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GiRisS

Uzman sistemler, belirli bir konuda ancak
bir uzmanin ¢o6zebilecegi karmasik prob-
lemlerin bilgisayar yardimi ile ¢ozimiine
olanak saglayan sistemlerdir. Bu tip sistem-
ler, problemlerin ¢6ziimiinde insan diisiince
sistemini yapay zeka yardimi ile taklit eder-
ler ve biinyelerinde var olan bilgi ile sonuca
varirlar.

Uzman sistemlere ait ilk calismalar
Standford Universitesi’'nde baslatiimis ve
Prof. Edward Feigenbaum uzman sistemleri
"bilgi ve cikarim yontemlerini kullanarak
uzman bilgisi gerektiren zor problemleri ¢6-
zebilen akilli bilgisayar programlar" olarak
tanimlamistir (1).

Uzman sistemlerin temel calisma pren-
sipleri soyledir: Kullanici, uzman sistem
programina verileri girer ve kargiliginda uz-
man tavsiyesi alir. Uzman sistemler genelde
iki ana yapidan olusur. Bunlardan birincisi
bilgi tabanidir ve dogrulugu 6nceden bili-
nen gercekleri icerir. ikinci yapi olan karar
motoru ise, bilgi tabaninda bulunan bilgiyi
kullanarak kullanicinin sordugu sorulara uy-
gun sonugclar cikarir. Sekil 1’de bir uzman
sistemin calisma prensibi gosterilmistir.

Uzman sistemler ¢ogunlukla fuzzy logic
(bulanik mantik) ile olusturulmus sistemler-
dir ki bunlara fuzzy expert systems denir.
Bulanik mantik dis hekimligi ve tip alanla-
rinda kesin olmayan ozellikleri olan prob-
lemlerin ¢oziimiine yonelik dogru tavsiyeler
verebilecek bir sistemin kurulmasi icin uy-
gulanmistir (2-7). Bulanik mantik geleneksel
ve belirleyici olan iki degerli mantigin, érne-
gin evet/hayir, yuksek/alcak, ya da dog-
rufyanlis gibi, arasindaki orta degerlerin ta-
nimlanmasina olanak taniyan ¢oklu degerli
bir mantiktir. Ara degerler matematiksel ola-
rak O ile 1 arasindaki tyelik derecesi olarak
tanimlanabilir ki 0 tyelik digi olmayi 1 ise
tam tyeligi ifade eder. Bulanik mantigin uy-
gulama alanlar oldukca genistir, sagladig
en buiyik yarar ise belirsiz kavramlarin dahi
matematiksel olarak ifadesini edilebilmesine
olanak tanimasidir. Bulanik mantik tipta me-
dikal bulgularin yorumlanmasi, sendromla-
rin ayristiritlmasi gibi konular igin gelistirilen
bilgi tabanli sistemler icin son derece uygun
ve uygulanabilirdir (8).

Akcam

INTRODUCTION

Expert systems provide an opportunity for
solving complex problems within a certain
subject which can only be solved by an ex-
pert by the help of computers. This type of
system imitates the human intelligence
system by the help of artificial intelligence
and reach a conclusion by using the know-
ledge stored.

The first studies on expert systems started
at Stanford University and Prof. Edward Fe-
igenbaum described the expert systems like
"intelligent computer programs that use
knowledge and inference procedures for sol-
ving complex problems that require expert
knowledge" (1).

The basic working principles of expert
systems are as follows; Person who use the
system provides the data to the system and
gets an expert advice. In general, expert
systems have two main components; ie.
Knowledge-base which involves the facts
that is known to be correct and Inference en-
gine which uses the knowledge in the data-
base and inferes results for the questions as-
ked by the user. Figure 1 shows the main
working principles of an expert system.

