Stereolitografi Yontemi ile Elde Edilen Ug¢ Boyutlu Kati
Biyomodelin Hassasiyetinin incelenmesi

Evaluation of the Sensitivity of 3 Dimensional Solid
Biomodel Obtained by the Stereolithography Method

Yrd.Dog.Dr. Toros ALCAN
Dr. Bekir BAYSAL

Marmara Univ. Dishek.
Fak. Ortodonti A.D./
Marmara Univ., Dept. of
Orthodontics
istanbul-TURKEY

iletisim Adresi
Correspondence:

Dr. Toros Alcan
Marmara Univ. Dishek. Fak.
Ortodonti A.D.
Buytikgiftlik Sk. No:6
Nisantas!
istanbul/TURKEY

Faks: +90 212 232 3625
E-mail:
talcan@marmara.edu.tr

Turkish Journal of Orthodontics 2005;18:195-203

195



196

GiRis

Bilgisayar teknolojisi ve medikal gortintile-
me tekniklerinin gelisimine paralel olarak,
1980'li yillarin baginda 3 boyutlu sanal model-
lerin kati model olarak elde edilmesi hayalleri
de gerceklesme yolunda 6nemli asamalar kay-
detmistir. Once bloktan agindirma teknikleri ile
olusturulan 3 boyutlu modeller elde edilmeye
baslanmissa da, bu teknikle elde edilen model-
lerin kopyalama hassasiyetinin ¢ok dustik ol-
masi, yeni arayislara neden olmustur (1). Bu
arayislar sonucunda karmasik nesnelerin ayrin-
tili 3 boyutlu modellerini elde edebilen LOM
(Laminated object manufacturing), SLA (Stere-
olitografi), SCG (Solid curing Ground), 3D ya-
zicilar gibi teknikler ortaya ¢ikmistir (2). Bu tek-
nikler her giin daha da geliserek giinimiizde
endustri yaninda tip alaninda da tani, cerrahi
simulasyon, kisisellestirilmis protez ve distrak-
tor hazirlanmasi gibi klinik uygulamalarin yani
sira, tedavi eden hekim grubunun kendi icinde
ve hekimlerin hasta ile olan iletisiminin artirl-
masi ve tip egitimi gibi beseri amaglarla yogun
olarak kullanilmaya devam etmektedir.

Ulkemizde de endistride cesitli amaglarla
kullanilan bu hizl prototipleme tekniklerinin,
tip alaninda kullanimi ne yazik ki gecikmistir.
Literattire bakildiginda bu konuyla ilgili tlke-
mizdeki ilk ¢alismanin 2003 yili gibi ¢ok yakin
bir zamanda oldugunu goérmekteyiz (3).

Bu calismanin ¢ikis noktasi, tilkemizde en-
dustri alaninda kullanilan hizli prototipleme
yontemlerinden olan ve isikla sertlesen bir re-
ginenin laser yardimi ile katman katman poli-
merizasyonu esasina dayanan SLA teknigiyle
elde edilen katt modellerin tibbi amacla da
kullanilabileceginin gosterilmesidir. Bu amaca
yonelik olarak ¢alismamizda, kafa, yiiz ve ge-
ne kemiklerinin bilgisayarli tomografi ve stere-
olitografi (SLA) yontemleri yardimi ile elde edi-
len t¢ boyutlu kati modellerinin (biyomodel),
kopyalanan iskeletsel tnitelere benzerligi ve
hizli modelleme isleminde kullanilan yontem-
lerin giivenilirligi arastiriimigtir.

