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Mechanics Of Spinal
Deformity
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Consultant Spinal Surgeon
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* Proper * Personality - Patient
* Planning and
* Preparation Attention to detail * Personality - Pathology
* Prevents Never let your guard down
*P * Personality - Practitioner
* Poor
* Performance
,4 Noaks Avk QIG | e Noaks Avk QG | uaanme ™
2 arty NHS | cardiff and vale anicrons Hosotarcrary NHS | cardiff and vale
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F Indications for Surgery - DRS - L Indications for Surgery
v v
* Decompression

* Spinal cord / nerve roots
* Realignment

* Correct deformity Require Instrumentation
* Stabilisation

* Prevent/ Treat

* Neurological deficit / deformity / pain

+ (Non fusion technology form of “stabilisation”)

* What are you trying to achieve?
All may require fusion

* Non-maleficence - "first, do no harm" (primum non nocere).
Instrumentation increases fusion

* DO THE APPROPRIATE OPERATION FOR THE PATIENT AND
THEIR PATHOLOGY AND YOUR SKILL / ABILITY
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It's like removing your hendy spine..
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Assessing and Classifying
Spinal Deformity
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Causes of Sagittal Malalighment

* Congenital anomaly

* Ankylosing spondylitis

* latrogenic:

* Flatback Syndrome

* Kyphotic Decompensation Syndrome
+ Adjacent segment pathology

* Post-traumatic
* Infectious
* Neoplastic
* Osteoporotic Compression Fractures
» Degenerative Spinal disorders
e
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Stage2 | [ stages | [ Staged |

QG | g GIG |
Cardi Vale Care
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Sagittal Balance Parameters

* Pelvic Incidence « Centre of Gravity
* PelvicTilt * C7Plumb Line
« Sacral Slope « Sagittal Vertical Axis

¢ Lumbar Lordosis
* Thoracic Kyphosis
* Cervical Lordosis

Chin Brow Vertical Angle
Kyphosis Tilt Angle

Sacro Femoral Distance
TOTilt (body centre mass level)
T1 Spino Pelvic Inclination

T1 Pelvic Angle

T1 Sagittal Angle

Global Tilt

GAP Score

Etcetc...
GIG
NHS
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€7 plumb line

Center of gravity
And
Gravity line
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* CoG and gravity line goes
through hips

* C7PL always behind CoG in
a balanced spine
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Eur Spine J (1998) 7:99-103
© Springer-Verlag 1998

ORIGINAL ARTICLE

J.Legaye Pelvic incidence:
r SO a fundamental pelvic parameter
C. Marty

for three-dimensional regulation
of spinal sagittal curves

* PI 52 range 34-84 fixed after *CL40+/-10
skeletal maturity « TK 20-50
*PT12 range 5-30 « LL 30-80

. SS 40 range 20-65
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LUMBAR LORDOSIS: A STUDY OF ANGLE VALUES AND OF
VERTEBRAL BODIES
AND INTERVERTEBRAL DISCS ROLE

Luz Henaique Fonseca Damasceno’, Sitvio Ricaroo Guaanier CaTari, ANTono DorvaL Campos®, HeLTon Luis Aparecioo Derno®

Mean  Standard
Angle () Deviation

% participation in

Range () \rvature L1S1 (range)

L1-12  -499* 29 40t0-120  8.16 (-8.57 t0 24.00)
213 -689* 273 001t0-150 11.35 (0.00 to 27.27)
L34 -925% 254 -2010-200 15.38 (3.03 to 30.95)
LaL5 -1229* 339 -2010-26.0 20.43 (3.81 0 42.86)
L5-S1 -1558* 543 -40a-350 26,07 (5,80 a 56,52)

' (*)Averages different from each other with p<0.001 GIG
Tabela 2 - Intervertebral discs measurements NHS
i [

>50% LL @ L4-S1

(21deg vs 28deg)
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SS sacral slope
PT pelvis tilt
lincidence

