 1995.

Slipman et al. Early-term side effects and complications of lumbar nucleoplasty : preliminary series.
ISPRM — 2nd world congress.



Results lumbar spine KAEMSART

Retrospective study of 1390 patients, follow up at 15 days, 1 month, 6 months
and 1 year.

Post Op MRI or CT showed disc bulging eliminated in 34%, significantly reduced
in 48% and unvaried in 18%.

Percutaneous Nucleoplasty for discoradicular conflict.
A. Alexandre, L. Coro, A. Azuelos and M. Pellone Acta Neurochir (2005) [Suppl] 92: 83-86

S. Becker 2011
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e 45Pat. 39y, (12 mo): 78% improvement, without prior operation 81%, with prior operation 67%
Sharps et al. Pain Physician 2002

. Randomized study versus steroid injection: 8 Mo. significant better results after N. C. Reverberi et al.
pain. Acta Neurochi. 2005

. Prospective 6 Mo study, 67 patients: significant improvement EQ5D, SF36, VAS P. C. Gerszten et al. J.
Neurosurg. Spine 2006

*  Prospective 2 y. study, 42 pat. Significant persisting improvement VAS, ODI Zhu H et al. Int Orthop.
2011 Jan 15. [Epub ahead of print]

*  Prospective 1y. study, Reduction of VAS 6-7 points, RMDQ by 8 points. Sinan et al. Acta Neurochir
Suppl. 2011;108:107-12.

 Metaanalysis of all studies (cervical and lumbar) 2010: The
recommendation is a level 1C, strongly supporting the
therapeutic efficacy of this procedure. cerges i, Lipsitz SR, Nedeljkovic

SS. A systematic review on the effectiveness of the Nucleoplasty procedure for discogenic pain. Pain
Physician. 2010 Mar;13(2):117-32.



INSTITUTE ror MUSCULO

Nucleoplasty in literature f?g V- \—bn
/ lumbar results /P SEELETAL & TNARNSS

* Prospective controlled cohort group

e 1:small protrusion < 5mm — NP, n = 24

e 2:large protrusion >6-9 mm — NP, n =22

e 3:disc extrusion—NP, n=27

* 4: disc extrusion/ sequester -MD, n = 65

» Significant improvement (50% VAS, 40%

ODI) of all groups

» No difference between 1 and 2
» 3 has a 20% higher failure risk than 4

Bokov A et al. Pain Physician. 2010 Sep-Oct;13(5):469-80
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Comparative study

NP versus disc decompressor (Stryker):

* Prospective randomised study, 126 patients,
12 mo F/U

* VAS, reduction in analgesic consumption,
disability and occupational incapacitation
statistically significant improved

» No difference between techniques

Lemcke et al. Minim Invasive Neurosurg. 2010 Oct;53(5-6):236-42



Cervical Nucleoplasty
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Indications

Contained herniated disc or focal protrusion
causing radicular and/or cervical pain
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Contraindications

* >50% loss of disc height

* Herniation > 1/3 of the sagittal diameter of
the spinal canal

* Disc extrusion
e Spinal stenosis, spinal instability
* |Infection, tumours



N | FMS AR
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* Radicular compression by osteophytes
e Central cord lesion

* Radicular pain in more than two disc levels
(EMG can be discriminative)

* Progressive neurological deficit
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Cervical Technique

S. Becker 2011
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With the fingers the surgeon touches the
vertebral space holding the SCM muscle
laterally and the trachea medially
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Results cervical spine

e prospective controlled single-blinded study
(115 pat.) with randomization into:

— Nucleoplasty(NPL)
— Conservative Care (CCC)

ORIGINAL ARTICLE

Plasma disc decompression for contained cervical disc herniation:
a randomized, controlled trial

Alessandro Cesaroni - Pier Vittorio Nardi

Eur Spine J. 2010 Mar;19(3):477-86
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*% ** * **

%

10 \ \o

Baseline 6 Weeks 3 Months 6 Months 1 Year

Mean Pain VAS
S 8 8 8 8

—— NPL —= CCC "p<0.001

*p<0.01
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S. Becker 2011



Neck Disability Resolution
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S. Becker 2011
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Summary results

* The NPL group had significantly better results:

— NPL pain VAS scores were significantly less than
CCC at all follow-up time points

— More NPL patients were free of pain and
medication at 6 weeks, 3 and 6 months

— More NPL patients had no neck disability than CCC
patients

— All NPL quality of life measures (SF-36) were
within the normal range by 6 weeks
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* Nucleoplasty:

» Easy cervical and lumbar technique
» Minimal-invasive
» First line treatment whenever possible

»The limits of this technique are related
to the level of the disc degeneration
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2. Vertebrogenic pain
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35
30 -
25 M lung
M breast
0 prostate
COmelanoma
15 M kidney
O unknown
10 W other
5 4
0 o

Perrin RG: Metastatic tumors of the axial spine. Curr Opin Oncol 1992 Jun; 4(3): 525-32
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Type of metastasis

* purely lytic:
— Kidney
— Thyroid
* mixed lytic and sclerotic:
— Lung
— Breast
* purely blastic
— Prostate
— Medulloblastoma
— Bronchial carcinoid

Musculoskeletal Imaging: The Requisites, Manaster, BJ et al; Mosby, 2002
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* Create saline field
40-70°C
* Transpedicular approach

* Prior to vertebroplasty

==

Georgy BA, Wong W. American Society of Spine Radiology 2006
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Indications and results

