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Abstract

Objectives: Programming of joint mechanism/parameters (sagittal condylar inclination and Bennett
angle) of adjustable dental articulators is a prerequisite for performing positions and movements of
the mandible. The aim of the study was to test significant differences between the two methods (wax
eccentric records and Arcus Digma device) of measuring these joint parameters by using three dif-
ferent dental articulators (SAM 3, Protar 7; and Artex CR). Materials and Methods: Thirty asymptom-
atic younger (age 25.7 + 2.9 years) subjects (dental medicine students) divided by gender, with nor-
mal occlusion (Angle class I) participated in the study. After taking anatomical impressions of both
dental arches, master casts were made of hard dental plaster for each subject. The values of the left
and right sagittal condylar inclination and Bennett angle by the two methods of wax eccentric pro-
trusive and lateral records and Arcus Digma device were measured for the purpose of programming
the mentioned joint parameters in three different articulator systems. Results: The average values of
the measured parameters of sagittal condylar inclination and Bennett angle of wax eccentric records
were higher (ranging from 5°to 109) in relation to the values measured by Arcus Digma device. Sta-
tistically significant differences found between the measured joint parameters (p <0.025) were in-
fluenced by the articulator system design and measurement methods (t-test for dependent samples
and MANOVA). Conclusion: The use of Arcus Digma device should be considered reliable and valid
for individualized programming of dental articulators, rather than the use of wax eccentric records.
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Introduction

The use of dental articulators in everyday dental prac-
tice, especially in prosthodontics, is an inevitable and stan-
dard process if morphological and functional aspects of oc-
clusion within the masticatory system need to be examined
and/or restored. Therefore, it is necessary for every clinician
using dental articulators to know which parameters (values
of condylar path inclination and Bennett angle) should be
set (programmed) in order to simulate kinetics of the masti-
catory system. It is a common practice to set the mentioned
parameters on adjustable dental articulators based on aver-
age values. However, there is also a so-called individualized
measuring, which is as its name suggests a more accurate pa-
rameter measurement. It is a precondition for reproduction
and simulation of the mandibular position and mandibular
movements in a dental articulator. For individualized param-

Uvod

Upotreba dentalnih artikulatora u svakodnevnoj stoma-
toloskoj praksi, posebno u protetici, neizbjezna je i standar-
dna ako se zele ispitati i/ili obnoviti morfologki i funkcional-
ni aspekti okluzije unutar Zvaénog sustava. Zato je nuzno da
svaki klinicar koji se koristi dentalnim artikulatorima zna ko-
je parametre (vrijednosti nagiba kondilne staze i Bennettov
kut) treba namjestiti (programirati) na toj napravi kako bi
se mogla simulirati kinetika zva¢nog organa. Moze se re¢i da
je ustaljena praksa spomenute parametre namjestati na pri-
lagodljivim dentalnim artikulatorima na temelju prosje¢nih
vrijednosti. No postoji i tzv. individualizirano mjerenje koje
svojim nazivom upucuje na to¢nije mjerenje parametara ko-
ji su preduvjet za reprodukciju i simulaciju polozaja i kretnji
donje ¢eljusti u dentalnom artikulatoru. Za individualizirano
mjerenje parametara mogu se koristiti klinicke metode cen-
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eter measuring clinical methods of wax centric/eccentric re-
cords and radiographic technique can be used, as well as dry
bone samples and various mechanical and electronic (axio-
graphic) devices (1 -9).

Sagittal condylar inclination is defined as the angle be-
tween the protrusive condylar path and usually the Frank-
fort horizontal plane or other horizontal reference planes (e.g.
Camper’, axial-orbital, etc.). The average programming of
sagittal condylar inclination of semiadjustable dental articu-
lator is based on the type of dental occlusion. An individual
with normal occlusion (Angle class I) has a sagittal condylar
inclination of 30-35°. In dentate subjects with Angle class I1,
sagittal condylar inclination is higher, and with Angle class
I1 it is lower. However, it should be noted that these angles
should be interpreted bearing in mind the fact that we should
determine which horizontal plane is referential (e.g. the dif-
ference between the Frankfort horizontal plane and Camp-
er’s plane is on average 15°) for the relation of the discus-
condyle complex protrusion path towards articular tubercle
(10 - 12). In their study, Cimi¢ et al. (13) measured the av-
erage value of the sagittal condylar inclination for fully den-
tate subjects (Angle class I) of 40° in relation to the Camper’s
plane, by using axiographic ultrasonic devices. They conclud-
ed that those values were especially important for adjustable
articulator systems programmed in relation to the Camper’s
plane as reference.

Bennett angle is the angle formed between the sagittal
plane and the average path of the non-working (orbiting)
condyle as viewed in the horizontal plane during lateral man-
dibular movements (11). Bennett angle comprises two com-
ponents of the movement: immediate side shift and progres-
sive side shift. Immediate side shift describes the beginning of
lateral movement, i.e. non-working condylar movement to-
ward ahead and medial from the position of centric relation,
while progressive side shift relates to continuation of lateral
movement to its maximum, i.e. to the remaining part of the
non-working condyle path during lateral mandibular move-
ment (which is basically the value of Bennett angle). In gen-
eral, fully adjustable articulator systems have the possibility
of setting/programming the mentioned parameters necessary
for as accurate as possible simulation of lateral movements in
the articulator (14 — 17).

There are different studies in the scientific literature in
which parameters (sagittal condylar path inclination and
Bennett angle) of programming adjustable dental articula-
tors are compared by means of wax eccentric protrusive and
lateral records, axiographic devices and/or other methods/
instruments (17 — 26). Prasad et al. (17) compared the av-
erage measured values of condylar inclination using an ul-
trasonic axiograph (SAM Axiograph) and a wax protrusive
eccentric record in order to program two articulator systems
(SAM and Artex CR). Statistically significant differences
were found between two methods used for sagittal condylar
inclination measurements in subjects with normal occlusion
(Angle class I). They recommend using fully adjustable ar-
ticulators during instrumental-functional diagnostics of the
masticatory system and prosthetic treatment, thus avoiding
errors at the level of occlusion and tooth wear. Proschel et al.
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tri¢nih/ekscentri¢nih vostanih registrata, radiografske tehni-
ke, uzorci suhe kosti te razli¢ite mehanicke i elektronicke (ak-
siografske) naprave (1 -9).

Kondilni (sagitalni) nagib staze definira se kao kut izme-
du protruzijske putanje kondila i obi¢no frankfurtske hori-
zontale ili drugih referentnih horizontalnih ravnina (npr.,
Camperove, osno-orbitalne, itd.). Prosje¢no programiranje
kondilnog nagiba staze temelji se na vrsti okluzije pojedin-
ca, pa tako osobi s Angleovom klasom I (normookluzijom)
sagitalni nagib kondila iznosi od 30 do 35°. Kod ozubljenih
ispitanika Angleove klase II sagitalni nagib kondila raste, a u
slucaju Angleove klase III pada. No treba istaknuti da te ku-
tove treba interpretirati kada se zna prema kojoj se referen-
tnoj horizontalnoj ravnini (npr. razlika izmedu frankfurtske
horizontalne i Camperove ravnine prosje¢no je 15°) odnosi
protruzijska putanja kompleksa kondil-diskus prema zglob-
noj kvrzici (10 - 12). U istrazivanju Cimica i suradnika (13),
koristenjem ultrazvuénog aksiografskog uredaja, izmjerena je
prosjecna vrijednost sagitalnog kondilnog nagiba za potpuno
ozubljene ispitanike (Angleova klasa I) od 40° u odnosu pre-
ma Camperovoj ravnini. Zaklju¢uju da je to posebno vazno
za prilagodljive artikulatorske sustave koji se programiraju u
odnosu prema referentnoj Camperovoj ravnini.

