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Overview

« Sagittal Alignment in the Cervical Spine
« Radiographic Assessment of Cervical Alignment
+ Impact of Cervical Alignment on Health Status

« Correlations of Cervical Alignment and
Lumbopelvic Parameters
— Chain of Correlation

+ Redefining Goals of Surgical Strategies




Resolved

+ Cervical Kyphosis is strongly associated
with health status and neck disability

* Restoration of alignment in the cervical
spine is an important goal of all cervical
surgeries

Clinical Equipose |
« Variability in operative strategies are cl
evidence of the absence of an evidence
based approach




o
o
-
n
o
o
o
)
S
&







OuTce OF ( L Sro VA

» Define Measurements of Cervical Alignment

» Cervical Alignment has important implications
regarding Cervical Pathology including Myelopathy
and overall HRQoL

« Cervical alignment is directly correlated with
thoracolumbosacral alignment and T1 slope

Measuring Cervical Alignment

 Cobb Method

—ClorC2to C7
« Harrison Posterior Angle Method
« Jackson Physiologic Stress Lines

Measuring Cervical Lordosis
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Cobb Method Jackson Method




Harrison Tangent Method

Segmental Angles
Normal = 8.2° each angle

/" Anterior

N ‘Translation
Distance
Normal = 0mm

Atlas

Plane Line
Normal = 28.7*
€1 To Horizontal

Cobb Method or Harrison Posterior Tangent Method

Which to Choose for Lateral Cervical Radiographic Analysis

Deed E. Harrison, DC,* Donald D. Harrison, PhD, DC, MSE,t Rene Caillist, MD £
Stephan .J. Troyanovich, OC.§ Tadeusz J. Janik, PhD,+ and Burt Holland. PRDT
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» Most accurate method to depict what is
happening segmentally within the cervical spine

Posterior
Tangents

Cervical Spine Mobility

» Most mobile region of the spinal column

EXtension aI Left lateral flexion

Flexion

ht lateral flexion

*: starting position.




Segmental Angles
Normal = 8.2° each angle

Atlas

Plane Line J
Normal = 287* -~
€1 To Horizontal

Level Angle ()
“antd C0-C1 21 =50
Tanl c1-c2 322+ 7.0
Noel ca—c3 19+ 5
C3-C4 -1.5+50
Ca-C5 —0.6 = 44
C5-C6 1.1 5.
CH-C7 1543
2-C —9.6
~ | Total (€1-¢7) —41.8
* S0s, and the negative sig

Does the sagittal alignment of the cervical spine have an impact

on disk degeneration? Minimum 10-year follow-up

of asymptomatic volunteers

Eur Spine J (2009) 18:1644-1651

Disc Degeneration is associated with a loss of

segmental lordosis in the cervical spine

Lordosis type

Non lordosis type
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« Sagittal translation of the
c-spine

ormal Sagita Plave Algnment n Stance

Scoliosis Research Society—Schwab Adult Spinal
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Redefining Global Spinal Balance

Normative Values of Cranial Center of Mass From a Prospective Cohort of
Asymptomatic Individuals

Patrick A. Sugrue, MD,* Jamal McClendon, Jr, MD,* Timathy R. Smith, MD, PhD, MPH,* Ryan . Halpin, MD,
Fadi F. Nasr, MD,# Brian A. O'Shaughnessy, MD,§ and Tyler R. Koski, MD*

Traditional measures of sagittal balance focused upon
the thoracolumbar unit

Consideration of the Cranial center of mass as the goal
of optimal sagittal alignment

Cervicothoracic deformity is an important component
of sagittal imbalance
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Redefining Global Spinal Balance]

Normative Values of Cranial Center of Mass From a Prospective
Asymptomatic Individuals

Patrick A. Sugrue, MD,* Jamal McClendon, |, MD,* Timathy R. Smith, M
Fadi F. Nasr, MD,# Brian A. O'Shaughnessy, MD,§ and Tyler R. Koski, M

CCOM= midpoint between inion and nasion

20- to 40-Yr- 60- to 80-Yr-
Old (Mean £ | Old (Mean =

SD) SD) P
‘ CCOM (mm) 0.0+ 31.5 41.2 £ 35.7 <0.001
—2.7 +32.7 32.1+33.6

—16.4 + 31.5 10.6

Cranial Centre of Mass (CCOM)

