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Pathogenesis:

Degenerative cervical changes
resultin spinal cord insult through
staticand dynamicinjury
mechanisms.

* Static injury— compression by
intervertebral disk,
osteophytes,
hypertrophy/ossification of
spinal ligaments (OPLL, LF)

e Dynamic Injury -
Subluxation/degenerative
spondylisthesis, minortrauma -
particularlyin the setting of
preexisting DCM/stenosis

*Spinal deformity (eg kyphosis) canalso
contribute to the pathogenesis by altering
cord tension.

Workshop 15-May 15, 2015, ASIA/ISCoS Meeting, Montreal Canada
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Cervical spinal alignment - Parameters

C2-7 Cobb angle C2-7 Sagittal vertical axis (SVA)
(CERVICAL LORDOSIS) (SAGITTAL PLANE TRANSLATION)



Cervical spinal alignment - Parameters

Chin-brow vertical angle (CBVA)
(HORIZONTAL GAZE)



Cervical spinal alignment - Parameters

* Neck tilt
* Thoracicinlet angle (TIA)
e T1slope
e TIA=T1slope + neck tilt

e Cervical lordosis depends
on T1 slope

e Similar to pelvic incidence
and lumbar lordosis

J. K. Scheer et al., Cervical spine alighment, sagittal
deformity, and clinical implications: a review. J
Neurosurg Spine 19, 141-159(2013).




Y vertical angle
(CBYA)

C. P. Ames et al., Cervical radiographical alignment: comprehensive assessment techniques and potential importance in
cervical myelopathy. Spine (Phila Pa 1976) 38, 5149-160 (2013).



C2-7 SVA is correlated with NDI and SF-36 PCS in DCM
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BESEARCH—HUMAN—CLINICAL STUDIES

The Tmpact of Standing Regional Cervical Sagittal
Alignment on Qutcomes in Posterior Cervical
Fusion Surgery
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Cervical deformity is associated with greater disability
and poorer QOL in DCM

N=178
AOSpine CSM-NA or CSM-I
C2-7 Cobb and C2-7 SVA

Pre-operative and 1-year
post-operative

‘Deformity’ defined as 1) C2-
7 Cobb > 10° kyphosis and/or
2) SVA > 40 mm

Pre-operative deformity
associated with worse NDI
scores (45.7 vs. 38.9, P=0.04)

Post-operatively, deformity
associated with worse SF-36
PCS (37.2 vs. 41.4, P=0.048)
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Impact of Cervical Spine Deformity on Pre-operative Disease Severity and Post-operative
Outcomes Following Fusion Surgery for Degenerative Cervical Myelopathy - Sub-Analysis of
AOQSpine North America and International Studies.

Kato 5" Mour & Wu D, Nor S, Teimaut L. Fohlnos MG
& Author information

Abslract
STUDY DESIGM: Sub-analysis of the prospective ACSpine TEM Morth America and Inbsmational studies

DBJECTIVE: To nvestigals the impact of cervical sping deformity on pre- and post-opemlhne culcomes in fuslon surgedes for deganarmtha
cervical myelopathy,

SUMMARY OF BACKGROUND DATA: The associations betwesn cervical alignmant and palient oulcomes have bean repofted but are not
wall estabiished in 0 mysicgathy cohort. The impact of deformity cormection in this population aiso needs o be tluckdaled

METHODS: A total of T57 palients were enfoliad in tvo prospective imemabonal mullicentar ADSpine shodies. Among those who unidersan
anierior or posterior fusion surgeries, pro- and 1-yeur post-apenatre waright noutral lateral radiographs of cervical spine were investigated o
measung C2-T Cobb angle and C2-7 sagitial vertical axia (5A). Patient outcomes maasumes inciuded the modiied Japaness Cethopaedic
Assnciation score (mIOA] for mpelopaihy severity, Neck Disabiity Index (NI} and Shari-form 38 (SF-36), These scores were compared
betwesn pationts with and without cervical deformity, which was defined as 1) C2-7 Cobb > 10° kyphosis endior 2] SV > dmen

RESULTS: A totad of 178 patients wene included with complate pre- and posi-operative radiographs. SV significantly increased post-
operathvely (2T.4 vs. 30, 7mm, p=0.004 Al cutcome measurement showed significant improverments abowe minkmal dinicallty imporant
diffarences. Z3.6% of the patients had cervical deformity pre-oparatively; preaparashee dedormity wes associated with worse pre-oparative NDI
stored (45.7 ve. 388, pe0.04) Pasloparatively, theds with dalarnity exhibited sigrficantly lower SF-38 physical component seares (7.2 va,
41,4, p=00048}, Howerver, when focusing on the pre-opomtively deformed cohort, wi did nol find any significant differences in the post-
operslive oulcoma scanes batwean those with and without residual dalonmity.

