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8 Omurga Sorunlari ¢ozimu ?

1. Deneysel uygulama sonuglar:

2. Klinik uygulama sonuglar



Deneysel 6ziim

MUHENDISLIK TIP
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Omurga Biyomekanik Davranisi

* Hareket araligi (ROM)
* Rotasyonun anlik ekseni (TAR)
* Yik/Deformasyon Egrisi

« Stabilite

* Cerrahi
« Fiksasyon



Ligamanlar

Fasetler

Intervertebral disk

Adaleler
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Panjabi, 1978



Hareket Serbestligi
6 yonde hareket serbestligi
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servikal

Rotasyonun Anlik Ekseni (RAE)

Sagittal plan




RAE yer degistirir mi ?

i ;'\ / Stabilizasyon bozulmasi




éﬁ RAE yer degistirir mi ?
Q‘wrkomurga

Lomber sagittal plan
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Tek Planda RAE Dogrulugu ?

GERCEK KATI CISIM HAREKETINI GOSTERMIYOR !

Al1A2 ve B1B2 noktalarinin translasyonu tek bir
dogrultuda olmayabilir.

Istatistiksel olarak ayni translasyon vektérlerinin
kullanilmasi gergekgi degil.

YAKINSAMA OLABILIR!

Woltring ve ark., J Biomech 1985
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Gercekci RAE Cozimu ?

- En az 3 noktanin,

» Translasyon vektéri ve rotasyon matriksinin bilinmesi
(rontgen sterofotogrametri)

U¢ BOYUTLU RAE |
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= Helikal Rotasyon Ekseni
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Spoor ve Veldpaus, J Biomech 1980
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Helikal eksen hareketi (HAM)
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Roundtables in Spine Surgery, 1; 1, 2005



Hareket Araligi (ROM)

Ligamanlar (+)

Eklemler (+)

.

elastik bolge

Yik

Deformasyon

kopma

Panjabi, J Spinal Disord 1992




Hareket Araligi Ol¢limi

Ekstansometre




£ Deney diizenegi

Infrared isaretlerin yerlestirilmesi




Sterofotogrametri
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Moment yiklemesi

|
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Panjabi ve ark. Spine, 2001!



Tanjansiyel aksiyal yikleme
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I Fleksiyon
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Servikal
Lordotik Bgim
Rotasyon
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Patwardhan ve ark. Sping, 2000




cg Disk Dokusu Davranisi
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Flexion/ Extention/ Lateral Bending
- ‘ = ° Annulus lifleri basma olan
g ) tarafta basma gerilmesi altinda
sl (s
) & + Annulus lifleri ¢ekme olan
= 1 I S tarafta gekme gerilmesi altinda
3 E
S &

* Nukleus ¢ekme gerilmesi olan
tarafa yer degistirir
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ég Disk Dokusu Davranisi
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Axial Rotasyon

« Kayma gerilmesi en fazla
Fos‘r_er'olafer'al annulus
iflerinde olur

« Bu bélge yirtilmaya ve disk
herniasyonuna duyarl
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cg Disk Dejenerasyonu

* Annulus nukleusdan daha
fazla yiik tasir

Normal Dejenere



Yik Dagilimi

Dejenere
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Birim Sekil Degistirme (strain, ¢)

« Geometride olusan sekil degistirmenin (uzama, kisalma,
kayma) ilk duruma orani (BIRIMSIZDIRI)

Birim sekil degistirme= (AL/ L)

 Basma (compressive)
« Cekme (tensile)

- Kayma (shear) AL
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{‘ Gerilme (Stress, o)

Q@ tirkomurga

* Birim alana gelen kuvvet (Pa= N/m?)
Gerilme= Kuvvet/Alan
* Basma (compressive)

« Cekme (tensile)
« Kayma (shear)
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o Elastik balge,

i/‘”‘{astik
Bolge

Elastik
Bolge

ooke kanunu

AV
E = —
14
o=FLE.¢

Elastisite modiili (Young Modiild) = (o / ¢€)
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% Miihendislik Teknolojilerinin Kullanimi
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1. Kolonlar arasindaki yik dagilimi analizi
Arka kolon --------------- strain gage
On ve orta kolon ----------- load cell

2. Komsu disk mesafesindeki basing degisimi
Basin¢ transduserler

3. Omur segmentleri arasindaki hareket
Sterofotogrametri

30
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Strain (birim sekil degistirme) olgim
teknikleri

« Gevrek kaplama

Fotoelastisite

Termografi

Elektrik rezistans strain gage teknigi

Sonlu eleman yontemi

31



4 8 mm

Strain gage

- Tek eksenli strain gage

- Statik ve dinamik gerilme
analizi.

6.9 mm
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Lateral mass’ lara strain gage yapistiriimasi
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Load cell

12.7 mm Yikseltici

* Load cell boyutu; 17.35 x 12.7 mm,
- Tek mesafe korpektomi igin yeterli.
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Load cell’ lerin yerlestirilmesi

Cb load cell CH5-6 load cell C4-5-6 load cell
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Load cell ve plak yerlestirilmesi

C5 anterior plak C4-5-6 anterior plak
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é‘ Ultra-minyatir tek alicili mikro basing
G transduseri

i

SPR-524
3.5 French (alici)

(3 French ~1 mm)

Basin¢ kontrol linitesi
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Basing transduserlerinin yerlestirilmesi
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Disk ici basing
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Nachemson., 1966
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Basarisiz sonuclar
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SPINE Volume 30, Number 8, pp 915-922

©2005, Lippincott Williams & Wilkins, Inc.