GERECLER ve YONTEM

Cahigmamizin gereci iskelet (niteyi teskil
eden gercek bir alt cene kemigi ve bu kemigin
kopyalanmasindan elde edilen bir kati biyo-
modelden olusmaktadir. Bu amagla, 13 yasin-
da vefat eden bir kiz cocuguna ait alt gene ke-
migi (mandibula), kopyalanacak iskeletsel tini-
te olarak kullaniimigtir.  Alt cene kemiginin bu
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INTRODUCTION

With the development of computer techno-
logy and medical imaging techniques, the dre-
am of obtaining solid models through 3D vir-
tual models has seemed to become real since
the 1980’s. At the beginning, 3D models were
used to be produced by block abrasion techni-
ques; however, the fact that models produced
in this way provided very low simulation sen-
sitivity has led to new researches (1), and tech-
niques capable of producing detailed 3D mo-
dels of complicated objects, i.e. LOM (Lamina-
ted Object Manufacturing), SLA (Stereolithog-
raphy), SCG (Solid Curing Ground), 3D prin-
ters were introduced (2). These developing
techniques today are used in medical as well
as industrial fields for diagnosis, surgical simu-
lation, individualized prostheses and distractor
fabrication. Additionally, improving the quality
of communication between the patients and
the doctors and among the treating doctors’
group, medical education are other continuing
popular issues of use.

Unfortunately, utilization of these rapid pro-
totyping techniques in medical fields has been
introduced later than in industrial fields in our
country. Literature review shows that the first
study concerning this subject belongs to the
year 2003 (3).

SLA technique is a sort of rapid prototyping
method and based on the polymerization of a
light-cured resin in layers by laser. The point of
this study is to reveal that solid models obta-
ined by SLA technique can also be used for
medical purposes in our country. To achieve
this goal, the similarity of 3D solid models of
cranial, facial and alveolar bones obtained by
CT and SLA techniques to the simulated skele-
tal units and reliability of the methods used in
rapid modeling have been researched.

MATERIAL and METHODS

The material of our study consists of a genu-
ine mandibular bone constituting the skeletal
unit and a solid biomodel obtained from simu-
lation of the bone. Mandibular bone belonging
to a girl who died at the age of 13 was used as
the skeletal unit to be simulated. Criteria that
the mandibular bone had to fulfill were as fol-
lows:

1. Maximum tooth bearing capacity

2. Absence of any metal filling or prostheses

3. Symmetry of the jawbone proportionally
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tir bir calismaya uygun olabilmesi icin su kri-
terler goz 6nlinde tutulmustur:

1) Mimkin oldugunca ¢ok sayida dis bu-
lunmasi

2) Dislerde herhangi bir metal dolgu yada
protez vb. bulunmamasi

3) Cenenin oransal ve yapisal olarak normal
fizyolojik sinirlar icerisinde "simetrik" olmasi

4) Kemikte harhangi bir kirik, gatlak veya ol-
¢ctimu etkileyecek diizeyde madde kaybi olma-
masi

5) Olciimde kullanilacak anatomik unsurla-
rin (foramenler, cikintilar vs.) kemik tizerinde
gorsel olarak belirgin ve tam olarak ifade edile-
biliyor olmasi

Bu kriterler cercevesinde, calismada kulla-
nilan alt gene kemigi tim disleri eksiksiz ve ya-
pisal olarak tam olmakla birlikte, diger tiim kri-
terleri sagladig icin tercih edilmistir.

Kati Biyomodel

Hizli prototipleme isleminin gerceklesebil-
mesi icin, 6ncelikle alt cene kemiginin (iskelet-
sel tnitenin) bilgisayarda islenebilir hale gel-
mesi ve sonrasinda da sayisal ti¢ boyutlu mo-
delinin elde edilmesi gerekmektedir. Bu amac-
la alt gene kemiginin t¢ boyutlu yapisinin sa-
yisal verilere donustirilebilmesi icin bilgisa-
yarli tomografisi gekilmistir.