Expert systems are generally build with the
fuzzy logic and these systems are called
fuzzy expert systems. Fuzzy logic has been
applied to dental and medical sciences in or-
der to construct a system which can infer pre-
cise recommendations for solving problems
that have uncertain properties (2-7). Fuzzy
logic is a multi-valued logic that allows inter-
mediate values of certainty to be defined bet-
ween conventional deterministic two-valued
logic such as yes/no, high/low or true/false.
Intermediate values can be expressed mathe-
matically in terms of membership grades
which range between 0 and 1 where 0 repre-
sents non-membership and 1 complete mem-
bership. Fuzzy logic has a broad application
areas, and its most important benefit is to be
able to express even the vague concepts mat-
hematically. Fuzzy logic is a highly suitable
and applicable basis for developing know-
ledge-based systems in medicine for tasks
such as the interpretation of sets of medical
findings, syndrome differentiation etc (8).

"For to err in opinion, though it be not the
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Pluto’nun "distincedeki yanilgilar, akilli
bir insana gore olmasada, en azindan insa-
nidir" sézleri, tip alaninda yapilan insan ha-
talari ikilemini oldukca giizel tarif etmekte-
dir (9). Sonug olarak giinimizde teshis ve
tedavi planlamalarina destek olmak icin bil-
gisayarli uzman sistemlerin yapimi artarak
stirmektedir ve bu makale dijital cagda 6ne-
mi artacak olan ortodontik uzman sistemler
lzerine bir derleme sunmaktadir.

Uzman Sistemler

Uzman sistemler, teshis ve tedavi planla-
malarinda destek saglamak amaciyla Ureti-
len bilgi tabanli bilgisayar programlaridir.
Bilgi tabanl sistemler, normalde insan zeka-
si gerektiren problemlerin ¢6ziimiinde kul-
lanilabilen ve iceriginde bilginin temsilinin
saglandigi bilgisayar programlaridir. Klinis-
yenlere karar vermede yardimci olurlar.

Dental ve ortodontik uygulamalari iceren
literattir taramalari bu konuda artan sayilar-
da makale oldugunu gostermektedir (10).
1987’den 2006 yilina kadar olan dénemde
PubMed taramasinda anahtar kelimeleri "Ex-
pert System, Orthodontics" olan 21 ¢alisma
ve "Orthodontic Expert System" olan 18 ca-
lisma saptanmistir.

Ortodonti uzmanlik alani dijital ¢agdan
ayri dustnilemez. Dijital sefalometri ve
analiz, 3 boyutlu taramalar, 3 boyutlu yu-
musak doku profil analizi, braket tasarimi,
tele dishekimligi, vaka planlamalarinda in-
ternet kullanimi ve bilgisayar destekli 6gre-
nim gibi dijital sistemlere dogru yavas bir
donistim baslamistir. Bu calisma, teshis ve
tedavi planlamasi yapmak amaciyla gelistiri-
len "ortodontide uzman sistemler" tizerine
bir derleme olarak planlanmistir.

Temel Tanimlamalar (11)

Uzman sistem; bilgi tabani ve bir dizi al-
goritmalar ya da kurallar iceren bilgisayar-
larda insan bilgisini temsil eden ve bilgiden
ve girilen verilerden hareketle yeni sonuglar
tretebilen bir bilgisayar programidir (12).

Yapay zeka; bicimsel bilgiyi ifade dilini
kullanarak anlatilan bir bilgi koleksiyonu-
dur. Yapay zeka, insan dustincesini bilgisa-
yarlarda modelleme girisimi olarakta goriile-
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part of wise men, is at least human." Plutarch
describes well the current dilemma of too
many human errors in the medical area (9).
Consequently, computer expert systems are
being utilised increasingly in medical/dental
fields to assist diagnosis and treatment plan-
ning recently and this article presented a con-
temporary review on orthodontic expert
systems, that will have an increased impor-
tance in the digital era.

Expert Systems

Expert systems are knowledge-based com-
puter programs designed to provide assistan-
ce in diagnosis and treatment planning.
Knowledge-based systems are computer
programs that contain a representation of
knowledge that can be used to solve prob-
lems normally requiring human intelligence.
They assist the clinician in decision making.

