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Considerations for
Adult Deformity

"Conus of Economy"

(Courtesy Pr J. Dubousset). Jean
Dubousset introduces the concept
of Conus of Economy (or Conus of
Balance) where "the body can stay
within this surface with a minimum
of muscle action.




1/18/2016

TOPICS

* Who is/is not an Operative Candidate for
Sagittal Realignment?

* What are the Alignment Goals in this Age
Group?

* How to Decide What Rebalancing
Techniques to Utilize Intraoperatively?

» What are the Results/Outcomes of Surgery
in"this Age Group?
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Understanding
Pelvic Parameters
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TOPICS

* Who is/is not an Operative Candidate for
Sagittal Realignment?

What are the Operative Goals in this Age
Group?

How to Decide What Corrective
Techniques to Utilize Intraoperatively?

What are the Results/Outcomes of Surgery
in"this Age Group?

Where do we Achieve Sagittal
Correction?

Anesthesia
Positioning
Facetectomies
Interbody
—ALIF

—TLIF

— Transpsoas

— Antepsoas
Osteotomies
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Surgical factors

Can we ignore deformity?
Flexibility deformity
Length of deformity

Size of deformity

Balance

Fusion/fixation levels
Previous surgery
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Investigations

Whole spine x-rays (with femoral heads) essential for
highlighting sagittal and coronal balance and
infersegmeéntal deformities

— (bending/traction views for stiffness and correctability)

MRI lumbar spine — Disc degeneration, prolapse,
neural compression, fixed deformity (scout view)

CT of fixed levels on traction/bending films
— (? Fused anterior column)

Bone Density - If T-Score <3 — NO MIS Surgery

CEmRSSIvE

= Restore C7 plumb line
= Goal SVA < +5cm
= Restore spinopelvic alignment
= Goal PT <20 degrees
= Goal LL =PI + 9 degree
= Restore coronal balance/truncal
shift
= Goal C7 plumb = 0 to 4cm from
CSVL
= C7 plumb line within SI joints

CEmRSSIvE

Now...

We understand the deformity

We know what is flexible

We know what is fixed

We know the ideal

We know how the lower limbs compensate
What do we do??

Can we achieve the ideal SAFELY
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67 y/o. Progressive LBP, 80% LBP, 20% LLE pain. No improvement to
conserv. management.
VAS 8. Neurologically intact. Not working

PT: 44

LL: 34
SVA: 12
Coronal: 39
CSVL: 25

CEIMRSSiNat MEDICAL CENTER
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CT - Autofusion

CEmRsSivar MEDICAL CENTER.
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Alignment Goals

* PI/LL Mismatch - 34 degrees

— Aim would be to obtain 25 - 30 degrees more
lordosis

*« SVA-12cm

— Aim would be to bring SVA to 4to 5 cm
* PT -44

— Aim would be to bring to 20 -25

Options

* Posterior Only
— PSO /Asymmetric?
— Multiple SPO
—UIV T10 or T2?

» Front and Back staged procedure

» Circumferential MIS Techniques
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Intraop Corrections

Facet Resection: 2-5 open disc
SPO: 5-10 open disc

PSO Type 3: 25-30

Type 4: 30-40

60 % Lordosis at L4-5 and L5-S1 ™
_L5-S1 ALIF: 20-25 Y,

w
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Surgical Goals

Goal in Elderly Pt. is ALWAYS the simplest, least risky
Sagittal Rebalancing Surgery

Recognize that the Goal may not need to be “Perfect
SVA Restoration” on every Older pt.

Overcorrection of Lumbar Lordosis is detrimental-
Increased PJK!

Try and Avoid 3-CO (ie PSO/VCR) and even PCO in
the elderly age group unless absolutely required (3-
CO’s are for FIXED deformities)

Factor in how any inherent Flexibility will help achieve
Sagittal Restoration Goals.

Circumferential Minimally
Invasive Surgery (cMIS)




MIS Strategies for Adult Scoliosis

» Trans-psoas Lateral (LLIF)

* Oblique Ante-Psoas IF (OLIF)
MIS ACR
MIS TLIF

MIS ALIF

AxialLIF

Multilevel Percutaneous Pedicle Screws
MIS lliac Screws (S2-Al)

MIS Transforaminal Osteotomies (TEQ
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Neurosurg Focus 36 (SE14, 2014
CAANS, 2014

Limitations and ceiling effects with circumferential
minimally invasive correction techniques for adult scoliosis:
analysis of radiological outcomes over a 7-year experience

Negr Axasp, MLD., M.Cu.Orra.,! Evr M. Bazox, M.D.,” axp Basax Kuaxogsroo, M.D}

Departments of 'Surgery and ‘Newrosurgery, Cedars-Sinai Medical Center, Los Angeles, California

Object. Minimally invasive comection of adult seoliosis i a surgical method increasing in popularity. Limited

data exist, however, as to bow effective these methodologies are in achieving coronal plane and sagittal plane conec.

ton i adion to improvng spnopevi parmeers. Thus sy sves 0 quantfyhow michcomecin i possile

with present circumferential mumimally invasive surgical (cMIS) me

Methods. Ninety patients were selected from 2 database of T patients who underwent cMIS scoliosis cor