CONCLUSIONS: There was a significant associntion between cendcal defomity and both pre-operative dispate savesity and post-operifioe
pulcomses; hoaaver, no impact of deformity correction was shown,

LEVEL OF EVIDENCE: 2




Multilevel ACDF

e Kyphotic
deformity

e At disc level
pathology

e Reducible
deformity




Anterior Cervical Corpectomy and
Fusion

e \entral pathology which extends behind the
vertebral body

 Hybrid constructsoffer excellent biomechanical

stability and allow multilevel anterior alone
constructs



Hybrid Anterior Technique for Complex
Subaxial Cervical Pathology

.....



Posterior techniques

Laminectomy and Fusion
. Wi B

 Multilevel
pathology

e Relative
oreservation of
ordosis

 Allows for
multilevel
foraminotomies




Laminoplasty

* Good option for multilevel stenosis with preserved lordosis
* Notindicated if significant kyphosis/ instability




Combined Anterior/Posterior

DCI I ID

D
n.DCM/ IdID
761

Fixed kyphosis

Combined
anterior/posterior
compression

Need for multilevel
corpectomy

Posterior tension band
fixation



Case Report of a 58 yo male Pt.
History of numerous cervical traumas

Social history: drug addiction to heroin, alcoholism, opioid use and heavy smoker 1pack/d

Complaints:

Severe axial neck pain

Left sided weakness in his body since 2 yrs.

Ongoing weakness on his left side and fine motor dysfunction of both hands (L>R).
Right hand dominant, manage of buttons with severe difficulty.

Severe numbness affecting left and right hand hand, balance difficulties when walking.

MJOA Score 10/18

(3/5 upper extremity motor function, 4/7 lower extremity motor function, 1/3 upper
Extremity sensory function, 2/3 bladder function)

- Severe category of cervical myelopathy!



Pre-operative functional X-ray
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Cervical spinal alignment and parameters

C2-7 cobb angle 17,5° T1slope 19,5° C2-C7 SVA5cm



Pre-operative serial axial CT-scans of cervical spine
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Signs of old C6 compression fx with consolidation in focal kyphosis
position. Widening of interspinous processes and facets.



Pre-operative sagital T2 MRI-scan of cervical spine

*Signs of old C6 compression fx with consolidation in fixed focal kyphosis.

**Severe T2 signal change of spinal cord at level of C5-7 with edema formation and
cavitation.

***Splaying of the interspinous processes at C5-7.



Pre-operative serial axial MRI-scans of cervical spine
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Spondyloticchanges at C2-C5 with bulging disks, buckling of the ligamentum flavum at C3-5



Anterior surgery stages

A) Multilevel anteriorcervical decompression and reconstruction with C3 to C7
diskectomies, C5 and C6 corpectomy and anterior osteotomies with release of of fused
uncovertebral jointsat C5-6 and C6-7 over an extended transverse mid-cervical incision.

B) Partial reduction of subaxial kyphotic deformity with fibular strut bone bank graft at C4-7
with local autogenous bone graft supplementingfibular allograft C3-4.

C) Anteriorcervical titanium plate fixation.



Posterior surgery stages

D) Multilevel posterior cervical decompression and reconstruction with C2 to C7
laminectomies, T1 laminotomiesand bilateral foraminotomies.

E) Instrumented reconstruction with C2 pedicle screws, C3-C7 lateral mass fixation,
T1 pedicle screw fixation under computer assisted navigation.

F) Bone grafting with local autogenous bone graft supplemented with demineralized
bone matrix allograftand morselized fibular allograft.



Post-operative serial sagittal CT-scans of cervical spine 2 days after surgery




Post-operative serial axial CT-scans of cervical spine 2 days after surgery
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2 month postop follow up Status:

*  Overallimprovement of neurological symptoms with less neck pain and
reduced L arm spasms.

*  Numbness of upper arm extremities better than preop.

* No use of assistive device while walking.

* Improvement of fine motor skills.

Physical examination:

Motor: Upper extremity 5/5 motor power, intrinsics 4+/5
Motor power lower extremities 445

MJOA Score improved to 15/18 (previous 10/18)
(4/5 upper extremity motor function, 6/7 lower extremity motor function, 2/3
upper extremity sensory function, 3/3 bladder function)



Change of cervical spinal alignment cobb angle

Preop X-ray: 17,5° Postop X-ray: 4,9°



Guidelines for the Management
of Degenerative Cervical
Myelopathy

Michael G. Fehlings MD PhD

Sponsored by the Cervical Spine Research Society and
AOSpine North America
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Overview of Methods

1. Several systematic reviews were
conducted by external
methodologists to synthesize
evidence from studies with the
highest quality

2. A multidisciplinary guideline
development group used this
knowledge, in combination with
their clinical expertise to develop
recommendations for how to best
manage patients with mild,
moderate and severe disease.




