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"Normal" Adult Posture 

•Desired Posture: 
–Head over 
–Shoulders over 
–Pelvis over 
–Feet 

 





"Normal" Adult Posture 

• Cervical Lordosis 30o – 40o 

• Thoracic Kyphosis 10o – 40° 

• Lumbar Lordosis 30o – 60o 

• Lumbo-Sacral  Lordosis 35o – 60o 

• Pelvic Incidence 40o - 60o 



Definitions of Normal 



PELVIC PARAMETERS 

 



 



 



 





Preop 





Basic Definitions 

Cobb angle - determined between 
the most tilted vertebrae 

Neutral vertebrae - Segments 
without axial rotation 

Stable vertebrae – Segments 
bisected most closely by the 
central sacral line  

End vertebrae - the two bodies at 
the end of the curve, most tiled 
inward towards the concavity 



 

From  D. Gelb 

Spine Service 
Department of Orthopaedics 

• Ravishankar, V et al, Spine 23; 1998 
• Gelb, D et al, Spine 20; 1995  
• Jackson, RP, Spine 19; 1994 
• Bernhardt, M, Spine 14; 1989 
• Stagnara, PS, Spine 7; 1982 

Normal Sagittal Alignment 





Iatrogenic Flat Back Deformity 

Lumbar Flexion on the Wilson Frame 
– (+) Assists Decompression 
– (-) Places Sagittal Vertebral Axis (SVA) 

Anterior to L/S Jct 
FLAT BACK !!! 



Adult Deformity 
What is it? 

Types 
 AIS 
 De novo – Degenerative Scoli 
 Iatrogenic 
 Traumatic 
 

Curve is mid-lumbar spine (L2-L3) 
 
Fractional lumbosacral curve present (L4-
SAC) 
 
“rotatory  subluxation”  of  adjacent  vertebrae 
 
Sagittal plane variable but often 
hypolordotic/kyphotic 



Patient Complaints 

Pain: % axial back vs. % L.E. 
 
Neurogenic claudication 
 
Imbalance - coronal and/or sagittal 
 
Limited exercise/activity tolerance 
 
Cosmetic concerns 



Aebi Classification 

• Targeted at Adult 
deformities 

• Classification based 
upon pathology 



Schwab Classification 

• Targeted at Adult 
deformities 

• Classification based upon 
clinical outcomes 

• Database of 947 patients 
assessed clinically and 
radiographically 



Schwab Classification 

Introduced emphasis 
on different 
principles: 

• Importance of 
lumbar segments 

• Loss of lordosis 
and sagittal 
balance 

• Segmental 
subluxation in 
either plane 



SRS Classification 

• Targeted at Adult 
deformities 

• Attempts to capture all the 
major radiographic features 
of the deformity 



• Aebi  IIIa 
• Schwab  VB+ 
• SRS  L+DDD(L1- 

          S1)+LIS(LL2-
  5)+SB 



Most recently 
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Spinal deformity: a new classification derived 
from neutral upright spinal alignment 
measurements in asymptomatic juvenile, 
adolescent, adult, and geriatric individuals. 
 
Kuntz C 4th, Shaffrey CI, Ondra SL, Durrani 
AA, Mummaneni PV, Levin LS, Pettigrew DB. 
 
Neurosurgery. 2008 Sep;63(3 Suppl):25-39. 
 



What correction does one 
need to obtain balance? 

 
 

PI + LL + TK < or =45 degrees showed 91% sensitivity 
for predicting ideal sagittal balance at 24 months 
 
 
 
Spine (Phila Pa 1976). 2009 Apr 15;34(8):785-91.  
Role of pelvic incidence, thoracic kyphosis, and patient factors on sagittal 
plane correction following pedicle subtraction osteotomy. Rose PS, Bridwell 
KH, Lenke LG, Cronen GA, Mulconrey DS, Buchowski JM, Kim YJ. 

 



Fading into Kyphosis 

Sagittal Plan abnormalities 



Sagittal balance 
 

– Pain  
 (Schwab Spine 2002) 

 
Positive Sagittal Balance 
– Most important reliable 

radiographic predictor 
(SF-12) 

– Worse pain, function, 
and self image 

C7 

S1 

C7 Plumb line 

+/- 2 cm 
Glassman, Bridwell et al Spine 2005 



Powerful Multiplier 

Flat Back Deformity 
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EARLY L5 SCREW PULLOUT/SAGITTAL IMBALANCE!!! 

