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 Anterior Plumbline Shift in 
Sagittal Vertical Axis (SVA)

Increasing disability
SF-12, SRS-29, ODI (p<0.001)

Glassman, Bridwell, Dimar, Horton, Berven, Schwab. SPINE 2005

C7 SVA MEASURES GLOBAL ALIGNMENT

Glassman et al. Spine 2005



C2-C7 SVA is the primary descriptor of cervical deformity
 cSVA > 4cm associated with higher disability

Neurosurgery 2012  



FOCUS ON CERVICAL SAGITTAL ALIGNMENT

Cervical alignment and Myelopathy are closely 
related

 Cervical deformity leads to spinal cord compression 
and tension



DYNAMIC ALIGNMENT AND MYELOPATHY

Dynamic alignment and Myelopathy are closely 
related

 Smaller “cones of kinesis”, olisthesis of C7 and 
posterior COR correlated with worse myelopathy grades 
and lower general health scores



CHAIN OF CORRELATION FROM THE PELVIS TO
THE CERVICAL SPINE

Scheer, Ames et al. 
NJS-S 2013



THE NECK AFFECTS THE BACK AND VICE VERSA

 Cervical malalignment affects HRQOL in patients 
with thoracolumbar deformity

Protopsaltis et al. JNS-S 2015



PREVALENCE AND TYPE OF CERVICAL
DEFORMITY AMONG 470 ADULTS WITH

THORACOLUMBAR DEFORMITY

Smith et al. Spine 2014

• Prevalence of cSVA > 4cm 
was found to be 29%

• Prevalence of CK was 
found to be 31%



CERVICAL KYPHOSIS CAN BE PHYSIOLOGIC

 CK can be a physiologic 
state of normal global 
standing equilibrium

 Gore et al. Spine 1986

 Kuntz et al. 
Neurosurgery 2008 



C2-C7 ANGLE IN ASYMPTOMATIC

33.96 % of the subjects presented with C2–C7 kyphosis

Regional
Cervical Lordosis



CERVICAL SAGITTAL ALIGNMENT IMPROVES AFTER
GLOBAL SAGITTAL CORRECTION OF TLD

SMITH, ET. AL., SPINE 2012

 Reciprocal change in Cervical 
alignment occurs after TL PSO

 Smith et al. ISSG, Journal 
Neurosurgery Spine 2012



Spine 2010

 Important Concept for Adult Throacolumbar Spinal Deformity:
 Loss of lumbar lordosis 
Quantified by spino-pelvic mismatch:
 PI-LL, Schwab et al 2010. 5

PELVIC INCIDENCE – LUMBAR LORDOSIS

LL

PI

Spino-Pelvic 
harmony:
LL = PI ± 9˚

L1



CERVICAL LORDOSIS VERSUS T1 SLOPE

Biospace / ENSAM

 T1 Slope correlates with Cervical Lordosis

 When this relationship breaks down
 Cervical Deformity results

Scheer, Ames et al. NJS-S 2013



FOCUS ON CERVICAL SAGITTAL ALIGNMENT

CSRS Podium 2013, Accepted IJSS 2017

 New Definition of Cervical Deformity

T1 SLOPE MINUS CERVICAL LORDOSIS (TS-CL)
THE CERVICAL ANSWER TO PI-LL DEFINES

CERVICAL SAGITTAL DEFORMITY IN PATIENTS
UNDERGOING THORACOLUMBAR OSTEOTOMY

Protopsaltis TS, Terran JS, Bronsard N, Smith JS, et al., ISSG
Accepted Int J Spine Surg 2017



T1 SLOPE – CERVICAL LORDOSIS

 TS-CL correlated with cSVA (r = 0.87, P < 0.001) and 
NDI scores (r = 0.470, P = 0.009)

 Logistic regression model predicted TS-CL = 24° had p 
values that were most significant for the correlations



Jounal Neurosurgery: Spine 2015
• Established classification of 

cervical deformity

• Key parameters
• cSVA, 
• CBVA
• TS-CL
• mJOA

ISSG CLASSIFICATION OF CD



EMERGENCE OF T1 SLOPE: A KEY PARAMETER

 High T1 Slope

 Low T1 Slope

 High T1 Slope predicts postoperative kyphotic alignment after laminoplasty



THE IMPORTANCE OF FULL SPINE XR

 58% of 157 surgeons presented with full spine 
radiographs opted for longer fusions to the 
mid or lower thoracic spine 

Assessment of Impact of Long-Cassette Standing X-Rays 
on Surgical Planning for Cervical Pathology: An 
International Survey of Spine Surgeons. 

Ramchandran S, Smith JS, Ailon T, Klineberg E, Shaffrey C, et al. 