Pl=PT+SS

Fig. 10 Pelvic parameters: pelvis tilt, sacral slope, incidence angle.
SS sacral slop, PT pelvis tilt and [ incidence
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£l Roussouly Classification of Spine Types
" Type 1 Type 2 Type 3
% * Sacrum:
* Horizontal = High PI
i i,
By VerticaL = Low PI
G High grade PI ¢ PI-LL normally within 10°
e Fig. 4 The shape of lumbar lordosis depends on SS orientation. Type
p 1 and 2 have SS <35% Type 3 has 35° < SS < 45° Type 4 has GIG | Bwrdd lechyd Prifysgol
Noo\l SS > 45°. Generally Type 1 and 2 have a low PI and Type 3 and 4 Caerdydd a'r Fro
chigrens  have a high PT NHS | cardiff and vale
ot Eluser University Health Board
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. . SS>48
- Pl 62

Inflexiop=E3/4 Longerdordosis 64 Inflexién T9/10

Short Hyperlordosis 5 < LL 69
Long Kyphosis 22% 30%
S8<35 S T35<SS<45

Pl 41 ~ PI53 =
Inflexion L /2 Inflexion T12/1
Flat Long tordosis 48 LL58 ”,

SS a SS
2 » E
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Low grade P| = +——— High grade P| —
—

+—— Low grade SS —+ +—————— High grade SS
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« THORACIC
KYPHOSIS

"7...UPPER ARC

< CF-‘LQRDOSS Upper arc = inf arc TK

4 "LOWER ARC _
OF LORDOSIS ~ Lowerarc =S8

SACRAL SLOPE
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Eur Spine J
DOI 10.1007/s00586-017-5111-x

ORIGINAL ARTICLE
Classification of normal sagittal spine alignment: refounding

the Roussouly classification

Féthi Laouissat'? - Amer Sebaaly* - Martin Gehrchen® + Pierre Roussouly”
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Reduced PI = poor ability to compensate
s
Q&

/ Reduction of TK

% Retrolisthesis
. _—
’
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S ———Hyperextension

PELVIS <(h Pelvis backtilt

| Knee flessum

Ankle extension Gla
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Roussouly classification for Degenerative spinal Shapes

Accentuated

&

&
%lnmccm“&g>

Type 1
(55<35°)
ShortLL

Bimgmone™™

Global Kyphosis withlow PI<50°)

| -
Type 2 ———
(ssa3s) 1
staight(L [

e

Type 1L}

Lumber Kyphosis (with low PI)

lobal Kyphosis (with ow PI}
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5
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Causes of Coronal Malalignment

P

g
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-

e 3
(35°s5eas") Fase etrverted Type 2

 FekeType2eTk “A global kyphosis
shape would rather
be restored to Type
1 with short lordosis
if Plis low or
otherwise to type 3
or 4 with a longer
lordosis if Plis high.”

)

]
Globalkyphosis fwith high 1)

Sl

ity Retrovered Type 3

Fabe cRetrovertecs Type 2
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* Any cause of (untreated) childhood scoliosis
* Degenerative (de novo) adult scoliosis

* latrogenic

* Neuromuscular / Paralytic

D

)

Curve pattern

(de novo)
Follows classic curve

Lack classic curve patterns
patterns
Involves more vertebral Involves fewer vertebral
Vertebral segments
segments segments
Curve location Thoracic spine Lumbar spine
Curve v Larger curves

Smaller curve magnitud
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Importance of Sagittal Balance
Eur Spine J (2015) 24:1251-1258

ORIGINAL ARTICLE

Pelvic incidence-lumbar lordosis mismatch predisposes
to adjacent t di after |

h
&'

spinal fusion

Dominique A. Rothenfluh * Daniel A. Mueller *
Esin Rothenfluh - Kan Min

* PI-LL <10 = 25% revision rate for ASD 4yrs vs
* PI-LL>10=78%

* AdjSegDis group had higher preop Pl with non matched LL
. GIG B:/ev'dd \en};y’d :(r;'yxgo\
Naabis Ark S s il
lusen Ysbyty Plant University Health Board
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* Earlyonset <10 years

* Idiopathic, Congenital, Neuromuscular, Syndromic

* Late onset > 10 years
* Adult onset

* Main Causes:

* Idiopathic (80-85%), Congenital, Neuromuscular, Syndromic, Degenerative, Trauma,
Infection, Tumour
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Sagittal classification in adolescent idiopathic scoliosis: original
description and therapeutic implications

CARDIFF

UNIVERSITY
PRIFYSGOL

CARDYD

European Spine Journal (2018) 27:2192-2202
K. Abelin-Genevois'© . D. Sassi' - S. Verdun? . P. 1 httpsy/doi.org/10.