» Goal of balanced spine

* CCOM alignment with COG
— Head over Femoral Heads




Extending the Scope of Vision

Extending the Scope of Vision

* “E-hole over A-hole”

Extending the Scope of Vision

» “E-hole over A-hole”
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The Impact of Standing Regional Cervical Sagittal Alignment on
QOutcomes in Posterior Cervical Fusion Surgery

Tang, Jessica A. BS™; Scheer, Justin K. BS*; Smith, Justin 5. MD, PhD""; Deviren, Vedat MD¥; Bess, Shay
MD"; Hart, Robert A. MD'; Lafage, Virginie PhD®; Shaffrey, Christopher 1. MD™; Schwab, Frank MD*; Ames,
Christopher P. MD'; the ISSG Neurosurgery:

September 2012 - Volume 71 - Issue 3 - p 662-669

Study Purpose

— Evaluate relationship between sagittal alignment of
cervical spine and patient-reported HRQOL scores

following multi-level posterior cervical fusion

— Identify radiographic parameters in cervical spine
most predictive of postoperative disability
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MATERIALS AND METHODS

« Retrospective analysis (2006 — 2010)

« Clinical Outcomes
— NDI
— SF-36 PCS
- VAS

» Radiographic Outcomes
C2-C7 Lordosis
— C2-C7SVA
— T1 Slope
T1 Slope — C2-C7 Lordosis

Patient Demographics

113 patients (M=61, F=52)
Mean age: 59 + 12 years

Most common indications for long segment cervical
fusion:

— Cervical stenosis (n = 65)

— Myelopathy (n = 38)

— Deformity (n = 14)

— Degenerative disc (n = 13)
Mean number of levels fused: 5.6 £ 1.9
Average follow-up time: 187 + 108 days

Cervical Measurements
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Measurement of cervical SVA

+ C2-C7SVA T—

» Distance
between plumb
line dropped
from centroid of
C2and C7

ERECT

Significant Correlations: Radiographic
Measures and HRQOL Scores

C1-C7 SVA NDI 108 0.1863 0.0535
C1-C7 SVA PCS 58 -0.4097 0.0014*
C2-C7 SVA NDI 108 0.2015 0.0365*
C2-C7 SVA PCS 58 -0.4262 0.0009*
CGH-C7 SVA NDI 108 0.1873 0.0522
CGH-C7 SVA PCS 58 -0.3613 0.0053*

Correlation between C2-C7 SVA
and NDI Scores

o
£,
b
)
Z

C2-C7 SVA (mm)
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Determinants of Cervical
Lordosis

+ Chain of Correlation
— T1Tilt
— Lumbosacral parameters
— Thoracic Kyphosis

Factors determining cervical spine sagittal balance in asymptomatic
adults: correlation with spinopelvic balance and thoracic inlet alignment

Eun-Seok Son, MD, PhD", Eun-Min Seo, MD, PhDF,
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Goals for Restoring Cervical
Lordosis

The influence of thoracic inlet alignment on the craniocervical sagittal balance in asymptomatic adults.
J Spinal Disord Tech. 2012 Apr.25(2) E41-T

Chain of Correlation

Thoracic inlet angle=
T1 slope + Neck tilt

Pelvic Incidence: LL

Concept CT “Incidence”-T1 slope
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Subjacent Alignment

« Cervical Alignment
depends on subjacent
alignment

* Pelvic retroversion and
lumbar hyperlordosis in
primary cervical
deformity

« Cervical correction
results in improvement
in normalization of
compensatory
parameters

How Much Lordosis is Needed?




Regional Parameters

» CL= +45 degrees

Regional Parameters

e CL= +45 degrees
¢ C2 SVA=85mm

Global Parameters

* C2 SVA= -89mm

» C7 SVA= -104mm

* CGH SVA= -46mm

* CL= +45degrees
e LL= -64 degrees
o TK= 94 degrees
* PT= 0 degrees
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Regional Parameters

722 g;. » CL=  -27 degrees

» C2 SVA=

Global Parameters

C2 SVA=
CGH SVA=
C7 SVA=
CL=

TK=

LL=

PT=

36mm

-4mm
-10mm
-24mm

-27 degrees
65 degrees
-67 degrees
12 degrees
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Conclusions

Sagittal deformity has an important and measurable
impact on Health-related Quality of Life

Measurement of Pelvic and Craniocervical
parameters are important for accurate assessment of
deformity

Goals for deformity correction are:
— SVA<4cm CcSVA<4cm
— Match Pl and LL Match TIA and C2-C7 lordosis