 IMAST 2015, Kuala Lumpur, Malaisia



EMERGENCE OF T1 SLOPE: A KEY PARAMETER

 T1 Slope is just the tip of the Iceberg



EMERGENCE OF T1 SLOPE: A KEY PARAMETER

Knott et al. The Spine Journal 2010

 When the T1 slope is higher than 25°, all 
patients had at least 10 cm of “positive 
sagittal imbalance” (C7 SVA)



T1 SLOPE IS THE LINK BETWEEN C AND TL SPINE

 T1 Slope > 32° on Cervical radiographs, indicates 
the need to perform full-length spine 
radiographs to identify potential concurrent TL 
deformity 
 T1S > 32° predicts TK > 50° (92% sensitivity, 

50% specificity) and TPA > 20° (69% 
sensitivity, 63% specificity 

Determining a Threshold for Full Length Spinal 
Radiographs: High T1 Slope Correlates with 
Thoracolumbar Spinal Deformity

Klineberg E, Carlson B, Protopsaltis TS, Passias P, Burton D, et 
al. 

 NASS 2015, Chicago



Low C2 Tilt (<20)

High T1 Slope (>30)

TS-CL = 46
TSCL= 18.8

High C2 Tilt (>20)

Low T1 Slope (<30)

High C2 Tilt (>20)

High T1 Slope (>30)

WHEN DO YOU NEED FULL SPINE FILMS?



Low C2 Tilt (<20)

High T1 Slope (>30)

 Deformity is in Thoracolumbar spine w/ good cervical compensation

Full Length Spine 
X-rays are 
necessary

WHEN DO YOU NEED FULL SPINE FILMS?



High C2 Tilt (>20)

Low T1 Slope (<30)

Deformity is in 
Cervical region

Full Length Spine X-ray may 
not be necessary

WHEN DO YOU NEED FULL SPINE FILMS?



WHEN DO YOU NEED FULL SPINE FILMS?

High C2 Tilt (>20)

High T1 Slope (>30)

Deformity is in both Cervical 
and Thoracolumbar spine 
w/out cervical 
compensation

Full Length Spine 
X-rays are 
necessary



NOVEL CERVICAL-PELVIC PARAMETERS

 Full Spine Parameters

TPA = 
20

CTPA = 
11



• TPA is the angle from T1 to femoral 
heads and a line from femoral heads 
to the center of S1 endplate

• TPA combines the information from 
both SVA and PT



TPA AND SRS-SCHWAB MODIFIERS

• TPA can simplify 
assessment of 
deformity

• Only one patient 
had ++ in any 
Schwab modifier if 
TPA < 20°

• Most pts were ++ or 
+SVA/+PT if 
TPA>20°



Extreme Pelvic
Retroversion
PT = 48deg

Extreme Pelvic
Anteversion
PT = 20deg

COMPENSATORY MECHANISM: 
INCREASE IN PELVIC TILT DOES NOT AFFECT TPA

Standing 
Position

PT=31deg

 Increasing PT can 
“hide” a large 
sagittal deformity 
(SVA decreases)

 TPA remains 
consistent 
regardless of pelvic 
retroversion



Extreme Pelvic
Retroversion
PT = 48deg

Extreme Pelvic
Anteversion
PT = 15deg

COMPENSATORY MECHANISM: 

INCREASE IN PELVIC TILT DOES NOT AFFECT CTPA

Standing 
Position

PT=30deg

 Increasing PT can 
“hide” a large 
sagittal deformity 
(cSVA decreases)

 CTPA remains 
consistent 
regardless of pelvic 
retroversion



CTPA AND TPA DETERMINE THE
LOCATION OF DEFORMITY

TPA = 
7

CTPA = 
12

CTPA = 
4

TPA = 
31 TPA = 

29

CTPA = 
10



THE IMPORTANCE OF C2 SLOPE AS A SINGULAR MARKER
OF CERVICAL DEFORMITY AND THE LINK BETWEEN UPPER-
CERVICAL AND CERVICO-THORACIC ALIGNMENT IN
PATIENTS WITH PRIMARY CERVICAL DEFORMITY.

Two-minute Point-Presentation

Themistocles S. Protopsaltis, MD, Subaraman Ramchandran, MBBS, Han 
Jo Kim, MD, Daniel Sciubba, MD, Peter G. Passias, MD, Virginie Lafage, 
PhD, Justin Scheer, BS,  Eric Klineberg, MD, Munish Gupta, MD, Robert 
Hart MD, Greg Mundis, MD, Shay Bess, MD, Justin Smith, MD, 
Christopher Shaffrey, MD, Christopher Ames, MD, International Spine 
Study Group (ISSG)



The extremely high correlation of C2 slope and TS-CL (R=0.98, p< 0.001) is explained by the 
fact that C2 slope is a mathematical approximation of TS-CL

C2 SLOPE CORRELATES WITH TS-CL

T1 Slope – CL 

= T1 Slope – (C7 Slope- C2 Slope)

= C2 Slope

= C2 Tilt



 The C2 slope correlated with both upper cervical and sub-
axial cervical alignment parameters.