Bilgisayarli Tomografi (BT)

Alt cene kemigi, tomografi cihazina (Soma-
tom Emotion, Siemens, Erlangen, Almanya) ya-
tarak konumlanan bir kisinin alt ¢enesinin ala-
cagl sekilde konumlandirilarak, yuksek ¢ozu-
nirltikte bilgisayarli tomografik kesitleri alin-
mistir. 25°’lik Gantry egimi esliginde, T mm’lik
kesit araliginda toplam 109 adet kesit, bilgisa-
yar yazilimi ile ti¢ boyutlu sayisal model olus-
turmak amaciyla standart DICOM verisi olarak
elde edilmistir (4-7).
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and structurally within physiologic limits

4. Absence of any fracture, crack or loss of
material that could affect the measurement

5. Complete visual clarity of the anatomical
landmarks (foramens, processes, etc.) to be
used for the measurement on the bone

Within the borders of these criteria, the
mandibular bone used in this study was prefer-
red due to its dentate and complete structure ,
and also because it fulfilled all of the above re-
quirements.

Solid Biomodel

For rapid prototyping procedure, first of all,
mandibular bone (the skeletal unit) has to be-
come processed and then its numerical 3-di-
mensional model has to be obtained. For the 3-
dimensional structure of the mandibular bone
to be converted into numerical data CT was ta-
ken.

Computerized Tomography (CT)

The mandibular bone was placed in the to-
mography unit (Somatom Emotion, Siemens,
Erlangen, Germany) in a way that the mandib-
le of a lying person is positioned and compute-
rized topographic sections with high resoluti-
on. With 25° Gantry, within the section range
of Tmm, 109 sections were obtained as stan-
dard DICOM data to produce 3-dimensional
numerical model using a computer software
(4-7).

Computer Software

Topographic sections were then calculated
as numerical 3-dimensional model using spe-
cial computer software (Mimics7.3, Materiali-
se, Leuven, Belgium). During this procedure,
data from CT were used without any correcti-
on, treatment or resizing. The data from CT
were prepared for numerical model producti-
on, and then converted into the accurate for-
mat to be used in the SLA for the production of

Tablo I: Bilgisayarli

tomografide kullanilan tarama

bilgileri.

Table I: The scanning protocal

information of CT.
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Resim 1: Kopyalanacak olan
alt gene kemigi (solda) ve
regineden elde edilen kopya
(Kat1 Biyomodel).

Figure 1: The mandible and
the solid biomodel.

Bilgisayar Yazilimi

Elde edilen tomografik kesitler, daha sonra
ozel bir bilgisayar yazilimi (Mimics 7.3, Mate-
rialise, Leuven, Belgika) kullanilarak sayisal t¢
boyutlu model olarak hesaplatilmigtir. Bu islem
sirasinda BT’den gelen veriler birebir kullanil-
mis, hicbir diizeltme, iyilestirme, boyutlandir-
ma gibi islemler uygulanmamigstir. BT'den ge-
len verilerin ti¢ boyutlu sayisal model tretimi-
ne hazirlanmasi sonrasinda, kati biyomodel
uretimi igin SLA’ da kullanilabilecek uygun bi-
cime donustiralmustar.

Hizl Prototipleme

Bilgisayar yazilimi ile hesaplatilan tig boyut-
lu sayisal model, SLA” ya (SLA 250, 3D
Systems, Valencia, Californiya, ABD) aktariimig
ve sivi regineden lazerle polimerize edilerek,
iskeletsel birimin tg¢ boyutlu kati biyomodeli
(regine modeli) elde edilmistir (Resim 1).

Olciim Yontemi

Alt cene kemiginin ti¢ boyutlu kati regine
modeli elde edildikten sonra, hem orjinal iske-
letsel tinite hem de kopyalanan kemigin kati
biyomodeli tzerinde olgtimler gergeklestiril-
mistir. iskeletsel tinite ve kati biyomodel tize-
rinde dogrusal 6lctimler yapilmak tizere 10 is-
keletsel ve 7 dissel referans noktasi belirlen-
mistir. Bu referans noktalari (Tablo 1I) sayisal bir
kompas yardimi ile 6lctilmiistiir (Resim 2). Ol-
climlerarasi ve gozlemcilerarasi metotla, her
olcuim tg¢ defa ve ti¢ ayri arastirici tarafindan

solid biomodel.

