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Omurga Sorunlari ¢ozimu ?

1. Deneysel uygulama sonuglar:

2. Klinik uygulama sonuglar



Deneysel 6ziim

MUHENDISLIK TIP

~ 7/

BIYOMEKANIK



Omurga Biyomekanigi

Hareket araligi (ROM)
Rotasyonun anlik ekseni (IAR)
Yik/Deformasyon Egrisi
Stabilite

— Cerrahi
— Stabilizasyon



Hareketi Saglayan Yapilar




Pozitif Eksen Takimi

Panjabi, 1978



Hareket Serbestligi

6 yonde hareket serbestligi
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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 gercgekgi degil.

YAKINSAMA OLABILIR!

Woltring ve ark., J Biomech 1985



Gercekci RAE Cozimi ?

* En az 3 noktanin,
» Translasyon vektori ve rotasyon matriksinin bilinmesi



Helikal Rotasyon Ekseni

Spoor ve Veldpaus, J Biomech 1980



Helikal eksen hareketi (HAM)
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Roundtables in Spine Surgery, 1; 1, 2005



Yik

Hareket Araligi (ROM)

Ligamanlar (+) Eklemler (+)

Deformasyon

Panjabi, J Spinal Disord 1992



Omurgada Biyomekanik Calismalar

1. Deneysel modeller (in vitro)
1.  Kadavra (insan, hayvan)
2. Bilgisayar modelleri

2. Deneysel testler
1. Fizyolojik yiikleme (flexibility test)
2. Hasar olusturan yiikleme (failure test)
3.  Yorulma (fatigue)



Kadavra Model Hazirlanmasi

Fizyolojik Yikleme Testleri

Taze donmus kadavra (-20° de muhafaza)

Oda sartlarinda 1sitilmasi

Deney sirasinda nemli tutulmasi

Denek modelinin st ve altinda en az bir FSU olmasi
Yikleme sartlari

En az 3 test ve bekleme siiresi (soniimleme etkisi)
Cerrahi yapilacaksa teknigi

Stabilizasyon yapilacaksa teknigi



In Vitro Model Hazirlanmasi

Taze insan kadavrasi (C2-T1 segmentleri), disk ve
ligamanlara zarar verilmeksizin adale dokularindan
temizlenmesi.




Moment yiklemesi

Panjabi ve ark. Spine, 2001



Tanjansiyel aksiyal yiikleme
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-
- Rotasyon

Merkezi
C’ Yuk

Vektoru

cs

Ekstansiyon

Agirlik .
Patwardhan ve ark. Spine, 2000



Hareket Arahgi Olcimii

Ekstansometre



Deney diizenegi
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Infrared isaretlerin yerlestiril
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Mekanik test diizenegi
0.5, 1.0, 1.5 Nm tork yiklemesi

Flexion - Extension

Sterofotogrametrik 6lgiim



Hareket Arahgi Olgimii
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Sterofotogrametri



Group Il

CONormal CONormal
M Posterior M Posterior

B Combined & Combined
[l Anterior M Anterior

[

Table 2. Group ll: Biomechanical Parameters and Their Percent Change Relative to Normal (mean = SD)

Posterior Percent Combined Percent Anterior Percent
Normal Fixation Reduction Fixation Reduction Fixation Reduction
Parameter Loading Mode  (° or Nm/°)  (° or Nm/°)  vs. Normal (° or Nm/°) vs. Normal (° or Nm/°) vs. Normal

Range of motion Flexion 10.3 = 26 25+ 1.7* 74 + 22" 03+0.3 97 + 21 4.1 +2.2* 62 + 121
Extension 10.2 = 3.4 35 +18* 65 + 19" 05+04 95 + 27 24 +23% 79+11"
Lateral bending 84 +32 0.4 +0.2% 95 + 27 02=*+0.2 97 + 17 2.8 +24* 69 + 19"
Axial rotation 6.9 =25 0.8 £ 04 87 = 6" 05*+04 92 + 6" 3.6 = 26 42 + 48
Lax zone Flexion-extension 11.6 + 4.1 1.1 = 1.0% 90 + 121 03+03 98 + 17 21+28 83+ 17"
Lateral bending 11.2*+56 0.1 =01 99 + 17 0.1 +0.1 99 + 17 23 +29*% 82 + 18"
Axial rotation 87 +47 02+02 98 + 17 02+0.3 97 +3' 2.6 + 2.8% 64 + 44"
Stiff zone Flexion 45+10 20 +1.2*% 54 + 327 02+0.2 96 + 3" 3.1 +1.3* 32 + 24"
Extension 44+16 2.9 + 15* 30417 04+0.3 91 + 4" 1.5 + 0.9* 68 = 8'
Lateral bending 28 +05 0.3 +0.1* 89 + 4' 0.2 +0.1 93 + 3" 1.7 = 1.0% 44 + 241
Axial rotation 25+ 04 0.8 + 0.3* 70 + 127 04+03 84 + 10" 2.3+ 1.2* 8 +52
Stiffness Flexion 034 +=0.07 1.03+061* —209+ 182" 11.54 + 6.73 —3368 + 2261" 0.62 + 0.38* —76 =90
Extension 037 £0.12 069 +048* —81 +80 5.02 + 2.56 —1240 + 629" 1.40 = 077*  —275 + 200"
Lateral bending 054 +0.10 531 +192* —878+ 322" 10.21 + 4.46 —1731 + 5927 1.20 = 0.69* —-112 + 89"
Axial rotation 061 +009 237 +101* —290+ 152" 551 = 4.04 —782 + 549" 0.85 + 0.42* —39 =60

*Significant difference from combined fixation (P < 0.05).
tSignificant difference from normal (P < 0.05).