 The C2 slope is a useful marker of overall cervical sagittal 
alignment, acting as a link between the occipitocervical and 
cervico-thoracic spine

 The C2 Slope helps to define the presence of a mismatch 
between cervical lordosis and thoracolumbar alignment 
required to maintain the head over the pelvis and to 
facilitate horizontal gaze

CONCLUSIONS



ANALYSIS OF EARLY DISTAL JUNCTIONAL
KYPHOSIS (DJK) AFTER CERVICAL DEFORMITY
CORRECTION

Two-minute Point-Presentation

TS Protopsaltis, S Ramchandran,  HJ Kim, et. al, ISSG
Podiums, SRS, NASS, CSRS 2017

To determine the prevalence, risk factors and consequences of DJK 
following cervical deformity surgery using a prospective multi-centric 
database

STUDY OBJECTIVE:



RESULTS

Univariate Analysis Multi-variate analysis

Osteoporosis Use of transition rods 
was the only parameter 
affecting the occurrence 
of DJK 
(OR- 0.3, CI- 0.05- 0.8, p= .03)

# posterior levels fused

Posterior osteotomy 
grade

Use of Transition rods

Secondary driver not 
corrected

Increased pre-op TK

Increased pre-op LL

 N= 67,  56% females, mean age= 62y, 41 % previous fusion
 16 patients had DJK (24%), (11 within 3 months and 5 between 

3 and 6 months)



 DJK occurs in 24% patients following surgery for cervical deformity correction 
within 6 months

 Risk factors associated with development of DJK include medical bone disease, 
higher number of posterior levels fused, higher degree of posterior osteotomies, 
use of transition rods, high pre-operative lumbar lordosis and thoracic kyphosis 
and failure to address the secondary driver of the deformity

 Use of transition rods is the only factor associated with increased risk of DJK 
following a multi-variate analysis

 Occurrence of radiographic DJK was not associated with poor clinical outcomes

CONCLUSIONS



• 61 pts over 10 year period
• Mean angular corrections

• SPO 10°, PSO 35°, AntO 17°
• AntO/SPO 28°

• Mean EBL
• PSO: 712 mL vs. AntO/SPO: 325 mL

J Spine 2015

CERVICAL OSTEOTOMY LITERATURE



40

AMES ISSG OSTEOTOEMY GRADING



AMES ISSG OSTEOTOEMY GRADING



Case 
Partially-Flexible Chin-On-Chest 

Deformity



CHIN-ON CHEST DEFORMITY

43



44

CERVICAL PARAMETERS: CBVA

CBVA: ~30°

Normal: 0-10°







CERVICAL PARAMETERS: C2-C7 
CURVATURE

C2-C7A: ~30° kyphosis (normal: 4-20° lordosis)



CERVICAL PARAMETERS: C2-C7 SVA

C2-C7 SVA: 7.5cm

Normal: 1.5cm

>4cm associated with 
poor HRQOL measures 
(NDI and SF-36)



T1-SLOPE



FLEX / EXT STEREORADIOGRAPHS





ASSESS FLEXIBILITY

C4-C6 
kyphosis 

75°

C4-C6 
kyphosis 

65°



 So what to do…



PROCEDURE

 Traction

 C3-C7 Anterior Osteotomies
 Grade IV: C4-5, C6-7 w/ uncovertebral J. 

resection
 Grad I: C3-4

 Release of sternocleidomastoid

 C2-T10 PSF
 Grade II (Ponte) osteotomy C4-5
 C4-5 laminectomy
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Cephalad
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CEPHALADCEPHALAD

PENFIELD 4

BUR
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Cephalad
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PRE- TO POST-OP ALIGNMENT

C4-C6 
kyphosis 

75°
C4-C6 

Lordosis
10°
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Case:
Fixed Cervical Sagittal

Deformity



CASE PRESENTATION
57F who had a scoliosis correction as a 

child, complicated by PJK. As an adult, she 
underwent a T4 PSO and PSF from T1-T10 
but she developed a PJK at C7-T1 post-
operatively. 

progressive deformity 

her head is falling forward. 

By the end of the day, her chin is at her 
chest 

 complains of an upper thoracic 
prominence and her appearance 
embarrasses her. 

She failed conservative treatments 
including PT and bracing.