Systematic Review Results: Effectiveness of

Surgical Intervention

Aims

* To evaluate neurological outcomes
following surgical intervention

* To determine whether outcomes depend
on disease severity or duration of
symptoms

* To quantify risk of surgical complications
Results: Low to Moderate Evidence

* Surgicalintervention results in
improvements in Nurickand mJOA
scores

* An “optimal” surgical outcomeiis
dependent on preoperative duration of
symptoms and myelopathy severity

* Pooled incidences of complicationsare
low (overall rate = 14.1%)

a. 6-12 months

Pre Score

Study or Subgroup  Mean SD Total Mean

Mean Difference
1V, Randam, 95% CI|

Mean Difference
IV, Random, 95% C1

Chibbaro 2009 §5.2 14.08 268
Fehiings 2013 42.01 2127 260

Fehlings 2015 3I6.38 2289 479
Riew 2008 53.5 16.9 52
Wang 2015 26.38 5.16 152
Total (95% CD 1211

Heterogeneity: Tau® = 59.67; Chi* = 146.22

b. 13-36 months

Pre Score
_Study or Subaroup Mean _ SD Total Mean
Chibbaro 2009 §5.2 12.05% 268
Fehlings 2015 36.38 22.B9 479
Riew 2008 53.5 16.9 S

Wang 2015 26.315  5.16 152

Zong 2014 43 11,0, 396
Total (95% CD 1347
Heterogenelty. Tau" = 39.08, Chi' = 169.57, df =

Test for overall effect: 2 = 6.78 (P < 0.00001)

¢. >36 months

,df = 4 (P < 0.00001
Test for overall effect @ = 5.05 (P < 0.00001)

4(P< 000001 F « 98%

Mean Differcnce

SD Total Weight IV, Random, 95% CI

26.80 [24.36, 29.24])

11.28 [7.42, 15.14]
12.94 [10.16, 15.72)

29.40 [21.88, 36.92)

11,56 {10.55, 12.57]

18.02 [11.02, 25.02]

Mean Difference
IV. Random, 95% C)

27.70 (25.62, 29.78)

13,18 [10.28, 16.08)

31.10[23.52, 18.68)
13,23 [12.23, 14.23)
16.30 [14.78, 17.82])

19.71 [14.01, 25.42)

RS
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Mean Difference

IV, Random, 95% €I
-
.
<>
Fi3 [ Fi 50

Mean Difference

Pre Score
Swdy or Subgroup _ Mean _ SD_Total
Chen 20113 35.8 3.65 B0
Chibbiaro 2009 5.2 365 268
Total (95% CI) 328

60 49.9% 17.40[16.29, 18.51)
29.00 [28.47, 29.513]

328 100.0% 23.21 [11.84, 34.58]
Heterogeneity: Tau® = 67.08; Ch’ = 341,36, df = 1 (P < 0.00001); 1" = 100%
Test for overall effect; 2= 4.00 (F < 0.0001)

IV, Random, 95% CI
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]
=
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From Evidence to Guidelines: Toronto 2015

j  Our Multidisciplinary
- Guideline Development Group

= * Neurosurgeons

SE Orthopedic Surgeons
£~ © * Rehabilitation Specialists
i *Primary Care Physicians
" * Neurologists

* Rheumatologists

* Methodologists




Key Questions and Points of Consideration

Asymptomatic IN PATIENTS (CLINICAL)
GUIDELINES

¢ Should operative treatment be used to treat nonmyelopathic
patients with evidence of cord compression without signs or
symptoms of radiculopathy?

 Should operative intervention used to treat nonmyelopathic
patients with evidence of cord compression and PATIENT
clinically/electrophysiologically diagnosed radiculopathy? VALUES

Mild

. SP&ouLd nonoperative treatment be used to treat patients with mild
DCM*

* Should operative treatment be used to treat patients with mild
DCM? BENEFITS

Moderate BHAn
* Should surgery be used to treat patients with moderate DCM?

Severe

* Should surgery be used to treat patients with severe DCM? S—— | e
[G.'\-\IJI:

ACCEPTA-

BILITY

CLINICAL

RECOMMENDATION




Our Recommendations

Mild

We suggest offering either surgical intervention or non-surgical treatment
consisting of a supervised trial of structured rehabilitation for patients with
mild DCM. If non-surgical treatment is initially pursued and there is
subsequent neurologic deterioration, we recommend operative
intervention. If non-surgical treatment is initially pursued and the patient
fails to improve, we suggest offering operative intervention.

Moderate
We recommend surgical intervention for patients with moderate DCM.

Severe
We recommend surgical intervention for patients with severe DCM



Take Home Messages

 Cervical deformity has an important impact on baseline neurological
status and outcomes of treatment

e C2-C7 sagittal alignment; T1 slope; cervical C2-C7 SVA are the key
parameters to assess

* Flexible deformities can be handled either anteriorly or posteriorly

* Anterior options excellent for at disc pathologies

* Anterior osteotomies can be achieved by resection of uncovertebral joints
bilaterally

* Hybrid options excellent for complex anterior cervical reconstruction
* Fixed deformities require combined anterior/posterior surgery

e Surgical treatment for moderate and severe DCM is the preferred
option; judgment and consideration of options for mild DCM