A search of the literature on expert system
design for dental and orthodontic applicati-
ons showed an increase in the number of ar-
ticles on this subject (10). A total of 21 studi-
es were recorded from 1987 to 2006 by Pub-
Med search with the keywords "Expert
System, Orthodontics" and 18 studies with
keywords "Orthodontic Expert System".

Orthodontic specialty can not be indepen-
dant of the digital era. A slow transformation
has been occured to digital systems such as
digital cephalometry and analysis, 3-D scan-
ning, 3-D soft tissue profile analysis, bracket
design, teledentistry, internet in case plan-
ning and computed assisted learning. The
current study was designed for a review on
"expert systems in orthodontics" developed
for diagnosis and treatment planning.

Basic Definitions (11)

Expert system; A computer program which
represent human knowledge in computers
containing a knowledge base and a set of al-
gorithms or rules that infer new facts from
knowledge and from incoming data (12).

Artificial intelligence; a collection of
knowledge expressed using some formal
knowledge representation language. Artificial
Intelligence can be seen as an attempt to mo-
del aspects of human thought on computers.

Algorithm / programming; A detailed sequ-
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bilir.

Algoritma/programlama; bir gorevi basa-
riya ulastirmak icin yapilan detayli ardisik
faaliyetlerdir ki iran’ It matematikci Al-Kha-
warizmi’ nin ismi ile 6zdeslesmistir.

Uzman sistemler ¢ikarim cumlecikleri ile
calisir, 6rnegin eger-oyleyse gibi ve klinis-
yenlere teshislerinde 6nemli 6lctide yardim-
ci olurlar (13). Ornek bir ¢cikarim s6yle ola-
bilir: eger hastada artmig bir vertikal yapi
varsa, high-pull headgear kullanabilir.

Ortodontik Uzman Sistemler

Gunumuze kadar ortodonti alaninda bir-
cok bilgisayar programlari gelistirilmistir.
Bunlar, ortodontik apareylerin mekanik
ozellikleri, sefalometri, VTO, teshis, egitim,
muayene yonetimi ve tedavi planlamalari
gibi konulari kapsamiglardir.

Gelecekteki bilgisayar kullanimi éngoriil-
dugunde, cagdas ortodontik tedaviler igin
degerli insan deneyimleri ve zekasinin ma-
tematiksel bir modele donustirilmesinin
onemi aciktir, zira yeni bilimsel alanlarin,
diferansiyel diyagnoz ve tedavi planlamala-
rinin ortaya ¢ikmasi ile tedavi planlamalari
daha karmasik bir isleme dontsmektedir.

Optimal bir tedavi planlamasi ve klinik
pratige uygulanmasi giincel ortodonti bilgi-
lerinin anlasilip aritilmasini gerektirir. Dola-
yisiyla, radyografik, fotografik, dental model
ve diger analizleri iceren biyik miktardaki
bilgi isleme tabi tutulmalidir. Ayrica, hasta-
larin isteklerinin yanisira klinisyenlerin kli-
nik hisleri ve gozleme dayali degerlendirme-
leri de 6ncelikli 6nem tagimaktadir.

Ortodontik tedavideki artan kalite ve et-
kinlik, bilgi tabanli konstltasyon sistemleri-
nin gelisimi ile karakterizedir. Bu sistemler
klinisyene tedavi planlamasini optimize et-
mesinde yardimci olurlar (14).

Ortodontik uzman sistemler genel olarak
ozellikle sinir vakalarda tecriibesiz klinis-
yenlere tedavi planlamalari 6nermek igin
kullanthr. Acik avantajlari oldugu halde uz-
man sistemlerin popularitesi pek yiiksek de-
gildir, zira halen iyilestirilmesi gereken sinir-
lart vardir ve bu konu tzerinde 6zellikle or-
todonti alaninda diinya literatiirinde yete-
rince bilgi mevcut degildir (15).

Akcam

ence of actions to perform to accomplish so-
me task, named after an Iranian mathematici-
an, Al-Khawarizmi.