All patients bad a Cobb angle greater than 15°. 3 or more levels fused, and availability of preoperative

and postoperative 36-inch standing radiographs. The mean duration of follow-up was 37 months. Preoperative and

postoperatve Cobb angle agital rerica axs (SVA), cornal balance Jmbarlodoss LL). an pelic cidence

‘were measured. Scatter plots were performed comparing the pre- and postoperative radbological parameters to
calculate ceiling effects for SVA correction, Cobb angle correction, and P1-LL mismatch correction

s The e peoperative SVA sl was 60 e 115151 ) the meam potopertv vaue was

31 s ramge 0. 84y Toe macosmam SVA comection achcved with cMIS  teckmiques in any of the caeswas 89

o e of opunah Cob sl  man omociom f 61% whs o, Wil eoperative value of 35 8°
(ange 1574T) ind 3 meanpostopeatvs vl of 13 (ange 0°-32 5. A ceilng eiet for Cab angle comec
tion was noted at 42° PLL teh to 10° i which the preoperative
P i was 30 o

‘Conclusions. Circumferential MIS techniques s cuently used for the treatment of adult scoliosis have limita.

tions i terms of their ability o imeve SR e st b Idoms When the eoperative SVA s geser
han 100 mmand substancal amount of bt lordons s needed, 2 deteined by spmopelvic paramee

tions, surpeons should consider osteotomies or other techruques that may achieve more lordosis.

(hetp 1ithens org/dot. e 103171130143 FOCUSI3585)

KeyWosos  +  minimally invasive surgery  +  adult scoliosis  +
radiographic parameters nu u (CENTER

Sagittal Vertical Alignment

"
Pre-op SVA
Fia 1. Scatter pot i general o
ondy be acheed i pabets wih aprecperaie SVA of 100 mm o s
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Lumbosacral Fixation

Pseudarthroses
Implant Failure
Sagittal Decompensation

Create Lordosis - Sagittal Balance

*ALIE

Since 2011

Upto then Lateral cages were 6° or 0°

12 and 15° lordotic cages designed
Contouring the rod was critical

Started doing MIS TFO for Thoracic
Kyphosis

CEnuRS Sivat MEDICAL CENTER
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Analysis of Actual Segmental Lordgsis,with
Hyperlordotic Cages &%

hy

Is Segmental Lordosis Dependent on the Angle, Locatlon‘é\"pd Level of
the Cage? L g

NEEL ANAND, MD
BABAK KHANDEHROO, MD
ELI.M.BARON, MD
SHEILA KAHWATY, PA-C
RYAN COHEN, MS IV
JASON COHEN, MS IV

A retrospective study of Circumferential MIS
(cMIS) correction of Adult Scoliosis (n=57):
(May 2012 to May 2015)

 All patients
underwent lateral
interbody fusion using
lordotic cages

Demographics

57 patients with degenerative and
Idiopathic Scoliosis

Mean age: 66 (48-84)

Total number of levels: 194

— 6 degree cage: 54

— 10 degree cage: 37

— 12 degree cage: 93

— 20 degree cage: 10

11
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Location of the Cage

Segmental Lordosis dependent on Location of the Cage in the Intervertebral Space

12 degree

cage
10 degree

cage d . i i <0.05%
20degree

cage .. E P=0.18

» Placement of the cage in the posterior 3rd of the
intervertebral space leads to lower segment lordosis
compared to middle or anterior 3rd placement (p<0.05)

» No statistically significant difference in the segmental
lordosis between the anterior 3rd and the middle 3rd
positions

Sagittal Alignment

6 degree

cage A X <0.05%
12 degree

cage H <0.05*
10 degree

cage I | Insignificant
20degree

cage i Insignificant

 Lordosis of the cage did have a significant
impact (p<0.05) on the amount of
segmental lordosis achieved

CEmRsSivar MEDICAL CENTER.
et St Bnsrsrs
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Hyperlordotic
Cages

ALL resection
and
Hyperlordotic
cage

Level of the Cage

Segmental Lordosis dependent on Level of the Cage

6 degree

cage 766 76— 860 ——1073——682 <005
12degree

<0.05*

11.59 11.66 15.19 15.67 <0.05*

19.75 18.87 19.25 19.66 _Insignificant

* 6, 10 and 12 degree cages create more segmental lordosis
(p<0.05) when placed in lower lumbar intervertebral levels
(L4-L5) compared to those placed in higher lumbar region
(L1-L2).

CEnuRS Sivat MEDICAL CENTER

13



1/18/2016

Conclusion

 Lordosis of the cage had a significant impact
on segmental lordosis achieved during lateral
interbody fusion procedures

The achieved segmental lordosis was
notably more when the cage was placed in
lower lumbar intervertebral levels (L4-L5)

Cages placed in the posterior 3rd of the
intervertebral space had a significantly worse
segmental lordosis compared to those places
in the anterior or middle 3rd.