Bennettov kut jest kut formiran izmedu sagitalne ravnine
i prosje¢ne putanje neradnog (orbitirajuéeg) kondila, proma-
trano u horizontalnoj ravnini tijekom lateralne kretnje donje
Celjusti (11). Bennettov kut sastoji se od dviju komponenti-
kretnji — neposrednog pomaka u stranu (immediate side shi-
ft) i produzenog pomaka u stranu (progressive side shift). Ne-
posredni pomak u stranu opisuje pocetak lateralne kretnje,
odnosno kretnju neradnog kondila prema ravno i medijal-
no iz polozaja centri¢ne relacije, a produzeni pomak u stranu
odnosi se na nastavak lateralne kretnje do njezina maksimu-
ma, odnosno na preostali dio putanje neradnoga kondila tije-
kom lateralne kretnje donje ¢eljusti (Sto je u osnovi vrijednost
Bennettova kuta). Opcenito, potpuno prilagodljivim artiku-
latorskim sustavima mogu se namjestiti/programirati ti para-
metri nuzni za Sto preciznije simuliranje lateralnih kretnji u
artikulatoru (14 - 17).

Postoje razlicite studije u znanstvenoj literaturi u koji-
ma se usporeduju parametri (sagitalni nagib kondilne staze
i Bennettov kut) programiranja prilagodljivih dentalnih arti-
kulatora uporabom metoda vo$tanih ekscentri¢nih protruziv-
nih i lateralnih registrata i aksiografskih naprava i/ili drugih
metoda/instrumenata (17 — 26). Prasad i suradnici (17) us-
poredivali su prosje¢ne izmjerene vrijednosti kondilarnog na-
giba upotrebom ultrazvu¢nog aksiografa (SAM Axiograph) i
protruzijskog ekscentriénog vostanog registrata u svrhu pro-
gramiranja dvaju artikulatorskih sustava (SAM i Artex CR).
Pronasli su statisticki znacajne razlike izmedu dviju koristenih
metoda mjerenja sagitalnoga kondilnog nagiba kod ispitani-
ka s normalnom okluzijom (Angleova klasa I). Preporucuju
primjenu potpuno prilagodljivih artikulatora tijekom instru-
mentalno-funkcijske dijagnostike Zva¢nog sustava i proved-
be proteticke terapije, jer se tako izbjegavaju pogreske na ra-
zini okluzije zuba i trodenje. Na istom su tragu sa zakljuécima
Proschel i suradnici (18) koji u svojoj studiji promicu upotre-
bu dentalnih artikulatora i njihovo individualno programira-
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(18) made similar conclusions by promoting the use of den-
tal articulators and their individual programming. Fanucci et
al. (19) measured Bennett angles and programmed an adjust-
able dental articulator by using wax eccentric lateral records
and TM]J scans obtained by computerized tomography. They
found matching Bennett angle values between the two mea-
suring methods, which makes both methods reliable in clini-
cal conditions.

The purpose of this study was to determine whether there
were differences between the values of individualized mea-
suring of the left and right condylar path inclination, and
left and right Bennett angle measured using wax eccentric re-
cords and Arcus Digma device in order to program various
adjustable articulator systems (SAM 3, Protar 7 and Artex
CR). The working hypothesis was that there would be no dif-
ference in the measured values of the parameters necessary for
programming of adjustable dental articulators by using two
methods in the examined sample.

Material and Methods

The study included 30 asymptomatic subjects (dental
medicine students) divided by gender, with normal occlu-
sal relationship (Angle class I), who had not undergone any
orthodontic treatment and with no evidence of clinical signs
and symptoms of temporomandibular disorders. An alginate
impression of the upper and lower dental arch was taken for
each subject (Aroma Fine Plus, GC, Tokyo, Japan) in order to
make master casts out of hard dental stone (type IV) (Alpen-
rock, AmannGirrbach Koblach, Austria). Hard (pink) wax
plates (Pinnacle, Dentsply Hanau, Germany) were used for
making centric records, protrusive records, and left and right
laterotrusive records. A centric wax record was used for pre-
cise mounting of master casts onto adjustable dental articu-
lators, whereas protrusive and laterotrusive wax records were
used for setting values and adjusting the right and left con-
dylar path inclination and left and right Bennett angle. Three
adjustable articulator systems were used in this study: SAM
3 (SAM, SAM Prizisionstechnik Gauting, Germany), Protar
7 (Protar, Kavo Biberach, Germany) and Artex CR (Artex,
AmannGirrbach Koblach, Austria) (Figure 1).

Centric/eccentric record bases were adjusted to the occlu-
sal surfaces of upper teeth on the upper master cast. The pro-
cedure of taking individual records was performed in each
subject’s mouth in the course of mandibular guidance in-
to centric relation (bimanual manipulation technique), into
protrusive position (tete-a-tete) and left and right laterotru-
sive position (canine guidance). Firstly, an average hinge axis
transfer was performed, i.e. transfer of the distance between
the upper dental arch and the hinge axis by means of stan-
dard (anatomic) face bow, as well as mounting of the upper
cast into the upper articulator part. This was followed by the
placement of the centric record on the upper dental arch, at-
tachment of the lower master cast and mounting of the cast
into the lower articulator part. Afterwards, wax eccentric re-
cords (protrusive, left and right laterotrusive records) were
placed between dental arches of master casts onto the dental

articulator (SAM 3, Protar 7, and Artex CR) in order to ad-
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nje. Fanucci i suradnici (19) izmjerili su Bennettove kutove i
programirali prilagodljivi dentalni artikulator upotrebom vo-
stanih ekscentri¢nih lateralnih registrata i skenera ¢eljusnih
zglobova dobivenih kompjutoriziranom tomografijom. Pro-
nasli su podudaranje u vrijednostima Bennettova kuta izme-
du dviju koristenih metoda mjerenja, $to obje metode ¢ini
pouzdanima u klini¢kim uvjetima.

Svrha ovog istrazivanja bit ¢e ustanoviti postoje li razli-
ke izmedu vrijednosti individualiziranog mjerenja lijevoga i
desnoga nagiba kondilne staze, lijevoga i desnoga Benneto-
va kuta izmjerene s pomocu centri¢nih/ekscentri¢nih vosta-
nih registrata te uredaja Arcus Digma u svrhu programiranja
razlicitih prilagodljivih artikulatorskih sustava (SAM 3, Pro-
tar 7 i Artex CR).

Radna hipoteza istrazivanja jest da nece biti razlika u iz-
mjerenim vrijednostima parametara nuznih za programiranje
prilagodljivih dentalnih artikulatora koristenjem dviju meto-
da u ispitivanom uzorku.