Expert systems work with inference cla-
uses, like if-then, and they may greatly help
clinicians in their diagnoses (13). An examp-
le of inference is: if the patient has an incre-
ased vertical pattern, then he may have use a
high pull headgear.

Orthodontic Expert Systems

To date several computer programs have
been developed in the field of orthodontics.
They consider subjects such as mechanical
characteristics of orthodontic appliances,
cephalometry, VTO, diagnosis, teaching,
practice management and treatment plan-
ning.

With a foresight of the future use of com-
puters, the importance of translating the pre-
cious human experience and intelligence in-
to a mathematical model for contemporary
orthodontic treatment planning is clear, as
treatment planning becomes a more complex
procedure with the incorporation of new sci-
enific fields, differential diagnosis and treat-
ment timing.

Optimal treatment planning and applicati-
on to clinical practice require an understan-
ding and refining of todays at most orthodon-
tic knowledge. Thus, a great amount of
knowledge is to be processed including radi-
ographic, photographic, dental cast and ot-
her analysis. In addition, the clinical sense
and the visual judgement of clinicians are of
prime importance as well as the patients de-
mands.

The increase of quality and efficiency in
orthodontic treatment is characterized by the
development of knowledge based consultati-
on systems. These systems support the clini-
cian to optimate treatment planning (14).

Orthodontic expert systems in general are
used to propose treatment plans to inexperi-
enced clinicians particularly in borderline ca-
ses. Although they have obvious advantages,
the popularity of expert systems is not so high,
because, they have limitations that still to be
improved and also there is a lack of informa-
tion on this subject, particularly regarding the
orthodontic field, in the world literature (15).
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Daha 6nce yapilan calismalar cok miktar-
da verinin dogru olarak uzman sisteme akta-
rilarak isleme tabi tutulabildigini gostermis-
tir (16,17). Dolayisiyla bu tip bir sistemin
kullaniminda klinik karar verme isleminin
kalitesini ve dogrulugunu arttirabilecek bir
kapasitede oldugu dikkate alinmaktadir (18).
Brown ve ark., dishekimlerinin yanlis tedavi
planlamalarinin 200 hasta incelendiginde %
41-46 oldugunu saptamis ve bilgisayar ta-
banli uzman sistemlerinin bazi uzmanlara
gore dahi daha kabul edilebilir tedavi plan-
lamalari 6nerdigini belirtmislerdir (19).

Sims-Williams ve ark., ortodonti uzmani
sayisinin Ingiltere’de az olmasi nedeniyle
pratisyen dis hekimlerinin uygun hareketli
apareyleri se¢meleri igin bir uzman sistem
tanitmiglardir (4).

Brown ve ark., Sinif Il bélim 1 malokluz-
yonlarin tedavi planlamasi icin 6neri getire-
bilen bir uzman sistem igin bulanik mantigi
ortodontik problemleri ¢cozmek amaciyla
uygulamislardir (19). Sonug olarak bu siste-
min pratisyenler tarafindan kullanilanlara
gore gore daha kabul edilebilir tedavi plan-
lamalari Grettigini rapor etmislerdir.

Stephens ve ark., hareketli apareylerle te-
davi edilmesi uygun olan vakalarin segimi
ve tedavisi icin oneri getirebilen bir uzman
sistemi (Jeremiah) tanitmislar ve TeleDent
SW ile dishekimlerinin hastalari icin daha
iyi bir hizmet sunabildiklerini belirtmislerdir
(20).

Hammond ve Freer, ortodontik teshis ve
tedavi planlamalarinda vaka tabanl sistem
yonteminin uygulanmasini incelemislerdir
(21). Otuz vakanin 24’ inde bilgisayar tara-
findan tretilen tedavi planlamasinin gercek
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Previous reports have documented that a
large number of data can be integrated and
processed by expert system correctly (16,17).
The use of such a system is, therefore, consi-
dered to be capable of improving the quality
and accuracy of the clinical decision-making
processes (18). Brown et al. reported that
from 200 examined cases, the incidence of
incorrect treatment planning by dental prac-
titioners was 41-46 percent and they sugges-
ted that computer-based expert system even
provides more acceptable treatment plans
than those of some specialists (19).