TYPE2a | TYPE2
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£ Don’t Forget Pelvic Obliquity / LLD S 4 LR
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- Correct PO only  §

- Ignore rigid spine %
g
-

- Correct PO
- Flexible spine

eeee]

¢
;

Correct spine - Correct spine
Ignore PO - Correct PO

” Noal

Cardiff and Vale
University Health Board

3 | Bwrdd lechyd Prifysgol Bwrdd lechyd Prifysgol
P
Caerdydd a'r ro
P 5 | carciff and vale Grons NHS
et University Health Board o Eluser,

. GuRprt GuRort
L [ Trirvscor | rirvscor |
£ ASD - Have an Algorithm... Sl G
v

* What does the patient want?
* What is most appropriate for your patient?
* Surgical factors to consider - ABC Approach:
* Age Alignment Anatomy Access
* Bone Quality / Balance
+ Compression - central/ lateral / foraminal
* Disc Height / Degeneration / Deformity / Dura
+ Evaluate Stability - supine / erect/ dynamic
* Facet Orientation / Gap
* How many operations?...
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£ Deformity — Osteotomy - PSO S e Osteotomy vs ALL Release i ]
- -

4 7 R o * Osteotomy - PSO * ALL release + Cage
* Direct canal * Indirect canal
decompression decompression
* Direct foraminal * Indirect foraminal
decompression (but no decompression
height restoration) « “Lengthening” procedure
* Shortening procedure « Fusion through a cage
* “Bone on bone” fusion if « Requires additional
performed correctly posterior procedure
* Correction = per level » Correction = per level
b ! * Typically up to 30 degrees « Depends on cage lordosis
m - ] T AN 2 5 and facets at back
= Noak ] e : GIG | B
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* Depends on understanding all the above!
* There are some tools to help:
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Perioperative Outcomes and Complications of Pedicle Subi

Osteotomy in Cases With Single Versus Two Attendi St

Christopher P. Ames, MD™, Jeffrey J. Barry, MDY, Sassan Keshavarzi, MD*, ¢
Michael H. Webcr, MDY, Vedat Dev "

Review
Dual surgeon operating to improve patient safety
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Clinical Study

Sagittal imbalance in patients with lumbar spinal stenosis and outcomes
after simple decompression surgery

E. Kyung Shin, BS*, Chi Heon Kim, MD, PhD"*, Chun Kee Chung, MD, P
Yunhee Choi, PhD', Dahae Yim. MS', Whei Jun ung Bae Park, MD<,
Jung Hyeon Moon, MD", Won Heo, MD! 2-Mi Kim, RN"

* 83 patients with lumbar stenosis
* 54% had sagittal imbalance

*In 73% it normalized at 1 year with decompression alone
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‘: Keep it simple Cd

* Patient factors
* Age / Fitness / Morbidities

A If considering fusion think
* Examination U 7 def )

« Stand upright - legs straight alignment / deformity

* Walking

* Erect Lumbar XRs
* Compare to lying MRI (Slips / Scoliosis)
* Look at L4 / look at Sacrum / look at Hips - Is the sacrum vertical?...
* Measure the PILL and observe the lordosis L4-S1
* If in doubt - get whole spine films
ol * IS A FUSION REALLY REQUIRED???
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Adult Spinal Deformity:

Pay attention to the detail
Never let your guard down
Otherwise it’ll be a...
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|| SPINAL SURGERY:

| You caN cHEck ouT Thank you
BUT YOU CAN
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Email: mikemccarthy@spinedragon.com

CHUCK NORRIS LEFT
THE HOTEL CALIFORNIA
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