Rapid Prototyping (Solid Modeling)

The 3- dimensional numerical model calcu-
lated with the computer software was transfer-
red to SLA (SLA 250, 3D Systems, Valencia,
CA, USA), polymerized through liquid resin by
means of laser and 3-dimensional solid biomo-
del (resin biomodel) of the skeletal unit was ob-
tained.

Measurement Method

After the 3-dimensional solid resin model of
the mandibular bone was obtained, measure-
ments were made over both the original skele-
tal unit and the solid biomodel of the simula-
ted bone. 10 skeletal and 7 dental reference
points were determined on the skeletal unit
and the solid biomodel in order to make linear
measurements. These reference points (Table
1) were measured by means of a caliper com-
pass (Figure 2). Each measurement was perfor-
med three times by three separate researchers
using the same reference points utilizing the
intraobserver and the interobserver methods.
Data obtained were evaluated using the corre-
lation analysis (intraclass correlation coeffici-
ent).

RESULTS

Among the skeletal parameters there was
advanced correlation while dental measure-
ments showed little correlation (Table 1lI). In
the light of this information, the sensitivity of

Resim 2: Alt cene kemiginin
orijinal ve ti¢ boyutlu kati
regine modeli tizerinde
yapilan hassas 6lgiimler.
Figure 2: The measurements
on the original mandible and

the solid biomodel.
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ayni referans noktalari kullanilarak gergeklesti-
rilmistir. Elde edilen veriler, korelasyon analizi
(intraclass correlation coefficient) kullanilarak
istatistiksel olarak degerlendirilmistir.

BULGULAR

iskeletsel parametrelerde ileri derecede ko-
relasyon bulunmusken; dissel 6lgiimlerde ise
korelasyon azalmistir (Tablo IIl). Bu bilgilerin
1siginda bu yontemle elde edilen ti¢ boyutlu
kati modelin hassasiyetinin iskeletsel boltim-
lerde miikemmele yakin iken; dissel yapilarda-
ki hassasiyetin daha az oldugu saptanmistir
(Tablo IV).

TARTISMA

Calismamizda, hizli modelleme (prototiple-
me) yonteminin tlkemizde var olan aygitlar
kullanilarak tibbi uygulamalarda kullanilabile-
ceginin gosterilmesi amaglanmistir. Bilgisayar
ortaminda gelistirilmis G¢ boyutlu nesnelerin
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the solid model produced with this technique
is said to be almost perfect in the skeletal are-
as, while the sensitivity in the dental areas is fo-
und to be lower (Table V).

DISCUSSION

In our study, it was aimed to reveal that ra-
pid modeling (prototyping) method can be
used for medical applications with the applian-
ces present in our country. Solid model pro-
duction with rapid prototyping techniques after
designing 3-dimensional objects developed on
a virtual basis (CAD) and the manufacture of
these objects (CAM) has been used in the engi-
neering area for years. However, the producti-
on of solid biomodels of anatomical structures
with no standard dimension requires that the
issues of sensitivity and the reliability must be
concerned.  Because anatomical structures
vary among individuals, the solid biomodels of
these structures will also vary dimensionally.

Tablo I:  Olgiimii yapilan
parametreler (BL:
Bukolingual; h: yiikseklik).
Table II: Parameters for
measurements (BL:

Buccolingual; h: height).
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Tablo III: Parametreler

arasindaki hassasiyet 6l¢timii.

200

Table III: The sensitivity
measurements between

parameters.

Alcan, Baysal
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tasarimlari (CAD) ve bu nesnelerin tretimleri
(CAM) sonrasinda hizli prototipleme teknikle-
ri ile kati model elde edilmesi, miihendislik
alaninda yillardir kullaniimaktadir. Ancak tip
alaninda, belirli bir sabit/standart boyutu olma-
yan anatomik yapilarin kati biyomodellerinin
tretilmesi, hassasiyet ve giivenilirlik konularini
da beraberinde getirmektedir. Cuinki, anato-
mik olusumlarin her insanda farklari olacagi
icin, bu anatomik yapilarin kati biyomodelleri
de boyutsal olarak farkli olmak zorundadir.
Her kiside degiskenlik gosteren ve sabit boyut-
lari olmayan anatomik yapilarin kopyalanmasi
icin, hassas ve guivenilir sistemler kullanilmasi
ve kopyalama hassasiyetinin aralikli olarak
kontrol edilmesi zorunludur.