Sims-Williams et al. introduced an expert
system that will choose the appropriate re-
movable appliance for general dental practi-
tioners, as the number of orthodontic experts
was low in the UK (4).

Brown et al. applied fuzzy logic to solve
orthodontic problems in an expert system
that was designed to provide advice for treat-
ment planning of Class I, division 1 malocc-
lusions (19). They reported that their system
produced more acceptable treatment plans
than those used by practitioners.

Stephens et al. described an expert system
(Jeremiah) for providing advice on the selec-
tion and treatment of cases suitable for treat-
ment by means of removable appliances and
mentioned that TeleDent SW enabled den-
tists to offer better services for their patients
(20).

Hammond and Freer investigated the app-
lication of a case based system methodology
in orthodontic diagnosis and treatment plan-
ning (21). The computer-generated treatment
plan matched the actual treatment plan in 24
of the 30 cases. The system was also tested
for its capacity to handle unusual cases and

Sekil I: Temel bir uzman

sistemin sematik ¢izimi.

Figure I: Schematic drawing

of a basic expert system.
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tedavi planlamasi ile ortiistigiina bildirmis-
lerdir. Ayrica sistem atipik vakalar icinde de-
nenmis ve yararh bir potansiyeli oldugu so-
nucuna vartimistir.

Mackin ve Stephens, bir klinik deneme
ile pre-adjusted braketlerin kullanilacag te-
davi planlamalari igin Gretilmis uzman bir
sistemin (Orthoplanner) 6nerisinin uygun
olup olmadigini test etmislerdir (22). Sonug
olarak uzman sistem tarafindan 6nerilen te-
davi planlamalarinin bir grup ortodontistinki
kadar giivenilir oldugunu belirtmislerdir. iI-
ging olarak panelin iki tyesi, sistemin plan-
lamalarini kendilerininkinden daha ytiksek
oranda puanlamiglardir.

Cook ve ark., ortodontik vakalarda genel
dis hekimlerinde rehber olmak icin gelistiril-
mis bilgisayar destekli bir uzman sistem ice-
ren teledentistry servisi prototipi gelistirmis-
lerdir (23). Radyografik gorintuler ve klinik
veriler internet yolu ile bir dis hekimine gon-
derilmis ve dis hekiminin onerileri ayni yol
kullanilarak geri gonderilmistir ki uygun
olan durumlarda gercek zamanl videokon-
ferans kullaniimis ve protokol basariyla ca-
lismustir.

Akcam ve Takada, 6zellikle sinir vakalar-
da uygun headgear tipinin seciminde bula-
nik mantiga dayanan bir uzman sistem gelis-
tirmislerdir (24,25). Cikarim modelinin
guvenilirligi test edilmistir. Model, low,
medium ya da high-pull headgear tipleri
icin kesinlik derecesini hesaplayacak sekil-
de tasarlanmistir. Sekiz ortodonti uzmani,
sistem tarafindan 85 ortodontik vaka igin
sunulan  oOnerileri  degerlendirmislerdir.
Vakalarin % 95.6" sinda sistemin onerileri
grup tarafindan tatmin edici bulunmustur.
Dolayistyla gelistirilen ¢ikarim sisteminin
ortodontide klinik kullanim icin gtvenilir ve
etkili oldugu dogrulanmustir.

Noroozi, hem grafik hem de sayisal form-
lardaki hasta verilerini isleyebilen ve sonra
hem cerrahi olmayan ortodontik hastalarin
hem de tamamlanmamis dislenme gibi bazi
ozel vakalar igin tedavi planlamari
onerebilen yeni bir yazilim tanimlamistir
(26,27). Bulanik mantik konsepti, yazilimin
nominal parametreler ile calismasini
olanakli kilmigtir. Yazilim hesaplamalari ve

Akcam

concluded that the system had a useful po-
tential.