Materijal i metode istrazivanja

U istrazivanju je sudjelovalo 30 asimptomatskih ispita-
nika (studenata dentalne medicine) podijeljenih prema spo-
lu, s normalnim okluzijskim odnosom (Angleova klasa I) ko-
ji nisu bili podvrgnuti ortodontskom lije¢enju te kod kojih
nisu zabiljezeni klinicki znakovi i simptomi temporomandi-
bularnog poremecaja. Svakomu je uzet alginatni otisak (Aro-
ma Fine Plus, GC Tokio, Japan) gornjega i donjega zubnog
luka zbog izrade radnih modela u tvrdoj sadri (tip IV) (Al-
penrock, AmannGirrbach Koblach, Austrija). Ploce tvrdog
(ruzicastog) voska (Pinnacle, Dentsply Hanau, Njemacka)
upotrijebile su se za izradu centri¢nih registrata, protruzijskih
registrata te lijevoga i desnoga laterotruzijskih registrata. Cen-
tri¢ni vostani registrat sluzi za to¢no postavljanje radnih mo-
dela u prilagodljivi dentalni artikulator, a protruzijski i late-
rotruzijski vostani registrati sluze za odredivanje vrijednosti i
podesavanje desnoga i lijevoga nagiba kondilne staze te lije-
voga i desnoga Bennettova kuta. U ovom istrazivanju primi-
jenila su se tri prilagodljiva artikulatorska sustava — SAM 3
(SAM, SAM Prizisionstechnik Gauting, Njemacka), Protar
7, (Protar, Kavo Biberach, Njemacka) i Artex CR CR, (Artex
CR, Amann Girrbach Koblach, Austrija) (slika 1.).

Baze centri¢nih/ekscentri¢nih registrata prilagodile su se
prema okluzijskim plohama gornjih zuba na gornjem radnom
modelu. Sam postupak uzimanja pojedinog registrata obav-
ljao se u ustima svakog ispitanika vodenjem donje ¢eljusti u
polozaj centri¢ne relacije (tehnika bimanulne manipulacije),
u protruzijski polozaj (tete-a-tete) te lijevi i desni laterotru-
zijski zubni polozaj (vodenje o¢njakom). Najprije se proveo
prijenos prosjecne Sarnirske osi, odnosno prijenos udaljenosti
gornjega zubnog luka prema toj osi s pomoc¢u obi¢nog (ana-
tomskog) obraznog luka i ugipsavanje gornjeg modela u gor-
nji dio artikulatora. Slijedilo je postavljanje centri¢nog regi-
strata na gornji zubni luk, pripojenje donjega radnog modela
i njegovo ugipsavanje u donji dio artikulatora. Nakon toga
namjesteni su ekscentri¢ni vostani registrati (protruzijski, li-
jevi i desni laterotruzijski registrati) izmedu zubnih lukova
radnih modela u dentalni artikulator (SAM 3, Protar 7 i Ar-
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just and register values of the right and left condylar path in-
clination (protrusive record), and left and right Bennett angle
(right and left laterotrusive records), on the joint mechanism
of the dental articulator (1).

Apart from this measurement, the same parameters were
measured for each subject by means of an ultrasonic axio-
graph - Arcus Digma device (Arcus Digma II, Kavo, Biber-
ach, Germany) (21). Arcus Digma is an electronic device for
recording mandibular movements, which is based on three-
dimensional ultrasonic measurement. The device consists of
the upper and lower arch. The lower arch of the device is
fixed to the lower dental arch by means of paraocclusal tray
and carries ultrasonic impulse emitters. The upper arch (face
bow) has four pairs of ultrasonic impulse sensors. The device
measures time discrepancies of emitted and registered ultra-
sonic impulses. Depending on time difference of ultrason-
ic intervals, based on the concept of six degrees of freedom,
the software calculates the spatial position of the condyle, as
well as of the sagittal incisal point or selected occlusal fea-
ture. In other words, the device measures the patient’s indi-
vidual mandibular movements, which are then processed by
the software in order to obtain mathematical values (graph-
ical and numerical) of these movements. This device has a
wide application. It can be used in the field of instrumen-
tal functional diagnostics and accurate application of adjust-
able articulator systems in different groups of patients, such
as patients with clinical signs and symptoms of temporoman-
dibular disorders, prosthetic patients, orthodontic patients,
etc. This device provides the information necessary for in-
dividual programming of articulators that would e.g. enable
design and functional prosthetic restorations in prosthetic
patients. According to its software features, it is not intend-
ed for only one articulator system (Protar), but the data can
be obtained also for other systems (SAM, Panadent, Artex
CR, Referenz SL, Money Mark II, Stratos 300). The values
of the right and left condylar path inclination and right and
left Bennett angle for SAM 3, Protar 7 and Artex CR dental
articulators were measured in this study.

The measurement process started with placing the kine-
matic face and paraocclusal tray on the face of the subject
(Figure 2). The paraocclusal tray adjustment was performed
on the existing lower master casts made of dental stone (used
in the first method of wax records), by using light cured res-
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Figure 1 Adjustable articulator systems used in this study
(SAM 3, Artex CR, and Protar 7).

Slika 1. Prilagodljivi artikulatorski sustavi koristeni u
ovom istrazivanju (SAM 3, Protar 7 i Artex CR)

Figure 2 Kinematic face bow with paraocclusal tray of
Arcus Digma system for mandibular movements
recording.

Slika 2. Kinematski obrazni luk s paraokluzijskom Zlicom
sustava Arcus Digma za snimanje kretnji donje
celjusti

tex CR) kako bi se na zglobnom mehanizmu dentalnog arti-
kulatora podesile i o¢itale vrijednosti desnoga i lijevoga nagi-
ba kondilne staze (protruzijski registrat) te lijevoga i desnoga
Bennettova kuta (desni i lijevi laterotruzijski registrat) (1).

Uz to mjerenje, obavilo se mjerenje istih parametara kod
svakog ispitanika s pomocu ultrazvu¢nog aksiografa — ureda-
ja Arcus Digma (Arcus Digma II, Kavo, Biberach, Njemacka)
(21). Arcus Digma je elektronicki uredaj za biljezenje kret-
nji donje celjusti koji se temelji na trodimenzionalnom ul-
trazvu¢nom mjerenju. Uredaj se sastoji od gornjega i donjega
luka. Donji luk se pri¢vri¢uje na donji zubni niz paraoklu-
zijskom Zlicom te na sebi ima emitere ultrazvu¢nih impulsa.
Gornji luk (obrazni luk) ima ¢etiri para senzora ultrazvu¢nih
impulsa. Uredaj mjeri vremenska odstupanja emitiranih i re-
gistriranih ultrazvu¢nih impulsa. Ovisno o vremenskoj razli-
ci ultrazvu¢nih intervala, na temelju koncepta Sest stupnjeva
slobode, softverski uredaj izra¢unava prostorni polozaj kon-
dila, sagitalne incizalne tocke ili odabranu odrednicu oklu-
zije. Drugim rije¢ima, uredaj mjeri individualne kretnje do-
nje Celjusti pacijenta koje se zatim softverski obraduju da bi
se dobile matematicke vrijednosti (graficke i numericke) tih
istih kretnji. Podru¢je primjene tog uredaja je Siroko. Moze
se koristiti u polju instrumentalno funkcijske dijagnostike i
to¢nije primjene prilagodljivih artikulatorskih sustava u razli-
¢itim skupinama pacijenata, poput onih s klinickim znako-
vima i simptomima temporomandibularnih poremecaja, za-
tim protetickih i ortodontskih pacijenata, itd. Taj uredaj daje
podatke nuzne za individualno programiranje artikulatora
koji ¢e, npr. za proteticke pacijente, omoguciti oblikovanje
i izradu funkcijskih protetickih radova. Softverska svojstva te
naprave takva su da nije namijenjena samo za jedan artiku-
latorski sustav (Protar), nego se podatci mogu dobiti i za dru-
ge sustave (SAM, Panadent, Artex CR, Referenz SL, Denar
Mark II, Stratos 300). U ovom istrazivanju mjerile su se vri-
jednosti desnoga i lijevoga nagiba kondilne staze te desnoga
i lijevoga Bennettova kuta za dentalne artikulatore SAM 3,
Protar 7 i Artex CR.