ADULT LUMBAR DEGEN SCOLIOSIS 



Biomechanics of Kyphosis 
“Kyphosis  Begets  Kyphosis” 

Balanced Force 
Concentration 

Force 
Transmission 



Indication for Treatment 
 Neurological compromise 
 Pain and functional debilitation 

 Failed pain management and non-surgical 
treatments for greater than 6-12 months 

 Negative prognostic indicators 
• Positive sagittal balance 
• Lateral listhesis 

 Deformity progression 
 Failed bracing 
 Skeletal immaturity 
 Curves > 45 degrees 
 Greater than 5 degree progression in 1 year 
 Greater than 3 degree progression in 2 

consecutive years 
 Cosmesis 







Standard Work-up 

 Calcium 
 Vitamin D(25-

hydroxyvitamin D) 
 PTH 
 Testosterone (males) 
 DEXA scan 



Vitamin D 

 1000 -2000 IU/day D3 (cholecalciferol) 
 Higher doses for deficiency 
 D2 (ergocalciferol) for severe deficiency  

 
 D2 6-12 weeks of 50,000 units   1-3 

times/week (at least 600, 000 IU)  
 Forteo 20ug SQ/wk for 12 weeks 

 
 

 



• Anterior column lengthening vs. 
posterior column shortening or both 
– 1 vs. 2 approaches 

• medical issues 
– correction per osteotomy 

• Smith-Peterson: 5-10°/level 
• Thomasen: 30° 

– dural kinking 

Sagittal decompensation 
 Issues 



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 230. Fig 4.4  



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 231. Fig 4.5  
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From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 232. Fig 4.7  



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 232. Fig 4.9  



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 233. Fig 4.11  
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From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 234. Fig 4.13  



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 234. Fig 4.14  



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 237. Fig 4.16  



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 237. Fig 4.17  



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 237. Fig 4.18  



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 238. Fig 4.19  
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From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 239. Fig 4.22  



From: Bauer R et al. Atlas of Spinal Operations. Thieme Medical Publishers Inc. New York, NY. 1993. p. 239. Fig 4.23  
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Anterior Segmental Manipulation 
Intervertebral disc space distraction via: 

•  ALIF 
•  XLIF/DLIF 
•  PLIF 
•  TLIF 

Very powerful for restoration of anterior column 
height (and restoring lordosis) 

Allows for loosening of deformities without 
osteotomies 

Effective for focal curves/listheses 
Manages focal disc and facet joint pain 

generators 
 



Vertebral Column Resection 
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Tape prior to breaking table 

Tape down thigh  
and across knee 

Tape chest 
(under arm) 

Tape pulling crest inferiorly 

The tape will help get leverage over the break 



Aggressive Break 

Crest at break Prop head up 
If necessary 

Skin taut 

99.9% of L4-5 
disc spaces can 

be accessed! 



Implant Placement 

BMP 
Should already have been prepared 

Pack both apertures (med or lg kit) 

Optional – tie suture around implant to 
contain BMP during implant insertion 

Caution – can lose BMP through 
suction (especially if irrigating prior to 
close) 

If endplates destroyed, BMP may 
cause osteolysis 



Implant Placement 
Choose largest implant to achieve support along both sides of 
ring apophysis 

Unbreak table, if necessary, to facilitate getting implant across 

 



Implant Placement 
AP view: 

Center marker along spinous processes, 
Lateral markers along margins of vertebrae 

Lateral view: 
Anterior half of disc space, 

Endplates intact 
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Case 4 

 41 y. o. female 
 Injured back doing gymnastics as a 13yo 
 S/P L5 laminectomy/in situ fusion 1991 
 Progressive debilitating mechanical LBP 
 Radiating LE pain/posterior thighs to knee 
 

 
 













Posterior: T2-L2 and 9 SPO 

Lenke 



Preop Postop 



S/P REV-PSF/PSO-L3/ASF 

Achieve Balance! 



Preop Postop 





















PPre-Op 27.7 degrees of Focal 
Kyphosis 



First Intra-Op Film, About 28 
degrees of Focal KyphosisFi 



After Cage Placement Prior to Final 
Correction With the Rods 



Final Correction with about 11 
Degrees of Focal KyphosisF 





360o Kyphotic Deformity Correction 
Managed Through a Posterior Approach 



360o Kyphotic Deformity Correction 
Managed Through a Posterior Approach 



360o Kyphotic Deformity Correction 
Managed Through a Posterior Approach 









360o Kyphotic Deformity Correction 
Managed Through a Posterior Approach 



 
 
 



 
 
 









 
 
 









 



 
L Hypogastric 



 



Pre/Postoperative  
Radiographs 

 



 Completely correct the 
decompensation 

 Correct as close to apex as 
possible 

 fix the entire kyphosis 
 instrument equal moment arms 
 Achieve global balance 

Sagittal imbalance  
surgical goals 


