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Severe Kyphosis

NN B JAROLD WOMAN WAS ADMITTED TO THE MOSIITAL WITH MYPERCAPNIC R ISPIRATORY FAILURE.
/. &he had along history of osreoporosis. Eome densimmesry revedled @ T score for the Jambar spme of - 4.5 She
FER N aking sabrherapsunic viramin D and caiciam mpplemens and had decdined mearmen: with disphospho-
nares. Over 3 perod of 4 years, her T sooer declined farcher, 50 - 5.0. A radiographic ssedy showed maluple versshral
comperssan fracmmes thar resehed m seriows kyphosis. Progressve Qysphagia secondary o thoracic deformiry devel-
oped, remlnng m 3 26% weght Joss over 3 peniod of 4 years. When she was admined m the hospicll, she reponed
weakmess and shormess of brearh. Makiple amempes ar placemens of 2 nasogastrc mbe wene suseccessf! becaase of
marked ssophapes] kimking. Her respirsory stamas worsened, and shea! imanely rageared fideroptc immbarion. Asemprs
o wean the patent from mechamical vendlation Qiled, and she diod 10 days after admission 0 che hospiral. Severs
kyphosis in rhe elderly often is Qae 10 osteoporoae vernshra! fracrares, which may Jead o mechanica! complications
mach as dysphagia, respirmory Qitare, and witimarely deach.

PN © 03 MITeL N M ey

c29 » IACL) MED BRI wew NUMOSG  Jone 3 3ol

Thae New Englend jourad of Medicre
Domerdicacked fum www agre.org on Novessber 21, 2010, For prrwonal sow onfly. No other wex withest portoton
Copyright © 2008 Moosoa huoertx Medicad Socety. All rights mverved.

42 AOSPINE



Sagittal Plan Deformities

Exaggeration or deficiency of normal lordosis or ky 9t osis

« Congenital-developmental disorders
» Inflammatory disorders
« Degenerative disoders
« Post-traumatic disorders
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What is normal sagittal balance?

Definition of SRS:

SVA lies within =2 cm of the sacral
promontorium

C7PL

, “'al.'-z
L /l“ff’»

v
‘&)
w

f’w’ \1

G"‘fJJ;

I LIifive
Sagiral
Balance

o?'

A




Position of the patient

» Fists on clavicules position
Faro FD et al, Spine, 29:2284-9, 2001

 Arms forward at 30-90 degrees and rest:ng' 0.» a support
Cil A gt ai, Spine, 30: 93-100, 2004
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Does normal balance mean normal
alignment?

NO!
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Measurement of curvature

Nomenclature

Sconnsis=clear Kyphosis= unclear
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Which level is better?

T2-T12 , T3-12, T4-12,
or
most tilted vertebrae




Which levels are maximally tilted?

n=121 normal subjects
e T2-12 > 49 %

e T2-L1 > 13 %

e T2-T11 -5 10 %

e T1-12 > 10 %

e T3-12 -7 %
 Others — 11 %

Boseker EH et al, J Pediatr Orthop, 20:796-8, 2000
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What is normal for Th Kyphosis?

SRS Guidelines — 20-40 degress??

 T1-12 kyphosis — -55+10 (37-72)
Cil A et al, Spine, 30: 73-100, 2004

* T4-most tilted vertebra is'c!ly — -37 (7-63)
Stayynara P et al, Spine, 7: 335-42, 1982

 T5-12 kyphocis — -64 =10 (9-66)
Gelb DE et al, Spine, 20:1351-8, 1995




Intra and Interobserver Error of Measurement??

The mean intra-observer agreement interval for kyphosis
angle measurement techniques raag-=c from £7.1 to
+9.3

The mean interobserver afrecment interval for kyphosis
angle ranged from 282 to £11.1

Alanay A. et al, Eur Spine J, 16:2126-32, 2007
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T1 Sagittal Angle

THE
SPINF

Sl JOURIL AL
ELSEVIER The Spine Journal 10 (2010) 994-998 ——

Technical Report
The use of the T1 sagittal angle in predicting ove. ~ll
sagittal balance of the spirnc
Patrick T. Knott, PhD, PA-C**, Steven M. Mardjetko, MD®, ‘ernand. Techy, N"D°

*College of Health Professions, Rosalind Franklin University, 3333 Green Bay R’ Nonth ‘oo 11 60064, USA
"Illinois Bone and Joint Institute, 9000 Waukegan Rd., Mortor G pw 1L 600 3, Ud..
“Department of Orthopaedic Surgery, University of lllinois Medical Center, 17-. Wost 1 lor St. Thicago, IL 60612, USA
Received 27 January 2010; revised 11 August 20°% ccepr '27 A wit 2010

If the T1 tilt > 28° - at least 10 cm of positive sagittal

Imbalancc
If the 71 (il <13° — negative sagittal balance
Useful when long films cannot be obtained
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Flexibility of the curve In sagittal plan

Very important for the surgical strategy

Necessity of release or vseatomy

FULKRUM

* Fulcrum extension
« SLiS|,2NnsIon :
« Traction under general anesthesia




Other Imaging Modalities

e CT Scan
 MRI
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Pelvic Parameters

« Non Morphologic:
— Sacral Slope
— Pelvic Tilt

* Morphologic
— Pelvic incidence

Pelvic Tilt +  Sacral Slope = Pelvic Incidence » AOSPINE
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Pelvic Incidence (PI)