72



PRE-OP CLINICAL PHOTOS
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PRE-OP IMAGING
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PRE-OP IMAGING
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DYNAMIC IMAGING
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Flexion Extension



CT IMAGING
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MR IMAGING
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PRE-OP MEASUREMENTS

79

C2-C7 SVA 7.8 cm

C2 Slope 53º

T1 Slope 60º



 VCR T2 with 
expandable cage

 C2 to T10 
instrumentation

INTRAOP



 VCR T2 with 
expandable cage

 C2 to T10 
instrumentation

INTRAOP



INTRAOP



1 MONTH POST-OP
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1 MONTH POST-OP
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3 MONTHS POST-OP
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3 MONTHS POST-OP

86



PRE-OP VS POST-OP IMAGING

87

Pre-Op Pre-OpPost-Op Post-Op



POST-OP MEASUREMENTS

88

C2-C7 SVA 
Pre-op: 7.8 cm
Post-op: 2.2 cm

C2 Slope 
Pre-op: 53º
Post-op: 6º

T1 Slope
Pre-op: 60º
Post-op: 49º

T1-T3 Correction 45º



CLINICAL PHOTOS
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Pre-Op Pre-OpPost-Op Post-Op



Case:
Partially-Flexible Cervical Sagittal 

Deformity



PARTIALLY FLEXIBLE CERVICAL
DEFORMITY

91



PARTIALLY FLEXIBLE CERVICAL
DEFORMITY

92

70 yo F s/p C3-C6 
lami/fusion for CSM

c/o forward thrust 
to neck and 
difficulty with 
horizontal and 
upward gaze



PARTIALLY FLEXIBLE CERVICAL
DEFORMITY

93

C2-C7 SVA = 4.9 cm

CL = -2°

T1 Slope = 35°

TS-CL = 37°



PARTIALLY FLEXIBLE CERVICAL
DEFORMITY

94



PARTIALLY FLEXIBLE CERVICAL
DEFORMITY

95





• 61 pts over 10 year period
• Mean angular corrections

• SPO 10°, PSO 35°, AntO 17°
• AntO/SPO 28°

• Mean EBL
• PSO: 712 mL vs. AntO/SPO: 325 mL

J Spine 2015

CERVICAL OSTEOTOMY LITERATURE



PARTIALLY FLEXIBLE CERVICAL
DEFORMITY

98

A/P SF&I C3 to T2

Anterior:  C6-7 
Grade IV osteotomy 
with zero profile 
device/one screw

Posterior: C6-7 
Grade II Ponte 
osteotomy C3-T2 
PSF&I



FIRST POSTOP

99



POSTOP CT



LATEST FOLLOW UP

10
1



FINAL FOLLOW UP MEASUREMENTS

10
2

C2-C7 SVA = 2.1 cm

CL = 36°

T1 Slope = 43°

TS-CL = 7°



PRE- TO POST-OP ALIGNMENT

10
3

Correction: cSVA = 2.8 cm
CL = 38°

Preop Postop
Preop Postop



PRE- TO POST-OP ALIGNMENT

10
4

Correction: cSVA = 2.8 cm
CL = 38°

Preop Postop
Preop Postop



Case:
Fixed Cervical Sagittal

Deformity



FIXED CERVICAL DEFORMITY

10
6

55 yo F s/p C4-T3 
lami/fusion for C7 
burst Fx

c/o forward thrust 
to neck and 
difficulty with 
horizontal and 
upward gaze



FIXED CERVICAL DEFORMITY

10
7

cSVA = 6.3 cm

CL = -9°

T1 Slope = 26°

TS-CL = 33°



FIXED CERVICAL DEFORMITY

10
8

Neck Flexion / 
Extension ROM



FIXED CERVICAL DEFORMITY



PREOP MRI

11
0



PREOP CT

11
1





CERVICAL OSTEOTOMY LITERATURE

J NS 2011

• 11 PSO patients (C6, C7, T1)
• 19° mean correction
• 1100 mL mean EBL 
• 4.5 hours mean OR time



PREOP PLAN

Grade VII 
VCR



INTRAOP FIXED CERVICAL DEFORMITY
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5

PSF&I C2 to T10

T3 Grade VII VCR



LATEST POSTOP

11
6



LATEST POSTOP

11
7

cSVA = 4.3 cm

CL = -4°

T1 Slope = 28°

TS-CL = 32°



PRE- TO POST-OP ALIGNMENT

11
8

Correction: cSVA = 2.0 cm
T2/T4A = 35°

Preop Postop

Preop Postop



PRE- TO POST-OP ALIGNMENT

11
9

Preop Postop Preop Postop



THANK YOU
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