Postupak mjerenja ukljucivao je postavljanje kinematskog
obraznog luka fiksiranog u vanjske slusne hodnike i korijen
nosa te prilagodenu paraokluzijsku zlicu na donjem zubnom
luku (slika 2.). Prilagodba paraokluzijske zlice obavljena je na
postoje¢im donjim radnim sadrenim modelima (koristenima
kod prve metode vostanih registrata) upotrebom svjetlosno-
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in (Unitray, Polident, Vol¢ja Draga, Slovenia). Each subject
was sitting comfortably in a chair (upright posture) as the
paraocclusal tray was attached to the lower dental arch us-
ing temporary restorative resin (Structur, Voco, Cuxhaven,
Germany). It was important to assure for the paraocclusal
tray to be firmly attached to the lower dental arch and not
to be in contact with the upper teeth in either maximum in-
tercuspation or lateral mandibular movements. The measure-
ments were carried out in the module “Articulator” of Arcus
Digma device, with the settings set to individualization of
SAM 3, Protar 7 and Artex CR articulator for each individual
subject. All measurements were performed according to the
manufacturer’s instructions for use (average hinge axis situat-
ed 10.33 mm in front of the #ragus medialis point and 3.66
mm above the line connecting #ragus medialis and infraor-
bital point). Each subject performed three protrusive move-
ments, three left laterotrusive movements and three right lat-
erotrusive movements. The Arcus Digma software calculated
the average value of the measured parameters (condylar path
inclination angle, Bennett angle) for individualized setting of
the selected dental articulators for each subject in this study
(22,23).

Results

The study included a total of 30 asymptomatic subjects
divided by gender (15 females and 15 males) with normal oc-
clusion (Angle Class I) and with no clinical signs and symp-
toms of temporomandibular disorders. The subjects were
aged between 20 and 34 years (25.7 + 2.9 years). Table 1
shows descriptive characteristics of the examined variables
(values of the left and right condylar inclination measured
by performing protrusive mandibular movement and of the
left and right Bennett angle measured by performing right
and left lateral mandibular movement) using two methods
(wax centric/eccentric records and Arcus Digma device) for
programming three adjustable articulator systems (SAM 3,
Protar and Artex CR). The average values of the measured
parameters where wax eccentric records were used showed
higher values (ranging from 5° to 10°) in relation to the val-
ues measured by Arcus Digma device.

The Kolmogorov-Smirnov test showed normal distribu-
tion for all variables; hence in further procedures methods
of parametric statistical analysis were applied. All variables
were tested by Student’s t-test for independent samples, with
respect to gender. No statistically significant differences for
any tested variable were found according to gender (p> 0.05)
(Table 2).

T-test for dependent samples checked pairs of variables
that were identical according to the movement (measured an-
gle of the left and right condylar path inclination and Ben-
nett angles) and within one type of articulator (SAM 3, Pro-
tar 7 and Artex CR), with respect to the method applied (wax
eccentric records and Arcus Digma). Table 3 shows statistical-
ly significant differences at the level of p<0.05 for the most
of the tested variables, except for the variable pair 9 and 10
(left and right condylar path inclination (protrusive mandib-
ular movement) for Artex CR articulator). The differences

Programiranje prilagodljivih dentalnih artikulatora

polimeriziraju¢eg akrilata (Unitray, Polident, Vol¢ja Draga,
Slovenija). Svaki ispitanik sjedio je udobno u stolcu (uspra-
van polozaj). Paraokluzijska Zlica pri¢vrstila se na donji zubni
niz uporabom akrilata za izradu priviemenih nadomjestaka
(Structur, Voco, Cuxhaven, Njemacka). Pazilo se da je ¢vrsto
vezana na donji zubni niz te da ne bude u doticaju s gornjim
zubima u maksimalnoj interkuspidaciji ni u lateralnim kret-
njama donje Celjusti. Mjerenja su obavljena u modulu Articu-
lator uredaja Arcus Digma, a postavke namjestene na indivi-
dualizaciju artikulatora SAM 3, Protar 7 i Artex CR za svakog
ispitanika. Sva mjerenja obavljena su prema uputama pro-
izvodaca (prosje¢na Sarnirska os nalazi se 10,33 mm ispred
tocke tragus medialis i 3,66 mm iznad linije koja spaja tragus
medialis 1 infraorbitalnu tocku). Svaki ispitanik ucinio je po
tri kretnje protruzije, tri kretnje lijeve laterotruzije i tri kret-
nje desne laterotruzije. Softver uredaja izraunao je prosjek
vrijednosti zadanih okluzijskih odrednica (kut nagiba kondil-
ne staze, Bennettov kut) za individualizaciju odabranih den-
talnih artikulatora za svakog ispitanika koje su se primijenile
u ovom istrazivanju (22, 23).

Rezultati

U istrazivanju je sudjelovalo ukupno 30 asimptomatskih
ispitanika raspodijeljenih prema spolu (15 Zena i 15 muska-
raca) s normalnom okluzijom (Angleova klasa I) te bez klini¢-
kih znakova i simptoma temporomandibularnih poremecaja.
Ispitanici su bili u dobi izmedu 20 i 34 godine (25,7 + 2,9
godina). U tablici 1. nalaze se deskriptivna obiljezja ispitiva-
nih varijabli (vrijednosti lijevoga i desnoga kondilnog nagiba
izmjerenog obavljanjem protruzijske kretnje donje ¢eljusti te
lijevoga i desnoga Bennettova kuta izmjerenog izvodenjem
desne i lijeve lateralne kretnje donje ¢eljusti) koristenjem dvi-
ju metoda (centri¢ni/ekscentricni registrati i uredaj Arcus Di-
gma) kako bi se programirala tri prilagodljiva artikulatorska
sustava (SAM 3, Protar i Artex CR). Prosje¢ne vrijednosti iz-
mjerenih parametara za koje su koristeni vostani ekscentri¢-
ni registrati pokazivale su veée vrijednosti (u rasponu od 5°
do 10°) u odnosu prema vrijednostima izmjerenima ureda-
jem Arcus Digma.

Kolmogorov-Smirnovljev test pokazao je normalnu dis-
tribuciju za ispitivanje samih vrijednosti, pa su se u daljnjim
postupcima primjenjivale metode parametrijske statisticke
ras¢lambe. Sve varijable testirane su Studentovim t-testom za
nezavisne uzorke s obzirom na spol. Nisu pronadene statisti¢-
ki znacajne razlike ni za jednu testiranu varijablu prema spo-
lu (p > 0,05) (tablica 2.).

T-testom za zavisne uzorke provjereni su parovi varijabli
istovjetni po kretnji (izmjerenom kutu lijevoga i desnoga na-
giba kondilne staze i Bennettovih kutova) i unutar jedne vr-
ste artikulatora (SAM 3, Protar 7 i Artex CR), a s obzirom na
primijenjenu metodu (vostani ekscentri¢ni registrati i Arcus
Digma). U tablici 3. prikazane su statisticki znacajne razlike
na razini p < 0,05 za vedinu testiranih varijabli, osim za vari-
jable para 9 i 10 (lijevi i desni nagib kondilne staze — protru-
zijska kretnja donje celjusti za artikulator Artex CR). Razlike
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Table1  Descriptive features of the left and right condylar path inclination/left and right Bennett angle for programming of adjustable
articulator systems (SAM 3, Protar 7 and Artex CR) by means of wax centric/eccentric records and Arcus Digma device.