Indications
eOsteoblastic tumour
*Osteoid osteoma

»significant (>50%) and rapid y JT L L Q
pain relief in 70-95% of cases, A (T ?
with substantial decrease of
medication

L. Thanos, S. Mylona, P. Galani, et al. Radiofrequency ablation of osseous metastases for th palliation of pain. Skeletal
Radiol 2008; 37:189-194

*Callstrom MR, Charboneau JW, Goetz MP, et al. Painful metastases involving bone: feasibility of percutaneous CT- and
US-guided radio-frequency ablation. Radiology 2002; 224:87-97.32

*Kojima H, Tanigawa N, Kariya S, Komemushi A, Shomura Y, S S. Clinical assessment of percutaneous radiofraquency
ablation for painful metastatic bone tumors. CVIR 2006; 29:1022-1026.33

» Matthew R. Callstrom, Charboneau JW. Image-guided Palliation of Painful Metastases Using Percutaneous Ablation. Tech
Vasc Interventional Rad 2007; 10:120-131.34

*Goetz MP, Callstrom MR, Charboneau JW, et al. Percutaneous image-guided radiofrequency ablation of painful
metastases involving bone: a multicenter study. J Clin Oncol 2004; 22:300-306.
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Possible mechanisms

 What causes pain reduction?

» Mechanical stability?
»Chemical action?
»Thermical action?

» Destructive action?
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Mechanical stability

» Unilateral VP / BKP shows the same clinical
results as bilateral VP / BKP

Taylor et al. Eur Spine J 2006



Chemical/ thermical action ;)3 *MfegAL

e PMMA: Polymerization temp. 55 —90°

 Ca—P cement: Crystallization temp. 37°

* Clinical results comparable

Taylor et al. Eur Spine J 2006
Maestretti et al. Eur Spine J 2007



Destructive action /
nerval anatomy

 Sinuvertebral nerve

» Post. long. lig.

» Anulus fibrosus

» Anterior dura mater

» Post. vertebral periosteum

Antonacci et al.. Innervation of the human vertebral
body: a histologic study. J Spinal Disord, 1998. 11(6):
p. 526-31




basivertebral nerve

Nerval anatomy

» Vertebral body is innervated

by basivertebral nerve

van Dieen et al. Fractures of the lumbar vertebral endplate in the
etiology of low back pain: a hypothesis on the causative role
of spinal compression in aspecific low back pain. Med
Hypotheses, 1999. 53(3): p. 246-52.

Antonacci et al.. Innervation of the human vertebral body: a
histologic study. J Spinal Disord, 1998. 11(6): n. 526-31
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* Endplates of patients with discogenic pain show
more nociceptors then normal discs'

* Endplates are touch sensitive?

"Freemont, AJ. J Pathol, 2002. 197(3): p. 286-92.
2Kuslich, S et al. Orthopaedic Clinics of North America, 1991. 22(2): p. 181-187.

-

Pfirrmann Classification of disc degeneration with MRI
Pfirrmann CWA, Metzdorf A, Zanetti M, Hodler J, Boos N: Magnetic resonance classification of lumbar intervertebral disc degeneration.
Spine 26:4873-4878. 2001
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 prospective study: Modic i L
Type | or Il endplate change Modic | | W 0
lates 100% with pos edema)
corre 0 POS. Modic Il | A A
pain provocation at (fat)
respective level3 Modic Il | W
(sclerosis)

* Vertebra with Modic changes
show increased endplate
innervation®

3Weishaupt, D. et al. Spine, 2006. 31(9): p. 1026-31
4Ohtori, S et al. Spine, 2006. 31(9): p. 1026-31

| St

Modic MT, Steinberg PM, Ross JS et al. Degenerative disk disease: assessment of
changes in vertebral body marrow with MR imaging. Radiology 166:193;1988
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Population based sample of 412 Danes (40y old):
lumbar MRI, questionnaires, and clinical examination

"

" ‘\
"N - ;
W NS
{ P «
¢
: X ., A N
al )
| > -

normal Disc Degeneration Disc degeneration
+ Modic Changes

Kjaer P et al. Modic changes and their association with
clinical findings. Eur Spine J 2006. SSE AWARD"2006
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40

30 -

20 -

10 -

LBP last week

normal DD DD+ MC

Kjaer P et al. Modic changes and their association with
clinical findings. Eur Spine J 2006. SSE AWARD"2006
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160- LBP last year

80 -

60 -

40 -

20 -

normal DD DD + MC

Kjaer P et al. Modic changes and their association with
clinical findings. Eur Spine J 2006. SSE AWARD"2006
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ain on movement

normal DD DD+ MC

Kjaer P et al. Modic changes and their association with
clinical findings. Eur Spine J 2006. SSE AWARD"2006
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of VP / BKP reEseRnen & e

 What causes pain reduction in osteoporotic vertebral
fractures

»Some mechanical stability
» Ehemicalacton?

>--f\r\rm;n—'\| —'\n-l—;nn?
e rotHh—orottrro1+1

» Destructive action

Niv, D., M. Gofeld, and M. Devor, Causes of pain in degenerative bone and joint disease: a lesson
from vertebroplasty. Pain, 2003. 105(3): p. 387-92
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Conclusion

Vertebrogenic pain:

Basivertebral nerve — the missed and
underdiagnosed nerve

» Large clinical implications
» Large clinical benefits with minimal — invasive
therapy can be expected

» Multiple indications




