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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
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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 clear 

evidence of the absence of an evidence 

based approach

Right and Wrong
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Immed post op
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6 months post op
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• 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

–C1 or C2 to C7

• Harrison Posterior Angle Method

• Jackson Physiologic Stress Lines

Measuring Cervical Lordosis

Cobb Method Jackson Method
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Harrison Tangent Method

• Most accurate method to depict what is 

happening segmentally within the cervical spine

Cervical Spine Mobility

• Most mobile region of the spinal column
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Asymmetry of Segmental 

Lordosis

• Disc Degeneration is associated with a loss of 

segmental lordosis in the cervical spine
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Cervical Sagittal Vertical Axis

• Sagittal translation of the

c-spine
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Spine 2013

• 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

Spine 2013

• CCOM= midpoint between inion and nasion

Cranial Centre of Mass (CCOM)

• Goal of balanced spine

• CCOM alignment with COG

– Head over Femoral Heads
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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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Dr. Nunley’s Patient

• 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-C7 SVA

– 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

C1-C2 lordosis

C2-C7 lordosis

CGH-C7 SVA

C1-C7 SVA

C2-C7 SVA
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Measurement of cervical SVA

• C2-C7 SVA

• Distance 

between plumb 

line dropped 

from centroid of 

C2 and C7

Significant Correlations: Radiographic 

Measures and HRQOL Scores
Radiographic 

Measure

HRQOL

Score
No. Cases

Pearson's  

coefficient
P-value

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
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Determinants of Cervical 

Lordosis

• Chain of Correlation

– T1 Tilt

– Lumbosacral parameters

– Thoracic Kyphosis
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Goals for Restoring Cervical 

Lordosis

Chain of Correlation

Pelvic Incidence: LL   as TIA: CL

T1 T1

Concept CT “Incidence”-T1 slope

http://synapse.koreamed.org/ViewImage.php?Type=F&aid=411277&id=F2&afn=32_JKNS_53_6_356&fn=jkns-53-356-g002_0032JKNS
http://synapse.koreamed.org/ViewImage.php?Type=F&aid=411277&id=F2&afn=32_JKNS_53_6_356&fn=jkns-53-356-g002_0032JKNS
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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?
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Regional Parameters

• CL= +45 degrees

Regional Parameters

• CL= +45 degrees

• C2 SVA= 85mm

Global Parameters

• C2 SVA= -89mm

• C7 SVA=           -104mm

• CGH SVA= -46mm

• CL= +45degrees

• LL= -64 degrees

• TK= 94 degrees

• PT= 0 degrees
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Regional Parameters

• CL= -27 degrees

• C2 SVA= 36mm

Global Parameters

• C2 SVA= -4mm

• CGH SVA= -10mm

• C7 SVA= -24mm

• CL= -27 degrees

• TK= 65 degrees

• LL= -67 degrees

• PT= 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 cSVA<4cm

– Match PI and LL Match TIA and C2-C7 lordosis

Thank You

UCSF Center for Outcomes Research
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• 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

• 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).

http://www.youtube.com/watch?fea

ture=player_detailpage&v=xS_ouj-

Vrsg

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
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
http://www.youtube.com/watch?feature=player_detailpage&v=xS_ouj-Vrsg


21

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

• Predictor variables:

– Curve magnitude

– Curve location

– Trunk shift

– Global sagittal balance

– Global coronal balance

• Outcome variable:

– SF-36

– SRS-22

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
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Correlation of HRQoL with  Global Sagittal Balance

Pelvic Tilt =43

Sacral Slope =10
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• 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

Impact of Subjacent Alignment
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