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Why are we having this debate?

 Understanding global spinal alignment

 Preoperative Planning - Surgimap (or similar)

 History of how we got here

 Where are we going?
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International Spine Study Group

 ISSG

 Multi-center study group

 Outcomes, complications, best practice ASD 

 Structure

 Private foundation (ISSGF 501c3 formed 
2010)

 Online database= on-site data entry, central 
data QA

 Centralized radiographic measures= upload to 
FTP server; SpineView

 Central coordinator and two full time 
assistants

 Site study coordinators (required)

 Executive committee, accountants, legal 

 ISSG sites

 18 US, Canada, 2 Japan

 ESSG, Ghana, Korea

 Meetings= 5x yearly

 Planning= Spring, IMAST, SRS

 Work= Fall, January

Site Investigators
California-San Diego Mundis, Eastlack
California-UC Davis Klineberg

California-UCSF
Ames, Deverin, Mummaneni, 

Chou
Colorado Bess, Line

Florida- Miami Wang
Florida- Tampa Uribe

Illinois-Rush Fessler
Kansas Burton

Kentucky-Louisville Glassman, Gum
Louisiana Nunley

Maryland- Johns Hopkins Kebaish, Newman, Sciubba

Michigan Park
Missouri- Wash U Gupta, Kelly

New York-HSS Schwab, Kim, Lafage

New York-NYU
Protopsaltis, Passias, Errico, 

Buckland 
Oregon Koi

Pennsylvania-Pittsburgh Okonkwo, Hamilton, Kanter
Texas-Baylor Hostin, O’Brien

Virginia Shaffrey, Smith

Washington- Seattle Swedish Hart

Washington-Seattle Virginia 
Mason Sethi

Canada Sorceneau
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Sagittal Spinal Analysis
 Measuring deviation stable zone

 Radiographic measures

 Regional vs. Global

 Regional measures/alignment

 Familiar

 Thoracic kyphosis (TK= 20-
40°)

 Lumbar lordosis (LL=30-80°)

 Relationship of regional 
curves; proportional 
relationship 

 Global measures/alignment

 Sagittal vertical axis (SVA)

 Distance C7 plumbline-
posterior superior S1 

 SVA=<5cm 

Thoracic
Kyphosis 
(T4-12)

Lumbar
Lordosis
T12-S1)

SVA

C7

Sagittal Spinal Malalignment

SVA

C7

SVA=210m
m

• Glassman et al. Spine 2005 
• Increasing SVA= Increasing disability

• SF-12, SRS-29, ODI (p<0.001)
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What Alignment Should We Obtain?

 Is there an ideal sagittal 
spinopelvic alignment?
 Schwab, et al.  Spine 2010

 Retrospective, ASD 
(N=125)

 SVA< 5cm; T1T<0

 PT<20

 PI-LL<10

What Alignment Shoud We Obtain?

 Validation of “ideal” sagittal 
spinopelvic alignment 
parameters

 ISSG; Spine 2013
 Prospective analysis, ASD 

(N=492)

 Threshold for disability (ODI≥41)

 PT≥22°, SVA ≥46mm, PI-LL≥11°

ODI 0 10 20 30 40 50 60 70 80 90 100

PT (°) 13.7 15.8 17.9 20 22.1 24.2 26.4 28.5 30.6 32.7 34.8

SVA 
(mm)

-16.3 -0.7 14.8 30.4 45.9 61.5 77.1 92.6 108.2 123.8 139.3

PI-LL (°) -6.1 -1.7 2.7 7.1 11.4 15.8 20.2 24.6 28.9 33.3 37.7

Under-Corrected
40%

Neutral
33%

Over-Corrected
27%

• ISSG, NASS 2011; Incidence postoperative ASD good and malalignment 
following lumbar PSO 

• Success=33%; Failure=67%

Planning to Achieve Ideal Postop Spinal Alignment
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Planning to Achieve Ideal Sagittal Spinal Alignment 

 ISSG; Spine 2012

 Comparison Lafage formula 
vs. published planning 
formulas

 Retrospective; ISSG PSO 
database; ASD (n=147)

 Modeled accuracy of 
sagittal alignment prediction 
formulas (n=5) to predict:

1. Good/Poor SVA (<5cm 
vs. >5cm); 

2. Actual SVA

Mathematical Models

Bridwell= LL > TK + 20 (1)

Ondra= PSO angle = atan (y/z) (2)

Bridwell= LL + PI + TK < 45 (3)

Schwab= LL > PI - 10° (4)

Lafage= PT = 1.14 + 0.71*(PI) – 0.52*(Max LL) –
0.19*(Max TK)

SVA = -52.87 + 5.90*(PI) - 5.13*(Max LL) - 4.45*(PT) –
2.09*(Max TK) + 0.566*(Age) (5)

Planning to Achieve Ideal Sagittal Spinal Alignment 

 Formulas= regional spinal 
parameters only (LL and TK)

 Poorly predict good SVA

 Predispose poor clinical outcome

 Formulas= regional spinal 
parameters & pelvic morphology (PI)

 Improved SVA prediction 

 Moderately predict optimal SVA

 Lafage formula = regional spinal 
parameters, pelvic morphology & 
pelvic compensatory measurements 
(PT) and age

 Best predicted good and poor 
SVA 

 Best predicted actual SVA

Correct  
SVA 

Prediction 

Correct 
Prediction 
Poor SVA 

Correct 
Prediction 
Good SVA

Spearman 
Coefficient

Mean Error 
SVA 

Prediction

LL > TK + 
20

63% 87% 51% 0.37 NA

PSO angle 
= atan (y/z)

72% 98% 59% 0.54 111mm

LL + PI + 
TK < 45

74% 28% 97% 0.37 NA

LL > PI -
10°

78% 79% 78% 0.55 NA

SVA = 
f(PT, PI, 
LL, TK,

Age)

89% 70% 98% 0.75* 30mm

Alex During Preop Planning
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What Alignment Should We Obtain?
 ISSG; Spine 2016

 ASD (n=773); OP and NONOP

 Age stratified, ODI and SF-36 
normative generational values

 Radiographic thresholds SSA vs. 
normative HRQOL values

 Linear increase in SVA, PT, PI-LL, 
TPA with age

 Implications for surgical alignment 
targets

 New questions

 R values=0.5= alignment 
does not tell the entire story

 Can patients maintain 
alignment?

Surgimap

 www.surgimap.com

 FREE

Conclusions

 We can all agree (FINALLY) that GSA is to be 
considered in all deformity surgery whether 
OPEN or MIS

 One Size does NOT Fit all

 We must continue to collect data to determine 
the goals of individual deformity surgery

 The process BEGINS with knowing what 
normal is and THEN planning correction 
based on multiple parameters
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Thank You!