Kati biyomodel tretimi, bilgisayarli tomog-
rafi sistemi, yazilim ve kati modelleme cihazla-
rinin sayisiz parametreleri ile degiskenlik gos-
terebilecek sonuclar dogurabilecek diizeyde
karmasik islemdir. Bu ytizden kati biyomodel
Uretimindeki basari, evrelerin her birinin de
kendi icinde hassas olmasina baglidir. Kopya-
lanacak iskeletsel tinitenin standardize edilmis
ve hassasiyet analizleri yapilmis guivenli sis-
temler tarafindan kati biyomodel elde etmede
kullanilmasi, tibbi bir zorunluluktur. Cunki
gercek iskeletsel bolgeyi cok iyi temsil etme-
yen bir kati biyomodel, tani ve tedavide gercek
anlamda vyararli olamayacaktir. Bu sebeplere
dayanarak, calismamizda, tilkemizde var olan
cihaz altyapist ile tretilen kati biyomodellerin,
tibbi uygulamalarda kullanilabilecek gtivenlik
araliginda olup olmadigi aragtirilmistir. Kay-
naklara bakildiginda, kafatasi ve kati biyomo-

For the simulation of anatomical structures
with no standard dimensions and varying from
person to person, sensitive and reliable systems
should be used and the sensitivity of simulati-
on should be checked periodically.

Solid biomodel
complicated procedure that it can produce re-
sults with variations due to the computerized
tomography system, software and the count-
less parameters of solid biomodeling applian-
ces. That is why the success of solid biomode-
ling is dependent on the sensitivity of each step
individually. Use of the skeletal unit to be si-
mulated in solid biomodeling by standardized
and reliable systems whose sensitivity analysis
has been made is a medical obligation. A so-
lid biomodel that does not represent the real
skeletal unit well would not be advantageous
in the treatment. Accordingly, it was researc-
hed in our study whether the machinery foun-
dation present in our country and the solid bi-
omodels produced were in the reliability range
allowing medical applications or not. Literatu-
re review shows studies similar to ours, concer-
ning the anatomical sensitivity between the
skull and the solid biomodel (8).

The skeletal unit used in the study was tho-
roughly chosen to have as many teeth as pos-
sible. Possible anatomical changes and lack of
symmetry in the edentulous zones could be an
inconvenience for the measurement criteria.

Any artificial extras, i.e. metal filling or
prostheses that could impair the imaging thro-
ugh reflection were excluded at the compute-
rized tomography stage. Such reflections origi-

manufacture is such a

Tiirk Ortodonti Dergisi 2005;18:195-203
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del arasinda anatomik hassasiyetin arastirildig|,
calismamiza benzer arastirmalar mevcuttur (8).

Calismada kullanilan iskeletsel tnitede
mimkiin oldugunca ¢ok sayida dig bulunmasi-
na dikkat edilmistir. Eksik dis bolgelerinde ola-
bilecek anatomik degisimler ve genenin eksik
disler bolgesinde olusabilecek simetri kaybi gi-
bi durumlarin olmasi 6lgtim kriterlerini zorlas-
tirabilecektir.

Bilgisayarli tomografi asamasinda herhangi
bir yansimaya sebep olarak goriintiilemeyi bo-
zabilecek metal dolgu, protez gibi dogal olma-
yan eklentilerin bulunmamasina 6zen gosteril-
mistir. Metalden kaynaklanacak bu tir yansi-
malar, goruntiilemeyi bozacagl igin, sayisal ve
kati modellerdeki boyutsal hassasiyeti de nega-
tif yonde etkileyecektir.