Thank You

UCSF Center for Outcomes Research
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Reflections of an Orthopaedic Surgeon on Patient Care
and Research Into the Condition of Scoliosis

Jean Dubousset, MD

p 2011:31:S1-S8

 Chain of Balance

« Interrelationship between regions of
the spine in which the role of the
pelvic vertebra is to adopt a posture
that conserves muscular energy

Reflections of an Orthopaedic Surgeon on Patient Care
and Research Into the Condition of Scoliosis

Jean Dubousset, MD

 Cone of Economy

* . Minimum muscular energy is
required to maintain balance
between the heavy cephalic
vertebrae (the head) and the
polygon of support (both feet).
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 Predictor variables:

Sagittal Balance
Cone of economy

&

Muscle demand
Fatigue
Pain/Disability

Loss of forward gaze

Loss of head over pelvis
Jean Dubousset

Sagittal Malalignment

« Clinical Presentation
— Imbalance
— Difficulty with horizontal gaze
— Early fatigue
— Intractable pain

Correlation of Radiographic
Parameters with HRQOL

Glassman, Berven, Bridwell, et al: Spine 2005

» Multicenter database with >1200 pts with adult spinal deformity
Normal Sagital Pane Aligament in Stance
— Curve magnitude
— Curve location

Trunk shift
— Global sagittal balance

— Global coronal balance
+ Outcome variable:

— SF-36

— SRS-22

\._- -““|Illll',.'

21


http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=mfEk5ytWVlzBHM&tbnid=VhUK3Z1p0ecRRM:&ved=0CAgQjRw&url=http://www.luigicatani.it/&ei=Q2DnUrDTL43qoAS124D4AQ&psig=AFQjCNGwC9RE1jt4mKmuECBb2seYBvMCGA&ust=1390981571835977
http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=mfEk5ytWVlzBHM&tbnid=VhUK3Z1p0ecRRM:&ved=0CAgQjRw&url=http://www.luigicatani.it/&ei=Q2DnUrDTL43qoAS124D4AQ&psig=AFQjCNGwC9RE1jt4mKmuECBb2seYBvMCGA&ust=1390981571835977

Correlation of Radiographic Parameters and Clinical
Symptoms in Adult Scoliosis

Steven D. Glassman, MD,* Sigurd Berven, MD,t Keith Bridwell, MD,# William Horton, MD.§
and John R. Dimar, MD* SPINE Volume 30, Number 6, pp 682- 688

oW I Bt 41 T T N tE

Positive Sagitisl Balance

Correlation of HRQoL with Global Sagittal Balance

Pelvic Tilt =43
Sacral Slope =10

Fosfive Sagtial Balance
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3. Legaye Pelvic incidence:
G. Duval-Beaupére

J. Hecquet a fundamental pelvic parameter
G- Mty for three-dimensional regulation
Eur Spine 1 (1998) 7:99-103 of spina' sagitta' curves

* The pelvic incidence is the primary determinant
of the sagittal balance of the spine

+ Chain of interdependence between the pelvic
incidence and other spinal parameters

o+ B=PI
3 |

PT == (complimentary.s ) ‘
omplimentary % ) \ |
90 (definition)

+ &= 90 (definition) \ )
=B =SS (above) PI=PT+SS
_PT+SS =PI

Impact of Subjacent Alignment

Fia. 1. Proper sagitalalignmeet tachtates posture maintenance, and poor algnment can ead to compensatory mechanisms
An -

that aler

o sagi
tal malaligrment, but pelic 1t dus 1o cenvical kyphosis i usually accomparved by lumbar hyperiordoss.
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J Neurosurg Spine 17:300-307, 2012

Spontaneous improvement of cervical alignment
after correction of global sagittal balance following
pedicle subtraction osteotomy

Presented at the 2012 Joint Spine Section Meeting
Clinical article

Justin S. Smirh, MLD., Pu.D.,' CuristoPHER I. SHAFFREY, M.D.,' VIRGINIE LAFAGE, Pu.D. 2
BexjamiN BLonpiL, MLD.,? FRANK Scawas, M.D.,? Ricaarp Hostin, M.D.,*
Rosert HarT, M.D.,* Brian O’SH INESSY, MLD.,* Suay Bess, M.D.,5
SEREN M.D.,” CuristoprER P. AMes, M.D.,*
ERNATIONAL SPINE STUDY GROUP

25