Mackin and Stephens used a clinical trial
to test the appropriateness of the advice of an
expert system (Orthoplanner), which was de-
veloped for treatment planning, in which the
pre-adjusted bracket appliance was to be
used (22). They concluded that, the expert
system’s treatment plans were as reliable as
those produced by a group of orthodontists.
Interestingly two members of the panel actu-
ally ranked the system’s plans more highly
than their own.

Cook et al. developed a prototype teleden-
tistry service that incorporated a PC-based
expert system designed to assist in orthodon-
tic cases to guide the general dental practiti-
oner (23). Radiographic images and clinical
data was transferred via internet to a dental
specialist. The specialists recommendations
were returned by the same route, with realti-
me videoconference if appropriate and the
protocol worked satisfactorily.

Akcam and Takada developed an expert
system based on fuzzy reasoning that could
infer optimum selection of headgear types in
orthodontic patients particularly for border-
line cases (24,25). The reliability of the in-
ference model was tested. The model was
designed to calculate the degree of certainty
for each choice - low, medium or high-pull
types of headgear. Eight orthodontic experts
evaluated the decisions inferred by the
system for 85 orthodontic cases. This group
was satisfied with the system’s recommen-
dations in 95.6 percent of the cases. Thus the
inference system developed was confirmed
as being reliable and effective for clinical use
in orthodontics.

Noroozi described a new software that
can process patient data in both graphic and
numeric forms and then propose a treatment
plan for nonsurgical orthodontic patients as
well as for some special cases, such as in-
complete dentition (26,27). The concepts of
fuzzy logic enabled the software to work with
nominal parameters. A combination of soft-
ware calculations and orthodontic data
determines the comments of the system. The
software was also prepared to deal with
special conditions of teeth, like missing,

Tiirk Ortodonti Dergisi 2007;20:265-272
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ortodontik verilerin kombinasyonu sistemin
onerilerini belirlemektedir. Yazilim, ayni
zamanda dislerin eksik, 6nceden gekilmis,
stirmemis, kirtk olmasi gibi 6zel durumlari
ile de ilgilenecek sekilde hazirlanmistir.
Sonug¢ olarak yazilim, uygun olmayan
cekimlerin ve hatali ortodontik tedavi plan-
lamalarinin sayisini azaltmak amaciyla

planlanmistir (27).

SONUCLAR

Ortodontik uzman sistemler klinisyenlere
optimum bir tedavi plani sunarlar. Belirgin
avantajlari olmasina ragmen, uzman sistem-
lerin kullanimi yaygin degildir, zira halen
gelistirilmesi gereken birtakim sinirlamalari
vardir ve o6zellikle ortodonti alaninda bu
konuda diinya literatiiriinde yeterince bilgi
mevcut degildir. Klinisyen 6zelliklerini, fay-
dalarini ve sinirlarini anladigi takdirde bir
tavsiye elde etmek amaciyla uygun bir uz-
man sistemi secebilir. Yeni gelistirilmis or-
todontik uzman sistemler 6zellikle deneyim-
siz klinisyenler icin daha gelismis 6zellikler
ve klinik faydalar saglamaktadir. Ancak, uz-
man sistemlerin klinisyenin degerlendir-
mesinin ontine gegcmesinden ziyade destek
olacagi unutulmamalidir.

previously extracted, nonerupted and frac-
tured. Consequently the software is planned
to reduce the number of inappropriate ext-
ractions and erroneous orthodontic treatment
plans (27).

CONCLUSIONS

Orthodontic expert systems are used to
propose an optimum treatment plan to
clinicians. Although they have obvious
advantages, the usage of expert systems is not
so high, because, they have some limitations
that still to be improved and also there is a
lack of information in the world literature on
this subject,
orthodontic field. With an understanding of

particularly regarding the
the features, benefits and limitations, the
clinician can choose the appropriate expert
system to obtain an advice. Most recently
developed orthodontic expert systems
provide improved properties and clinical
benefits particularly for the inexperienced
clinicians. However, one must bear in mind
that expert systems support rather than

supersede the judgment of the clinician.
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