ileriki yaslarda insanlarin dis kayiplari ve
dolgu, protez gibi dis tedavileri gérmiis olma
olasihgr da goz oniinde bulundurularak, calis-
mada 13 yasinda vefat eden ve herhangi bir dis
kaybi ve restorasyonu bulunmayan bir kiz ¢o-
cuguna ait alt gene kemigi iskeletsel tinite ola-
rak kullanilmistir. Kemikte, 6l¢timi etkileyecek
derecede oransal ve yapisal bir asimetri yoktur.
Ayrica herhangi bir kirik, catlak veya olgimu
etkileyecek diizeyde madde kaybi olmamasi-
nin yani sira 6lcimde kullanilacak anatomik
unsurlarin (foramenler, cikintilar vs.) kemik
tzerinde gorsel olarak belirgin ve tam olarak
ifade edilebiliyor oldugu goérulmustir. Sonug
olarak kopyalanacak nitenin bu calismaya
uygun oldugu goralmdustur.

Calismamizda, iskeletsel tinite ile kopya ka-
ti biyomodel arasindaki boyutsal hassasiyet bir
sayisal kompas ile dogrusal lctimler yapilarak
degerlendirilmistir. Burada oOl¢umiin sadece
dogrusal olarak yapilmis olmasi, dlgtim igin el-
le kontrol edilen bir kompas kullanilmasi ve
ylizey topografilerinin karsilagtirilmamis olma-
si hassasiyet konusunda akla soru isaretleri ge-
tirebilir. Ancak, tip alaninda, 6zellikle kemikte
kullanilan kesi aletlerinin kalinligina ve fiksas-
yonda kullanilan vida ¢aplarina bakildiginda
calisma toleransinin milimetre mertebesinde
oldugu, mihendislik uygulamalarina kiyasla
oldukga toleransli boyutlarda ¢alisilabildigi g6-
rilmektedir.  Kaynaklara bakildiginda hizli
prototipleme cihazlarinin hassasiyetinin olctil-
dugl calismalarda, hizli prototipleme cihazla-
rimin T mm’nin altinda hassasiyette Gretim ya-
pabildikleri bildirilmektedir (9). Ayrica yiizey
ve kurvatiir hassasiyeti ile boyutsal iliskileri, bu
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nating from metals would also have a negative
effect on the dimensional sensitivity of numeri-
cal and solid biomodels.

Regarding the possibility of elder people
lacking their teeth or having dental treatments
such as fillings or prostheses, a mandibular bo-
ne completely dentate and devoid of any res-
toration belonging to a girl who had died at the
age of 13 has been used as the skeletal unit.
There is neither a proportional or structural
asymmetry nor a fracture, crack or any mate-
rial loss that could affect the measurement in
the bone. Additionally, the anatomical land-
marks (foramen, processes etc.) to be used in
the measurement were visualized clearly on
the bone. Consequently, the simulation unit
has been found to be appropriate for this study.

In our study, dimensional sensitivity betwe-
en the skeletal unit and the simulated solid bi-
omodel was assessed with linear measure-
ments using a numerical caliper compass. The-
re may be a question about the sensitivity be-
cause the measurement was only a linear one,
a caliper compass was used manually and sur-
face topographies were not compared. Howe-
ver, when thickness of the cutting instruments
used for bone and diameter of the fixation
screws are considered, it is clearly seen that
working tolerance is at the millimeter level, es-
pecially comparable to the engineering appli-
cations. Studies measuring the sensitivity of ra-
pid prototyping machines reveal that they are
capable of manufacturing at sensitivity less
than T mm (9). Although their dimensional re-
lations between surface and curvature sensiti-
vity are beyond the scope of this study, there
are many studies concerning the sensitivity of
these prototyping machines; these data for the-
se machines are considered as ‘gold standard’
today. Hence, other structures of a solid bi-
omodel which is in conformity with the linear

Tablo IV: Iskeletsel ve dissel
referans noktalar arasinda
yapilan 6lgiimler.