Tablica 1. Deskriptivna obiljezja lijevog i desnog nagiba kondilne staze/lijevog i desnog Bennettova kuta za programiranje prilagodljivih
artikulatorskih sustava (SAM 3, Protar 7 i Artex CR) s pomocu centri¢nih/ekscentri¢nih vo3tanih registrata i uredaja Arcus Digma

Examined variables ¢ Ispitivane varijable N Min Max x SD
SAM 3 (wax record) — protrusion left * (vostani registrat) — protruzija lijevo 30 20 55 37.6 11.9
SAM 3 (wax record) — protrusion right ¢ (vostani registrat) — protruzija desno 30 20 64 39.2 13.7
SAM 3 (wax record) — Bennett left ¢ (voStani registrat) — Bennett. kut lijevo 30 10 25 17.7 42
SAM 3 (wax record) — Bennett right ¢ (vostani registrat) — Bennett. kut desno 30 10 26 18.5 3.9
SAM 3 (Arcus Digma) — protrusion left ® (Arcus Digma) — protruzija lijevo 30 10 66 28.2 13.4
SAM 3 (Arcus Digma) — protrusion right ¢ (Arcus Digma) — protruzija desno 30 11 70 29.0 13.4
SAM 3 (Arcus Digma) — Bennett left * (Arcus Digma) — Bennett. kut lijevo 30 3 17 9.6 3.9
SAM 3 (Arcus Digma) — Bennett right ® (Arcus Digma) — Bennett. kut desno 30 4 18 11.3 3.6
Protar (wax record) — protrusion left ® (vostani registrat) — protruzija lijevo 30 22 65 41.3 11.2
Protar (wax record) — protrusion right ¢ (vostani registrat) — protruzija desno 30 20 62 41.7 12.8
Protar (wax record) — Bennett left ® (vostani registrat) — Bennett. kut lijevo 30 4 35 16.0 7.1
Protar (wax record) — Bennett right ¢ (vo$tani registrat) — Bennett. kut desno 30 6 35 15.7 7.5
Protar (Arcus Digma) — protrusion left ¢ (Arcus Digma) — protruzija lijevo 30 10 55 30.3 11.9
Protar (Arcus Digma) — protrusion right ® (Arcus Digma) — protruzija desno 30 8 60 29.4 13.2
Protar (Arcus Digma) — Bennett left ® (Arcus Digma) — Bennett. kut lijevo 30 4 22 9.5 4.9
Protar (Arcus Digma) — Bennett right ® (Arcus Digma) — Bennett. kut desno 30 4 24 9.3 4.9
Artex CR (wax record) — protrusion left ¢ (vo$tani registrat) — protruzija lijevo 30 20 61 38.4 11.5
Artex CR (wax record) — protrusion right ® (vostani registrat) — protruzija desno 30 15 70 38.9 12.8
Artex CR (wax record) — Bennett left ¢ (vostani registrat) —Bennett. kut lijevo 30 6 47 19.2 8.6
Artex CR (wax record) — Bennett right © (vostani registrat)-Bennett. kut desno 30 3 45 19.7 9.2
Artex CR (Arcus Digma) — protrusion left ® (Arcus Digma) — protruzija lijevo 30 14 56 34.0 12.7
Artex CR (Arcus Digma) — protrusion right ¢ (Arcus Digma) — protruzija desno 30 10 60 34.4 14.3
Artex CR (Arcus Digma) — Bennett left ¢ (Arcus Digma) — Bennett. kut lijevo 30 4 21 9.8 4.1
Artex CR (Arcus Digma) — Bennett right ® (Arcus Digma) — Bennett. kut desno 30 4 20 9.3 4.3

Table2  Examined variables testing with respect to gender (t-test for independent samples).
Tablica 2. Testiranje ispitivanih varijabli s obzirom na spol (t-test za nezavisne uzorke

Examined variables ¢ Ispitivane varijable df et P
SAM 3 (wax record) — protrusion left ® (vostani registrat) — protruzija lijevo 28 0.655
SAM 3 (wax record) — protrusion right ¢ (vostani registrat) — protruzija desno 28 0.876
SAM 3 (wax record) — Bennett left ¢ (voStani registrat) — Bennett. kut lijevo 28 0.228
SAM 3 (wax record) — Bennett right ¢ (vostani registrat) — Bennett. kut desno 28 0.682
SAM 3 (Arcus Digma) — protrusion left ® (Arcus Digma) — protruzija lijevo 28 0.219
SAM 3 (Arcus Digma) — protrusion right ¢ (Arcus Digma) — protruzija desno 28 0.158
SAM 3 (Arcus Digma) — Bennett left * (Arcus Digma) — Bennett. kut lijevo 28 0.226
SAM 3 (Arcus Digma) — Bennett right ¢ (Arcus Digma) — Bennett. kut desno 28 0.694
Protar (wax record) — protrusion left ® (vostani registrat) — protruzija lijevo 28 0.169
Protar (wax record) — protrusion right ¢ (vostani registrat) — protruzija desno 28 0.137
Protar (wax record) — Bennett left ® (vostani registrat) — Bennett. kut lijevo 28 0.468
Protar (wax record) — Bennett right ¢ (vostani registrat) — Bennett. kut desno 28 0.474
Protar (Arcus Digma) — protrusion left ¢ (Arcus Digma) — protruzija lijevo 28 0.387
Protar (Arcus Digma) — protrusion right ® (Arcus Digma) — protruzija desno 28 0.223
Protar (Arcus Digma) — Bennett left ® (Arcus Digma) — Bennett. kut lijevo 28 0.387
Protar (Arcus Digma) — Bennett right ® (Arcus Digma) — Bennett. kut desno 28 0.344
Artex CR (wax record) — protrusion left * (vo$tani registrat) — protruzija lijevo 28 0.687
Artex CR (wax record) — protrusion right ¢ (votani registrat) — protruzija desno 28 0.452
Artex CR (wax record) — Bennett left ¢ (vostani registrat) ~Bennett. kut lijevo 28 0.150
Artex CR (wax record) — Bennett right ¢ (vostani registrat) — Bennett. kut desno 28 0.102
Artex CR (Arcus Digma) — protrusion left ¢ (Arcus Digma) — protruzija lijevo 28 0.658
Artex CR (Arcus Digma) — protrusion right ¢ (Arcus Digma) — protruzija desno 28 0.464
Artex CR (Arcus Digma) — Bennett left * (Arcus Digma) — Bennett. kut lijevo 28 0.219
Artex CR (Arcus Digma) — Bennett right ¢ (Arcus Digma) — Bennett. kut desno 28 0.142

df — degrees of freedom * stupnjevi slobode, P — significance ® znacajnost.
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of the arithmetic means show that the values measured with
Arcus Digma are always lower, except for the variable pair 9
and 10, in which, although the measured values are lower
due to sample variance, their statistical significance cannot be
proved. The highest statistical differences were found for the
variable pair 3 and 4 (left and right Bennett angle for SAM
3 articulators).