Pelvic incidence

Sacral s\ pe

)
 — . ——— —— { |
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\ 7 Pedvie tilt
( D Femoral heads axis
|

Pl= SS+PT vertical

Boulay C et al, Eur Spine J, 15:415-22, 2006
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Pl-Compensation

Variations in Sagittal Alignment

'% PelvicIncidence = SS + PT %\
%' tPI=tab. ‘vto

compensa.~toc. ract
! ‘photicr efor )ity (0 ueto
Jreate tang 20f PT)

sl
High grade incidence: Low grade incidence:
optimum compensation Compensation restricted

Roussouly P and Nnadi C, Eur Spine J, 19:1824-36, 2010
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Relation of Pl with PT

NG

— o N i \ —
sL1S1=-80 Dy
181=-60° -
postopl1S -
I

N\ 3 postopPT=25"
/ sPT=19" i
2=ret PI=70°

Aurouer N et al, Surg Radiol Anat, 31:781-792, 2009
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Estimating of Lumbar Lordosis with Pl

Direct correlation between pelvic position and HRQLA's

LL=PI +9 (+5)
Schywa F et al, Spine , 34: 1828-33, 2009

In PSO patients bette: SVA value obtained with

LL 2 TK+PI - 45
Mu,~onrey DS et al, 42. SRS Annual Meeting, Edinburgh, p86, 2007
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Sagittal Parameters Correlate with SRS Self-Image
Scores in PSO

Associated factors Total patients Beiter Si P value
(n=102) scoie(n=43)
SVA <5cm 56 3 0.003
>5Ccm 43 121
C7 plumb to bicoxofem head <Ocm 67 34 0.015
>0cr. 35 9
T12 plumb <-1len 43 24 0.017
»-lcm 59 19
TK+LL+PI <55 deg 75 36 0.046
>55 deg 27 7

Bric.vell K et al, 43.SRS Annual Meeting, 2008, Salt Lake City, 161-2
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Clinical Relevance (Normal Sagittal Balance)

« Harmonious alignment of the trunk

« Allows to stand with spending the least
amount of energy
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SPINE Volume 30, Number 6, pp 682-688
©2005, Lippincott Williams & Wilkins, Inc.

I Correlation of Radiographic Parameters and Clinical
Symptoms in Adult Scoliosis Level of E'vilence-3

Steven D. Glassman, MD,* Sigurd Berven, MD,t Keith Bridwell, MD ¥ William Horton MD,§
and John R. Dimar, MD*

*TWO cohorts:

A.No prior surgery n=172
B. Prior surgery n=126
Evaluation criterias:
Radiographic measu emvns (coronal and sagittal)
HRQLA's (ODI, SRS-29,SF-12)
«Conclusion:

Positive sayttal balance means poor HRQLA in both groups
Corc.al i'nbalance >4 cm—poor pain and function scores in group A
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|deal Ratio Between T-kyphosis L-lordosis

SPINF Yol e 31 Nwnber 20, pp 13432352
Q20 45, dapy cot /Willams & Wilkms, Inc.

™ An Analysis of Sagittal Spinal Alignmert Foi'oWirg
Long Adult Lumbar Instrumentation an F 15.0n to
L5 or S1: Can We Predict Ideal Lumbhar ) ordosis?

Yongjung J. Kim, MD,* Keith H. Bridwell, MD.* awren.= 4. Le ke, MD,*
Seungchul Bhim, MD,t and Gene Cheh, MO’

Risk factors fcr the suboptimal sagittal balance:

Thoracic ky hesis+Lumbar lordosis+Pelvic incidence>45
Age >5t veal

Postop 'umbar lordosis-thoracic kyphosis<20

Zag‘tal imbalance > 5 cm

Be careful for the hyperlordosis

abhwhE
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Clinical Presentation of Sagittal Problems

Tri-modal age distribution:

1. Teenagers: Scheuermann’s kyphosis

2. 40-50 year age: Inflammatory disorders ‘Arkylosing spondylitis etc.)
3. Over 60’s: Degenerative arthritis
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Compansation of Sagittal Imbalance

N Horizontal gaze
' restored

— Tp—
™\ Stooped
/ \\ posture
Downward ' \ \
gaze \ \ ( /
hip exte sa/n &
<7 9 >
o) ®) ) t Pelvic tilt
lf \
! (
\‘i\
H.\ \‘. Knee flexion
Ce orip. vsated | Compensated

Roussouly P and Nnadi C, Eur Spine J, 19:1824-36, 2010

4 AOSPINE



Sagittal Alignment in Aging Spine

Glassman SD et al, Spine, 30:2024-9, 2005
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Conclusions

« Normal sagittal balance does not mean ncrin a' slignment

« Measure the T kyphosis between the :most tilted vertebrae (T2-12)
 Normal T kyphosis is betwee: 20- 10 legrees??

« Evaluating the flexibility

« Different imaging studies

« Most important pelvic p..rameter is Pelvic Incidence

 LL=PI+9 or LL>TK+P! - 45

« Those with a\arg2 pelvic incidence are able to compensate sagittal
imbalar.~e hetter

« Avoi. the positive sagittal balance
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Thank You

Alpas'an Sznkoylu, MD
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