Table IV: The measurements
of dental and skeletal

reference points.
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calismanin amagclarinin disinda olmakla birlik-
te, ilgili prototipleme aygitlarina ait cok sayida
hassasiyet calismasi bulunmakta; bu cihazlar
icin bu veriler bugiin "altin standart" veriler
olarak kabul gérmektedir. Bu bilgiler 1s1ginda,
dogrusal dlctimler ile uyum gosteren bir kati
biyomodelin diger yapilarinin da boyutsal uyu-
mu beklenmektedir.

Bu kompas ile yapilan olcimler, gercek is-
kelet tnite ile kati biyomodel arasindaki iligki-
yi yansitacak hassasiyettedir. Kaynaklara bakil-
diginda, 6zellikle hizli prototipleme islemlerin-
de tretim hassasiyetini 6lcen ¢ok ayrintili aras-
tirmalar bulunmaktadir (9). Ayrica BT" den ge-
len verilerin, boyutsal olarak dogru veriler olup
olmadigi da bir tartisma konusudur. Kati mo-
dellemede kullanilan prototipleme aygiti ne
kadar hassas olursa olsun, BT'den elde edilen
verilerin sinirladigr 6lclideki hassasiyet deger-
lerinde kati biyomodel elde edilebilecektir. Bu
konuda yapilan caligmalara bakildiginda (10,
11) taranan nesnenin orjinal boyutlar ile
BT’den gelen veriler arasinda 0,17 mm=0,07
arahginda bir hata payi olabilecegi belirtilmek-
tedir. Bu, calismamizda vurgulanan kriterler
g6z ontinde tutuldugunda milimetrenin onda
biri olarak kabul edilebilir bir hata payidir.

Cahismada 10 iskeletsel ve 7 dissel olmak
lizere toplam 17 kriter Gzerinden o6lgtimler
yapilmigtir. Olctimlerarasi ve gézlemcileraras
metodla, her 6l¢lim G¢ defa ve tig ayr arag-
tirici tarafindan ayni referans noktalari kul-
lanilarak gerceklestirilmistir. Elde edilen veriler,
korelasyon analizi (intraclass correlation coef-
ficient) kullanilarak istatistiksel olarak deger-
lendirilmistir.

Olctimii  yapilan iskeletsel ~degerlerin
tamam, iskeletsel tnitenin %95 gliven araligi
icerisinde (%0,28 - %-2,44) kopyalandigini
gostermistir. Bu parametreler, iskeletsel tinite
olarak adlandirilan alt ¢ene kemiginin trans-
versal ve vertikal yondeki uzunluklaridir (Tablo
V).

Yapilan 7 dissel olgtimiin 4’tinde, kop-
yalama isleminin %95 giiven aralig igerisinde
gerceklestigi gortlmus olsa da (%-0,6 —
%4,03), 3 olgim kriterinde bu araligin disina
cikildigi  bulunmustur (%-6,9 - %-5,76).
Guven araligi disina ¢ikan bu 6lgtimlere bakil-
diginda, bunlarin birinci ve ikinci buytk azi
dislerinin boyutlari ile ilgili 6l¢timler oldugu
gortlmektedir. Bu durumun nedeni arastirilir-
ken, digler ile ayni kesitlerde yer alan kemik

Alcan, Baysal

measurements are also expected to be in agre-
ement.

Measurements made with this caliper com-
pass are sensitive enough to reflect the relati-
onship between the real skeletal unit and the
solid biomodel. There are very detailed rese-
arches throughout the literature measuring the
production sensitivity, especially in rapid pro-
totyping procedures (9). Furthermore, whether
data from CT are dimensionally accurate or not
is another issue of discussion. Obtaining solid
biomodel does not depend on how sensitive is
the prototyping appliance used for solid mode-
ling; sensitivity values limited by the data from
CT determine the production.

Studies relating to this subject report that
there may be errors between the original di-
mensions of the scanned object and data from
CT within the 0.17 mm + 0.07 range (10,11).
When the previously mentioned criteria are ta-
ken into account, this is an acceptable error as
one tenth of a millimeter.