Mihendislik Teknolojilerinin Kullanimi

1. Kolonlar arasindaki yiik dagilimi analizi

2. Komsu disk mesafesindeki basing degigimi

3. Omur segmentleri arasindaki hareket



Strain (birim sekil degistirme) ol¢im
teknikleri
Gevrek kaplama
Fotoelastisite
Termografi
Elektrik rezistans strain gage teknigi

Sonlu eleman yontemi



Strain gage

- Tek eksenli strain gage

- Statik ve dinamik gerilme
£ analizi.
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degisikliginin ol¢ilmesidir.

Strain gage 6l¢lim mekanizmasi

Bir tele kuvvet uygulanmasi ile telin boyunda
usan sekil degisimi sirasinda telin kesit

aninin degisimi nedeniyle tel malzemesinin

ektrik akimina karsi gosterdigi direng |

14
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Birim Sekil Degistirme (strain, ¢)

* Geometride olugan gekil degigtirmenin (uzama, kisalma,
kayma) ilk duruma orani (BIRIMSIZDIR!)

Birim sekil degistirme= (AL/ L)

 Basma (compressive)
« Cekme (tensile)

y <
- Kayma (shear) AL ¥ =



Gerilme (Stress, o)

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

* Basma (compressive)

F
« Cekme (tensile)
« Kayma (shear) |




Elastik bdlge, Hooke kanunu

Plastik
Bolge

Elastik

Bolge




Strain’ den stress (gerilme) hesaplanmasi




Stress/Strain
Yik/Deformasyon

Elastisite modiili (Young Modiild) = (o / ¢€)

+— Kopma noktasi
(ultimate strenght)

—
Akma noktasi

(yield)

P.B



Lateral mass’ lara strain gage yapistiriimasi




Plak igin strain gage hazirlanmasi




Load cell

Yikseltici

* Load cell boyutu; 17.35 x 12.7 mm,
+ Tek mesafe korpektomi igin yeterli.



Ultra-minyatir tek alicili mikro basing
transduseri

SPR-524
3.5 French (alici)

(3 French ~1 mm)

Basin¢ kontrol lnitesi



Basing transduserlerinin yerlestirilmesi




Basing transduserlerinin yerlestirilmesi
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Korpektomi hazirligi sonrasi

C5 korpektomi C5-6 korpektomi C4-5-6 korpektomi



Load cell’ lerin yerlestirilmesi

Cb load cell CH5-6 load cell C4-5-6 load cell



Load cell ve plak yerlestirilmesi

Lé’-z a
C5 anterior plak C4-5-6 anterior plak



Basarisiz sonuclar




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,f and
Neil R. Crawford, PhD+




J Neurosurg Spine 12:183-189. 2010

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, M..D.,?
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




Pedikil Vida-Rod Sistemi Yorulmasi
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Standartlar

ASTM F1717 -13 »

Standard Test Methods for Spinal Implant Constructs in a
Vertebrectomy Model

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

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



Sonlu Eleman Yontemi

Bir bitindn pargalara ayrilarak incelenmesi

Uygun geometri (model)

Mesh yapilmasi

Materyel 6zellikleri

Sinir sartlarinin belirlenmesi

Yikleme

Sonuglarin deneysel modeller ile kanitlanmasi



Model ve Mesh
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Materyel Ozellikleri

Anatomik bélge Young’s modiilii
Mpa)

Rortkal ek 10000
[Trabekiler kermik
B - I .
Lo, oz proes 3500

Dkambsy [ 324 [ 0w

w
Anterior bogidalfguman | 11 [ 039
Posterior longiudiallgamen | 125 | 039
Terphozlgmman | 34 | 039
Tgumaotumfam | 24 [ 039
Repoarlgaman | 77 | 039




Sinir Sartlari ve Yiikleme

Deneysel Model ile Gegerlilik ?



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

Hakan Bozkus Finite element mOdeI
Askin Karakas

Murat Hanc1 of the Jefferson fracture:

Pl comparison with a cadaver model

Ali Cetin Sarioglu




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

Birinci ve ikinci bolge sakrum kirtklarinin sonlu eleman
metoduna dayal1 gerilme analizi

Hakan BOZKUS"?, Murat HANCI2, M.Emin SUNBULOGLU?, M.Ali TUNALP,
S.Ergun BOZDAG?, Onder AYDINGOZ?, Alaattin ARPACP®

Turkish Journal of Trauma & Emergency Surgery Ulus Travma Derg 2005




Sonlu eleman yontemi (FEM)
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__Facet joint

Intervertebral disc™ =
Ligaments

Ahn HS,
Univ. Memphis,
PhD 2005



FEM Kesitsel Von Misses Stress

Dinamik Pedikiil Vida+ Rijit Rod




Stereolithography Model

RAPID PROTOTYPING:
THE FUTURE OF TRAUMA SURGERY?

BY GEORGE A. BROWN, MS, MD, KEIXHOSROW FIROOZBAKHSH, PHD,
THOMAS A, DECOSTER, MD, JOSE R. REYNA R, MD, AND MOEES MONEIM, MD

Whols Spinse



Biyomodelleme (Stereolithography)

Arq Neurcpsiquiatr 2007;65(2-8):443-445

APLICATION OF THE STEREOLITHOGRAPHY
TECHNIQUE IN COMPLEX SPINE SURGERY

Biomodeling as an Aid to Spinal Instrumentation

Paul S. D'Urso, MBBS, PhO, FRACS,* Owen O. Williamson, MB, BS, FRACS,

Wellingson Silva Paiva', Robson Amorim’, and Robert 6. Thomoson, BinfoTecht

Douglas Alexandre Fran¢a Bezerra', Marcos Masini*
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