Biomechanical Analysis of Rigid Stabilization
Techniques for Three-Column Injury in the Lower
Cervical Spine

Hakan Bozkus, MD,* Christopher P. Ames, MD,t Robert H. Chamberlain, MS, 1

Eric W. Nottmeier, MD,§ Volker K. H. Sonntag, MD,{ Stephen M. Papadopoulos, MD,$ and
Neil R. Crawford, PhD+
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J Neurosurg Spine 12:183-189, 2010

I-tUrk Dynamic lumbar pedicle screw-rod stabilization: 1n vitro
biomechanical comparison with standard rigid pedicle
screw-rod stabilization

Laboratory investigation

HAKAN Bozkus, M.D.,! MEHMET SENOGLU, M..D.,> SEUNGWON BAEK, ML.S.,?
ANNA G. U. Sawa, M..S.,2 ALI FAHIR OZER, M.D.,! VOLKER K. H. SONNTAG, ML.D.,2
AND NEIL R. CRAWFORD, PH.D.2

Department of Neurosurgery, VKV Amerikan Hastanesi, Istanbul, Turkey; and *Barrow Neurological
Institute, Spinal Biomechanics Research Laboratory, Phoenix, Arizona
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ASTM F1717 -13 o

Standard Test Methods for Spinal Implant Constructs in a
Vertebrectomy Model

Active Standard ASTM F1717 | Developed by Subcommittee: F04.25

Standartlar

Book of Standards Volume: 13.01

ISO 12189:2008

Implants for surgery -- Mechanical testing of implantable
spinal devices -- Fatigue test method for spinal implant
assemblies using an anterior support

43



’

|
Q tirk

Sonlu Eleman Yontemi

* Bir bitinun parcalara ayrilarak incelenmesi

 Uygun geometri (model)

« Mesh yapilmasi

* Materyel 6zellikleri

« Sinir sartlarinin belirlenmesi

* Yikleme

» Sonuglarin deneysel modeller ile kanitlanmasi

44



Model ve Mesh
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2D Solid 3D Solid 3D Shell Line Elements
BLANES2 -‘ SULIES /\> SHELLG63 / BEAM3/44
PLANEIS2 ) ¥ SOLID185

SHELLI181 / BEAMISS

H PLANES82/183
A PLANE2

Q SHELL93 | / J BEAMIS9

hod




Materyel Ozellikleri
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Anatomik bolge Young’s modiilii Poisson’s oram
(Mpa)
Kortikal kemik 10000 0.29
Trabekiiler kermk 100 0.29
Endplate 500 0.40
Lamma, spinoz proses 3500 0.29
Disk annulisu 34 0.40
Disk nukleusu 34 0.49
Anterior longitudinal ligaman 11.9 0.39
Posterior longitudinal ligaman 12.5 0.39
Interspinoz ligaman 34 0.39
Ligamantum flavum 24 0.39
Kapsular ligaman 7.7 0.39
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Sinir Sartlar: ve Yikleme

Deneysel Model ile Gegerlilik ?



Eur Spine J (2001) 10:257-263
DOI 10.1007/s005860100256

Hakan Bozkus
Askin Karakas
Murat Hanci
Mustafa Uzan
Ergun Bozdag

Ali Cetin Sarioglu

ORIGINAL ARTICLE

Finite element model
of the Jefferson fracture:
comparison with a cadaver model




Finite element method based stress analysis
of zone I and zone 1I sacral fractures

Birinci ve ikinci bolge sakrum kirntklarinin sonlu eleman
a metoduna dayal gerilme analizi
Q tirk -
Hakan BOZKUS'*, Murat HANCI?, M.Emin SUNBULOGLU?, M.Ali TUNALP,
S.Ergun BOZDAG?, Onder AYDINGOZ*, Alaattin ARPACI®

Turkish Journal of Trauma & Emergency Surgery Ulus Travma Derg 2005




Sonlu eleman yontemi (FEM)
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; Facet joint

Intervertebral disc '
s, ’_Ligaments

Ahn HS,
Univ. Memphis,
PhD 200550
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FEM Kesitsel Von Misses Stress

Dinamik Pedikdl Vida+ Rijit Rod
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Stereolithography Model
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NAL 0F BONE AND JOINT SURGERY, INCORPORATED

RAPID PROTOTYPING:
THE FUTURE OF TRAUMA SURGERY?

BY GEORGE A. BROWN, MS, MD, KEIKHOSROW FIROOZBAKHSH, PHD,
THOMAS A. DECOSTER, MD, JOSE R. REYNA [R, MD, AND MOKEER MONEIM, MD

Whols Spina




Biyomodelleme (Stereolithography)
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Arq Neurcpsiquiatr 2007;65(2-B):443-445

SPINE Volume 30, Number 24, pp 28412845
©2005, Lippincott Williams & Wikins, Inc

APLICATION OF THE STEREOLITHOGRAPHY g

Biomodeli Aid to Spinal I i
TECHNIQUE IN COMPLEX SPINE SURGERY tomodeling as an flid to Spinal Instrumentation

Paul S. D'Urso, MBBS, PhD, FRACS,* Owen O. Williamson, M8, BS, FRACS,

. . . T P, |
Wellingson Silva Paiva', Robson Amorim’, and Robert G. Thompson, BlnfoTechs

Douglas Alexandre Franga Bezerra', Marcos Masini®
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Ben cerrahim muhendis degilim !



Vida Yetersiz
kirilmasi stabilizasyon

Komsu
segment
hastaligi
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Konusmanin Slaytlari

www.hakanbozkus.com.tr

Tesekkir Ederim
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