In our study, 10 skeletal and 7 dental me-
asurements have been made in view of 17 cri-
teria. Each measurement has been performed
three times by three separate researchers with
intraobserver and interobserver methods using
the same reference points. Data obtained have
been evaluated statistically using the correlati-
on analysis (intraclass correlation coefficient).

All of the skeletal values that were measu-
red have showed that the skeletal unit had be-
en simulated within the 95 % reliability range
(0.28 % - 2.44 %). These parameters are the
transversal and vertical lengths of the mandi-
bular bone named as the skeletal unit (Table
V).

While 4 of the 7 dental measurements reve-
al that simulation has taken place within the
95% reliability range (0.6 % - 4.03 %), 3 me-
asurement criteria were out of it (6.9 % - 5.76
%). The measurements out of the reliability
range were inspected and they were associated
with dimensional measurements of the first
and second molar teeth. Despite the high
measurement sensitivity of the dimensions of
the bone tissues placed in the same section as
the teeth, the rate of errors merely due to teeth
has been more. Dental tissue is much more
calcified and harder than bone tissue; as a
result of this, some tissues cannot be taken on
a numerical basis completely during CT and at
the following software and virtual model ob-

Tiirk Ortodonti Dergisi 2005;18:195-203



Stereolitografi Yonteminin Hassasiyetinin incelenmesi

Determinaton of the Accuracy of SLA

dokularin boyutlarinda 6lciim hassasiyetinin
ylksek olmasina ragmen sadece dislerde hata
oraninin yiksek oldugu fark edilmistir. Bu
durum, hatanin SLA kati biyomodelleme tek-
niginden degil, dis dokusunun kemik
dokusuna gore cok daha kalsifiye ve sert ol-
masi sonucu, BT sirasinda bazi dokularin tam
olarak sayisal ortama alinamamasindan ve
sonrasinda yazilhim ile sanal model elde edil-
mesi asamasinda verilerin bu boyutsal farki
olusturacak yonde etki etmesinden kaynaklan-
digimi dustindtirtmektedir. Kisacasi hata daha
BT ve sanal model olusturma asamasinda olus-
makta ve bu durum kati biyomodel tretimine
yansimaktadir. BT asamasinda olusan bu yeter-
sizliklerin, gerek BT cekim tekniklerinin iyiles-
tirilmesi, gerekse yazilim teknolojilerinin gelis-
tirilmesi ile ortadan kaldinlmasi mimkin
olabilecektir.

SONUC

Bu calisma sonucunda, elde ettigimiz kati
biyomodelin, diinya standartlarina uygun ve
tip alaninda kullanilabilecek hassasiyette ol-
dugu saptanmigtir. Bununla birlikte, bu kati
biyomodelin ¢ene-yliz cerrahisi ve implant
planlamalari ve uygulamalarinda gtivenle kul-
lanilabildigi fakat sabit veya hareketli dis
protezleri ve cerrahi splint yapimi icin gerekli
hassasiyeti saglamadigi aciktir.

taining stage, data are thought to affect in a
way that there will be such a dimensional dif-
ference. And that is why the error is not
thought to originate from the SLA solid
biomodeling technique. Briefly, the error oc-
curring at CT and virtual model formation
stage extends to solid biomodel production.
These inadequacies occurring at the CT stage
will probably be eliminated by improvements
in the CT imaging techniques and software
technologies.

CONCLUSION

As a consequence of this study, it has been
found out that the solid biomodel we have ob-
tained is harmonious with global standards
and sensitive enough to be used in medical
fields. However, this solid biomodel obviously
lacks adequate sensitivity for utilization in fab-
ricating fixed or removable dental prostheses
and surgical splints while it can be safely used
for maxillofacial surgery and implantology
treatment planning.

This method has been brought to our
country with its global levels using the present
available foundation. When continuing
developments in BT technologies, improved
software systems and the rapid progress in
prototyping technology are considered, it is
obvious that more reliable results will be ac-
hieved in a short time. Therefore, due to the
developments in the afore mentioned produc-
tion stages, sensitivity studies should be
periodically repeated.
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