Apart from the differences between the measured values
of condylar path inclination and Bennett angle for each ar-
ticulator, the purpose of this study was to test the mutual in-
fluence of the selected variables individually, combined and
in total. Therefore, multivariate analysis of variance for de-
pendent samples (MANOVA) was used. The variables were
tested with respect to three parameters: articulator (SAM 3,
Protar and Artex CR), measurement method (wax eccentric
record and Arcus Digma) and measurement values (left and
right condylar path inclination and Bennett angles). The ef-
fect of multivariate tests (Table 4) shows that there are sta-
tistically significant differences between each individual ar-
ticulator (p <0.001), measurement method (p <0.001),
measured values of the articulator programming parameters
(p <0.001), in combination of articulator and measurement
methods (p <0.012) and in total for articulator, measurement
method and measured parameters (p <0.025). The combina-
tions of articulator and measured parameters (p <0.055) and
measurement method and measured parameters (p <0.590)
showed no statistically significant differences.

Table 3

Programiranje prilagodljivih dentalnih artikulatora

aritmetickih sredina pokazuju da su vrijednosti dobivene Ar-
cus Digmom uvijek manje, osim za par varijabli 9 i 10 kod
kojih se, iako su izmjerene vrijednosti manje zbog varijance
uzorka, ne mogu dokazati sa statistickom znacajnoséu. Naj-
vece statisticke razlike uocene su za par varijabli 3 i 4 (lijevi i
desni Bennettov kut za artikulatore SAM 3).

Osim razlika izmedu izmjerenih vrijednosti nagiba kon-
dilne staze i Bennettova kuta na pojedinom artikulatoru, svr-
ha istrazivanja bila je testirati uzajamni utjecaj odabranih
varijabli pojedinacno, u kombinaciji i skupno. Za to je upo-
trijebljena multivarijatna analiza varijanca za zavisne uzorke
(MANOVA). Kao to je poznato, varijable su testirane s ob-
zirom na tri parametra — artikulator (SAM 3, Protar i Artex
CR), metodu mjerenja (vostani ekscentri¢ni registrat i Arcus
Digma) i vrijednosti samog mjerenja (lijevi i desni nagib kon-
dilne staze i Bennettovi kutovi). Efekt multivarijatnih testo-
va (tablica 4.) pokazuje da postoje statisticki znacajne razli-
ke izmedu svakoga artikulatora (p < 0,001), metode mjerenja
(p < 0,001), izmjerenih vrijednosti parametara programiranja
artikulatora (p < 0,001), u kombinaciji artikulator i metoda
mjerenja (p < 0,012) te skupno artikulator, metoda mjere-
nja i izmjereni parametri (p < 0,025). Kombinacije artiku-
lator i izmjereni parametri (p < 0,055) te metoda mjerenja i
izmjereni parametri (p,<,0,590), ne pokazuju statisticki zna-
¢ajne razlike.

Correspondence testing between two measurement methods (wax eccentric records and Arcus Digma) with respect to the measured

values of programming parameters (left and right condylar path inclination and Bennett angles) and dental articulator type (SAM 3,

Protar and Artex CR) - t-test for dependent samples.

Tablica 3. Testiranje podudarnosti izmedu dviju metoda mjerenja (vostani ekscentri¢ni registrati i Arcus digma) s obzirom na izmjerene
vrijednosti parametara programiranja (lijevi i desni nagib kondilne staze te Bennettovi kutovi) i tip dentalnog artikulatora (SAM 3,

Protar i Artex CR) - t-test za zavisne uzorke.

95% confidence interval ¢ 95 % interval pouzdanosti Differences
- ” t df P
Upper ¢ Gornji Razlike
. Wax record SAM 3 — protrusion right / SAM 3 Arcus — protrusion right ®
Pair 1« Par 1 Vostani registrat SAM 3 — protruzija desno / SAM 3 Arcus — protruzija desno 17.516 2851 29 | 008
. Wax record SAM 3 — protrusion left / SAM 3 Arcus — protrusion left ¢
Pair 2+ Par 2 Vostani registrat SAM 3 — protruzija lijevo / SAM 3 Arcus — protruzija lijevo 16.616 2579 2 015
. Wax record SAM 3 — Bennett right / SAM 3 Arcus — Bennett right
Pair 3 * Par 3 Vostani registrat SAM 3 — Bennet desno / SAM 3 Arcus — Bennett desno 9.263 2579 29 | 000
. Wax record SAM 3 — Bennett left / SAM 3 Arcus — Bennett left ¢
Pair 4 » Par 4 Vostani registrat SAM 3 — Bennett lijevo / SAM 3 Arcus — Bennett lijevo 10.586 7:350 2 000
Pair 5 » Par 5 Wax re.cord. Protar — protrusion rl.ght | Protar Arcus — protrusion n.ght . 18232 3.752 29 001
Vostani registrat Protar — protruzija desno / Protar Arcus — protruzija desno
Pair 6 * Par 6 Wax reFord. Protar — protrusion h?fft / . Protar Arcus — protrusion lef.t. . 16.867 3.902 29 001
Vostani registrat Protar — protruzija lijevo / Protar Arcus — protruzija lijevo
Pair 7 » Par 7 Q)/Vax re.cord. Protar — Bennett right / Protar Arcus — Bennett right © 9.917 3.668 29 001
otani registrat Protar — Bennet desno / Protar Arcus — Bennett desno
Pair 8  Par 8 Wax reFord.Protar — Bennett left / .I?rotar Arcus - Bennett left ® ) 10.058 3.791 29 001
Vostani registrat Protar — Bennett lijevo / Protar Arcus — Bennett lijevo
. Wax record Artex CR — protrusion right / Artex CR Arcus — protrusion right ®
Pair 9 * Par 9 Vostani registrat Artex CR — protruzija desno / Artex CR Arcus — protruzija desno 11.000 1452 2 157
Pair 10 » Wax record Artex CR — protrusion left / Artex CR Arcus — protrusion left ® Vostani 10.601 1414 29 168
Par 10 registrat Artex CR - protruzija lijevo / Artex CR Arcus — protruzija lijevo ' ’ '
Pair 11 © Wax record Artex CR — Bennett right / Artex CR Arcus — Bennett right ¢
Par 11 Vostani registrat Artex CR — Bennet desno / Artex CR Arcus — Bennett desno 13.546 6578 2 000
Pair 12 ¢ Wax record Artex CR — Bennett left / Artex CR Arcus — Bennett left © 12311 6410 29 000
Par 12 Vostani registrat Artex CR - Bennett lijevo / Artex CR Arcus — Bennett lijevo ' ’ ’

t- t-test result ® rezultat t-testa; df-degrees of freedom ¢ stupnjevi slobode; p-significance ¢ znacajnost.
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Table 4
dependent samples (MANOVA).

Programming of Adjustable Dental Articulators .

Testing of the mutual influence of the selected variables individually, combined and in total — multivariate analysis of variance for

Tablica 4. Testiranje medusobnog utjecaja odabranih varijabli pojedina¢no, u kombinaciji i skupno-multivarijantna analiza varijance za zavisne

uzorke (MANOVA).