CEmRSSIvE

Lordotic Cages - Segmental Lordosis per level

6 DegreeCage =43 | | | | |
L1-

T12-L1(n=10) L2(n=16) L2-13(n=13)  L3-l4(n=6)  L4-L5(n=1)
Pre-op Post-op Post-op Post-op Post-op
Mean 1.25 7.61 8.00 10.73 6.92
Min -11.89 4.42 5.59 5.96
Max 7.39 11.64 14.40 17.68
SD 6.22 85 2.59 4.64
\

[12 Degree Cage __\
/ \

12 (n=3) \L2-13 (n=17)  L3-14 (n=32)
12.67

6.60
19.56

Accepted IMAST 2015

Pre-op Planning

20 - 25 degrees at L5-S1 with an ALIF
15 - 20 degrees at L4-5 with a 12°
hyperlordotic lateral cage

10 - 15 degrees at L3-4, L2-3 and L1-2
with an hyperlordotic lateral cage

2-5 degrees at T12-L1 with a
normolordotic lateral cage

| WOULD NOT DO AN ALL
RESECTION/ACR FORTHIS CASH

14
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Su rglcal Anand, et al. J Spinal Disord Tech, vol 21 (7), 2008

Anand, et al. Neurosurg Focus 28 (3):E6, 2010
P | Anand, et.al. Eur Spine J, 2012 May 10
I'OtOCO Anand et.al. Spine, Vol 38 (18), 2013

— MIS Lateral and L5-S1 ALIF
Patients walk after 15t stage
Re-asses any need for decompression
Re-assess Sagittal/Coronal alignment

— Percutaneous
Screws and MIS Post Fusion at non-
interbody levels

11 kVp
212 mA

29
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110 kVp
200 mA
52
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Today

Intradiscal Release and Osteotomies

Hyperlordotic Lateral Cages (12°)
ALL release not needed in Virgin Scoliosis
Staged reassessment of Interim Xray

Aggressive Rod Contouring and Redcutio
Techniques O

CEmRsSivar MEDICAL CENTER.
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. Complete release (ALL &
annulus; any posterior?)

. Proper cage position &
size

. Cage fixation & screw
4. Posterior SPO ?? And
Compression based on
goal needed

1/18/2016

68 yr Teacher

Severe
progressive
Deg Scoliosis

SVA =110cm
PT =40
Pl =46
LL=-5

19
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'ALIF L5-51

LFL5-51

Post ACR
and ALIF

7276
0212011956,
F

100 kVp
12 oA
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INTRAOP

36" FILM
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ORIGINAL ARTICLE

Anterior Column Realignment (ACR) for Focal Kyphotic
Spinal Deformity Using a Lateral Transpsoas Approach and
ALL Release

Betrooz A. Akbarnia, MD,*1 Gregory M. Mundis Jr, MD,* Payam Moazzaz, MD,*
Nima Kabirian, MD,* Ramin Bagheri. MD,* Robert K. Eastlack, MD,} and Jeff B. Pawelek, BS*

17 consecutive patients over 7 years
12 previous surgery

12 were for adjacent segment disease
15 had associated SPO

8 pts had 10 complications

ORIGINAL ARTICLE

Anterior Column Realignment (ACR) for Focal Kyphotic
Spinal Deformity Using a Lateral Transpsoas Approach and
ALL Release

Betrooz A. Akbarnia, MD,*1 Gregory M. Mundis Jr, MD,* Payam Moazzaz, MD,*
Nima Kabirian, MD,* Ramin Bagheri. MD,* Robert K. Eastlack, MD,} and Jeff B. Pawelek, BS*

Segmental lordosis: +9°to - 19° to - 26°

Lumbar Lordosis: -16° to -38° to -45°

Pelvic Tilt: 34° to 24°

CEIMRSSiNat MEDICAL CENTER
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Anterior Column Realignment (ACR™): Minimum 2 Year
Follow-up of Clinical and Radiographic Outcomes

IMAST 2014 — Valencia,
Spain, July 16-19, 2014

22



Discussion Summary
were
significantly improved at post-op
and maintained at 2 years

Average in
this series was 21°, compares
favorably with PSO

Improved
outcomes at 2 years

CEIMRSSiNat MEDICAL CENTER
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Strategies for Minimally Invasive Reconstruction of the
Anterior Column: Improving Sagittal Balance with
Anterior Column Release
J.B.Billys ISASS, San Diego 2015

* 17 pts, ALL release
« 15, 20 and 30 degree implants

Mean segmental Lordosis = increased 16°
Global Lordosis = Increased 25°

No complications

CEIMRSSiNat MEDICAL CENTER
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Conclusion - ALL
Release/ACR Techniques

Excellent alternative to PSO
Highly Selected Patients

Should be considered in conjunction with
SPO

Best for Focal Kyphotic Deformities
Best Adjacent Segment Kyphoses

23



Optimal Balance

Individual for Each Patient

Should not be a NUMBERS GAME!!!!
Calculate your Goals pre op
Understand Pelvic Parameters
Understand Procedural ability to correct
Application of appropriate Strategies

Reserve ACR for Distal Lumbar Fused.

CES’

patients Wlth PJK m’.‘f‘.‘:’,‘.‘l\,‘ﬂ.‘!fﬁ.‘l”
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