Effect * Efekt Test P
Articulators * Artikulatori %}Eﬁ;&:gﬁi“ d; 0.141
Techniques * Metode mjerenja \)\)((//iillllzii:;)\]:;?:rbriad; 0.000
Movements ® Izmjereni parametri %}Eﬁ;&:ﬁgia d; 0.000
Articulators and techniques * Artikulatori i metode mjerenja &Z;}Eﬁ;\%ﬁﬁ;ﬁé 0.478
Articulators and movements ® Artikulatori i izmjereni parametri &fﬁ:o‘%;gﬁia d; 0.002
Techniques and movements ® Metode mjerenja i izmjereni parametri g;:&:s;&:g&ia d; 0.915
Articulators, techniques and movements ¢ Artikulatori, metode mjerenja i izmjereni parametri &Z;}E:;&:E&ia d; 0.104

p- signiﬁcance * znacajnost

Discussion

The average values of the left and right condylar path in-
clination and the right and left Bennett angle showed a ten-
dency toward higher values using the method of wax eccen-
tric records rather than those using the method with Arcus
Digma device for all the three articulator systems used in
this study (Table 1). However, the average values for condy-
lar path inclination, considering the type of occlusion (An-
gle class I) amounted to 34°- 41.7° for wax eccentric records
and 28.2°-34.4° for Arcus Digma device. Bennett angles
amounted to 15.7°-19.7° for wax eccentric records and 9.3°-
9.8° for Arcus Digma. In this study, no statistically signifi-
cant differences for the tested variables were found according
to gender (Table 2), which could have been expected with re-
spect to the selected sample and its age limit. A review of the
literature on the average values of condylar path inclination
have showed large variations, which, as it can commonly be
explained, arose from different study sample sizes, different
measurement methods for the condylar inclination accord-
ing to different referential planes (12,24,25). With respect to
the measured average values of Bennett angle, probably the
best study to compare is the study by a group of Croatian au-
thors (14), who measured the average Bennett angle of 7.7°
in their test group (Arcus Digma device used). It should be
noted that the same angle was measured for subjects with
Angle class I, but also other subjects with other Angle classes
had the same average value of Bennett angle. Average Ben-
nett angle of 7° to 8° was also found in other studies (26,27),
whereby its value of 15°, which is most often recommend-
ed for average articulator programming, represents a higher
value of Bennett angle than the value in most individuals.
Hobo et al. (28) argue that in average adjustable articula-
tor programming, where a higher condylar path inclination
and a smaller Bennett angle are used, the incidence of inter-
ference in excursive movements of the articulator can be in-
creased. Since dental articulators are already widely used in
everyday practice, this suggests that they should be individu-
ally set/ programmed.

Rasprava

Prosje¢ne vrijednosti lijevoga i desnoga nagiba kondilne
staze te lijevoga i desnoga Bennettova kuta pokazale su ten-
denciju vec¢ih vrijednosti pri primjeni metode vo$tanih ekscen-
tri¢nih registrata negoli metode tijekom koje se koristio uredaj
Arcus Digma za sva tri artikulatorska sustava upotrijebljena u
ovom istrazivanju (tablica 1.). No prosje¢ne vrijednosti za na-
gib kondilne staze, s obzirom na vrstu okluzije (Angleovu klasu
1), iznosile su od 34° do 41,7° za vo$tane ekscentri¢ne registrate
i od 28,2° do 34,4° za uredaj Arcus Digma. Bennettovi kutovi
iznosili su od 15,7° do 19,7° za vostane ekscentri¢ne registrate
iod 9,3° do 9,8° za Arcus Digmu. U ovoj studiji nisu nadene
statisticki znacajne razlike za ispitivane varijable prema spolu
(tablica 2.), §to se moglo ocekivati s obzirom na odabrani uzo-
rak i njegovu dobnu granicu. Pregledom literature o vrijedno-
stima nagiba kondilne staze, uocene su velike varijacije u pro-
sje¢nim vrijednostima koje se najces¢e objasnjavaju razli¢itim
velidinama uzoraka istrazivanja, razli¢itim metodama mjerenja
navedenog nagiba i odredivanjem nagiba prema razlicitim refe-
rentnim ravninama (12, 24, 25). Glede izmjerenih prosje¢nih
vrijednosti Bennettova kuta, mozda je najbolja studija za uspo-
redbu autora (14) iz Hrvatske koji su u svojoj ispitnoj skupini
izmjerili prosje¢an Bennettov kut od 7,7° (koristen uredaj Ar-
cus Digma). Treba istaknuti da su isti kut izmjerili za ispitanike
s Angleovom klasom I, ali i ostali s drugim Angleovim klasama
imali su istu vrijednost prosje¢noga Bennettova kuta. Prosjec-
ni Bennettov kut od 7° do 8° zabiljezen je i u drugim studija-
ma (26, 27), pa vrijednost od 15° koja se najéesce preporucuje
za prosje¢no programiranje artikulatora znaci ve¢u vrijednost
Bennettova kuta od onih nadenih kod vecine pojedinaca. Ho-
bo i suradnici (28) isticu da je pri prosjecnom programiranju
prilagodljivih artikulatora, kada je odreden veci nagib kondilne
staze i manji Bennettov kut, ve¢a moguénost interferencija u
ckskurzijskim kretnjama artikulatora. Time sugeriraju da, kad
se ve¢ rabe dentalni artikulatori u svakodnevnoj praksi, treba
teziti njihovu individualiziranom namjestanju/programiranju.

Ratzman i suradnici (29) usporedivali su prosje¢ne vri-
jednosti horizontalnog nagiba kondila zabiljeZenog protru-
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Ratzman et al. (29) compared the average values of hori-
zontal condylar inclination recorded by means of protrusive
interocclusal record and electronic pantograph on a sample
of 23 subjects divided by gender. Statistical analysis found a
match between these two methods, but it was insufficient in
order to be reliably used for dental articulator programming
in clinical conditions. The values of condylar path inclina-
tion obtained based on protrusive eccentric record, showed a
high variance in relation to the values obtained with electron-
ic pantograph. In conclusion, they recommend using a pan-
tograph in relation to protrusive records with the aim of indi-
vidualized adjustable dental articulator programming.

The results of this study indicate similar tendencies, i.e.
statistically significant differences between the measured pa-
rameters were found, caused by the influence of different
constructions of the dental articulators used in the study
(SAM 3, Protar 7 and Artex CR), as well as the measure-
ment method (wax eccentric record and Arcus Digma) (Ta-
ble 3 and 4). The reason for this may be explained by the fact
that wax records relate only to the initial part of protrusive/
lateral movement, while in case of Arcus Digma application,
TM]J condyles perform movements throughout their range.
Angles emerging during these condylar movements form an-
gles that in the application of wax centric records (especially
in Bennett lateral movement) have higher values than mea-
sured with Arcus Digma device. A recent study by Cimié¢ et
al. (12) points to the fact that condylar movement in the sag-
ittal direction (which happens during protrusive mandibu-
lar movement) is not uniform; indeed, there was a difference
between the left and right side of the measured condylar in-
clination, amounting to over 10°. Their measurements were
carried out with Arcus Digma device, and the test group was
almost identical as in this study. It included younger sub-
jects with normal occlusion. Another reason could be un-
equal hinge axis transfer to the selected dental articulators
using anatomic (wax centric record) and kinematic face bow
(Arcus Digma device). Although for both arches in this study
an average hinge axis transfer was used, and not kinematic
axis, it should be noted that some articulator systems, espe-
cially their anatomic face bows are oriented (placed) on the
subject according to different reference planes (e.g. for SAM
articulators according to axial-orbital plane, and for Protar
articulators according to the Camper’s plane). It is known
that reference planes are not parallel to each other (differenc-
es range on average 10° to 15°). Otherwise, in the scientific
literature, the position of the terminal hinge axis is under ar-
gument. The prevailing view is that this axis is determined by
two points situated in the canter of joint heads of mandibu-
lar ramus. However, some authors believe that it is located in
the mandibular ramus or even outside of it (8).

Conclusion

Based on the results of this study, in younger subjects with
normal occlusion (Angle class I), the average values of condy-
lar paths inclination and Bennett angle differed between the
two methods used (wax eccentric record and Arcus Digma
device) in the same way as parameters necessary for adjust-
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zijskim interokluzalnim registratom i elektronickim panto-
grafskim uredajem na uzorku od 23 ispitanika raspodijeljenih
prema spolu. Statistickom analizom zaklju¢ili su da je bilo
podudaranja izmedu tih dviju metoda, ali nedovoljnog da bi
se u klini¢kim okolnostima mogla pouzdano koristiti za pro-
gramiranje dentalnih artikulatora. Vrijednosti nagiba kon-
dilne staze, dobivene na temelju protruzijskog ekscentri¢nog
registrata, pokazivale su veliku varijancu u odnosu prema vri-
jednostima dobivenima elektroni¢kim pantografskim ure-
dajem. Zaklju¢no, preporucuju upotrebu pantografskog
uredaja u usporedbi s protruzijskim registratima u svrhu in-
dividualiziranog programiranja prilagodljivih dentalnih arti-
kulatora. Rezultati ove studije pokazuju sli¢ne tendencije, tj.
zabiljezene su statisticki znacajne razlike izmedu izmjerenih
parametara nastale zbog utjecaja razlicitih konstrukeija den-
talnih artikulatora koristenih u istrazivanju (SAM 3, Protar
7 i Artex CR) te metode mjerenja (vostani ekscentri¢ni regi-
strati i Arcus Digma) (tablice 3. i 4.). Razlog za to moze biti u
¢injenici da se voStanim registratima biljezi samo pocetni dio
protruzijske i lateralne kretnje, a u slu¢aju upotrebe uredaja
Arcus Digma, kondili ¢eljusnih zglobova obavljaju kretnje u
cijelom svojem opsegu. Kutovi koji nastaju tijekom tih kret-
nji kondila oblikuju kutove koji pri primjeni vostanih cen-
tri¢nih registrata (posebno kod Bennetove lateralne kretnje)
imaju vece vrijednosti u odnosu prema uredaju Arcus Digma.
Novija studija Cimica i suradnika (12) upucuje na ¢injenicu
da kretnja kondila u sagitalnom smjeru (koja se dogada tije-
kom protruzijske kretnje donje ¢eljusti) nije uniformna, da-
pace, postojala je razlika izmedu lijeve i desne strane izmjere-
nog kondilnog nagiba koja je iznosila i vie od 10°. Mjerenja
su obavljena uredajem Arcus Digma, a ispitna skupina bila
je gotovo istovjetna kao u ovom istrazivanju — mladi ispita-
nici s normalnom okluzijom. Drugi razlog mogao bi biti ne-
jednak prijenos $arnirske osi s pomocu anatomskog (vo$tani
centri¢ni registrat) i kinematskog obraznog luka (uredaj Ar-
cus Digma) u odabranim dentalnim artikulatorima. Iako su
se oba luka o ovom istrazivanju koristila prijenosom prosje¢-
ne Sarnirske osi, a ne kinematske osi, ipak treba istaknuti da
se pojedini artikulatorski sustavi, odnosno njihovi anatomski
obrazni lukovi orijentiraju (postavljaju) na ispitaniku prema
razli¢itim referentnim ravninama (npr. za artikulatore SAM
prema osno-orbitalnoj ravnini, a za artikulatore Protar prema
Camperovoj ravnini). Poznata je ¢injenica da referentne rav-
nine nisu uzajamno paralelne (razlike su u prosjeku 10° do
15°). Inade, u znanstvenoj je literaturi dvojbena pozicija ter-
minalne $arnirske osi. Prevladava stajaliste da tu os odredu-
ju dvije tocke smjestene u sredistu zglobnih glavica uzlaznih
krakova donje ¢eljusti. No odredeni autori smatraju da se tu
ne nalazi, nego je smjestena u uzlaznom kraku donje celjusti
ili ¢ak izvan njega (8).

Zakljuc¢ak

Na temelju rezultata dobivenih u ovoj studiji, kod mladih
ispitanika s normalnom okluzijom (Angleova klasa I), prosje¢-
ne vrijednosti nagiba kondilne staze i Bennettova kuta razli-
kovale su se izmedu dviju koristenih metoda (vostani ekscen-
triéni registrati i uredaj Arcus Digma) kao parametara prijeko
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able dental articulator programming. When using multivari-
ate analysis of variance for dependent samples (MANOVA),
the average values of the measured parameters are influenced
by articulator selection (design) and measurement method,
which was confirmed by statistical significance found between
the tested variables. The results obtained by using Arcus Dig-
ma device corresponded to the data from the scientific liter-
ature to a higher extent. This favors Arcus Digma device as a
more reliable method for determination of condylar path in-
clination and Bennett angle, and thus can be considered more
valid for individualized dental articulator programming.
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Sazetak

Programming of Adjustable Dental Articulators .

potrebnih za programiranje prilagodljivih dentalnih artikulato-
ra. Multivarijatnom analizom varijance za zavisne uzorke (MA-
NOVA) na prosje¢ne vrijednosti izmjerenih parametara djeluje
odabir (dizajn) artikulatora i metoda mjerenja, $to je potvr-
deno statistickom znacajnos¢u pronadenom izmedu testira-
nih varijabli. Rezultati izmjerenih parametara s pomocu ureda-
ja Arcus Digma bili su vise u skladu s podatcima iz znanstvene
literature. To daje prednost uredaju Arcus Digma kao pouzda-
nijoj metodi za odredivanje nagiba kondilne staze i Bennetto-
va kuta, pa se moze smatrati prikladnijom za individualizirano
programiranje prilagodljivih dentalnih artikulatora.
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Svrha istrazivanja: Programiranje zglobnih mehanizama/parametara (kondilni nagib staze i
Bennettov kut) prilagodljivih dentalnih artikulatora preduvijet je za obavljanje polozaja i kretnji do-
nje Celjusti. Svrha istrazivanja bila je ispitati znacajne razlike izmedu dviju metoda (vostani ekscen-
tricni registrati i uredaj Arcus Digma) mjerenjem tih zglobnih parametara upotrebom triju razlicitih
dentalnih artikulatora (SAM 3, Protar 7 i Artex CR). Materijal i metode: U istrazivanju je sudjelovalo
30 asimptomatskih mladih ispitanika — studenata Stomatoloskog fakulteta (u dobi 25,7 + 2,9 godi-
na), bili su podijeljeni prema spolu i imali su normalnu okluziju (Angleova klasa I). Nakon uzimanja
anatomskih otisaka obaju zubnih lukova, za svakog ispitanika izliveni su radni modeli u tvrdoj sa-
dri. Vrijednosti lijevoga i desnog sagitalnog nagiba kondila i Bennettova kuta, s pomocu dviju meto-
da vostanih ekscentricnih protruzivnih i lateralnih registrata te uredaja Arcus Digma, bili su izmjereni
u svrhu programiranja ve¢ spomenutih zglobnih parametara u trima razli¢itim sustavima artikulato-
ra. Rezultati: Prosjecne vrijednosti izmjerenih parametara kondilnoga nagiba staze i Bennettova kuta
vostanih ekscentricnih registrata bile su vise (u prosjeku za 52 do 102) u odnosu prema vrijednostima
izmjerenima uredajem Arcus Digma. Statisti¢ki znacajne razlike nadene izmedu izmjerenih zglobnih
parametara (p < 0,025) bile su pod utjecajem dizajna artikulatora i metoda mjerenja (t-test za zavisne
uzorke i MANOVA test). Zaklju¢ak: Upotreba uredaja Arcus Digma mozZe se smatrati znatno pouzda-
nijom i prikladnijom metodom za individualizirano programiranje dentalnih artikulatora u usporedbi
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